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Foreword

Founded in 1949, the Council of Europe is the 
eldest and largest of all European institutions and 

now numbers 46 member states.1 One of its founding 
principles is that of increasing co-operation between 
member states to improve the quality of life of Eu-
ropean citizens. In this context of intergovernmental 
co-operation, the Council of Europe has consistently 
addressed ethical problems in the field of health. One 
of the most important ethical principles enshrined by 
the Council of Europe is the non-commercialisation 
of substances of human origin: blood, organs, tissues 
and cells.

Work on transplantation at the Council of 
Europe is co-ordinated by the European Directo-
rate for the Quality of Medicines & HealthCare 
(EDQM). This directorate is the key European organ-
isation involved in the harmonisation, co- ordination, 
standardisation, regulation and quality control of 
medicines, blood transfusion, transplantation, phar-
maceuticals, pharmaceutical care and consumer 
health, as well as cosmetics and food packaging.

Organ transplantation has progressed during 
recent decades in a way that nobody would have im-
agined in earlier years. Still the demand for trans-
plantable organs far outweighs the available supply. 
This has important consequences for health, because 
organ transplantation is the best, and frequently the 

1 The Russian Federation ceased to be a member of the 
Council of Europe as of 16 March 2022, following a de-
cision of the Committee of Ministers to exclude the 
Russian Federation from the Council of Europe. Rights of 
representation of Belarus to participate as observer or in 
any other capacity in meetings and activities of the Com-
mittee of Ministers of the Council of Europe or in any of 
its subsidiary organs were suspended on 17 March 2022.

only available treatment for end-stage organ failure. 
Kidney transplantation is also more cost-effective 
compared with renal replacement therapies with 
dialysis, even in low-resource environments. Trans-
plantation of human organs also entails the transfer 
of biological material between individuals and hence 
the risk of disease transmission from donor to recip-
ient, which must be controlled by the application of 
appropriate donor screening and selection criteria. 
Comprehensive quality systems in the transplanta-
tion setting must also be in place to guarantee the 
best possible outcomes.

Guidance and standards

Since 2002, the European Committee (Partial 
Agreement) on Organ Transplantation of the 

Council of Europe (CD-P-TO) has been publishing 
guidance dealing with quality and safety aspects of 
the donation and transplantation of organs, tissues 
and cells. This is the 8th edition of the Guide to the 
quality and safety of organs for transplantation. The 
Guide collates updated information to provide pro-
fessionals with the most recent advances in the field, 
as well as technical guidance to ensure the safety and 
quality of human organs intended for transplanta-
tion. It is essential that all stakeholders concerned – 
professionals involved in identifying possible organ 
donors, co-ordinators managing the process of dona-
tion after death and that of living donation, profes-
sionals responsible for the allocation and clinical use 
of human organs, quality managers of the donation 
and transplantation process and Health Authori-
ties responsible for the oversight of donation and 
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transplantation programmes – have easy access to 
this information. This Guide addresses that need by 
supporting them on a practical level to improve the 
rate of successful and safe organ transplantation.

Technical guidance on the donation and 
human application of tissues and cells of human 
origin has now been moved to a dedicated Guide to 
the quality and safety of tissues and cells for human 
application, currently in its 5th edition. For blood 
and blood products, the readers can refer to the 
Council of Europe Guide to the preparation, use and 
quality assurance of blood components, currently in 
its 20th edition.

This Guide contains instructions considered 
to be minimum standards because they align with 
the Council of Europe’s fundamental principles and 
the relevant European Union (EU) Directives in the 
field. It provides assistance for those states outside 
the EU that consider adopting the EU requirements 
into their regulations. These minimum standards 
state ‘what must be done’. However, this Guide goes 
beyond these standards by providing additional 
advice, based on best practice consistent with current 
scientific knowledge and expert opinion. It describes 
background information that should be considered 
in policy decisions, as well as in educational initia-
tives, by explaining the ‘why and how’. It also refers 
to developments that have yet to be incorporated into 
EU directives, thereby providing advance informa-
tion and recommendations regarding developments 
in the field. Throughout this Guide, the use of the 
word ‘must’ indicates mandatory compliance, in 
alignment with Council of Europe treaties and EU 
directives, whereas the use of the word ‘should’ indi-
cates recommended compliance in accordance with 
good practice.

Terminology

When addressing organ donation after death, 
this guide uses the terms donation after brain 

death (DBD) and donation after the circulatory de-
termination of death (DCD). This distinction must 
not be interpreted as a deviation from the unified 
concept of death. The fundamental criterion of life 
and death is a dependence on the functionality of 
the brain. The ultimate determinant of death is the 
irreversible cessation of brain functions, which may 
result from a devastating brain injury or from the 
cessation of circulation to the brain. Death can be de-
termined based on the irreversible cessation of brain 
functions (i.e., brain death) or the permanent cessa-
tion of circulation – to the brain.

The authors of the Guide acknowledge the lim-

itations of the terminology used, but have kept these 
two terms and their abbreviations because of their 
widespread use and for the sake of simplicity. There-
fore, the term DBD is used to describe the donation 
process after death has been determined based on the 
irreversible cessation of brain functions. The term 
DCD is used to refer to the donation process after 
death has been determined based on the permanent 
cessation of circulation to the brain. The Guide inten-
tionally avoids terms that have become obsolete, such 
as “donation after cardiac death”, “donation after cir-
culatory death” or “non heart beating donation”. The 
Guide also uses the terms in situ and ex situ for pres-
ervation strategies and avoids the terms in vivo and 
ex vivo, to clarify that preservation strategies are per-
formed before (in situ) or after (ex situ) the recovery 
of organs from a person who has been declared dead.

Changes in the 8th edition

In this 8th edition, all chapters have been thor-
oughly revised according to the state of the art, 

new and important chapters have been added, and 
some innovations have been introduced in the prepa-
ration of the chapters. 

In order to be able to produce evidence-based 
recommendations where appropriate, a set of clinical 
questions was formulated for Chapter 5, Manage-
ment of the potential donor, and Chapter 11, Organ 
procurement, preservation and transport. The 
PICOS approach (population; intervention; compar-
ator; outcomes; study design) was used to formulate 
these clinical questions. The questions, as identified 
by the working group, were sent to the Center for 
Evidence in Transplantation (CET) that undertook 
a systematic review of the literature and provided a 
summary of findings. This exercise has allowed to 
provide more robust recommendations on selected 
aspects from these two chapters of the Guide. The 
work undertaken by the CET is presented as Appen-
dices, where the clinical question, the PICOS formu-
lation, the search strategy, the summary of findings 
and the conclusions are detailed.

In addition, a new section has been included 
at the end of most chapters: a research agenda. This 
agenda identifies those fundamental topics for 
which evidence is insufficient or non-existent and 
that should be given priority in research initiatives. 
Chapter 2, Identification and referral of possible 
deceased organ donors, on this fundamental phase 
of the deceased donation pathway, addresses chal-
lenging practices such as elective non-therapeutic 
ventilation and admission to the intensive care unit 
(ICU) to incorporate donation into end-of-life care, 

https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_48/detail
https://freepub.edqm.eu/publications/AUTOPUB_48/detail
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describing best practice in this field. Chapter 3, De-
termination of death by neurologic criteria, has been 
thoroughly revised and updated and is considered, 
like Chapter 4, Family approach and consent/author-
isation for post mortem organ donation, as being of 
great value. Chapter 3, Determination of death by 
neurologic criteria provides a detailed description of 
the physical examinations and ancillary tests neces-
sary for the diagnosis of death by neurological cri-
teria, including situations such as anoxia, where the 
usual ancillary tests may pose challenges. Chapter 4 
describes the current European legal frameworks for 
consent and authorisation of organ donation, and best 
practice in supporting relatives of deceased organ 
donors and communicating bad news, including the 
timing of communication.

Chapter 5, Management of the potential donor, 
has been updated, based on current knowledge in 
the field. An algorithm has been included, covering 
the whole process from identification of the potential 
donor until they become a donor, and the section on 
nutritional support has been expanded.

Chapter 6, General donor characterisation, as-
sessment and selection criteria, has been revised; it 
includes a flowchart of the donation process and indi-
cates what chapter of the guide is useful for each step. 
It also includes a detailed description of imaging 
techniques. Chapter 7, Specific organ characterisa-
tion, assessment and selection criteria, provides the 
information required for the evaluation of each organ 
individually considered.

Chapter 8, Risk of transmission of infectious 
diseases, has been fully revised to include up-to-
date developments in the field of emerging patho-
gens, including Covid-19. The screening algorithms 
for an extensive list of pathogens have been updated. 
The chapter also takes into account the impact of 
new direct-acting antiviral agents in the treatment 
of hepatitis C virus infection and has updated rec-
ommendations on the use of organs from donors 
infected by this virus. It also addresses the use of 
organs from HIV-positive donors. Chapter 9, Risk of 
transmission of cancer, has been entirely reviewed to 
provide current evidence for assessment of the risk 
of transplanting organs from donors with a past or 
present history of malignancies. Among others, two 
new valuable additions to this chapter are a review of 
malignancies in the recipient caused by donor onco-
genic viruses and a review of donors with a genetic 
predisposition to cancer. Chapter 10, Risks related to 
the use of organs from donors with other conditions 
and diseases, has also been revised, providing recom-
mendations about the use of organs from donors with 
conditions such as inherited diseases or autoimmune 

diseases and from donors who have previously re-
ceived an organ transplant.

Chapter 11, Organ procurement, preservation 
and transport, has been thoroughly reviewed, pro-
viding up-to-date information on organ procure-
ment and in situ and ex situ preservation techniques, 
including those that should apply to DCD.

Chapter 12, Donation after the circulatory de-
termination of death (DCD), and Chapter 13, Living 
donation, deal with topics that require special consid-
eration of procedures, which differ greatly from those 
applied to the process of DBD. As living donation 
and DCD are expanding in the European landscape, 
these two chapters are expected to be of great added 
value and have been revised extensively. Chapter 12 
includes a detailed description of best practice in the 
realisation of the DCD pathway, both uncontrolled 
DCD (donation from persons who die following 
an unsuccessfully resuscitated cardiac arrest) and 
controlled DCD (donation from persons who die 
following the decision to withdraw life-sustaining 
therapies that are no longer deemed beneficial to the 
patient). It also includes, for the very first time, a ref-
erence to DCD in the context of medically-assisted 
death or euthanasia, as a reality in some European 
countries.

In this edition of the Guide, Chapter 13 now 
considers aspects of pancreas, small bowel and 
uterus living donation, in addition to the psychoso-
cial aspects of living donation. The new Chapter 14, 
Paediatric donation, elaborates all aspects of de-
ceased donation in children, when death is deter-
mined either by neurologic or by circulatory criteria, 
and addresses the outcomes of organs obtained from 
paediatric donors. Chapter 15, Donation of vascular-
ised composite allografts, has been revised and now 
includes uterus transplantation in detail.

Chapter 16, Biovigilance and surveillance, has 
been deeply revised to provide clear guidance on how 
to identify, report, assess and manage severe adverse 
reactions and events, in alignment with the Guide to 
the quality and safety of tissues and cells for human 
application. It is addressed not only to healthcare pro-
fessionals reporting any SAREs, but also to healthcare 
authorities who need to put in place a biovigilance 
system. Chapter 17Chapter 17, Achieving and meas-
uring quality in organ donation and transplantation, 
and Chapter 18, Measuring outcomes in transplanta-
tion, have been updated. Chapter 17 provides detailed 
principles of quality management for organ donation 
and procurement, as well as for transplantation activ-
ities. Chapter 18 reviews the factors to be considered 
when measuring outcomes in transplantation.

Finally, the new Chapter 19, Communication of 

https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_17/detail
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risk and shared decision-making, addresses consent 
for living organ donation and organ transplantation 
and provides guidance for crisis management and 
communication when facing a serious adverse reac-
tion or event.

Expertise involved and 
acknowledgements

A dedicated working group including well-known 
experts nominated by the national Health Au-

thorities of Council of Europe member states was 
convened for the elaboration of this Guide. This group 
was chaired by Beatriz Domínguez-Gil (Organización 
Nacional de Trasplantes, Spain) and Carl-Ludwig 
Fischer-Fröhlich (Deutsche Stiftung Organtrans-
plantation, Germany). This expert group made ex-
ceptional contributions by sharing their expertise, 
reviewing the literature in their respective specialist 
areas and extracting and distilling knowledge from 
numerous international guidelines, collaborative 
projects and diverse publications and websites, with 
the aim of ensuring that all this up-to-date informa-
tion is made available and accessible to professionals 
and regulators. Members of the group co-ordinated 
the preparation of each chapter and ensured access to 
the best expertise in each field by engaging additional 
external experts, who co-authored and contributed 
to the discussions on various parts of this Guide. The 
names of all the experts who participated in the elab-
oration of this Guide can be found in Appendix 33.

The final draft was submitted to a stakeholder 
consultation where Health Authorities, relevant pro-
fessional associations and additional experts nomi-
nated by them carefully revised the text and provided 
comments and suggestions. During the consultation 
for this 8th edition, 301 comments were received; 
all of them were carefully analysed by the working 

group and 84 % of the comments led to changes in the 
final text. In some instances (7 %), comments were 
deemed relevant but required extensive research and/
or discussion, so their inclusion was postponed to a 
future edition, and in 5 % of cases the comments did 
not require any changes to the text. Our gratitude is 
extended to all those individuals who provided ex-
tremely useful feedback during this stakeholder 
consultation.

Both the European Society for Organ Trans-
plantation (ESOT) and CET should be thanked 
for sharing their expertise and knowledge and 
for enriching this 8th edition with the series of 
evidence-based reports previously described.

The drafting and publication of the 8th edition 
of the Guide was co-ordinated by Jaime Marco (Sci-
entific Assistant) and Marta López Fraga (Scientific 
Officer in charge of the Council of Europe European 
Committee on Organ Transplantation [CD-P-TO]), 
with the assistance of Janet Latzel, Mar Lomero, 
Stéphanie Pierre-Charles, David Crowe and Gerard 
M.-F. Hill. The final result is this Guide, which con-
stitutes a common European standard, based on the 
long-standing expertise and knowledge of the EDQM.

Last, but not least, we would like to honour all 
healthcare professionals who have been on the front 
lines against the pandemic. Their efforts, dedication 
and tireless work against Covid-19 have made them 
the true heroes of this health crisis. They have not 
only fought for our lives and those of our loved ones 
but also ensured that the gift of donation continued 
to save and improve lives through this unimaginable 
period.

Marta López Fraga
European Committee on Organ Transplantation 

(CD-P-TO)
Council of Europe
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Chapter 1. Introduction

1.1. Scope and purpose of this 
Guide

Ever since the first successful kidney transplant 
was performed in 1954, organ transplantation has 

saved and improved the quality of life of thousands of 
patients. Today it is the best life-saving treatment for 
end-stage organ failure and is performed in 111 coun-
tries all over the world. According to the database 
of the Global Observatory on Donation and Trans-
plantation (GODT), 153 863 solid-organ transplants 
(kidney, liver, heart, lung, pancreas, small bowel) 
were performed in 2019, of which 100 097 were kidney 
transplants, followed by 35 784 liver transplants [1]. 
However, it is estimated that this represents less than 
10 % of global needs. Long periods on the waiting list 
for organs may result in patients dying or enduring 
a poor quality of life before transplantation. By the 
end of 2019, there were 92 574 patients waiting for a 
transplant in Europe, and 18 patients on the waiting 
list died every day because there was no organ avail-
able [2].

The field of organ donation and transplantation 
has been forced to evolve rapidly in order to cope with 
transplant needs, but this has come with inherent 
challenges. These include ensuring effective organi-
sation, co-ordination and control of all relevant ac-
tivities and services as well as the need for safeguards 
against exploitation and misuse [3]. In order to over-
come such barriers and to facilitate access to safe and 
ethical transplantation therapy for all European cit-
izens, the Council of Europe started to work in this 
area back in 1987. In 1999, a working group was set up 

to prepare a guide on the quality and safety standards 
that should apply to the donation, procurement and 
transplantation of human organs, tissues and cells in 
member states. The 1st edition of that Guide was pub-
lished in 2002, and it has evolved very much since 
then.

This is the 8th edition of the Guide to the 
quality and safety of organs for transplantation of 
the Council of Europe. This Guide has two main 
objectives. Firstly, it aims to provide sound informa-
tion and guidance for all professionals involved in 
donation and transplantation of human organs, to 
optimise the quality and minimise the risks of these 
complex procedures. All material of human origin 
carries risks that must be controlled by application 
of scrupulous criteria for donor evaluation and selec-
tion, and by comprehensive systems to assess quality. 
The idea is to help professionals on a practical level 
by providing easy-to-use information at the bedside 
that will help improve the rate of success of organ 
transplantation. Secondly, this Guide reflects ethical 
principles and guidelines to be considered for the do-
nation and transplantation of human organs.

The field of organ donation and transplanta-
tion is now highly regulated in many countries. In 
the European Union (EU), Directive 2010/53/EU of 
the European Parliament and the Council provides 
the mandatory standards for quality and safety of 
human organs intended for transplantation, and 
Commission Implementing Directive 2012/25/EU 
lays down the information procedures for the ex-
change, between EU member states, of human organs 
intended for transplantation. Both directives should 
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already be transposed into the national legislations 
of the 27 EU member states. This Guide refers to 
those requirements where appropriate, providing 
technical examples of how they can be implemented, 
but goes beyond them to describe generally accepted 
good practice. Therefore, it will be useful as a source 
of practical information for those working within 
the EU legislative framework and for those working 
within national legal frameworks in all Council of 
Europe member states and non-member countries. 
In summary, this Guide is not intended to provide 
a common legal framework but aims at presenting 
technical guidance according to the best practices ac-
cepted at European level.

In this Guide the term ‘Health Authority’ is 
used throughout to refer to the body to which has 
been delegated the responsibility on a national or 
regional basis (or even sometimes at supranational 
level) by the government to ensure that organ dona-
tion and transplantation are appropriately promoted, 
regulated and monitored in the interests of patient 
safety and public transparency. Other terms – such 
as ‘regulatory authority’ and ‘regulatory agency’ or, 
in the EU, ‘competent authority’ and ‘delegated body’ 

– can be considered as equivalent to it.
This Guide is the result of the collective effort 

and expertise gathered by the members and ob-
servers of the European Committee of Experts on 
Organ Transplantation (CD-P-TO) through an ad 
hoc Organ Expert Group (see Appendices 33 and 34). 
Unless other wise indicated, ‘member states’ means 
and applies to member states of the Council of Europe.

Appendix 1 spells out the abbreviations and ac-
ronyms used throughout this Guide and Appendix 2 
is a glossary of key terms.

For matters dealing with the use of tissues and 
cells, and of blood or blood products, see the latest 
edition of the Council of Europe Guide to the quality 
and safety of tissues and cells for human application 
and the Guide to the preparation, use and quality 
assurance of blood components [4], respectively.

1.2. European Committee on 
Organ Transplantation, the 
European Directorate for 
the Quality of Medicines & 
HealthCare and the Council of 
Europe

The Council of Europe, based in Strasbourg 
(France), is an international organisation that 

promotes co-operation between all European 

countries in the areas of human rights, democracy, 
rule of law, culture and public health. After the 
3rd  Conference of European Health Ministers on 
the Ethical, Organisational and Legislative Aspects 
of Organ Transplantation [5] held in Paris in 1987, 
the Council of Europe Committee of Experts on the 
Organisational Aspects of Co-operation in Organ 
Transplantation (SP-CTO) was created. This com-
mittee consisted of experts in different aspects of 
transplantation:  immunologists, surgeons, physi-
cians, donor co-ordinators and representatives from 
organ-sharing and organ-procurement organisations. 
In 2007, the secretariat responsible for activities 
related to organs, tissues and cells was transferred 
to the European Directorate for the Quality of Med-
icines & HealthCare (EDQM) of the Council of 
Europe [6], and the newly appointed CD-P-TO took 
over as the steering committee [7]. This move to the 
EDQM facilitated closer collaboration and synergies 
with the EU and aimed, among other objectives, to 
avoid duplication of efforts.

It is under the mandate and aegis of the 
CD-P-TO committee that this Guide has been 
elaborated. Today, the CD-P-TO is composed of 
internationally recognised experts from Council 
of Europe member states, observer countries, the 
European Commission and the World Health Or-
ganization (WHO), with representatives from the 
Committee on Bioethics of the Council of Europe 
(DH-BIO) and several non- governmental organi-
sations. The CD-P-TO actively promotes the non- 
commercialisation of human organs, the fight against 
organ trafficking and against trafficking with persons 
for the purpose of the removal of organs, the devel-
opment of ethical, quality and safety standards in the 
field of transplantation of organs, tissues and cells, 
and the transfer of knowledge and expertise between 
member states and organisations.

1.3. General principles on 
donation and transplantation

1.3.1. Recent progress
Over the past 50 years, due to medical ad-

vances in the field and with the excellent results 
achieved in the transplantation of all types of human 
organs, organ transplantation has become a consol-
idated therapy. Kidney transplantation is the most 
cost- effective treatment for end-stage renal diseases. 
Compared to renal-replacement therapies with dial-
ysis, kidney transplantation allows for a longer life 
span (on average, kidney transplant patients live 10–15 
years longer than those on dialysis), improved quality 
of life, fewer medical complications (e.g. anaemia, 

https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_48/detail
https://freepub.edqm.eu/publications/AUTOPUB_48/detail
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bone, heart and vascular disease related to dialysis 
therapy) and reduced costs for healthcare systems. 
For end-stage failure of organs such as liver, lung and 
heart, transplantation is the only available treatment.

Most European countries have increased their 
number of deceased organ donors since the 1990s, 
and in four of those countries the number annually 
is over 1 000 (see Figures 1.1 and 1.2). For kidneys, the 
number of living donors is also generally on the rise. 
However, waiting lists persist and, due to the chronic 
shortage of organs, some transplant clinicians are 
extremely selective about the patients they place on 
waiting lists.

The scarcity of organs to cope with the needs 
of transplantation has many intertwined causes, in-
cluding:  the increase in the number of indications 
for transplants;  the failure to identify and refer pos-
sible organ donors;  consent declined to proceed with 
organ recovery;  and, more generally, limited institu-
tional support for deceased donation in some coun-
tries and the way health and transplantation systems 
are organised and managed. While the issues con-
cerned may be complex, there is one clear fact:  that 
organ shortage is an increasingly acute problem in 
the context of an ageing population and the increased 
incidence of hypertension, diabetes and obesity – 
conditions that influence both the pool of potential 
donors and the number of patients waitlisted for a 
transplant.

In this context the need to tackle the problem 
of organ shortage has led to consideration of different 
strategies to increase organ availability, including 
living donation, donation after death determined by 
circulatory criteria (DCD), the use of organs from 
expanded-criteria donors and non-standard risk 
donors and the identification of donation opportu-
nities beyond critical care units. All of these aspects 
are discussed at length in dedicated chapters of this 
Guide.

1.3.2. Risks and benefits of transplantation

Transplantation is not without risks, and only 
organs procured under strict quality and safety pa-
rameters are likely to function properly and provide 
the best clinical outcomes for the recipients. Trans-
plantation carries the risk of the operative procedure 
itself, of the lifelong immunosuppression that will be 
necessary and of disease transmission. The factors 
influencing the clinical outcomes of transplantation 
are complex:  in particular, there is an interaction 
between two different biological systems:  those of the 
donor and the recipient. Therefore, when assessing 

the risk of transplantation, both the donor and the 
recipient should be considered.

Risk evaluation of both donor and recipient 
factors has to be carried out on an individual, case-
by-case basis. There may be factors that make a given 
organ from a donor absolutely unsuitable for a spe-
cific recipient, whereas the same organ could be ef-
fectively used, and indeed life-saving, for another 
recipient. It is the duty of the transplant team to care-
fully evaluate donor and recipient factors through an 
individual risk–benefit analysis. An individualised 
donor/organ profile should be produced for each 
patient enrolled on a transplant waiting list, weighing 
the risk of disease transmission or decreased quality 
of the transplanted organ against the risk of the re-
cipient dying or deteriorating while on the waiting 
list. This approach facilitates the best use of all suit-
able organs. It is important to emphasise that the 
risks associated with transplantation can never be 
completely eliminated.

In the case of living donors, the short- and 
long-term outcomes should be assessed for the living 
donor, as well as for the recipient, to document 
benefit and harm. In both cases, the potential bene-
fits of the transplant procedure should outweigh the 
risks. Donors must be carefully screened before do-
nation;  they must not be permitted to donate in clin-
ically hopeless situations and must receive regular 
long-term follow-up care after donation. Transparent 
communication of these risks between all parties in 
the donation process is vitally important.

The transplantation of vascularised composite 
allografts (VCAs) is a treatment for complex tissue 
injuries and defects, and a growing field of activity 
in the past 15 years. Unlike most solid-organ trans-
plantations, the transplantation of VCAs is not 
usually life-saving, and its primary aim is to improve 
a patient’s quality of life. To date, primary applica-
tions of this type of transplantation have been of the 
hand and face (partial and full), although there are 
also reported cases of several other VCAs, including 
those of the larynx, knee, uterus or abdominal wall. 
VCAs are differentiated parts of the human body, 
containing skin, muscles, bones, tendons and vessels 
that require surgical connection of blood vessels and 
nerves for allograft function. Once transplanted, 
they maintain their structure, vascularisation and 
capacity to develop physiological functions at a sig-
nificantly autonomous level. They are also subject to 
the same time constraints as organs because of their 
vulnerability to ischaemia, the absence of storage 
options and the need for immunosuppressive therapy. 
Therefore, VCAs are considered as organs [8].
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Figure 1.1. Deceased donation rates per million in Europe
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Figure 1.2. Variation in deceased donation activities per million in Europe 2019 v. 2010
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Any medical treatment, including any surgical 
procedure, normally requires the informed consent of 
the patient. In transplant medicine, informed consent 
concerning the quality of an organ to be transplanted 
and the risk of the individual procedure cannot be 
easily described in all details because of the limita-
tions and problems outlined in the following chap-
ters of this Guide. In comparison with other medical 
procedures, there are no valid scientific data about 
individual donor–recipient risk correlations available 

based on donor–recipient populations of sufficiently 
large size.

Patients, when registered on transplant waiting 
lists, should be informed of general risks about the 
surgical transplantation procedure, but also about 
the possibilities of disease transmission from donor 
to recipient. They should be advised that additional 
information or test results for a risk of disease trans-
mission may become available only after transplanta-
tion. In this case, appropriate post-transplant testing, 
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prevention and/or therapy should be offered to miti-
gate the risk or the severity of disease transmission. 
Additionally, there are risks associated with a new 
outbreak of latent infectious diseases under immuno-
suppression, such as reactivation of Cytomegalovirus. 
Presentation of complications due to immunosup-
pressive therapy can increase, particularly if extended 
immunosuppressive protocols (using mono- or poly-
clonal antibodies as induction therapy) are used.

It is advisable to explain the options and poten-

tial risks associated with accepting – or not accepting 
– an organ from a non-standard-risk donor at the 
time of enrolling for organ transplantation. This dis-
cussion should also clarify that risk factors may be 
present, but not recognised, at the time of an organ 
offer and that additional data related to risk may be 
discovered after the transplant procedure.

The patient should be reassured that the phy-
sicians and all personnel involved in the process of 
organ donation and transplantation are working on 

Figure 1.3. Complex links between donors and recipients in the context of donation after death
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ensure that appropriate measures, as regards donors, recipients and/or any stored tissues or cells, are taken when any 
severe adverse events or reactions are detected
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the basis of ‘best knowledge’ and will offer appro-
priate screening and treatment to mitigate any poten-
tial for disease transmission. Nevertheless, sometimes 
not all details of the medical history of a donor may 
be available because either the donor’s family or the 
general practitioner in charge of a person’s healthcare 
does not know all the data, for various reasons.

When performing a transplant, the specific, in-
formed consent and the will of the recipient should 
be taken into account in the allocation procedure. 
However, the criteria under which a given recipient 
would/could accept an organ may change over time 
as a result of a deterioration in their clinical situa-
tion. As a consequence, regular re-evaluations of 
recipient willingness to accept non-standard-risk 
organ donors should be made, particularly when 
there are changes in an individual’s clinical status. 
For example, a highly urgent heart recipient in an in-
tensive care unit with only a few days or weeks of life 
expectancy might be willing to accept a much higher 
risk from a donor organ compared to a recipient in a 
stable condition.

Knowledge in the field of transplantation med-
icine has increased to an extremely high level in the 
past 20 years. Given the number of transplants per-
formed worldwide and the few reported adverse inci-
dents, the risk of transplantation might not be seen 
as too high. However, some decisions in transplan-
tation medicine are based on clinical experience, in 
addition to a high level of common sense. Clinical 
experience is basically the only source of data, since 
randomised clinical trials are not always feasible.

Decisions concerning the risk of disease trans-
mission from a donor to one or more recipients 
should be based on the best scientific knowledge, and 
the expected results of such decisions should be veri-
fied through post-transplant follow-up.

All patients (or parents/legal guardians of 
under-age patients) who are candidates for trans-
plant waiting lists, or those changing their status on 
waiting lists, should know about these risks. While 
discussing all the risks related to donation and 
transplantation, society must keep in mind that not 
transplanting an organ into a waiting patient due to 
organ shortage is the biggest risk in transplantation 
medicine. Medical professionals must ensure that 
risk-avoiding behaviour – regardless of any excuse – 
causes organ wastage in this context.

1.3.3. Process of donation and transplantation 
of organs

Organ donation and transplantation continue 
to be fast-moving fields, requiring control of all the 

crucial technical activities and services that enable 
organs to be removed from one person and trans-
ferred to another person, including:  identification, 
referral and maintenance of donors;  procurement, 
transportation and preservation of organs;  quality 
management;  reimbursement of expenses and 
service charges;  and safeguards against exploitation 
or misuse (e.g., formal requirements for consent from 
the potential donor before material may be taken).

The process of donation of organs from a de-
ceased donor is, in many respects, quite different 
from the process in living donors. However, in all 
cases, a complex network of interactions underlies 
the many ways in which human organs, tissues and 
cells may be provided by one person for the benefit of 
others, and a complex chain of intermediaries (people 
and institutions) needs to be involved. Some of these 
complex links, using the example of a deceased donor 
of organs or tissue, are summarised in Figure 1.3.

The entire process may be viewed in terms of 
organisation and work flows. In the case of dona-
tion after death, transplantation can take place only 
if trained professionals are available to approach the 
family of the potential donor, if there is the neces-
sary infrastructure and human resources to procure 
organs and tissues – including the steps of further 
processing – within a given timeframe, if appropriate 
services exist to transport organs and tissues in an ad-
equate manner and if surgeons/physicians are avail-
able to participate in the transplantation procedure.

Similarly, to make living donation possible, 
professionals have to carefully select and evaluate po-
tential donors, and ensure post-operative follow-up.

It is important to emphasise how policy sur-
rounding donation must take into account the 
complex flows and multiple intermediaries involved 
in the process. Such policy awareness highlights the 
central part inevitably played in the donation and 
subsequent use of organs, tissues and cells by organi-
sations and organisational structures.

The increasing possibility of using organs and 
many forms of human tissues to benefit others in 
medical treatment has brought increased pressure in 
member states to meet the transplantation needs of 
patients. There is a continual need to identify donors 
to maintain an adequate supply. Shortages of supply 
may affect particular subgroups of patients because 
of the need to match grafts according to immunolog-
ical criteria or age. ‘Demand’ for organs and tissues is 
inherently variable since scientific developments may 
modify treatment options:  the demand for treatment 
of end-stage organ failure by transplantation may in-
crease, while the development of alternatives, such 
as prevention strategies for end-stage organ failure 
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(e.g. novel anti-viral drugs in hepatitis C) may reduce 
demand. Public expectations of what medical science 
can achieve may serve to put further upward pressure 
on demand.

Talking in terms of ‘supply’ and ‘demand’ may 
resonate with the experience of many professionals 
and patients (potential recipients), who are only too 
aware of the impact of any shortage in supply. This 
feature is exacerbated in situations in which the re-
quirement for a high degree of matching or pheno-
typical similarity between donor and recipient calls 
for recruitment from ethnic minorities and inter-
national collaboration. However, at the same time, 
it may imply a lack of consideration of the human 
nature of the source of the organs. It is important 
always to emphasise when using these impersonal 
terms that behind ‘supply’ and ‘demand’ are indi-
vidual people and their lives.

1.3.4. Organ allocation systems

Allocation of human organs for transplanta-
tion is a challenging phase in the process of organ 
donation and transplantation. Allocation criteria 
should be primarily based on medical criteria and be 
designed in accordance with ethical principles. In ad-
dition, a well-defined allocation system should take 
into account the self-sufficiency principle and the 
management of the transplantation waiting list.

All patients suffering from end-stage organ 
disease should be evaluated to assess their suita-
bility for inclusion in the transplantation waiting list. 
Organs donated for transplantation from a deceased 
donor enter a common pool to be used according to 
need and should not be directed to a particular indi-
vidual or specific group of individuals. Except in the 
case of direct living donations, organs must be allo-
cated to patients only in line with transparent, objec-
tive and duly justified rules. Allocation rules, defined 
by appropriately constituted committees, should be 
equitable, externally justified, transparent and open 
to scrutiny. The persons or official bodies responsible 
for the allocation decision must be designated within 
this framework [9].

The main goal of organ allocation rules is to 
reach the optimal overall outcome after transplan-
tation. Medical aspects should be balanced with the 
most relevant ethical principles, due to the scarce 
life-saving resource that human organs represent. In 
this regard, ‘utility’, ‘justice’ and ‘autonomy of pa-
tients’ are the guiding ethical principles to achieve 
an equitable outcome and fairness in allocation of 
organs used for transplantation [10]. The main con-
sideration in the allocation process is minimising 

the number of patients dying while on the waiting 
list and transplanting patients before they become 
non-transplantable due to their illness progressing. 
Waiting-list priorities present an operational balance 
of ethical and moral principles that can sometimes 
come into conflict. While some waiting lists may 
favour priority to children, others prioritise those at 
highest risk of death over a certain period and others 
might favour those predicted to live longest after 
transplantation. Additional criteria should assure 
best possible match between donor and recipient for 
urgent and life-saving procedures and such criteria 
need special reviewing.

Existing practices and requirements may vary 
among countries or institutions and from one organ 
type to another. In practice, there are three main 
types of allocation system: 

• patient-oriented
• centre-oriented
• mixed.

All three have advantages and disadvantages 
relating to patient outcomes and the influence on do-
nation programmes. The centre-oriented system is 
very influential and stimulating for the local donor 
programme. On the other hand, the patient-oriented 
system offers more possibilities to reach the best 
match in line with all-important medical aspects.

Clearly defined access to the waiting list for 
organ transplantation is the fundamental prereq-
uisite for organ allocation. Appropriate referral (of 
candidates for transplant and evaluation) is the 
responsibility of those caring for the patient with 
organ failure. Both geographic and socio-economic 
challenges may also impact referral of candidates 
for transplantation. Allocation practices based pre-
dominantly on waiting-list time need to be routinely 
examined to ensure that different practices do not 
discriminate against certain groups of patients.

Ethical principles, such as the concept of au-
tonomy, and public opinion are important in alloca-
tion decisions. Support for this position arises from 
the fact that transplantation (a) is a public good, (b) 
depends on public funds for research and develop-
ment, and (c) in most cases is paid for by public funds. 
Furthermore, transplantation depends on the will-
ingness of the population to donate, and an unjust 
allocation system may adversely affect this decision 
[11]. The general public is capable of flexible and 
thoughtful approaches to transplant priorities, with 
their preferences being focused on maximisation of 
outcomes after transplantation, prioritising citizens 
or residents, keeping organs local and considering 
cost in allocation decisions [12].
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Due to the complexity of the decision-making 
system, the responsibilities of the national or re-
gional transplant organisation (NTO), or the health 
authorities, should be clearly established. NTOs 
are significantly involved in the system of setting 
up and supporting the entire donation process by 
co- ordinating activities at national policy level with 
hospital systems, as well as by implementing legal 
measures and organising organ and transplant team 
transport. The tasks of managing waiting lists, regis-
tries and statistics also predominantly fall within the 
purview of NTOs. In order to foster organ sharing, 
NTOs communicate with possible transplant centres 
and organ-sharing centres to facilitate the exchange 
of patient and donor data at national and interna-
tional levels and, in some countries, they co-ordinate 
the entire organ procurement process.

While kidney transplants are now common 
practice in most countries, not all countries have yet 
developed capacities to transplant and/or procure all 
types of organ. To develop such programmes and to 
offer other options to their patients, as well as to avoid 
losing organs, many countries have engaged in inter-
national organ exchanges, via bilateral (between two 
countries or authorities) or multilateral agreements 
(e.g. in Europe:  Eurotransplant, Scandiatransplant 
or the South Alliance for Transplantation). In the 
case of international organ exchange arrangements, 
procedures must also ensure justified and effective 
distribution across the participating countries in a 
manner that takes into account the solidarity prin-
ciple within each country.

1.3.5. Health authorities and/or national 
transplant organisations

Transplantation is a complex process requiring 
a large number of functions to be managed effec-
tively by health authorities. Optimising the outcome 
of organ transplantation entails a rules-based process 
that encompasses clinical interventions and proce-
dures, from donor selection through to long-term 
follow-up of transplanted recipients. Ideally, these 
functions should all be the responsibility of a single 
public body, referred to as a national transplant or-
ganisation (NTO). However, a combination of local, 
regional, national and/or international bodies may 
work together to co-ordinate donation, allocation 
and/or transplantation, provided that the framework 
in place ensures accountability, co-operation and 
efficiency.

This Health Authority (or NTO) should be re-
sponsible for the authorisation (including accredita-
tion, licensing and designation) of centres, along with 

the organisation and monitoring of organ, tissue and 
cell donation and transplantation, and it should have 
a statutory basis which clearly sets out its structure, 
powers and responsibilities.

According to Recommendation Rec (2006) 15 
of the Council of Europe Committee of Ministers 
[13], health authorities should have competencies 
and mechanisms to organise and oversee the whole 
process of transplantation, including:  public educa-
tion on organ (and tissue) donation and procurement;  
transplantation;  national transplant recipient waiting 
lists;  organ (and tissue) allocation;  organ (and tissue) 
transportation, including international exchanges;  
authorisation of organ procurement and transplant 
teams or institutions;  traceability of organs and 
tissues;  and monitoring of the outcomes of transplan-
tation and donations from living donors. Other com-
petencies may include research into transplantation 
and responsibility for identifying and reporting to 
the relevant authorities any breaches of the national 
transplantation law.

The essential functions of an NTO (with its ad-
visory committees) include: 

a� running a central office which is operational 
24 h a day, 7 days a week, with which all donors 
have to be registered and which manages na-
tional or international organ allocation; 

b� ensuring that all relevant donor data, including 
screening results, are collected and communi-
cated to the recipient’s transplant team; 

c� managing specific national waiting lists for 
organs and, if applicable, for tissues, on the 
basis of agreed and transparent national ad-
mission criteria, containing sufficient up-to-
date data on the recipient to ensure optimal 
matching; 

d� ensuring that all donated organs are allocated 
to the most appropriate recipient in compli-
ance with nationally agreed and transparent 
allocation rules, to ensure as far as possible 
equal access to transplantation for all patients 
who could benefit from a transplant; 

e� ensuring that arrangements are in place for the 
safe and rapid transport of organs from the 
donor’s hospital to the recipient’s hospital; 

f� ensuring the maintenance of a transplant da-
tabase of all donors and recipients, including 
follow-up data on living donors and recipients, 
to ensure traceability and to audit the outcome 
of transplant programmes; 

g� taking responsibility for running a transplant 
quality-assurance system consistent with inter-
nationally recognised standards; 

h� providing accurate information to profes-
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sionals on organ and tissue donation and the 
outcomes of transplantation as well as being 
responsible for professional education about 
transplantation and raising the awareness of 
the public about organ and tissue donation and 
transplantation; 

i� ensuring complete transparency of national 
transplant procedures and processes in order 
to maintain or improve public and patient 
trust; 

j� ensuring follow-up of each transplanted organ 
for proper biovigilance and analysis of quality 
of the donation–transplantation process, with 
adjustments to the state of the art if necessary; 

k� taking up national/international responsibility 
for tissue donation and transplantation.

Additionally, the following functions should 
ideally be the responsibility of the NTO, or its advi-
sory committees. Alternatively, they could be taken 
by other bodies in co-operation with the NTO. Di-
rective 2010/53/EU requires EU member states to 
designate one or more competent authorities (and 
delegated bodies) to implement tasks that cover many 
of the functions listed here, and defines broadly their 
tasks and responsibilities: 

a� the recruitment, training and appointment of 
donor co-ordinators in all major hospitals with 
a potential for deceased organ donation; 

b� the co-ordination and management of donors 
and/or other transplant co-ordinators; 

c� conducting a regional/national potential donor 
audit to assess the potential donor ‘pool’, eval-
uate effectiveness in the realisation of the 
donation process and identify areas for im-
provement; 

d� managing national organ donor/non-donor 
registers (consent-to-donation registers), if ap-
plicable; 

e� reviewing donor-screening methods and re-
quirements to ensure compatibility with inter-
national standards and adapting them to any 
specific local requirements, if applicable; 

f� determining specific information require-
ments for organ and tissue donors; 

g� setting standards for donor management; 
h� setting standards for organ-recovery proce-

dures, in particular multi-organ procurement 
operations, in order to maximise organ quality 
and preservation; 

i� organising and co-ordinating organ donation 
and procurement procedures; 

j� setting standards for organ and tissue pack-

aging, labelling and transportation; 
k� organising the transport of organs and tissues 

from the donor’s hospital to the recipient’s hos-
pital or tissue establishment; 

l� setting criteria for the admission of patients to 
national organ- or tissue-specific waiting lists; 

m� reviewing and analysing national transplant 
waiting lists, that is, waiting times according 
to demography, geography, clinical status etc., 
as a basis for recommending changes to alloca-
tion rules in order to ensure optimum alloca-
tion of organs; 

n� managing and analysing transplant data 
through the donation process, including an 
analysis of allocation, to ensure that the rules 
are properly applied and to prevent organ traf-
ficking; 

o� offering organs to other NTOs if a compatible 
recipient is not available and/or on the basis of 
international co-operative agreements; 

p� maintaining registers of all donors, including 
living donors, and all transplant recipients and/
or designing and operating an integrated na-
tional transplant information system; 

q� in cases where a disease is transmitted to a 
recipient, identifying all other recipients of 
organs or tissues from that same donor, and/
or ensuring the disposal of any unused organs 
or tissues; 

r� offering advice on the types of transplant 
that should be financially covered by national 
health systems and any that may be allowed in 
the private sector; 

s� accrediting transplant teams and/or institu-
tions allowed to perform organ transplants; 

t� managing and overseeing haematopoietic pro-
genitor cell transplants, including the importa-
tion of haematopoietic progenitor cells; 

u� collecting data on outcomes and follow-up 
from transplant teams and units; 

v� auditing transplant procedures and outcomes 
to allow constant improvements in the safety 
and quality of organ transplantation; 

w� submitting outcome data to international 
transplant registers; 

x� organising and managing public relations and 
communication strategies on national trans-
plantation issues; 

y� identifying and exposing possible cases of 
organ trafficking; 

z� setting standards for the screening and selec-
tion of potential living donors; 

aa� authorising living donor transplants.
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In view of a potential conflict of interest, setting 
the criteria to determine death, either by neurologic or 
by circulatory criteria (if within the scope of national 
law), should not be the responsibility of the NTO but 
of a separate and independent body. It is mandatory 
that this independent body takes the responsibility to 
ensure that death can be certified properly without 
delay when the relevant criteria are fulfilled.

Member states wishing to collaborate within 
the framework of a supranational organisation 
should consider that the NTO remains responsible 
for deciding on the functions to be allocated to an 
international body.

1.3.6. The central role of the donor co- 
ordinator

As mentioned earlier, organ donation and 
transplantation is a complex process that requires 
various services and therefore requires effective or-
ganisation and co-ordination of healthcare profes-
sionals. In many member states, the training and 
employment of donor co-ordinators has increased the 
rate of donation of organs and tissues for transplan-
tation, enhanced the efficiency of their procurement 
and improved the functioning of local and national 
transplant systems. Donor co-ordinators may also be 
given other names, such as transplant co-ordinators 
or key donation persons. In Europe, different organi-
sational structures and professional backgrounds for 
donor co-ordinators exist.

Council of Europe Recommendation 
Rec (2004) 19 of the Committee of Ministers defines 
the recommended role and training of these pro-
fessionals. Donor co-ordinators responsible for the 
identification of possible deceased donors should be 
appointed in every hospital with an intensive care 
unit. They should have appropriate training and ex-
perience, be independent of any transplant teams and 
have clearly defined responsibilities for the establish-
ment, management and audit of a hospital-based 
system for donor identification and organ/tissue pro-
curement. These professionals should be responsible 
not only for monitoring the donation and procure-
ment process but also for identifying and imple-
menting improvements.

These professionals should be properly account-
able to senior management of the relevant health in-
stitution and to any regional transplant organisation 
or NTO. Donor co-ordinators may be supported by, 
or report to, other donor co-ordinators at regional or 
national level.

Donor co-ordinators should receive contin-
uing professional training consistent with interna-

tionally recognised standards, to ensure best possible 
professional and ethical practices in organ donation 
and procurement. Member states should establish 
formal national or international training and accred-
itation programmes for donor co-ordination activi-
ties/donor co-ordinators.

Their clinical responsibilities may include not 
only organ, but also tissue donation. They should also 
manage, record and evaluate the living donor proce-
dure with regard to transparency, free will and other 
legal and ethical considerations. Their professional 
activities should include: 

a� detecting and identifying possible donors; 
b� supporting other professionals involved in the 

donation process, when needed; 
c� supervising donor maintenance, evaluation 

and testing in order to maintain good organ 
perfusion and to ensure the quality and safety 
of the organs and tissues for transplantation; 

d� approaching the relatives of potential donors 
and obtaining consent to donation; 

e� overseeing the entire administrative and legal 
process of donation, including obtaining court 
orders when required; 

f� organising organ and/or tissue procurement 
and distribution, co-ordinating the necessary 
and available resources for their procurement 
(operating rooms, anaesthesia, nursing, sur-
gical teams, etc.) and subsequent distribution 
and transport to their final destination; 

g� referring any potential tissue donors to the 
tissue establishments in the area/region.

1.4. Ethical considerations

Human organs can be procured only from the 
body of a person – hence the ethical challenges 

associated with their use. This Guide describes the 
very different circumstances under which a person 
can donate. The donor may be living or deceased;  
in the latter situation, the determination of death 
may be done using neurologic or circulatory criteria. 
Whatever the case, handling and disposal of human 
organs must be carried out in a manner that shows 
respect for fundamental rights and for the human 
body.

Ethical standards of all aspects of organ, 
tissue and cell donation and transplantation have 
to conform to the Oviedo Convention on Human 
Rights and Biomedicine (1997) [14] and the Addi-
tional Protocol on transplantation of organs and 
tissues of human origin (2002) [15]. In addition, all 
EU member states must comply with the EU direc-
tives in the field (see §1.5.3). Other important guide-
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lines to be respected from an ethical viewpoint are 
Resolution (1978) 29 of the Committee of Ministers 
on harmonisation of legislation of member states 
relating to removal, grafting and transplantation of 
human substances [16], the WHO guiding principles 
on human cell, tissue and organ transplantation [17], 
the Declaration of Istanbul on Organ Trafficking 
and Transplant Tourism [18, 19] and the Council of 
Europe Guide for the implementation of the principle 
of prohibition of financial gain with respect to the 
human body [20].

1.4.1. Consent

The Oviedo Convention states that an interven-
tion in the health field may be carried out only after 
the person concerned has given free and informed 
consent to it [14]. This person must make a free choice 
in the absence of any undue influence and must be 
given appropriate information beforehand as to the 
intended use and nature of the intervention as well 
as its consequences and risks. The person concerned 
may freely withdraw consent at any time. In the case 
of organ donation after death, consent can be given 
by relatives who know or can infer the willingness 
of the deceased person to donate. Where the willing-
ness of the deceased person is not known, relatives 
may give consent based on their own judgement.

The Additional Protocol to the Convention on 
Human Rights and Biomedicine concerning trans-
plantation of organs and tissues of human origin 
expands these provisions further for the specific case 
of donation and transplantation [15]. These provisions, 
along with other relevant information in the case of 
post mortem donation, are explained further in detail 
in Chapter 4. Specific cases related to consent in 
DCD and living donation are outlined in Chapter 12 
and Chapter 13, respectively.

The ‘dead-donor rule’ (which states that pa-
tients must be declared dead before procurement of 
any vital organs or tissues for transplantation) must 
be strictly respected [21]. Organs must not be removed 
from the body of a deceased person unless the death 
of this person has been certified in accordance with 
the national law and consent or authorisation has 
been obtained. The procurement must not be carried 
out if the deceased person had objected to it.

Finally, it is crucial to emphasise the impor-
tance of consent in creating and maintaining the 
trust of the general public in health professionals and 
the healthcare system as a whole. Medical mistrust, 
or distrust of the healthcare system, is one of the 
reasons why people are reluctant to donate organs. 
This may be associated with concerns about consent 

in that the terms of the consent may be abused (for 
example, by using the donated material in a manner 
which is not in accordance with consent) or that addi-
tional material may be taken without explicit consent. 
Honesty and trust are central in both professional 
and personal relationships when donation of organs 
or tissues or cells takes place. Therefore, it is of vital 
importance that the limits of the consent are clearly 
established, explicit and scrupulously respected.

The recipient and, as necessary, the person or 
official body providing authorisation for the trans-
plant, must be given appropriate information before-
hand as to the purpose and nature of the procedure, 
and its consequences and risks, as well as on the alter-
natives to the intervention.

In summary, all donation and transplanta-
tion programmes are dependent upon goodwill and 
voluntary donation. It is therefore important that 
public confidence is maintained by standards of good 
practice. By engaging donor trust and commitment 
through obtaining consent, the risk of nefarious 
trading and potential physical harm from the use of 
organs will be reduced.

1.4.2. Conflicts of interest

To avoid any potential conflicts of interest, 
doctors certifying the death of a person must not be 
involved in the allocation procedure or be the same 
doctors who participate directly in the procurement 
of organs or tissues from the deceased person, or in 
subsequent transplantation procedures, or have re-
sponsibilities for the care of the potential organ or 
tissue recipients.

Health authorities will set out the legal stand-
ards for determining that death has occurred and 
specify how the criteria and process for determining 
death will be formulated and applied.

1.4.3. Financial aspects of donation and 
transplantation

Discussions around how to increase the supply 
of human organs often focus on questions of donor 
motivation, i.e. how individuals may best be encour-
aged to donate. Nevertheless, it is essential to recall 
the Oviedo Convention which, in Article 21, clearly 
states that the human body and its parts must not, as 
such, give rise to financial gain [14, 22]. This stipula-
tion is reiterated in the Additional Protocol to that 
Convention, in its Article 21 [15], and has resulted in 
the publication by the Council of Europe of a guide to 
facilitate its implementation [20]. This guide under-
lines that the prohibition of financial gain does not 
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prevent living donors from being compensated for 
loss of earnings and the reimbursement of medical 
expenses, or from being compensated for unjustified 
damage resulting from the removal of organs, tissues 
or cells.

The Council of Europe Convention against 
Trafficking in Human Organs [23] clearly identi-
fies distinct activities that constitute ‘trafficking in 
human organs’, which ratifying states are obliged to 
criminalise. The central concept is ‘the illicit removal 
of organs’, which includes removal where a living 
donor (or a third party) has been offered or received 
a financial gain or comparable advantage, or removal 
from a deceased donor where a third party has been 
offered or received a financial gain or comparable 
advantage.

These provisions do not prevent payments that 
do not constitute a financial gain or a comparable ad-
vantage, in particular: 

a� compensation of living donors for loss of earn-
ings and any other justifiable expenses caused 
by the removal or by the related medical exam-
inations; 

b� payment of a justifiable fee for legitimate 
medical or related technical services rendered 
in connection with transplantation; 

c� compensation in case of undue damage re-
sulting from the removal of organs from living 
persons.

In the donation of any organ, removal of bar-
riers to donate must not render a decision to donate 
non-altruistic. Initiatives that reduce the barriers to 
donation should only facilitate an action that the in-
dividual was already inclined to take by concern for 
the welfare of the recipient. In this sense, the Nuff-
ield Council on Bioethics suggests distinguishing 
between two types of intervention, both of which 
aim at increasing donation by changing its costs 
and benefits [21]. The first type is ‘altruist-focused 
interventions’, which typically involve removal of 
various disincentives to act and, in doing so, remove 
countervailing concerns that may hinder potential 
donors from acting on their altruistic motivations. 
For the purpose of this Guide, we will call these 
interventions ‘compensation’. The second type is 
‘non-altruist-focused interventions’, which are tar-
geted at persons who have no strong motivation to 
help others through donation of their bodily mate-
rial, but who would be disposed to donate if provided 
with different reasons for action, perhaps in the form 
of a payment or incentive going well beyond the re-
imbursement of expenses. These incentives are par-
ticularly worrisome as they may change the donor’s 

perception of the relative risks and benefits of a do-
nation that is not free of potential health hazards and 
psychological consequences, and such incentives will 
target the impoverished and vulnerable.

In summary, voluntary unpaid donation must 
continue to have a central role in the donation process 
of any organ. Compensation to donors should be 
strictly limited to making good the expenses and 
loss of income related to the donation and should 
not act as an incentive or inducement (either direct 
or indirect).

Physicians and other health professionals must 
not engage in transplantation procedures, and health 
insurers or other finance providers should not cover 
such procedures, if the organs concerned have been 
obtained through exploitation or coercion of, or 
payment to, the donor or the next of kin of a deceased 
donor.

Promotion of altruistic donation of human 
organs by means of advertisement or public appeal 
may be undertaken in accordance with domestic 
regulations. However, advertising the need for, or 
the availability of, organs with a view to offering or 
seeking financial gain or comparable advantage for 
the donor him/herself or a third party (e.g. the next 
of kin of the deceased organ donor) must be prohib-
ited. Brokering that involves payment to such indi-
viduals or to third parties must also be prohibited.

1.4.4. Equal access to transplantation

Healthcare in general is a human right because 
it secures and protects access of people to the normal 
range of opportunities and because it allows people 
to thrive. Given the importance of health for general 
well-being, every person, regardless of their income 
or financial means, should have access to good 
healthcare.

The demand for human organs in many in-
stances exceeds their availability. Significant prac-
tical and ethical questions regarding efficiency and 
fairness arise as to how to distribute these limited 
resources. Article 3 of the Additional Protocol to 
the Convention on Human Rights and Biomedicine 
concerning transplantation of organs and tissues of 
human origin states that transplantation systems 
must exist to provide equity in access to transplanta-
tion services for patients.

1.4.5. Equity in donation

Individual motivation and choice is only one 
part of the donation picture;  the central role of organ-
isations, organisational procedures and professionals 
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in facilitating donation should not be underesti-
mated, nor indeed the importance of trust in these 
systems. An example of the organisational aspect is 
that, whenever a person dies in circumstances where 
donation is a possibility, this possibility should be 
raised.

The role of the state with respect to donation 
should be understood as one of stewardship:  that 
is, actively promoting measures that will improve 
general health (thereby reducing the demand for 
some forms of bodily material) and facilitating do-
nation [21]. Such a stewardship role should extend 
to taking action to remove inequalities that affect 
disadvantaged groups or individuals with respect to 
donation. Equity in donation refers to the absence 
of systematic disparities in the burden of donation 
between social groups who have different levels of 
underlying social advantage or disadvantage (i.e. dif-
ferent positions in a social hierarchy). Systemic ineq-
uities in donation would put groups of people who 
are already socially disadvantaged (e.g. by virtue of 
being poor, female and/or members of a disenfran-
chised racial, ethnic or religious group) at further 
disadvantage with respect to their health.

As discussed above, introduction of financial 
incentives for donation renders certain social groups 
particularly susceptible to disparities based on social 
and economic status.

Safeguards must be in place to guarantee that 
all living donors, regardless of their origin, receive 
similar care and follow-up. To prevent the abuse of 
donors coming from abroad, clear traceability ar-
rangements must be in place to ensure that an initial 
evaluation of the donor has been undertaken by 
the referring hospital, that free and specific consent 
to the donation has been given and that long-term 
follow- up care can be provided. [22]

1.4.6. Anonymity

The identity of the donor and recipient should 
(except in the case of living donation between persons 
having a close personal relationship) remain strictly 
confidential. Such precautions will prevent abuse and 
protect the families of donors and recipients from 
feelings of anxiety associated with emotional involve-
ment, obligation to return favours or guilt.

1.4.7. Transparency and protection of personal 
rights

The organisation and realisation of donation 
and transplantation activities, as well as their clin-
ical results, must be transparent and open to scru-

tiny, while ensuring that the personal anonymity and 
privacy of donors and recipients is always protected 
(if relevant).

Transparency can be achieved by maintaining 
public access to regularly updated comprehensive 
data on processes (in particular, allocation), trans-
plant activities and outcomes for both recipients and 
living donors, as well as data on organisation, budgets 
and funding. Such transparency is not inconsistent 
with shielding (from public access) information that 
could identify individual donors or recipients, while 
still respecting the requirement of traceability. The 
objective of the system should be not only to max-
imise the availability of data for scholarly study and 
governmental oversight but also to identify risks 
(and facilitate their mitigation) to minimise harm to 
donors and recipients.

1.5. Recommendations and 
regulations in the field

1.5.1. Council of Europe

Within the framework principle of sharing 
knowledge through international co-operation, the 
Council of Europe has established widely recognised 
recommendations and resolutions in the field of 
transplantation, covering the ethical, social, scientific 
and training aspects of the donation and transplanta-
tion of organs, tissues and cells [24]. Whereas agree-
ments and conventions are binding on the states that 
ratify them, resolutions and recommendations are 
policy statements to governments that propose a 
common course of action to be followed.

The Council of Europe Convention for the Pro-
tection of Human Rights and Fundamental Freedoms 
(European Treaty Series No. 5) [25] is an international 
treaty to protect human rights and fundamental free-
doms in Europe. It was drafted in 1950 by the then 
newly formed Council of Europe and entered into 
force on 3 September 1953.

The European Agreement on the Exchange of 
Therapeutic Substances of Human Origin (European 
Treaty Series No. 26) [26], signed in Paris on 15 De-
cember 1958, aims to provide mutual assistance with 
respect to the supply of therapeutic substances of 
human origin.

The European Agreement on the Exchange of 
Tissue-Typing Reagents (European Treaty Series No. 
84) [27], signed in Strasbourg on 17 September 1974, 
laid the groundwork for the development of mutual 
assistance in the supply of tissue-typing reagents and 
establishment of joint rules between signatory parties. 



33

1. INTRODUCTION

At its 14th meeting (Rome, 9-10 October 2014) the 
CD-P-TO carefully examined this treaty and decided 
that, considering the state-of-the-art advances in tis-
sue-typing, this treaty should be declared inactive 
without further need for promotion or monitoring. 
The Additional Protocol (European Treaty Series No. 
89) [28], opened for signature on 24  June 1976 and 
entering into force on 23 April 1977, provided for the 
accession of the European Community (now the EU) 
to this agreement.

The Oviedo Convention for the Protection 
of Human Rights and Dignity of the Human Being 
with regard to the Application of Biology and Medi-
cine:  Convention on Human Rights and Biomedicine 
(European Treaty Series No. 164) [14] was opened 
for signature on 4 April 1997 and came into force on 
1 December 1999. It is the first legally binding inter-
national text designed to preserve human dignity, 
fundamental rights and freedoms, through a series of 
principles guarding against the misuse of biological 
and medical applications. The Convention is inspired 
by the principle of the primacy of human beings over 
the sole interest of science or society. It lays down a 
series of principles applying to medical practice as 
well as biomedical research, organ transplantation 
and genetics. The Convention includes the prin-
ciple of consent, non-discrimination on the basis of 
genetic characteristics, and protection of private life 
and access to information. The Convention specifi-
cally prohibits financial gain arising from the body 
and its parts, as such.

This latter Convention was extended further by 
an Additional Protocol to the Convention on Human 
Rights and Biomedicine concerning transplanta-
tion of organs and tissues of human origin (Euro-
pean Treaty Series No. 186) [15], which was opened 
for signature on 24 January 2002 in Strasbourg and 
came into force on 1 May 2006. It aims to protect the 
dignity and identity of everyone and to guarantee, 
without discrimination, respect for their integrity 
and other rights and fundamental freedoms with 
regard to transplantation of organs and tissues of 
human origin, thereby establishing principles for the 
protection of donors and recipients.

The Council of Europe Convention on Action 
against Trafficking in Human Beings, with its Ex-
planatory Report (European Treaty Series No. 197) 
[29], which was opened for signature in Warsaw on 
16 May 2005 and came into force on 1 February 2008, 
addresses the trafficking of human beings for the 
purpose of organ removal.

The Joint Council of Europe/United Nations 
Study on trafficking in organs, tissues and cells 
and trafficking in human beings for the purpose of 

the removal of organs [3], presented at the United 
Nations headquarters in New York on 13 October 
2009, focuses on trafficking in organs, tissues and 
cells for the purpose of transplantation. The Joint 
Study made evident that existing criminal-law in-
struments dealing exclusively with trafficking in 
human beings (including for the purpose of organ 
removal) left loopholes that allowed several unethical 
transplantation-related activities to persist. This is 
why the Council of Europe decided to undertake the 
task of drafting a new international legally binding 
instrument against trafficking in human organs. The 
resulting Council of Europe Convention against Traf-
ficking in Human Organs [23] and its Explanatory 
Report [30], which opened for signature in Santiago 
de Compostela on 25 March 2015, identified dis-
tinct activities that constitute ‘trafficking in human 
organs’. The central concept is ‘the illicit removal of 
organs’, which consists of removal without the free, 
informed and specific consent of a living donor;  
removal from a deceased donor other than as author-
ised under domestic law;  removal when, in exchange, 
a living donor (or a third party) has been offered or 
received a financial gain or comparable advantage;  or 
removal from a deceased donor when a third party 
has been offered or received a financial gain or com-
parable advantage.

The document Organ shortage:  current status 
and strategies for the improvement of organ donation 

– a European consensus document (2003) [31] aims 
to provide a step-by-step guide to the most effective 
ways of procuring the maximum number of high-
quality organs for transplantation from deceased 
donors, based on an analysis of the scientific data 
available and relevant international experience.

Other major Council of Europe resolutions and 
recommendations [32] in the field of organ donation 
and transplantation include: 

• Resolution CM/Res (78) 29 on harmonisation of 
legislation of member states relating to removal, 
grafting and transplantation of human sub-
stances [16], recommending the governments 
of member states to conform their laws to a set 
of rules annexed to this resolution or to adopt 
provisions conforming to these rules when in-
troducing new legislation.

• Recommendation No. R (97) 15 of the Com-
mittee of Ministers to member states on 
xenotransplantation [33], recommending gov-
ernments of member states to establish a mech-
anism for the registration and regulation of 
xenotransplantation with a view to minimising 
the risk of transmission of known or unknown 

https://freepub.edqm.eu/publications/AUTOPUB_14/detail
https://freepub.edqm.eu/publications/AUTOPUB_14/detail
https://freepub.edqm.eu/publications/AUTOPUB_14/detail
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diseases and infections to either human or 
animal populations.

• Recommendation No. R (97)  16 of the Com-
mittee of Ministers to member states on liver 
transplantation from living related donors [34], 
providing rules and guidelines for carrying 
out transplantations using livers derived from 
living donors related to the recipients of those 
organs.

• Recommendation Rec (2001) 5 of the Com-
mittee of Ministers to member states on the 
management of organ transplant waiting lists 
[35], providing rules and guidelines for the cre-
ation, management and enrolment of patients 
in organ transplant waiting lists.

• Recommendation Rec (2003) 10 of the Com-
mittee of Ministers to member states on 
xenotransplantation [36] and its Explanatory 
Memorandum [37], providing principles and 
guidelines for governments to set up their own 
legislation and practice in the field of xenotrans-
plantation, with a view to minimising the risk 
of transmission of known or unknown dis-
eases and infections to populations.

• Recommendation Rec (2003) 12 of the Com-
mittee of Ministers to member states on organ 
donor registers [38], providing rules and guide-
lines for the creation, purpose, management, 
characteristics and enrolment of persons in 
organ donor registers.

• Recommendation Rec (2004) 7 of the Com-
mittee of Ministers to member states on organ 
trafficking [39], providing a list of require-
ments to protect the dignity and identity of all 
persons and to guarantee without discrimina-
tion their fundamental rights and freedoms 
with regard to organ, tissue and cell donation 
(both living and deceased) and transplantation.

• Recommendation Rec (2004) 19 of the Com-
mittee of Ministers to member states on 
criteria for the authorisation of organ trans-
plantation facilities [40], providing guidelines 
to governments to ensure they provide high-
quality transplant services for the benefit of 
their citizens.

• Recommendation Rec (2005) 11 of the Com-
mittee of Ministers to member states on the 
role and training of professionals responsible 
for organ donation (transplant donor co-ordi-
nators) [41], providing guidelines and recom-
mendations to governments of member states 
as regards the role, functions, responsibilities 
and training of the donor co-ordinators who 

should be appointed in every hospital with an 
intensive care unit.

• Recommendation Rec (2006) 15 of the Com-
mittee of Ministers to member states on the 
background, functions and responsibilities 
of an NTO [13], recommending governments 
of member states to set up comprehensive 
national transplantation systems with com-
petencies and mechanisms to organise and 
oversee the entire process of transplantation, 
including:  public education on transplanta-
tion;  organ (and tissue/cell) donation and re-
covery;  national transplant recipient waiting 
lists;  organ (and tissue/cell) allocation;  organ 
(and tissue/cell) transportation, including in-
ternational exchanges;  authorisation of organ 
transplant teams or institutions;  the tracea-
bility of organs and tissues;  and monitoring of 
the outcomes of transplantation and donations 
from living donors. Other NTO competencies 
may include research into transplantation and 
responsibility for identifying and reporting 
to the relevant authorities any breaches of na-
tional transplantation law.

• Recommendation Rec (2006) 16 of the Com-
mittee of Ministers to member states on quality 
improvement programmes for organ donation 
[42], recommending that the governments of 
member states take all necessary measures to 
ensure that quality improvement programmes 
for organ donation are put in place in every 
hospital where there is potential for organ do-
nation, and providing guidelines for their crea-
tion, implementation and management.

• Resolution CM/Res (2008) 4 on adult-to-adult 
living donor liver transplantation [43], rec-
ommending that member states instruct the 
organisation responsible for accrediting trans-
plantation programmes and regulating the al-
location of organs to explicitly address the issue 
of adult-to-adult living donor liver transplanta-
tion and to establish accredited transplantation 
programmes for the performance of this type 
of transplantation, in compliance with strict 
quality, safety and ethical parameters.

• Resolution CM/Res (2008) 6 on transplantation 
of kidneys from living donors who are not ge-
netically related to the recipient [44] provides 
general principles and measures to be taken 
into account when establishing regulations and 
procedures relating to the donation of a kidney 
for transplantation by a living donor not genet-
ically linked to the recipient.

• Resolution CM/Res (2013) 55 on establishing 
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procedures for the collection and dissemina-
tion of data on transplant activities outside a 
domestic transplantation system [45], recom-
mends member states to adopt and implement 
appropriate tools for data collection on illicit 
transplantation activities.

• Resolution CM/Res (2013) 56 on the develop-
ment and optimisation of live kidney donation 
programmes [46] and its Explanatory Mem-
orandum [47] recommend member states to 
foster programmes for kidney donation from 
live donors based on recognised ethical and 
professional standards.

• Resolution CM/Res (2015) 10 on the role and 
training of critical care professionals in de-
ceased donation [48] recommends member 
states to provide a clear legal and ethical 
framework that will:  guide healthcare profes-
sionals caring for potential organ donors;  help 
ensure that professionals working in intensive 
care units and emergency departments receive 
continuous training from the outset of their 
clinical practice;  encourage hospitals to incor-
porate organ donation as a routine activity in 
intensive care units and emergency care de-
partments by appointing designated profes-
sionals in these areas where there is a potential 
for organ donation;  and support the develop-
ment of scientific and health services research 
in the field of donation after death.

• Resolution CM/Res (2015) 11 on establishing 
harmonised national living donor registries 
with a view to facilitating international data 
sharing [49] sets out the general guidelines 
for the construction of such national/interna-
tional registries. In addition, the Explanatory 
Memorandum [50] accompanying this resolu-
tion provides a detailed list of the parameters 
intended for inclusion in any national living 
donor registry, defining a mandatory data set 
and an expanded set of variables, as well as 
those to be included in a ‘Registry of registries’ 
aimed at international data sharing.

• Resolution CM/Res (2017) 1 on principles for 
the selection, evaluation, donation and follow- 
up of non-resident living organ donors [22], 
elaborated by the European Committee on 
Organ Transplantation (CD-P-TO). It is aimed 
at protecting non-resident living donors who, 
for a number of reasons – economic, emotional, 
cultural or physical – may be particularly vul-
nerable, and whose post-donation care and 
follow- up may be difficult to guarantee.

• Resolution CM/Res (2017) 2, on establishing 

procedures for the management of patients 
having received an organ transplant abroad 
upon return to their home country to receive 
follow-up care [51], aims to protect all patients 
who have received an organ transplant, re-
gardless of the circumstances in which it was 
obtained, and it also aims to safeguard public 
health by recommending that all patients un-
dergoing organ transplantation are systemati-
cally registered in national transplant records.

• Recommendation CM/Rec (2020) 4 of the 
Committee of Ministers to member States 
on the quality and safety of organs for trans-
plantation [52] recommends member States 
to ensure that quality and safety standards for 
organ donation and transplantation are set in 
place in accordance with the guidelines set out 
in the Guide to the quality and safety of organs 
for transplantation.

• Recommendation CM/Rec (2020) 5 of the 
Committee of Ministers to member States on 
the quality and safety of tissues and cells for 
human application [53] recommends member 
States to ensure that quality and safety stand-
ards for the donation, preparation and clinical 
application of tissues and cells are carried out 
in accordance with the guidelines set out in the 
Guide to the quality and safety of tissues and 
cells for human application.

• Recommendation CM/Rec (2020) 6 of the 
Committee of Ministers to member States 
on establishing harmonised measures for the 
protection of haematopoietic progenitor cell 
donors [54] recommends member States to es-
tablish haematopoietic progenitor cell donor 
protection measures which should be iden-
tical irrespective of the type of donor (related 
or unrelated, adult or minor). In its appendix 1 
it includes recommendations for the medical 
suitability assessment and eligibility criteria for 
haematopoietic progenitor cell donors.

Monitoring of practices in member states has 
become an evident need for the sake of transparency 
and international benchmarking. Keeping this goal 
in mind, since 1996 the EDQM/Council of Europe 
has published the Newsletter Transplant [2], which 
is co-ordinated by the Organización Nacional de 
Trasplantes (ONT) in Spain. This publication summa-
rises comprehensive data provided by national focal 
points, designated by governments, on donation and 
transplantation activities, management of waiting 
lists, organ-donation refusals and authorised centres 
for transplantation activities. Newsletter Transplant 
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provides information from ≈ 70 countries, including 
Council of Europe member states, observer coun-
tries and observer networks (e.g. the Iberoamerican 
Donation and Network Council on Organ Donation 
and Transplantation, the Mediterranean Network). 
The Newsletter Transplant database is connected with 
other international projects on data collection (e.g. 
the WHO Global Observatory on Organ Donation 
and Transplantation, the Eurocet database of the 
European Registry for Organs, Tissues and Cells) to 
avoid duplication of efforts. Newsletter Transplant 
has evolved into a unique official source of informa-
tion that continues to inspire policies and strategic 
plans worldwide.

The Council of Europe also produces other 
guidelines, including this Guide to the quality and 
safety of organs for transplantation, the Guide to the 
quality and safety of tissues and cells for human ap-
plication and the Guide to the preparation, use and 
quality assurance of blood components [4].

1.5.2. World Health Organization and United 
Nations

In 1987, the 40th World Health Assembly, con-
cerned about the trade for profit in human organs, 
initiated the preparation of the first WHO Guiding 
principles on transplantation, endorsed by the As-
sembly in 1991 through Resolution WHA44.25 [55]. 
These guiding principles have greatly influenced 
professional codes and practices, as well as legisla-
tion, around the world for almost two decades. After 
a consultation that took several years, on 21 May 
2010 the 63rd World Health Assembly adopted Res-
olution WHA63.22 [56], which endorsed the updated 
WHO Guiding principles on human cell, tissue 
and organ transplantation [17] and called on WHO 
member states to implement these guiding princi-
ples, promote voluntary and unremunerated dona-
tion, oppose trafficking, and promote transparent 
and equitable allocation. It also urged its members to 
strengthen oversight, to collect and publish activity 
data, including adverse events and reactions, and 
to implement globally standardised coding. These 
guidelines are intended to provide an orderly, ethical 
and acceptable framework for the acquisition and 
transplantation of human cells, tissues and organs 
for therapeutic purposes.

The World Health Assembly adopted Resolution 
WHA57.18 [57] in 2004, which urged WHO member 
states ‘to take measures to protect the poorest and vul-
nerable groups from transplant tourism and the sale 
of tissues and organs, including attention to the wider 
problem of international trafficking in human tissues 

and organs’. Robust bi-directional donor–recipient 
traceability is a prerequisite to achieving effective 
vigilance and surveillance worldwide. For this reason, 
Resolution WHA63.22 [56] also urged WHO member 
states to collaborate in collecting data (including 
adverse events and reactions) in addition to imple-
mentation of globally consistent coding systems. The 
Notify project was a specific follow-up action that 
was led by the WHO to promote the sharing of infor-
mation on adverse incidents for improving safety and 
efficacy [58].

As a result of resolutions WHA57.18 and 
WHA63.22 (which requested that global data on the 
practice, safety, quality, efficacy and epidemiology of 
transplantations be collected in the WHO member 
states that have transplantation programmes), an in-
ternational watchdog on transplantation was set up 
as a collaborative initiative between the Spanish ONT 
and WHO, and was termed the Global Observatory 
on Donation and Transplantation [1]. The universal 
availability of these data is recognised as a prerequi-
site for global improvements in demonstrating trans-
parency, equity and compliance, and for monitoring 
national systems. In addition, the data provided also 
help to give an overview of the legal and organisa-
tional aspects in very different settings and coun-
tries, which enables the regulating bodies to monitor 
transplantation activities.

The WHO has also published two aides-
mémoire specifically on the donation and transplan-
tation of tissues and cells [59, 60].

In recent years, the WHO has been promoting 
use of the term ‘medical products of human origin’ 
(MPHO). This category includes blood, organs, 
tissues, bone marrow, cord blood, reproductive cells 
and milk derived from humans for therapeutic use. 
Use of these MPHO, obtained from living and de-
ceased donors, entails practical, scientific and ethical 
considerations.

In 2018, the UN General Assembly adopted 
Resolution 73/189 on strengthening and promoting 
effective measures and international co-operation 
on organ donation and transplantation to prevent 
and combat trafficking in persons for the purpose of 
organ removal and trafficking in human organs [61], 
urging member States to prevent and combat traf-
ficking in persons for the purpose of organ removal 
and trafficking in human organs, to ratify the United 
Nations Convention against Transnational Organ-
ized Crime and the Protocol to prevent, Suppress and 
Punish Trafficking in Persons, especially Women 
and Children, and to consider adopting measures 
related to organ transplantation, in accordance with 
the fundamental principles of their legal systems 
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and national legislation and in line with the World 
Health Organization guiding principles on human 
cell, tissue and organ transplantation.

1.5.3. European Union

The EU is an economic and political union of 
27 member states that are located in Europe, together 
with candidate countries and associated countries. 
The EU operates through a system of European in-
stitutions (including the European Commission, the 
Council of the European Union and the European 
Parliament) and intergovernmental decisions nego-
tiated by the member states. In the field of organs, 
but also tissues and cells and blood, the Council of 
Europe (EDQM) and the European Commission [62] 
have a standing collaboration aimed, among other 
objectives, at avoiding duplication of efforts and at 
increasing the dissemination and exchange of knowl-
edge and expertise.

Acknowledging that organ transplantation 
is an expanding medical field that offers important 
opportunities for the treatment of organ failure, the 
EU aims for a common approach to regulation across 
Europe.

Article 168 of the Treaty on the Functioning of 
the European Union [63] (previously Article 152 of 
the Treaty of Amsterdam) gives the EU a mandate 
to establish high quality and safety standards for 
substances of human origin, such as blood, organs, 
tissues and cells. Directive 2010/53/EU of the Euro-
pean Parliament on standards of quality and safety of 
human organs intended for transplantation [64] was 
adopted on 7 July 2010 (see Corrigendum [65] to the 
Directive). This directive clearly states that ‘Member 
States shall ensure that donations of organs from de-
ceased and living donors are voluntary and unpaid’. 
It provides for the appointment of Competent Au-
thorities in all member states, for the authorisation of 
procurement and transplantation centres and activi-
ties, for the establishment of traceability systems and 
for the reporting of serious adverse events and reac-
tions. Moreover, the directive sets requirements for 
the safe transportation of organs and for the charac-
terisation of every donor and organ. More specifically, 
for human organs exchanged between EU member 
states for transplantation purposes, Commission 
Implementing Directive 2012/25/EU was adopted on 
9 October 2012 to lay down information procedures 
[66]. This directive refers only to organs exchanged 
across borders and does not cover patients travel-
ling to another country for transplantation purposes, 
which should only be done in the strict framework 
of bilateral or multilateral co-operation agreements 

between member states and/or organ exchange 
organisations.

The EU [67] has addressed three different chal-
lenges in the field of organ donation and transplan-
tation in the European setting:  increasing organ 
availability, enhancing quality and safety, and 
making transplantation systems more accessible. 
It has done this by supporting its member states in 
their efforts to implement Directive 2010/53/EU and 
the Commission’s Action Plan on Organ Donation 
and Transplantation (2009–2015):  Strengthened Co-
operation between Member States [68]. To mark the 
mid-term period of the action plan, EU member 
states adopted in December 2012 the conclusions of 
the Council of the European Union on organ do-
nation and transplantation [69], recalling the main 
principles and objectives. In addition, based on the 
Actor Study [70], the Commission issued a document 
where efforts at national and European levels were 
mapped [71]. A study on the uptake and impact of 
the EU action plan on organ donation and transplan-
tation (2009–15) in the EU member states, the Factor 
study [72], was published in 2018, concluding that 
the action plan has mainly facilitated that countries 
work together;  resulting in an improvement of the 
transplant system and it recommends that this co- 
operation should continue.

Aimed at improving co-operation between 
EU member states in this field, several projects have 
been funded by the European Commission under 
the Research Programme – 6th and 7th Framework 
Programmes, Horizon 2020 – and under the (Public) 
Health Programmes run by the Consumers, Health, 
Agriculture and Food Executive. Some of these pro-
jects [73] are: 

• Alliance-O [74] (European Group for Co- 
ordination of National Research Programmes 
on Organ Donation and Transplantation, 
2004–07, FP6):  the objective of this project was 
to ensure co-ordination of national research 
programmes in the field of organ transplanta-
tion for the seven countries involved.

• Dopki [75] (Improving Knowledge and Prac-
tices in Organ Donation, 2006-08, FP6):  this 
project sought to improve organ donation rates. 
Researchers developed a methodology to deter-
mine the potential for donation and its likely 
outcome. The project produced indicators to be 
used to benchmark organ donation potential;  
it also defined risk levels in the donor evalu-
ation process, produced actions to improve 
organ donation rates (and, thus, increase organ 
transplant activity) and developed recommen-
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dations about organ donation to be used by Eu-
ropean healthcare policy makers.

• Eulod [76] (EUropean Living Organ Dona-
tion, 2010–12, FP7):  this project focused on 
living organ donation as a complementary 
approach to bridge the gap between demand 
for and supply of organs. Living organ dona-
tion presents opportunities, but it also involves 
ethical, legal and psychosocial implications. 
As a response to these challenges, this project 
was set up to increase collaboration between 
EU member states in order to improve the ex-
change of best practice on living organ dona-
tion programmes.

• Project EDD [77] (European Donation Day, 
2009–11) aimed to develop guidelines for or-
ganising European organ donation days. The 
EDD celebration is envisaged as becoming the 
primary awareness-raising ‘voice’ for events 
promoting organ and tissue donation and 
transplantation in Europe. The main goal of 
this project was to propose tools and examples 
to help in the organisation of such events.

• Efretos [78] (European FRamework for the 
Evaluation of Organ TransplantS, 2009–11):  the 
general objective of this project was to provide 
a common definition of terms and a method-
ology to evaluate the results of transplantation 
by promoting a compendium of follow-up reg-
istries. In the long term, a Europe-wide registry 
could enable the monitoring of patients and 
the evaluation of transplant results, and lead 
to a more efficient and safer organ allocation 
system.

• The Elpat Conferences [79] (Ethical, Legal and 
Psychosocial Aspects of Transplantation), or-
ganised by this section of the European Society 
for Organ Transplantation, were also sup-
ported by the European Commission in 2003, 
2007 and 2010.

• Eulid [80] (EUropean LIving Donation and 
Public Health, 2008–10) and ELIPSY [81] (Euro-
pean LIving Donor – PSYchosocial Follow-up, 
2010–12) were projects led by the same consor-
tium as the LIDOBS Conference [82] (LIving 
Donor OBServatory, 2014):  the main objective 
of these two projects and the conference was to 
make recommendations about adequate legal 
and ethical frameworks, living donor protec-
tion practices and long-term psychosocial and 
quality-of-life follow-up of living donors. It 
also aimed at creating tools and standardising 
protocols for the follow-up of living donors 

throughout Europe, to guarantee their health 
and safety.

• Etpod [83, 84] (European Training Program 
on Organ Donation, 2009):  this project de-
signed a professional European training pro-
gramme on organ donation at different levels 
of involvement, in order to increase knowledge 
about organ donation, to maximise the rate of 
organ donation and to disseminate reliable in-
formation to the EU community.

• Transplant Co-ordinators ‘Train the Trainers’ 
course (2010–11):  the European Commission 
encourages its member states to appoint and 
train donor co-ordinators in all hospitals 
where there is potential for organ donation. To 
help achieve this objective, the Commission 
contracted a consortium formed by Iavante 
and the Spanish ONT to train 80 donor co- 
ordinators from all of its member states, and to 
provide them with the necessary knowledge to 
replicate this training at national level.

• Odequs [85] (Organ Donation European 
QUality System, 2011–13) created useful evalu-
ation tools to increase the efficiency of organ 
donation in all European countries. Differ-
ences between countries in national donation 
rates and in the effectiveness of donation pro-
grammes can be partly explained by the type of 
donation programmes implemented, but other 
issues – such as the structure of their donation 
services, their efficiency and social factors – 
have a big impact. The main objective of the 
project was to define a methodology to assess 
the performance of organ procurement at hos-
pital level, including an audit system.

• Coorenor [86] (COORdinating a European 
initiative among National ORganisations for 
organ transplantation, 2010–12) established 
a co-ordinated network between existing na-
tional programmes in the field of organ trans-
plantation, taking into account some major 
issues such as deceased donation, living dona-
tion and organ exchange.

• The joint action Mode [87] (Mutual Organ 
Donation and Transplantation Exchanges, 
2010–11) aimed at improving and developing 
deceased organ donation and transplantation 
programmes. The project targeted the transfer 
of best practice and the creation of positive syn-
ergies among participating EU member states 
to support authorities in decision-making and 
policy contexts. The main issues tackled were 
donation/transplantation laws, transplant 
activities, brain death diagnosis and quality 
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programmes for donation/transplantation, 
traceability, structures and organisational 
networks.

• The joint action Accord [88] (Achieving Com-
prehensive Coordination in ORgan Donation 
throughout the European Union, 2012–15) 
aimed at improving co-operation between in-
tensive care units and donor co-ordinators to 
facilitate deceased donation, proposing guid-
ance and tools for the development of national 
and supranational living donor registries, and 
exchanging best practice through twinning 
activities.

• The joint action Foedus [89] (Facilitating Ex-
change of Organs Donated in EU Member 
States 2013–16) focused on facilitating collabo-
ration on organ donation between national au-
thorities in the EU. An IT tool was developed 
to enable quick organ offers or urgent requests 
between countries.

• Edith [90] (2017–19) was a project co-financed 
by the European Commission that aimed to 
assess the different treatments for end-stage 
kidney disease currently used across the EU 
and to examine the factors that influence the 
different treatment choices. EDITH supported 
the establishment of follow-up registries in 
order to collect crucial information that could 
help to improve the quality and safety of living 
donors and all transplant recipients.

• Eudonorgan [91] (2017–19) aimed at training 
and rising social awareness for increasing 
organ donation in the EU and neighbouring 
countries. Its activities were oriented to health-
care professionals and other relevant players 
such as:  patients and patient support groups, 
public and governmental agencies, representa-
tives of health institutions, opinion leaders and 
the media.

Some projects funded by the EU in the field of 
tissues and cells, addressing inspection standards or 
vigilance and safety, were also relevant to the field of 
organ transplantation, such as: 

• Eustite [92] (EUropean Standards and 
Training in the Inspection of Tissue Establish-
ments) and

• SoHO V&S [93] (Vigilance and Surveillance of 
Substances of Human Origin).

Finally, organ transplantation research has 
also been supported in successive EU framework 
programmes for research and innovation, including 
the projects Bio-Drim (Biomarker-Driven personal-

ised Immunosuppression) [94], Cope (Consortium 
on Organ Preservation in Europe) [95], HepaMAb 
(Human monoclonal antibody therapy to prevent 
hepatitis C virus reinfection of liver transplants) [96] 
and the ONE Study (A unified approach to evalu-
ating cellular immunotherapy in solid-organ trans-
plantation) [97]. All these projects have strengthened 
collaboration among national health authorities and 
between these latter and the professional associations 
in the area of organ donation and transplantation, al-
lowing continuous input from the field into the regu-
latory framework and vice versa.

Additionally, to support initiatives outside the 
EU, some support is also provided in the field via Tech-
nical Assistance and Information EXchange (TAIEX) 
grants [98], managed by the Directorate-General of 
Enlargement of the European Commission and EU 
delegations in the different countries. TAIEX sup-
ports partner countries with regard to the interpre-
tation, application and enforcement of EU legislation.

1.5.4. Other organisations and associations

Kidney transplant physicians and surgeons met 
in Amsterdam, the Netherlands, in April 2004 for the 
International Forum on the Care of the Live Kidney 
Donor. The objective of the Amsterdam Forum was 
to develop an international standard of care with a 
position statement from The Transplantation Society 
(TTS) on the responsibility of the community towards 
living kidney donors [99, 100]. A subsequent interna-
tional conference of transplant physicians, surgeons 
and allied health professionals was held in Vancouver, 
Canada. The Vancouver Forum was convened under 
the auspices of TTS and its objective was to develop 
an international standard of care for live lung, liver, 
pancreas and intestinal organ donors [101].

The Declaration of Istanbul on Organ Traf-
ficking and Transplant Tourism [19] was adopted in 
2008 as an initiative of TTS and the International 
Society of Nephrology. It was updated in 2018 [102]. 
This declaration complements efforts by professional 
societies, national health authorities and intergov-
ernmental organisations to support the develop-
ment of ethical programmes for organ donation and 
transplantation, and to prevent organ trafficking and 
transplant tourism. The declaration defined financial 
neutrality in organ donation, non-resident, organ 
trafficking, resident, self-sufficiency in organ dona-
tion and transplantation, trafficking in persons for 
the purpose of organ removal, transplant tourism 
and travel for transplantation, and the declaration 
also provided principles of practice based on these 
definitions. Travel for transplantation is the move-
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ment of persons across jurisdictional borders for 
transplantation purposes. Travel for transplanta-
tion becomes transplant tourism either (a) if it in-
volves trafficking in persons for the purpose of organ 
removal or trafficking in human organs, or (b) if 
the resources (organs, professionals and transplant 
centres) devoted to providing transplants to non- 
resident patients undermine the country’s ability to 
provide transplant services for its own population.

The European Society for Organ Transplanta-
tion (ESOT) was founded over 30 years ago and is 
dedicated to the pursuit of excellence in organ trans-
plantation. The European Donation and Transplant 
Coordination Organisation (EDTCO) is a visible and 
active section within ESOT, intended to deal with 
all aspects of deceased and living donation, clinical 
co-ordination and procurement. EDTCO provides 
continuous training and education of donor co- 
ordinators and all other professionals with an interest 
in the area of donation and procurement. EDTCO 
promoted the development of the Certification of 
European Transplant Co-ordinators (CETC) project 
placed under the auspices of the European Union of 
Medical Specialists (UEMS) to ensure co-ordinators 
are offered the possibility of standardised recogni-
tion of their knowledge and expertise.

The Centre for Evidence in Transplantation 
(CET) was established by Sir Peter Morris in 2005. 
The Centre is devoted to evaluating the quality of 
evidence in solid organ transplantation and defines 
knowledge gaps in these different areas. The Centre 
produces systematic reviews based in general on ran-
domised control trials, remembering that systematic 
reviews are Level 1 evidence in the medical field.

The World Medical Association (WMA), 
founded in 1947, has the central objective of estab-
lishing and promoting the highest possible standards 
of ethical behaviour and care by physicians. Within 
this framework, the WMA has produced a set of 
global policy statements in the field of organ and 
tissue donation and transplantation [103-105]. In 2020, 
in its 71st General Assembly, the WMA adopted a 
Statement on Measures for the Prevention and Fight 
against Transplant-Related Crimes, with recommen-
dations of both a legislative and non-legislative nature, 
targeted to policy-makers, health authorities, physi-
cians and other health professionals to prevent traf-
ficking in persons for the purpose of organ removal 
and trafficking in human organs, to prosecute these 
crimes and to protect their victims [105].
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Chapter 2. Identification and referral of possible deceased 
organ donors

2.1. Introduction

Through the Madrid Resolution, participants 
at the 3rd World Health Organization (WHO) 

Global Consultation on Organ Donation and Trans-
plantation, held in Madrid (Spain) in 2010, called on 
governments and healthcare professionals to pursue 
self-sufficiency in transplantation, that is, to compre-
hensively satisfy the transplantation needs of their 
patients by using resources from within their own 
population [1]. Self-sufficiency entails a combination 
of strategies targeted at decreasing the burden of dis-
eases treatable through transplantation and at max-
imising the availability of organs for transplantation, 
with priority given to donation from deceased donors. 
Deceased organ donation is an essential component 
of self-sufficiency. Countries that have achieved the 
highest transplantation rates – and best access of 
their patients to transplant therapy – are those with 
well-established deceased donation programmes [2].

Donation after the determination of death by 
neurological criteria, also known as donation after 
brain death (DBD), represents the main source of 
solid organs from deceased donors. However, the per-
sisting shortfall in the availability of organs and the 
technical advances in the field have prompted many 
countries to introduce programmes of donation after 
the circulatory determination of death (DCD). DCD 
donors already represent 21 % of all deceased organ 
donors reported to the Global Observatory on Do-
nation and Transplantation (2017 data), even though 
this activity is developed only in a limited number of 

countries because of legal, organisational and tech-
nical constraints specific to this type of donation [3].

Donation from deceased donors is a complex 
process, a sequence of procedural steps which must 
be properly realised to achieve successful organ 
transplantation. The Madrid Resolution resulted in a 
list of practical recommendations for self- sufficiency 
in transplantation and the publication of the WHO 
Critical Pathway for Deceased Donation, classi-
fying organ donors on the basis of the phases of the 
deceased donation process [4]. The Madrid Resolu-
tion also stated that, in pursuing self-sufficiency in 
transplantation, donation should be included as a 
consideration in every end-of-life care pathway. This 
recommendation is consistent with the generally ac-
cepted principle that the treating physician or team 
should respect the overall best interests of the dying 
patient in the decision-making process at the end of 
life [5]. This assessment of best interests is not based 
simply on the patient’s medical or clinical interests, 
but should include a more holistic approach, where 
the patient’s values, beliefs and preferences are also 
taken into account, including their wishes to donate 
(or not donate) their organs after death [6][7][8].

Although some aspects of deceased donation 
are similar in both DBD and DCD, there are also im-
portant differences between the two, and DCD poses 
some very specific challenges. The identification and 
subsequent referral of organ donors by treating phy-
sicians, usually from intensive care units (ICUs) and 
emergency departments, to the donor co-ordinator 
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or staff of the corresponding organ procurement or-
ganisation (OPO) is the first and most crucial step of 
the deceased donation process. Organ donation 
cannot take place unless possible donors are identi-
fied and referred in a timely fashion, marking the be-
ginning of either the DBD or the DCD organ donation 
pathway. Failure to identify and refer organ donors is 
in fact one of the main reasons for substantial differ-
ences in deceased donation rates between countries, 
regions and hospitals [9].

This chapter describes and structures the 
process of donation after death, both DBD and DCD, 
from the perspective of the WHO Critical Pathway 
for Deceased Donation [4]. It addresses the integra-
tion of organ donation into end-of-life care, and it 
then focuses on the steps of donor identification and 
referral. Recommendations on how to succeed in 
subsequent phases of the deceased donation process 
are provided in other chapters of this guide.

2.2. Types of deceased donor 
based on the criteria used to 
determine death

There are two deceased organ donation pathways, 
depending on the criteria used to determine 

death before the procurement of organs: DBD and 
DCD. DBD refers to donation from persons who have 
been declared dead based on the irreversible loss of 
neurological functions. Confirmation of death must 
comply with national legal requirements. Legislation 
related to the determination of death by neurological 
criteria varies from country to country, and determi-
nation of death must be undertaken in strict compli-
ance with national protocols and guidelines.

DCD refers to donation from persons who 

have been declared dead using circulatory criteria. 
Depending on the clinical scenario in which cardiac 
arrest occurs, there are four different categories of 
DCD donors, first described in Maastricht (Nether-
lands) in 1995 and updated in Paris (France) in 2013 
(see Table 2.1) [10][11]. Categories I and II describe 
donors whose death has occurred following an un-
expected cardio-respiratory arrest – uncontrolled 
DCD (uDCD) donors – while category III describes 
donation from persons whose death has followed 
the planned withdrawal of life-sustaining therapy 
(WLST) – controlled DCD (cDCD) donors. Category 
IV may be controlled or uncontrolled, depending on 
whether the circulatory arrest in a person with a sus-
pected or confirmed brain death (BD) condition was 
unexpected or planned.

Donation after circulatory death (DCD) is 
practised in a reduced number of countries across 
the world [12]. Some countries perform donation only 
from selected categories of such donors. The deter-
mination of death based on circulatory criteria also 
varies across countries, e.g. with regard to the period 
of observation required following the cardio-respira-
tory arrest. Detailed information on DCD practices is 
provided in Chapter 12.

2.3. The process of deceased 
donation: the WHO Critical 
Pathway

The WHO Critical Pathway for Deceased Dona-
tion [4] was conceived as a useful clinical tool 

applicable in every country (region or hospital) for 
assessing the potential of deceased organ donation, 
evaluating performance in the deceased donation 
process and identifying areas for improvement.

Table 2.1. Donation after circulatory death: categories of donor

Maastricht category and type of donation after 
circulatory death (DCD)

Observations

I: Found dead (uncontrolled) Sudden unexpected cardiac arrest, with no attempt at resus-
citation by a medical teamI.a: out of hospital

I.b: in hospital

II: Witnessed cardiac arrest (uncontrolled) Sudden unexpected irreversible cardiac arrest, with unsuc-
cessful resuscitation by a medical teamII.a: out of hospital

II.b: in hospital

III: Withdrawal of life-sustaining therapy (controlled DCD)* Planned, expected cardiac arrest, following the withdrawal of 
life -sustaining therapy

IV: Cardiac arrest while brain dead (uncontrolled or controlled) Sudden or planned cardiac arrest after diagnosis of brain 
death, but before organ procurement

Modified Maastricht classification, Paris 2013 [11].
*  This category III mainly refers to the decision to withdraw life-sustaining therapies. Legislation in some countries allows euthanasia 

(medically-assisted cardiac arrest), and subsequent organ donation is described as an additional category.
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Figure 2.1. World Health Organization Critical Pathway for Deceased Donation

Possible deceased organ donor
A patient with a devastating brain injury 

or lesion or a patient with circulatory 
failure and apparently medically suitable 

for organ donation

Treating physician to identify
a potential donor

Potential DBD donor
A person whose clinical condition is 
suspected to ful�l brain death criteria

Eligible DBD donor
A medically suitable person who has 
been declared dead based on 
neurologic criteria as stipulated by the 
law of the relevant jurisdiction

Actual DBD donor
A consented eligible donor:
A. in whom an operative incision was 
made with the intent of organ 
procurement for transplantation
or
B. from whom at least one organ was 
procured for the purpose of 
transplantation

Utilised DBD donor
An actual donor from whom at least 
one organ was transplanted

Potential DCD donor
A. A person whose circulatory and 
respiratory functions have ceased and 
resuscitative measures are not to be 
attempted or continued
or
B. A person in whom the cessation of 
circulatory and respiratory functions is 
anticipated to occur within a timeframe 
that will enable organ procurement

Eligible DCD donor
A medically suitable person who has 
been declared dead based on the 
irreversible absence of circulatory and 
respiratory functions as stipulated by 
the law of the relevant jurisdiction, 
within a timeframe that enables organ 
procurement

Actual DCD donor
A consented eligible donor:
A. in whom an operative incision was 
made with the intent of organ procure-
ment for the purpose of transplantation
or
B. from whom at least one organ was
procured for the purpose of transplan-
tation

Utilised DCD donor
An actual donor from whom at least 
one organ was transplanted

Reasons why a potential donor
does not become a utilised donor

System
• Failure to identify/refer a potential or 
eligible donor
• Brain death diagnosis not con�rmed
(e.g. does not ful�l criteria) or not 
completed (e.g. lack of technical 
resources or clinician to make 
diagnosis or perform con�rmatory 
tests)
• Circulatory death not declared 
within the appropriate time-frame
• Logistical problems (e.g. no 
procurement team)
• Lack of appropriate recipient (e.g. 
child, blood type, serology positive)

Donor/Organ
• Medical unsuitability (e.g. serology 
positive, neoplasia)
• Haemodynamic instability/ 
unanticipated cardiac arrest
• Anatomical, histological and/or 
functional abnormalities of organs
• Organs damaged during 
procurement
• Inadequate perfusion of organs or 
thrombosis

Permission
• Expressed intent of deceased not to 
be donor
• Relative’s refusal of permission for 
organ donation
• Refusal by coroner or other judicial 
officer to allow donation for forensic 
reasons

Donation after
circulatory death (DCD)

Donation after
brain death (DBD)

The ‘dead donor rule’ must be respected. That is, patients may become donors only after death, and the procurement of organs must 
not cause a donor’s death.
Adapted with permission from Transpl Int 2011;24(4):373-8 [4].

The particular value of this tool is that it creates 
uniformity in the description and assessment of the 
deceased donation process. The Critical Pathway for 
Deceased Donation addresses both DBD and DCD 
and defines types of donors based on the different 
phases of the donation process: possible, poten-
tial, eligible, actual and utilised organ donors (see 
Figure 2.1).

2.3.1. Possible deceased organ donor

A possible deceased organ donor is a patient, 
either with a devastating brain injury (DBI) or with 
a circulatory failure, who is apparently medically 
suitable for organ donation. The patient with a DBI 
is a patient with an imminent risk of death from a 
neurological insult and where the multidisciplinary 
team is considering not initiating or not continuing 
life-sustaining therapies on the grounds of futility in 
favour of palliative and end-of-life care. This is fre-
quently a patient already admitted to an ICU and 
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receiving mechanical ventilation, but it can also be 
a patient outside the ICU in whom the decision has 
been made not to initiate or continue mechanical 
ventilation and/or not to admit to the ICU with a 
therapeutic purpose. Organ donation is possible in 
this particular scenario if intensive care is initiated 
or continued despite futility, that is, if intensive care 
to facilitate organ donation (ICOD) is applied as de-
scribed in section 2.4.

A patient with circulatory failure is also a pos-
sible organ donor. If advanced cardio-pulmonary re-
suscitation (CPR) in a patient with a sudden cardiac 
arrest is considered to be unsuccessful, this would 
represent the starting point of the uDCD process.

The possible deceased organ donor with a DBI, 
as defined above, represents a common starting point 
of the two different pathways for deceased organ do-
nation, DBD and/or cDCD, pathways that will be ac-
tivated depending upon the outcome of the patient’s 
condition, the end-of-life care practices and national 
legal frameworks.

The WHO Critical Pathway for Deceased Do-
nation identifies the possible organ donor as the 
ideal starting point for identification and referral 
of donors by the treating physician or team to the 
donor co-ordinator or staff of the corresponding 
OPO in order to avoid late referrals. Early referral 
allows an appropriate assessment of medical suita-
bility, careful preparation of the family approach and 
timely organisation of other logistical aspects of the 
deceased donation process. However, early referral is 
not considered appropriate or is not legally possible 
in all jurisdictions, which leads to the need for delay 
in referral, particularly in DBD, to the point where 
the person already exhibits clinical signs consistent 
with BD (brain death) or to the point where BD has 
already been declared as per national standards [1].

The emergency department is an important 
unit where possible organ donors can be identified 
and are, however, frequently missed. It is estimated 
that up to 50 % of actual DBD donors and up to 9 % 
of actual DCD donors are admitted from emergency 
departments. Failed identification of possible donors 
in the emergency department may be due to lack of 
knowledge of referral pathways or incorrect assump-
tions regarding eligibility criteria. This is why it is of 
utmost importance to educate personnel from the 
emergency department in referral criteria regarding 
DBD and/or DCD, where applicable.

2.3.2. Potential deceased organ donors

A potential DBD donor is a person whose clin-
ical condition is consistent with BD.

A potential DCD donor is either:
• a person whose circulatory and respiratory 

functions have ceased and in whom CPR was 
attempted but was (or is now) considered un-
successful and not to be continued (potential 
uDCD donor), or

• a person in whom CPR will not be attempted 
and the cessation of circulatory and respiratory 
functions is expected to occur within a time-
frame that will enable organ procurement (po-
tential cDCD donor).

This last scenario refers to persons with a DBI 
in whom further treatment has been deemed futile 
and for whom a decision has been made to withdraw 
life-saving treatment [11]. Potential cDCD donors also 
include patients with end-stage neurodegenerative or 
cardiac/respiratory diseases for whom a decision of 
WLST has been made because sustaining life is no 
longer in the best interests of the patient. Although 
the majority of actual cDCD donors die from DBI, 
data from the Netherlands, Spain and the United 
Kingdom suggest that up to 15 % of cDCD donors die 
from other non-neurological conditions.

The transition from possible to potential de-
ceased organ donor depends on a variety of factors, 
particularly the end-of-life care practices in place. 
The Ethicus study, undertaken by the European 
Society of Intensive Care Medicine at the beginning 
of the 21st century, described the circumstances of 
death of patients dying in European ICUs. The study 
revealed that the incidence of BD was significantly 
higher in southern Europe compared to northern 
European countries (12.4 v� 3.2 %). On the other 
hand, the percentage of patients who died following 
WLST was significantly higher in northern Europe, 
compared with the south (47.4 v� 17.9 %). These find-
ings highlight how WLST when further treatment is 
considered futile is frequent in northern Europe, but 
relatively rare in southern Europe. These different ap-
proaches to end-of-life care – in the particular context 
of a patient’s death as a result of a DBI (possible 
organ donors) – were also evident in the Accord Joint 
Action project [13]. The Ethicus study has since been 
repeated, revealing that variations in end-of-life care 
patterns persist across European regions. However, 
compared with data reported from the same ICUs 
15 years ago, limitations of life-sustaining therapies 
(withholding or WLST) are occurring significantly 
more frequently and death without limitations of 
life-prolonging therapies are occurring significantly 
less frequently. These data reveal that the potential for 
cDCD is becoming more frequent over time [14].
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2.3.3. Eligible deceased organ donors

The eligible DBD donor is a medically suitable 
patient who has been declared dead based on neuro-
logical criteria as stipulated by the law of the relevant 
jurisdiction. An eligible DCD donor is defined as a 
patient who is medically suitable for organ donation 
and in whom death has been declared on the basis of 
circulatory criteria according to national standards. 
Death should also have occurred within a timeframe 
that enables organ procurement (see Chapter 12).

A potential DBD donor might not become el-
igible for organ donation because the diagnosis of 
death by neurological criteria has not been confirmed 

– e.g. because of a lack of the technical and human re-
sources needed for confirmation. It is worth noting 
that in some European countries and the USA up 
to 30 % of patients who exhibit a clinical condition 
consistent with BD are not tested to confirm the di-
agnosis, a practice that completely removes the possi-
bility of DBD [15]. In circumstances where BD is not 
confirmed, cDCD might be activated, but opting for 
cDCD in place of DBD should be avoided whenever 
possible, since the effectiveness of the DCD process 
is lower than that of DBD, and results of transplan-
tation worse.

A potential cDCD donor might not be eligible 
for organ donation because death by circulatory cri-
teria has not been determined within a time frame 
that allows organ procurement. cDCD will occur 
only if the cardio-respiratory arrest follows soon after 
WLST. This time limit has been most commonly es-
tablished at 2 hours, but it is being extended in some 
countries (for example, to 3-4 hours in the United 
Kingdom), although death following WLST not in-
frequently occurs beyond this time limit [16].

In the uDCD setting, non-eligibility is fre-
quently determined because of an excessive time to 
develop the process, which renders organs unsuitable 
for transplantation due to the deleterious effects of 
warm ischaemia on organ viability.

Potential donors (DBD or DCD) might also 
be ineligible because they are considered medically 
unsuitable. Although there are very few absolute 
contraindications to organ donation, a perception 
of medical unsuitability is a frequent reason for not 
referring potential donors to the donor co-ordinator 
or staff of the OPO. Moreover, external audits in 
some countries have revealed that 11 % of the deci-
sions not to refer a potential DBD donor on medical 
grounds were incorrect [17]. A patient’s suitability to 
donate organs is dependent on recipient factors as 
well as donor factors, and some organs may be ac-
ceptable for certain patients, whereas others may not. 
The primary role of the treating team is to identify 

and refer potential donors, but decisions regarding 
medical suitability for donation should be always left 
to the donor co-ordinator and the relevant transplant 
teams.

2.3.4. Actual deceased organ donors

An actual DBD and an actual DCD donor are 
defined in the same manner – as a consenting, eli-
gible organ donor in whom an operative incision has 
been made with the intention of organ procurement 
for the purpose of transplantation. An actual de-
ceased organ donor is also defined as a person from 
whom at least one organ has been retrieved for trans-
plantation purposes.

The main reason why organ procurement does 
not proceed in an eligible organ donor is that consent/
authorisation was declined, either by the individual 
during their lifetime or by their relatives. Consent 
rates to organ donation are influenced by a variety of 
factors – both modifiable and non-modifiable. In the 
Accord Joint Action [13], in a dedicated study under-
taken at 67 hospitals from 15 EU member states, 24 % 
and 33 % of families approached to discuss organ do-
nation declined authorisation for organ procurement, 
in the DBD and DCD processes respectively. The rate 
of declined consent for organ procurement in the 
DBD process was, however, underestimated since 
the rate referred only to those families approached 
to discuss organ donation from persons whose death 
was already confirmed by neurological criteria. The 
moment when the family is first approached to 
discuss organ donation has indeed an impact on 
consent rates [18]. In a Spanish study, consent was 
more frequent if the family was approached once the 
patient already fulfilled BD criteria or if the BD diag-
nosis had been completed, compared with situations 
when BD was likely but had not occurred yet [19]. 
These data reveal the more complex communication 
with the family in the context of ICOD.

2.3.5. Utilised deceased organ donors

Utilised DBD and DCD donors are defined as 
those actual DBD or DCD donors from whom at least 
one solid organ has been transplanted.

Once retrieved, organs might not be trans-
planted because of anatomical or histological find-
ings in the donor or in the organs themselves, poor 
perfusion, organ damage during procurement or lack 
of suitable recipients, among others. Non- utilisation 
of actual donors is more frequent in the case of 
expanded- criteria donors (see Chapter 7) and in DCD 
in comparison to the DBD process (see Chapter 12). 



52

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

Non-utilisation rates are also higher in uDCD than 
in the cDCD setting [3][12].

2.4. Intensive care to enable 
organ donation (ICOD)

A possible organ donor may be a person with a DBI 
in whom further therapy is deemed futile, either 

in the emergency department or in the hospital ward, 
and for whom admission to an ICU, and even the ini-
tiation of mechanical ventilation, is not deemed ther-
apeutically indicated because neither procedure is 
considered to be in the patient’s best clinical interest. 
In this context, intubation and initiation of mechan-
ical ventilation – that is, elective non-therapeutic 
ventilation (ENTV) – and admission to an ICU could 
be considered with the purpose of incorporating the 
option of organ donation into the end-of-life care of 
the patient [20].

The potential for organ donation could be 
therefore considered in patients with a DBI, that is, 
patients with acute, severe neurological damage and 
an apparently hopeless prognosis, where the multi-
disciplinary team is considering a shift from active 
treatment to palliative and end-of-life care. In this 
situation, a patient with DBI and impending death 
could be considered for ICOD, which may include 
ENTV and continued organ support. In practice, 
this means admission to the ICU [21]. Candidates for 
ICOD are mainly identified in the emergency depart-
ment, but also in hospital wards (neurology, neuro-
surgery and others). Close collaboration between 
OPO staff or donor co-ordinators, ICU personnel 
and professionals from the above-mentioned de-
partments is necessary and thus represents a crucial 
starting point for the successful realisation of this 
particular donation practice.

Today, ICOD, inclusive of ENTV or not, is 
a common clinical practice in many but not all 
countries [14] since it still raises some ethical, legal, 
community and professional concerns in some set-
tings [22][23]. What is clear is that ICOD and ENTV 
result in an increase in the total number of organs 
available for transplantation at a time when the pool 
of ‘standard’ DBD donors is decreasing because of 
reduced incidence of death from brain trauma and 
stroke [24][25][26-28][29]. ICOD also offers more pa-
tients the opportunity to donate organs after death if 
this is consistent with their wishes and values.

Since ICOD and ENTV are relatively new as 
successful organ-donation practices, a few details are 
discussed below.

In patients with a severe neurological injury, 
a consensus concerning the patient’s prognosis and 

non-treatable condition should be established by 
an expert multidisciplinary team before ICOD is 
considered. The decision not to pursue active treat-
ment should be based on scientific evidence, expert 
opinion, clinical experience and the patient’s age and 
co-morbidity; moreover, it should be made on an in-
dividual, case-by-case basis [30].

Patients identified as potential candidates for 
ICOD and ENTV should be immediately referred 
to the donor co-ordinator or the staff of the corre-
sponding OPO. Early referral allows enough time for 
the assessment of suitability for donation, reduces 
the delay for ICU admission and enables a planned 
approach to the patient’s family. Clinical and radio-
logical triggers facilitate the identification of possible 
donors and should be developed and recommended 
by a multidisciplinary expert team for adoption in 
every hospital with a potential for organ donation. 
Once referred, patients with a DBI should not be con-
sidered candidates for ICOD unless it is likely that 
BD will occur within a short period of time and the 
patient has no apparent medical contraindications to 
organ donation.

Although informed consent for ICOD and 
ENTV cannot be obtained from a patient with a DBI, 
these procedures can be considered to be in the pa-
tient’s best interests if they are consistent with the pa-
tient’s known moral values and beliefs, including any 
expressed wish to donate organs after death. Family 
consent must be obtained before using interventions 
that are intended to incorporate organ donation into 
end-of-life care. The patient’s relatives must be given 
clear and understandable information that the prog-
nosis is hopeless either for survival or an acceptable 
functional outcome, and that ICOD and ENTV are 
only to be introduced once they have accepted the de-
cision that active treatment will not be pursued. The 
family should be informed that interventions will be 
initiated or continued to allow organ donation when 
the patient deteriorates to BD and that measures will 
be undertaken to avoid any potential distress, pain 
and discomfort. The family should be able to revoke 
their decision at any time.

Because the family is likely to experience initial 
shock and inability to make decisions, information 
should be provided in a gradual and progressive 
manner adapted to the emotional and other needs 
of the family. These complex communications with 
a patient’s relatives need to be conducted by highly 
skilled staff with knowledge and experience in organ 
donation and in this particular type of interview (see 
Chapter 4). A large number of patients with DBI will 
have been intubated in a prehospital setting, facili-
tating a decision for ICOD while waiting until the 
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patient’s and their family’s wishes regarding organ 
donation have been established.

ICOD is not applicable only to patients with a 
DBI who are outside the ICU but also to dying pa-
tients with a hopeless neurological prognosis in the 
ICU who are not yet brain dead, and in whom the 
multidisciplinary ICU team has concluded that 
further invasive therapy no longer has a beneficial 
therapeutic effect. Although cDCD may be consid-
ered in this setting if it is allowed by national legisla-
tion, where BD is likely to occur within a short period 
of time, delaying WLST may be a preferred option to 
allow the confirmation of death using neurological 
criteria.

Once consent for ICOD – and ENTV – has 
been obtained, patients will be subject to mechanical 
ventilation and somatic organ-protective measures 
until BD is established and then until the procure-
ment of transplantable organs. Sedation with or 
without analgesia should be provided to ensure the 
patient’s comfort with drugs and doses that do not 
interfere with the subsequent BD diagnosis. The ma-

jority of possible deceased organ donors subject to 
ICOD develop BD and fulfil the criteria of potential 
DBD donors during the first 72 hours following the 
brain injury [24]. In patients who have not deterio-
rated to BD about 72 hours following admission to 
ICU, cDCD may be considered and discussed with 
the relatives.

The use of ICOD in nearly dead patients solely 
to preserve their organs for transplantation and to 
optimise the chance for deceased donation may raise 
some legal and ethical concerns. In general, however, 
specific legislation for this practice is absent. The 
practice of ICOD is currently justified by the legal 
and ethical considerations of fulfilling the patient’s 
overall best interests including the patient’s living 
will and beliefs, not solely their clinical benefit. The 
main threat to decisions regarding the use of the 
medical treatment for organ donation in end-of-life 
situations must be respect for the patient’s individual 
dignity and autonomy by carrying out as far as pos-
sible what would have been their wishes if they could 
express them. The decision-making process re-
garding medical treatment and the use of some inva-

Figure 2.2. Proposed pathway for clinical decisions on initiation of intensive care to facilitate organ donation 
and elective non-therapeutic ventilation

Organ support until BD 
and donation

No evolution to brain 
death

Investigate wish to 
donate, check 

RAW/advance directives, 
contact with relatives

Consider intubation 
with ICOD and ENTV, 
check RAW/advance 

directives, contact with 
relatives

Is the patient 
intubated?

ICOD and ENTV

Admission to ICU Yes No

Donation 
acceptance

Donation 
acceptance

Donation 
refusal

WLST

Consider WLST and 
cDCD donation

(cDCD if it is allowed by 
national legislation)

Yes No

Considered willingness to donate organs (check RAW/advance directives)

Contact with relatives

Contact with DC or OPO

Non-treatable patient with devastating brain injury and impending death

* cDCD: controlled donation after circulatory death, only if it is allowed by national legislation.
BD: brain death; DC: donor co-ordinator; DCD: donation after circulatory death; ENTV: elective non-therapeutic ventilation; ICOD: 
intensive care to facilitate organ donation; ICU: intensive care unit; OPO: organ procurement organisation; RAW: registry of anticipated 
willingness; WLST: withdrawal of life-sustaining treatments.
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sive clinical procedures in these circumstances both 
have to meet the requirements of internationally ac-
knowledged ethical principles, namely autonomy, be-
neficence, non-maleficence and justice [5]. Moreover, 
admission of a critically ill patient with DBI to the 
ICU provides the best opportunity for end-of-life and 
palliative care, it allows time to establish a safer prog-
nosis and it gives the family the time to adapt to a 
tragic and unexpected event [31].

From the perspective of using ICU resources 
for non-curative purposes, the fast deterioration to 
BD in the majority of patients with DBI means that 
ICOD does not place unacceptable pressures on ICU 
capacity. The admission of a dying patient with DBI 
to the ICU, when end-of-life care and organ dona-
tion are being considered, is acceptable due to ap-
preciable community benefit, yielding an average of 
over seven times in the quality-adjusted life-years (7.3 
QALYs) per ICU bed-day compared with the average 
benefit for ICU patients expected to survive [32]. The 
family distress caused by the high risk of impending 
death of their loved one and the application of inva-
sive non-therapeutic interventions can be mitigated 
by the awareness that this procedure is necessary to 

meet the desire of their family member and that it 
might save other lives owing to the organ donation.

Another approach is to avoid early decisions 
on WLST in the emergency department and to admit 
all intubated patients with a DBI to the ICU with 
the primary intention of ensuring the safety of the 
prognostication, which is virtually always in a pa-
tient’s best interest. These pathways aspire to improve 
end-of-life care for patients and their families, and 
also ensure that organ donation is always consid-
ered as part of the patient’s end-of-life care [31] (see 
Figure 2.2, Figure 2.3). This approach is similar to, 
and broadly based upon, that developed for the man-
agement of patients with hypoxic brain injury who 
remain comatose after resuscitation from an out-of-
hospital cardiac arrest [33].

2.5. Identification and referral of 
possible organ donors

Failure to identify and refer organ donors is one 
of the most important reasons for failure to 

realise the deceased donation process as described in 
Figure 2.1 [9]. In the Accord project, 35 % of patients 

Figure 2.3. Proposed pathway for clinical decisions on initiation of intensive care to facilitate organ donation 
and elective non-therapeutic ventilation

Patient admitted with a devastating brain injury

Investigations and imaging

Prognosis uncertain or considered very poor

Neurosurgical intervention considered inappropriate

Delay WLST for up to 72 hours
Continue supportive interventions

Reassess patient every 24 hours

Increased prognostic certainty
Improved EOL care for patient and family

Increased consideration of donation potential

Discuss with donor co-ordinator Review management plan

Discuss with donor co-ordinator

Progressing towards brain death ImprovedNo improvement

WLST being considered

Decision to test for brain death

Brain death con�rmed Decision to WLST

Consider/offer DBD Consider/offer DCD

* cDCD: controlled donation after circulatory death, only if it is allowed by national legislation.
DBD: donation after brain death; DCD: donation after circulatory death; EOL: end-of-life; WLST: withdrawal of life-sustaining treatments.
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who died as a result of a DBI were never referred to 
the donor co-ordinator or the staff of the OPO, thus 
immediately ruling out the possibility of organ do-
nation [13].

Figure 2.4. Poster containing information for the 
referral of possible donors from the emergency 
department to the donor co-ordination team

Identification by the treating physicians of op-
portunities for deceased organ donation, and referral 
of cases to the donor co-ordinator, can occur at dif-
ferent stages of the (previously defined) WHO Critical 
Pathway for Deceased Donation shown in Figure 2.1. 
In most European countries there is no consensus on 
the timing of referral, and nor are there uniform cri-
teria for donor referral. The stage for referral has been 
defined only in some national guidelines, with signif-
icant variation between countries.

However, if legally possible, referral should 
ideally occur at an early stage, as soon as the possible 
organ donor is identified. In general terms this is the 
point at which a patient’s death is considered to be 
inevitable and imminent, and when the objectives of 
treatment transition from active therapy to palliative 
and end-of-life care [6]. Referral can also occur based 
systematically on a poor prognosis of the patient, 
even if active medical treatment is to be continued. 
Referral at this point is considered as a notification 
rather than a formal referral, and allows donor co- 
ordinators to be aware of cases for planning purposes, 
but with no immediate action to be necessarily taken 
by them. Early referral has many advantages. Assess-

ment of medical suitability for organ donation can 
begin earlier, which may reduce delays for both the 
ICU and the donor’s family. If needed, expert assis-
tance for BD testing or physiological optimisation of 
the donor can be provided. Early referral also allows 
better planning of the family approach and prompt 
identification and resolution of potential coroner/
judicial issues.

Whatever the point at which the decision 
is taken to communicate a case to the donor co- 
ordinator, referral should be a routine practice. 
Donor identification and referral should be under-
pinned by dedicated protocols, developed at national 
or local level, that specify clinical triggers for referral, 
education and training of critical-care professionals 
and quality-control assessment.

2.5.1. Clinical triggers for the identification 
and referral of deceased organ donors

The specification of clinical triggers in local 
or national protocols facilitates compliance with the 
routine referral policy. Clinical triggers take the form 
of specific clinical criteria which, when met, should 
result in referral by the treating team. They should be 
agreed by consensus and developed by an interdisci-
plinary panel of experts that includes all professionals 
who care for patients with a DBI (e.g. personnel from 
ICUs, emergency care departments, neurology and 
neurosurgery). Clinical triggers should be simple, 
clearly defined and easy to audit. They should focus 
on prognostic factors and should lead to referral 
regardless of a patient’s age or co-morbidity, since 
limiting referral based on age or apparent medical 
contraindications to donate may lead to a significant 
number of lost opportunities for organ donation. 
Clinical triggers should be easily available to critical- 
care professionals, for example, on simple posters 
containing the relevant information and located at 
visible places in critical-care units (see Figure 2.4).

Sections 2.5.1.1 and 2.5.1.2 (below) provide ex-
amples of clinical triggers for the referral of DBD 
and DCD donors. It should be noted that the triggers 
specified for DBD donors can be also applicable to 
cDCD donors in cases where the patient with a DBI 
does not deteriorate to BD and the decision to move 
to WLST is made.

2.5.1.1. Clinical triggers for the identification and 
referral of donors for donation after brain 
death

The Glasgow Coma Scale (GCS) is most com-
monly used to define clinical triggers for referring 
DBD donors (e.g. GCS < 8). In Croatia, certain scores 
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of different neurological scales, depending on the ae-
tiology of brain injury, are recommended to trigger 
notification to the donor co-ordinator:

a� For patients with ischaemic brain injury, a Na-
tional Institute for Health (UK) stroke severity 
scale ≥ 27 [34];

b� For patients with cerebral haemorrhage, an in-
tracerebral haemorrhage scale [35] or a Hunt–
Hess scale [36] ≥ 4;

c� For patients with secondary cerebral anoxia, 
central nervous system tumours or infections, 
or severe cerebral trauma, a GCS ≤ 6.

Patients at this stage may still be receiving active 
treatment. However, according to Croatian guide-
lines, those patients should be reported as possible 
donors to the donor co-ordinator [37] (see Table 2.2). 
It is of the utmost importance that staff ensure mon-
itoring of brain damage, preferably every hour, and 
documentation of GCS, size of pupils and reaction 
to light, brainstem reflexes and spontaneous respira-
tion in the ICU chart – an examination that is in any 
case a basic standard in ICUs. Patients evolving to a 
situation consistent with imminent death as defined 
by de Groot et al� must be reported to the donor co- 
ordinator [18]. Imminent death is defined by a GCS of 
3 and the progressive absence of at least three out of 
six brainstem reflexes or a FOUR score of E0M0B0R0 
[38].

In the United Kingdom, the National Institute 
for Health and Care Excellence recommendations 
for the identification and referral of possible organ 
donors are based on the principle that organ dona-
tion should be a component of end-of-life care plan-
ning, and are incorporated into an NHS Blood and 
Transplant strategy for implementation of these rec-
ommendations [40]. In patients with a catastrophic 
brain injury, referral is recommended in the absence 
of one or more brainstem reflexes and a GCS ≤ 4, 
unless there is a clear reason why the above clinical 
triggers are not met (for example, because of seda-

tion) and/or a decision has been made to perform BD 
testing, whichever is the earlier.

In the United States, all hospitals are legally 
required to refer all imminent deaths to the local 
OPO. ‘Required referral’ or ‘routine notification’ rep-
resents a unique practice internationally in terms of 
being mandatory [41]. A patient with imminent BD 
is defined as a mechanically ventilated, deeply co-
matose patient, admitted to an ICU, with irrevers-
ible catastrophic brain damage of known origin (e.g. 
traumatic brain injury, subarachnoid or intracranial 
haemorrhage). Electronic clinical decision systems 
can be helpful in this setting [42].

There is ongoing research on clinical and ra-
diological factors to predict progression to BD in 
patients with a DBI in whom the decision has been 
made not to treat on the ground of futility. Derived 
new prognostic scores may become clinical triggers 
for the referral of possible DBD donors and may 
support physicians in making difficult decisions on 
ICOD.

In a retrospective analysis of patients with 
acute stroke and high probability of developing BD 
in five centres in Lorraine (France), the authors 
identified six clinical and radiological factors which 
could form a predictive score of BD in acute phase 
of severe stroke with high predictive values (score 1 v� 
score 2: 72 v� 77 %). The GCS score ≤ 6 before sedation, 
stroke volume > 65 mL, presence of herniation and/
or hydrocephalus on brain imaging, initial systolic 
blood pressure > 150 mmHg and history of alcohol 
abuse represent six different predictive factors of 
poor prognosis and high probability of progression 
to BD within 24 h following stroke onset. Taken to-
gether, these factors can make a simple score system 
that can help clinicians at emergency departments, 
neurological wards or stroke units to more accurately 
assess patients with severe stroke as being possible 
organ donors and to facilitate discussions with family 
members about treatment futility and ICOD [43].

Table 2.2. Clinical triggers for identification and referral of donors for donation after brain death in Croatia

Clinical 
triggers

Ischaemic 
brain injury

Intracerebral 
haemorrhage

Secondary 
cerebral 
anoxia

CNS tumour CNS infection Cerebral 
trauma

Recommended 
referral

NIHSS ≥ 27 ICHS or Hunt–
Hess ≥ 4

GCS ≤ 6

Required 
referral

GCS 3 and progressive absence of at least three out of six brain stem reflexes or FOUR score of E0M0B0R0

Note: CNS: central nervous system; GCS: Glasgow coma scale; ICHS: intracerebral haemorrhage scale; NIHSS: National Institute 
for Health stroke severity scale.
Sources: [39], [37].
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Non-contrast computed tomography (CT) ap-
pearance of acute extravasation of blood into a cer-
ebral haematoma (swirl sign) and CT angiographic 
spot sign visible as unifocal or multifocal contrast 
enhancement within an acute, primary intracerebral 
haemorrhage both represent sites of active haemor-
rhage and are independent predictors of early hae-
matoma expansion and poor outcome in patients 
with intracerebral haemorrhages [44].

Table 2.3. ICD-10 codes of diseases associated with 
potentially devastating cerebral lesions related to brain 
death

Group of 
cerebral lesions

ICD-10 code*

Trauma S02 Fracture of skull and facial bones

S06.1 Traumatic cerebral oedema

S06.2 Diffuse brain injury

S06.3 Focal brain injury

S06.4 Extradural haemorrhage

S06.7 Intracranial haemorrhage with 
prolonged coma

S06.8 Other intracranial injuries

S06.9 Intracranial injury unspecified

Cerebrovascular 
accidents

I60 Subarachnoid haemorrhage

I61 Intracranial haemorrhage

I62 Other non-traumatic intracranial 
haemorrhage

I63 Cerebral infarction

I64 Stroke not specified as stroke or 
infarction

I65 Occlusion and stenosis of precerebral 
arteries

I66 Occlusion and stenosis of cerebral 
arteries

Cerebral 
damage

G93.1 Anoxic brain damage

G93.5 Compression of brain

G93.6 Cerebral oedema

Cerebral neo-
plasm

C71 Malignant neoplasm of the brain

D33 Benign neoplasm of the brain

CNS infections G00, G01, G02, G03 Meningitis

* In the case of an ICD code with three digits – e.g. G93.1 – all sub-
classifications should be included.
Sources: Achieving Comprehensive Coordination in Organ 
Donation through the European Union–Accord Joint Action [13]; 
Humbertjean L, Mione G, Fay R et al. Predictive factors of brain 
death in severe stroke patients identified by organ procurement 
and transplant coordination in Lorraine, France [43].

Some ICD-10 codes are related to potentially 
devastating cerebral lesions that can lead to BD (see 
Table 2.3) [45]. Review of this codified data collection 
(or of the non-codified list of diagnoses of patients 
at hospital admission or when complications occur) 
can be used by donor co-ordinators to proactively 
identify patients at risk of dying as a result of a DBI. 
Patients with such ICD-10 codes should be moni-

tored. This tool can also be used to evaluate compli-
ance with donor referral, which should be standard 
practice. In case of non-compliance, the underlying 
root cause should be identified, and efforts should be 
made to educate treating physicians in the routine re-
ferral policy.

2.5.1.2. Clinical triggers for the identification 
and referral of donors for donation after 
circulatory death

cDCD and uDCD donors proceed from very 
different clinical scenarios that require separate and 
distinct clinical triggers for identification and referral.

The potential for cDCD should be considered in 
any critically ill patient in whom a decision of WLST 
is being considered or has been made because treat-
ment is no longer in the best interests of the patient. 
Most cDCD donors have suffered a DBI similar to 
DBD donors, but have not deteriorated to BD. It is 
always important that the treating physician con-
siders if death by neurological criteria might be de-
termined if supportive treatment is maintained and 
WLST is delayed. It has been estimated that about 
30 % of actual cDCD donors in the United Kingdom 
had the potential to progress to BD and DBD if the 
WLST had been delayed by 36 hours [46]. DBD should 
always be considered preferable to cDCD, since DBD 
yields a higher number and better quality of organs 
than DCD. There is a percentage of potential cDCD 
donors in whom the decision to withdraw treatment 
is made in the context of end-stage respiratory or 
neuromuscular disease. An undesired replacement of 
DBD by cDCD is not a possibility in this particular 
context.

The identification of uDCD donors poses a dif-
ferent set of challenges because of the different organ-
isational and logistical challenges posed, since this 
type of donation is activated by identification of an 
unexpected cardiac arrest unresponsive to advanced 
CPR that may have occurred either in hospital or 
outside [46]. Activation of the uDCD process re-
quires carefully planned co-operation between teams 
in charge of CPR (emergency and ICU) and the donor 
co-ordination team. Dedicated protocols also specify 
different selection criteria. Potential uDCD donors 
should be medically suitable, based on similar cri-
teria to those applied in the DBD setting. In addition, 
some other specific selection criteria must be met 
and there are limits to the time extending from the 
cardiac arrest to the initiation of preservation meas-
ures (warm ischaemia time).

Recommendations for the identification and 
referral of potential uDCD donors have been de-
veloped in most countries where uDCD is standard 



58

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

practice [47][48][49]. More detailed information is 
provided in Chapter 12.

2.5.2. Training and education

An effective system for the routine identifi-
cation and referral of organ donors requires close 
co-operation between healthcare professionals 
caring for critically ill patients (personnel from ICUs, 
the emergency department, neurology and neurosur-
gery community) and the donor co-ordination team 

or OPO staff. Continuous education and training 
of these professional groups on the identification of 
possible organ donors and their timely referral is of 
utmost importance and supports the dissemination 
of basic concepts about organ donation. Donor co- 
ordinators must actively ensure and help to deliver 
this continuous education and training through 
various means that must include dedicated courses 
on a regular basis.

The target of these courses should be all 
medical and non-medical staff from intensive and 

Table 2.4. Odequs quality criteria on donor identification and referral [54]

Donation after brain death Donation after circulatory death
Each hospital should implement a systematic approach to 
evaluate the possibility for organ donation in every end-of-life 
care pathway.

Each hospital should implement a systematic approach to 
evaluate the possibility for organ donation in every end-of-life 
care pathway.

Written definition of ‘possible donor’ is available and known 
by personnel of the units of the hospitals where possible 
donors may be found.

Written definition of ‘possible donor’ is available and known 
by personnel of the units of the hospitals where possible 
donors may be found.

A possible donor is always referred to the donation team irre-
spective of the patient’s medical condition (age, past medical 
history etc.).

A possible donor is always referred to the donation team irre-
spective of the patient’s medical condition (age, past medical 
history etc.).

In all potential donors, the timing of treatment withdrawal 
should be delayed until the different donation opportunities 
have been considered by the donation team.

The clinical responsibilities and specific targets of the phy-
sicians of each ICU and ED should include possible donor 
identification.

The clinical responsibilities and specific targets of the phy-
sicians of each ICU and ED should include possible donor 
identification.

Each hospital that has an out-of-hospital uDCD programme 
should have an updated collaborative protocol with emergen-
cy services outside the hospital in order to establish criteria 
for the identification of potential DCD donors.

All patients identified as possible donors should be referred 
to the donation team and homeostasis maintained, facilitat-
ing early brain death diagnosis as soon as the clinical criteria 
to test are met.

Donation team monitors the progression of each possible 
donor admitted in the ICU on a daily basis.

In all potential uDCD donors, the asystolic time before CPR is 
initiated by the Emergency Service should be shorter than the 
predetermined time (specified in the protocol) after cardiac 
arrest has occurred.

All patients with irreversible cardiocirculatory arrest, no medi-
cal contraindication for organ donation and a warm ischaemia 
time that is short enough to allow for the extraction of organs 
suitable for transplant should be considered potential uDCD 
donors.

Each hospital that has an in-house uDCD programme should 
have an updated protocol, which should be known by all 
healthcare professionals working in the hospital, in order 
to establish criteria for the identification of potential DCD 
donors.

Each hospital that has a cDCD programme should have an 
updated protocol, which should be known by all healthcare 
professionals working in critical care settings and transplant 
team members, in order to establish criteria for identification 
of patients who can potentially be eligible for DCD.

All potential DCD donors should be reported to the donation 
team as soon as the decision to withdraw treatment is made.

Note: cDCD: controlled donation after circulatory death; DBD: donation after brain death; ED: emergency department; ICU: intensive 
care unit; uDCD: uncontrolled donation after circulatory death.
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emergency care units and from other units caring for 
patients with DBI and other critically ill patients. The 
type and duration of these training courses, as well 
as the frequency of attendance, are to be agreed upon 
at hospital/regional/national level. Training courses 
can be organised at national level through national 
programmes or at international level through inter-
national educational programmes, courses, exams 
and certification initiatives. It is recognised that the 
training of healthcare professionals involved in de-
ceased organ donation has a positive impact on the 
effectiveness of the deceased donation process, im-
proving the functioning of local and national trans-
plant systems [50].

2.5.3. Quality system

As part of the quality-control system (see 
Chapter 17), a proactive donor-referral programme 
must be developed at national, regional or local level 
and implemented at each hospital where there is a 
potential for organ donation. This quality-control 
system requires the development of dedicated pro-
tocols on donor referral targeted at all those profes-
sionals attending to critically ill patients.

The EU-funded project Odequs (Organ Do-
nation European Quality System) was designed as a 
tool for quality systems in the donation process. The 
project counted on the participation of health au-
thorities and hospitals from 16 European countries. It 
described detailed quality criteria and quality indica-
tors for both types of deceased organ donor, DBD and 
DCD [51]. These quality criteria and indicators were 
proposed with the aim of evaluating performance 
of procurement hospitals in all steps of the deceased 
donation process. Indicators were developed to allow 
comparison of performance between different hospi-
tals. Several of these quality criteria and indicators 
were particularly focused on the critical step of donor 
identification and referral. Quality criteria for donor 
identification and referral developed in the Odequs 
project are depicted in Table 2.4. Both DBD and DCD 
pathways can be addressed through these indicators 
to identify specific areas in the deceased donation 
process that can be improved at hospital level.

A quality system for donation processes should 
be developed at all procurement hospitals as well as 
at national level. Regular audits should be conducted 
at each donor hospital. Accurate audit of practices is 
a prerequisite of any attempt to improve organ dona-
tion. It allows assessment of the potential for organ 
donation, evaluation of performance in the deceased 
donation process and identification of areas for im-
provement. Ongoing data collection at local, regional 

and national levels is a prominent feature of suc-
cessful donation programmes.

Regular audits should include internal audits 
(performed by in-house staff) and external audits 
(performed by external experts) to identify and learn 
from missed opportunities for organ donation [52]. 
Results of these audits should be analysed regularly 
and at least annually. The quality system at national 
level should include an analysis of performance of all 
hospitals with the potential for organ donation. This 
should contribute to identifying the weakest points 
in the organ donation process and to applying appro-
priate measures for improving performance.

The starting point in auditing deceased dona-
tion is variable. Existing national data collections 
consist of a clinical chart review of deaths occur-
ring at the ICU and/or the emergency department 
of procurement hospitals to then identify potential 
DBD donors and, if appropriate, potential cDCD 
donors [17][53][54]. But the clinical chart review can 
be extended to deaths occurring at any hospital unit 
beyond the ICU. This activity can be facilitated by fo-
cusing on deaths likely to have been caused by a DBI, 
particularly those conditions that are known to be 
common causes of BD. For administrative purposes, 
nearly all hospitals use ICD-10 coding linked to other 
patients’ data during hospital stays. It is helpful to use 
such pre-existing administrative data collections pro-
vided by the IT system via the admission department 
for simplified and targeted clinical chart reviews and/
or quality analysis. Table 2.3 includes a list of ICD-10 
codes potentially associated with devastating cere-
bral lesions.

Identifying potential DBD donors based on 
data available in a clinical chart must be performed 
in a uniform and consistent manner – the corre-
sponding criteria used in the Spanish Quality As-
surance Programme are described in Appendix 3 
[17]. Once potential donors are identified through the 
clinical chart review, information should be collected 
and documented on the reason for non-referral, if ap-
propriate. In every case, additional reasons why po-
tential donors were not converted into actual donors 
should also be addressed.

2.6. Conclusion

Unless an active donor identification and referral 
programme is established at each procurement 

hospital, opportunities for deceased organ donation 
will continue to be lost. Failure to identify possible 
organ donors is the most important reason ex-
plaining differences in deceased donation rates across 
jurisdictions. Dedicated protocols with specified 
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clinical triggers to facilitate donor identification and 
referral must be established at each hospital. Donor 
co-ordinators will play a key role in ensuring the 
quality of these protocols. Efforts should be made to 
ensure education and training of all healthcare pro-
fessionals who care for patients with a DBI, especially 
in ICUs, emergency departments and neurology/
neurosurgery departments.

The principle that organ donation must be a 
component of end-of-life care should underpin the 
practice of routine referral by critical-care physicians. 
Their primary duty when caring for patients with a 
DBI is to preserve life. However, when the patient has 
deteriorated to a BD condition or when the futility 
of further treatment has been recognised, the duties 
of critical-care physicians shift from active treatment 
to palliative and end-of-life care. Approaches that 
regard organ donation as a component of end-of-life 
care allow physicians to make this transition without 
fear of being conflicted. The emergence of such phi-
losophies will continue to require the adaptation 
of existing legal frameworks and professional and 
public debate in most countries.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
randomised clinical trials, should focus on the 
following research gaps:
1 Relevance of emergency departments in the 

identification of donation opportunities.
2 Use of electronic tools that can extract relevant data 

from medical history to trigger donor identification.
3 Identification of barriers to identifying donation 

opportunities and referring possible organ donors, 
particularly from the perspective of critical-care 
professionals.

4 Specificity and sensitivity of triggers for referral: Do 
they identify all possible donors? Do they identify 
many patients who have no potential to become 
actual donors? Do they increase the workload of 
donor co-ordinators?

5 Appropriate timing for donor referral (before 
reaching decisions on WLST or decisions to test).
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Chapter 3. Determination of death by neurologic criteria

3.1. Introduction

Since their publication in August 1968, the Harvard 
Committee report and the Sydney Declaration of 

the 22nd World Medical Assembly have led to a new 
model for diagnosing human death, based on neuro-
logic criteria [1, 2]. A decade previously, in 1957, the 
allocution of Pope Pius XII, The prolongation of life, 
pointed out the possibility – with the help of new ar-
tificial processes, such as mechanical ventilation – of 
artificially keeping a person ‘alive’ after the brain has 
ceased to function.

The focus of attention shifted from the condi-
tion of the heart to the state of the brain as a conse-
quence of the introduction of artificial ventilation in 
the polio epidemics of the early 1950s in Europe [3]. As 
a result, many European investigators observed, and 
later on concluded, that irreversible failure of brain 
functions is equivalent to death after proper confir-
mation and they considered discontinuing further 
therapy [2]. Two landmark accounts appeared in 
1959 when, studying comatose and apnoeic patients, 
Wertheimer and Jouvet described the ‘death of the 
nervous system’ [4] and Mollaret and Goulon coined 
the term coma dépassé, translated as ‘beyond coma’ 
or ‘ultra-coma’ and subsequently by others as ‘irre-
versible coma’ [5]. These patients had lost conscious-
ness, brainstem reflexes and respiration, and their 
electro-encephalograms were permanently flat. The 
investigators’ conclusion was that the brains of these 
patients were irreversibly dysfunctional and that it 
was justifiable to disconnect them from the respirator.

The subsequent development of organ and 

tissue transplantation, initially in the fields of kidney, 
heart and cornea transplantations, provoked dis-
cussion on the neurologic determination of human 
death. At present, the complete and irreversible 
failure of central nervous system (CNS) functions 
constitutes the authentic frontier between life and 
death of human beings. However, not all medical 
schools accept the same concept of brain death (BD). 
Consequently, the criteria for diagnosis are different 
according the concept of brain death used. The 
‘whole-brain death’ concept is the most widespread 
one, and it is characterised by the irreversible cessa-
tion of hemispheric and brainstem neurological func-
tions [1]. In 1976, the Conference of Medical Royal 
Colleges and their Faculties in the United Kingdom 
published a statement on the diagnosis of BD defined 
as the ‘complete, irreversible loss of brainstem func-
tion’, which pointed to the brainstem as the centre of 
brain function (brainstem death) [6].

This ‘brainstem death’ concept (in place of 
the concept of ‘whole-brain death’) explains why, in 
some countries, complementary tests are not legally 
required for the confirmation of clinical BD diag-
nosis, based upon cessation of brainstem function. 
However, they can be performed as an ancillary study 
to assist the clinician in specific situations (neuro-
depressive agents, metabolic disorder, facial or brain-
stem damage, infants and children).

The diagnosis of BD typically takes place in 
intensive care units (ICUs) or in emergency depart-
ments. It demands the presence of properly qualified, 
trained and competent personnel and appropriate 
facilities and equipment. To ensure that a BD dec-
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laration is beyond reproach, it needs a complete and 
comprehensive clinical evaluation performed by 
trained physicians. This should be based on scientific, 
nationally agreed criteria, with rigorous protocols for 
the complementary tests used, and should acknowl-
edge that the determination of death and the time 
of declaration of death stay under the legal respon-
sibility of the physician in charge of the dead patient.

Nowadays in Europe, donation after brain 
death (DBD) donors represent the principal source of 
transplantable organs and tissues, ahead of donation 
after the circulatory determination of death (DCD) 
donors or living donors.

The purpose of this chapter is to provide some 
guidance on BD diagnosis according to the best prac-
tices usually applied at European level, knowing that 
important differences still exist between countries 
concerning legal frameworks or national recommen-
dations on criteria for BD diagnosis. Specific differ-
ences in physical examination, ancillary studies and 
number of examinations may vary for children and 
are discussed in section  3.6. For this reason, each 
donor co-ordinator, as well as any physician quali-
fied to perform BD diagnosis, must be familiar with 
the national formal rules in their home country, en-
suring strict adherence to these rules on the basis of 
legal texts or official guidelines.

3.2. Epidemiology and aetiology 
of brain death

Up to 15 % of adult patients dying in European 
ICUs can be expected to present with a clin-

ical condition consistent with BD [7]. Other data 
collected in European countries (in particular, 
Germany) suggest that 50-65 % of all deaths with an 
acute primary or secondary cerebral lesion (ACLDs) 
in an ICU (traumatic brain injury, haemorrhagic and 
ischaemic stroke, subarachnoid haemorrhage, men-
ingitis, encephalitis, CNS neoplasia, anoxia, toxic and 
poisoning cerebral lesions) may fulfil BD criteria [8].

As only mechanically ventilated patients with 
acute cerebral lesions may eventually deteriorate and 
be evaluated for BD, the number of ACLDs in ICUs 
represents the maximum of brain-dead persons and 
hence of potential DBD donors. Consequently, the 
number of ACLDs in ICUs per million population 
is a useful parameter for evaluating and comparing 
BD potential. Subsequently, ACLDs can be split by 
aetiology to monitor in detail the clinical epidemi-
ology of possible organ donors in different countries, 
regions and centres.

The aetiology of the devastating lesion leading 
to death may per se affect the probability of devel-

oping BD. In particular, traumatic brain injury and 
intracranial bleeding are the two acute cerebral 
lesions most frequently linked with BD declaration. A 
smaller proportion of patients with another aetiology 
of primary or secondary acute cerebral damage, e.g. 
anoxia, infection or neoplasia, may deteriorate to BD. 
Case reports of BD declaration followed by successful 
DBD have been published, in which cerebral cata-
strophic events were due to poisoning by methanol, 
tricyclic anti-depressants, insulin, carbon monoxide, 
ecstasy and other toxins [9].

It is feasible that death from traumatic non- 
controlled intracranial pressure may be less frequent 
in young patients than in the past [10]. Moreover, in 
recent decades the number of severe head injuries 
related to high-speed road traffic accidents has dra-
matically decreased in European countries, where 
strict preventive rules have been implemented. Glob-
ally, fatalities from road traffic accidents decreased 
by 50 % in a decade in Europe (from 54 950 in 2001 
to 28 000 in 2012), but eastern European countries 
still exhibit high traumatic mortality rates – around 
80-100 per million population v� 30-60 per million 
in France, Germany, Spain, Italy or the United 
Kingdom. Around 25 % of traumatic deaths occur 
in patients over 65 years of age. Thus, donation after 
traumatic BD is no longer the mainstay for organ do-
nation in most European countries, where stroke is 
now the leading cause of BD and DBD. In addition, 
stroke mortality is decreasing, whereas the ageing 
European population will continue to increase the 
absolute number of cases. European mortality rates 
are also higher in eastern countries compared to 
northern and western countries, with substantially 
more deaths in both sexes and among younger indi-
viduals [11]. Moreover, lower-income countries with 
weak healthcare systems could exhibit a persistent in-
crease in mortality over time, particularly if control 
of some risk factors – mainly arterial hypertension or 
diabetes mellitus – is not achieved.

In practice, the increasing age of utilised DBD 
donors who died by stroke strongly suggests that po-
tential donors with these clinical findings should be 
considered as medically suitable for donation.

On the other hand, deaths caused by stroke (is-
chaemic or haemorrhagic) in elderly persons mainly 
occur outside the ICU. The possibility of admission 
to an ICU when treatment is deemed futile may serve 
to allow ventilation during progression towards BD 
(so-called ‘elective non-therapeutic ventilation’). This 
option may constitute a challenge for ICUs with 
limited resources for acute treatable patients. At the 
same time, the patient’s overall best interests in end-
of-life choices and the social value of donation have 
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to be weighed. Elective non-therapeutic ventilation 
for stroke patients who could progress to BD could 
reasonably be an important area for increasing organ 
donation over the next few years and thus could be 
recognised as an indication for ICU admission (see 
Chapter 2).

The progression towards BD requires the active 
support of ventilation and circulatory function in 
the dying patient in the ICU for hours or days. In 
practice, the ratio between DBD and DCD donors 
following the withdrawal of life-sustaining therapy 
(WLST) is very different between countries in Europe 
and has changed between 1999 and 2015. Sprung et 
al� published a prospective observational study of 
1785 patients who had limitations in life-prolonging 
therapies or died in 22 European ICUs in 2015-2016, 
compared with data previously reported from the 
same ICUs in 1999-2000. Globally, the incidence of 
BD diagnosis decreased from 9.3 % to 4.1 %. Decisions 
about withholding or withdrawing of life-prolonging 
therapy increased respectively from 40.7 % to 50 % 
and 24.8 % to 38.8 % with differences between centres 
[11].

Given that DCD is increasingly frequent, there 
is a risk to shifting from DBD to DCD. In view of the 
different existing models of end-of-life care across 
Europe, there may be the potential to adapt such 
models in a way that is consistent with optimum 
care of the patient while preserving the possibility of 
organ donation [12].

DBD potential depends on the epidemiology 
of acute cerebral lesions in ICUs and end-of-life care 
of patients with devastating brain lesions. Both may 
vary greatly across European countries as well as 
across regions and centres within the same country. 
Nowadays, the epidemiology of BD strongly depends 
on the absolute number and the ratio between severe 
brain injuries and strokes (ischaemic or haemor-
rhagic) admitted to the ICU, with logistic limitations 
due to critical-care facilities and emergency systems. 
Critical-care bed numbers vary considerably between 
European countries: while the total of ICU beds is 
73 500 (11.5 per 100 000 of population), a wide range 
exists, with 33.7 per 100 000 in Germany and 9.1 per 
100 000 in Portugal [13]. Thus, it is likely that health-
care systems have a major impact on the utilisation 
of these resources and possibly on admission and 
discharge criteria of patients with devastating cer-
ebral lesions to the ICU. Nevertheless, organ dona-
tion is not strictly related to the absolute number 
of ICU beds, as proved by Portugal with one of the 
best donation rates in Europe. Consequently, con-
sidering the wide differences across countries in the 
number of severe head injuries, life expectancy, ICU 

bed resources, ethical principles for end-of-life man-
agement and admission policy to ICUs for elderly pa-
tients with stroke, BD potential in Europe cannot be 
considered homogeneous and should be monitored 
in each country and compared with the absolute 
number, aetiology and age of ACLDs in each ICU.

Globally, the levels of actual organ donation 
achieved in ICUs nowadays still fail to match the po-
tential, essentially because of a failure to identify all 
patients who may fulfil BD criteria. The analysis of 
this step is the main target of quality programmes 
adopted in many countries; in particular, the DOPKI 
project compared the monitoring systems in Euro-
pean countries with a view to defining efficiency indi-
cators in the DBD process [7]. A simple and effective 
method for obtaining retrospective but objective data 
is the standard use of ICD-10 codes (see Chapter 2) 
identifying acute cerebral pathologies; the same 
ICD codes can be used for detecting and monitoring 
all deaths with acute cerebral lesions outside the 
ICU, which may represent a good proxy for hospital- 
possible DBD donors [14]. Prospective national regis-
tries including all deaths with acute cerebral lesions, 
inside and outside the ICU, could be useful for cal-
culating the potentiality of BD detection as well as 
for monitoring aetiologies and age of potential DBD 
donors (see Chapter 2).

In the dying patient, the precise definition of 
an established aetiology capable of causing BD is a 
prerequisite for using neurologic criteria in deter-
mining the irreversibility of the cerebral damage and 
excluding any possible pitfalls and reversible con-
founding factor in BD diagnosis. Consequently an 
investigation and imaging aimed at a precise defini-
tion of the aetiology should always be performed. In 
particular, knowledge of the cause of brain damage 
and evaluation of its severity and consistency with 
the development of BD should be clearly requested 
by any national guidelines concerning the determi-
nation of BD.

3.3. Brain death worldwide

Protocols for determining death by neurological 
criteria vary between countries as recently made 

evident by Lewis et al� [15]. Of 136 analysed countries, 
61 % had protocols for determination of death by neu-
rologic criteria, but with some differences (clinical 
criteria, observation period, use of ancillary test). The 
authors recommend that a worldwide consensus be 
reached.

Recently, great work has been done by more 
than 50 international medical professionals in pub-
lishing a worldwide recommendation document 
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about the determination of BD [16]. The authors 
decided not to use standard grading of recommenda-
tions because of the lack of high quality randomised 
studies in the field. Thus, many recommendations 
are based on the consensus and endorsement of five 
world federations. These recommendations describe 
the minimal standard for the determination of BD.

Importantly, in this article, the experts ex-
plained the concept of brain death and death by neu-

rologic criteria (BD/DNC). It is defined as the 
complete and permanent loss of brain function as 
defined by an unresponsive coma with loss of ca-
pacity for consciousness, brainstem reflexes and the 
ability to breathe independently. This may result 
from the permanent cessation of oxygenated circula-
tion to the brain and/or after a devastating brain 
injury. Persistence of cellular level neuronal and neu-
roendocrine activity does not preclude the determi-

Table 3.1. Key points for the clinical diagnosis of brain death

Prerequisites for clinical determination of brain death

• Coma of known aetiology and an irreversible condition compatible with BD
• Exclusion of medical conditions that could influence clinical examination (severe disturbances in electrolytes, acid-base or 

endocrine metabolism)
• Exclusion of central nervous system-depressant drugs: administration/intoxication
• Exclusion of neuromuscular blocking agents
• Core temperature > 35 °C (see §3.4.1.2.a)

Three mandatory clinical signs

• Glasgow Coma score 3
• Absence of brainstem reflexes
• Absence of spontaneous breathing – apnoea test

1. Glasgow Coma score 3

• Hypotonic and nonreactive coma: absence of cerebral motor response to pain stimuli in body parts innervated by cranial 
nerves (e.g. sustained pressure on temporomandibular joint or supraorbital region), although spontaneous medullary 
reflexes might still be present.

2. Absence of brainstem reflexes

• During progression to BD, the loss of brainstem reflexes follows a rostro-caudal direction, from the midbrain (mesencepha-
lon) to the pons and, at the end, the medulla (oblongata).

• No pupil reactivity: lack of photo-reactivity, with no response to bright light of the fixed pupils (pupil diameter 4 to 9 mm).
• No eye movement, no movement of eyeballs, lack of oculocephalic/oculovestibular reflex after stimulation by:

– rapid movement of the head (oculocephalic), tested in the absence of spinal injury,
– cold caloric manoeuvre (oculovestibular – if tympanum integrity): irrigation of each tympanum with 50 mL of cold water 

(1 min delay after injection and 5 min interval between the irrigation of the two ears).
• Corneal reflex loss (avoid cornea damage): no palpebral movement after a drop of saline or no palpebral movement when 

touching cornea edge using a sterile compress carefully.
• No cardiac response after oculo-cardiac reflex (mandatory only in some countries).
• No cough at bronchial suctioning, lack of pharyngeal and tracheal reflexes (mandatory only in some countries).
• Lack of heart rate response after 0.04 mg/kg IV infusion of atropine (mandatory only in some countries).

3. Apnoea test

• Lack of spontaneous breathing due to the loss of respiratory centre function (medulla oblongata).

‘Traditional’ procedure for apnoea test
– Pre-oxygenation requirement under FiO2 100 % – minimal PEEP 5 cmH2O – adequate tidal volume and respiratory frequen-

cy to obtain PaO2/FiO2 > 200 mmHg (> 26.7 kPa), PaCO2 35-45 mmHg (4.7-5.9 kPa).
– In cases where PaO2/FiO2 ratio < 200 mmHg (< 26.7 kPa), the procedure may cause cardiac arrhythmias/bradycardia/cardiac 

arrest and should be considered with caution, performed with alternative method, or abandoned (reasons recorded in the 
BD sheet).

– Disconnect the patient from the ventilator for a period of usually 3-5 mins (maximum 10 mins) – SaO2 monitoring is manda-
tory to detect any drop, while administering O2 through the endotracheal tube with a flow of 6-8 L/min.

– Attention to the diameter of the suction catheter and the risk of airway obstruction.
– Recruitment manoeuvre to be applied after reconnection in order to limit lung atelectasis.

‘Possible alternative’ procedures for apnoea test (if legally accepted in your country)
– After pre-oxygenation:
– Disconnect patient from the ventilator and connect to self-inflating bag with CPAP valve, supplied with an O2 flow of 6 L/

min connected to endotracheal tube, or
– Ventilator set up on CPAP mode without disconnection, or
– Hypoventilation with FiO2 of 1.0 to obtain required PaCO2 level, then CPAP for 1 min. with or without ventilator disconnec-

tion.
Collect sample of arterial blood after an interval of about 5 mins and reconnect the ventilator, if required PaCO2 is achieved; if 
not, continue the test.
The test is positive if the PaCO2 level increases by more than 20 mmHg (2.7 kPa) compared to the reference baseline value. 
Some countries require a PaCO2 level ≥ 60 mmHg (≥ 8.0 kPa).

Note: CPAP: continuous positive airway pressure. PEEP: positive end-expiratory pressure. Sources: [19-24].
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nation of death by neurologic criteria; indeed, while 
brain function refers to a macrophenomenon that 
can be assessed at the bedside, brain activity refers to 
neuronal (not necessarily integrated) functions. In 
the context of death determination, ‘permanent’ 
refers to “loss of function that cannot resume sponta-
neously and will not be restored through interven-
tion”. On the other hand, the term ‘irreversibility’ 
refers to a situation that cannot return or resume. 
They also list the synonyms of ‘brain death’: ‘brain 
circulatory arrest’, ‘cerebral arrest’, ‘cerebral circula-
tory arrest’, ‘cerebral death’, ‘coma depassé’, ‘irrevers-
ible coma’, ‘neurologic death’, ‘death by neurologic 
criteria’, ‘death of the brain’, ‘neurological determina-
tion of death’ and ‘death by brain criteria’.

A debate exits about the ‘physiopathology’ of 
BD as the death of every single cerebral neuron or 
loss of every brain-driven reflex [17]. In fact, a pre-
served neurohormonal function of the brain is man-
ifested by the absence of central diabetes insipidus in 
around 50 % of DBD donors [18]. The authors stated 
that “It is recommended that BD/DNC be defined as 
the complete and permanent loss of brain function 
as defined by an unresponsive coma with loss of ca-
pacity for consciousness, brainstem reflexes, and the 
ability to breathe independently” [16]. Arguably, BD 
necessitates the irreversible cessation of the brain’s 
superordinate control and its integrative capacities. 
Careful analyses of reported cases have never re-
vealed a regaining of consciousness or survival after 
BD has been verified correctly, in accordance with 
professional guidelines.

Standardisation of the criteria for BD determi-
nation throughout the world would require changes 
in practice, recommendations and even laws of many 
countries. Changing methods and procedures that 
have been in place for many years, and which now 
allow organ transplantation with the support of 
health professionals and the population, may create 
disquiet if the changes are interpreted as evidence of 
an unsafe system currently being in use.

3.4. Clinical diagnosis of brain 
death

BD diagnosis first relies on a clinical examina-
tion and the study of brainstem function. It 

is the most immediate, reliable and easy way to de-
termine BD in non-reactive comatose patients with 
devastating brain injuries, where no brain function 
is or will be possible, invariably ending in somatic 
death. Key aspects of the clinical diagnosis of BD are 
summarised in Table 3.1.

3.4.1. Preconditions for clinical examination

3.4.1.1. Brain-death diagnosis: two mandatory 
criteria

BD diagnosis should follow a strict step-by-
step pathway, beginning with two absolutely manda-
tory criteria [25, 26]:

a� A structural cause and pathogenesis of BD 
must be identified.
Comas of unknown origin are not suitable 
for BD diagnosis. Catastrophic brain damage, 
when demonstrated, supports the conclusion 
of irreversibility of such condition (e.g. massive 
brainstem haemorrhage). The cause of coma is 
usually demonstrated by neuro-imaging but, in 
some cases, ancillary tests – such as laboratory 
tests or clinical findings (e.g. meningitis, en-
cephalitis or poisoning, and early period after 
cardiorespiratory arrest) – may be necessary.
BD may be partially simulated by neurological 
clinical situations, such as locked-in syndrome, 
post-anoxic encephalopathy, minimally con-
scious states or persistent vegetative states. In 
such cases, any sign of consciousness or sponta-
neous brain-related movements including con-
vulsions, any brainstem reactivity to stimuli 
or the presence of spontaneous breathing are 
key indicators for excluding BD. Rare cases of 
Guillain–Barré syndrome involving all periph-
eral and cranial nerves, endocrine crisis, snake 
bite or baclofen overdose (potentially revers-
ible situations) can all mimic BD, leading to a 
potentially dangerous diagnostic error if the 
clinical evolution is not deeply investigated or 
proper ancillary tests are not performed.

b� Any factor that can interfere with the clinical 
diagnosis and make it unreliable must be ex-
cluded.

c� The absence of any confounding factors that 
can lead to a misdiagnosis is essential to the 
conclusion that the absence of brain function 
detected in the clinical examination is com-
pletely related to the structural cause identified 
above and irreversible.

d� The World Brain Death Project communica-
tion suggests that, prior to making a determi-
nation of BD, there should be neuroimaging 
evidence of intracranial hypertension or in-
tracranial pressure measurements that equal or 
exceed mean arterial pressure (MAP) [16].

3.4.1.2. Brain-death diagnosis: factors to exclude
Severe physiological derangements must be ex-

cluded before performing the clinical examination to 
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ensure the reliability of BD diagnosis, which is the 
irreversible loss of cerebral functions [27]:

a� Core temperature should be > 35 °C: brainstem 
reflexes may disappear when core temperature 
drops below 28 °C. Moreover, the response to 
light is lost at core temperatures between 28 °C 
and 32 °C. Long-term hypothermia, particu-
larly in anoxic brain injury, and therapeutic 
hypothermia (32 °C to 34 °C) both need a 24 h 
evaluation period (see §3.5.4.4).

b� Haemodynamic stability, adequate oxygen-
ation and euvolaemia must be ensured: mean 
arterial blood pressure > 60 mmHg in adults 
(see Chapter 14 for paediatric concern).

c� Exclusion of metabolic conditions that may 
confound the clinical assessment (severe elec-
trolyte, acid-base or endocrine disturbance).

d� Any possible effect of CNS-depressant drugs 
and neuromuscular blocking agents should be 
strictly evaluated and excluded (barbiturates, 
benzodiazepines, tricyclic anti-depressants 
etc.) Screening tests may be helpful, but some 
toxic agents may not be detectable by routine 
assessments (e.g. cyanides, lithium and fen-
tanyl). A reasonable approach for unknown or 
suspected drugs or toxins is to prolong the ob-
servation period for 48 h to determine whether 
a change in brainstem reflexes occurs; if no 
change is observed, a confirmatory test must 
be performed [25]. If the substance known to 
be present cannot be quantified, the observa-
tion period should be at least five times the 
clearance half-life of the substance – excluding 
interferences by other drugs or organ dys-
function, e.g. Acute Kidney Injury Network 
(AKIN) classification for kidneys > II [28], liver 
dysfunction with total bilirubin level > 3 fold 
(expert opinion). Clinical diagnosis is allowed 
if serum drug levels are below the therapeutic 
range and/or clinical evidence shows that the 
neurologic deficit is not explained by the exist-
ence of the drug. In some situations, drug an-
tagonists can be used (see also §3.5.4.2).

e� Extreme caution should be used whenever pa-
tients are subject to therapeutic hypothermia or 
non-pulsatile continuous-flow mechanical cir-
culatory support devices, since these situations 
modify drug clearance, e.g. of propofol and ba-
clofen. An appropriate time for neurologic re-
covery should be allowed or confirmatory tests 
should be used to achieve certainty about the 
irreversibility of neurologic findings [29].

f� The clinical examination including apnoea test 
must be complete, rigorous and reliable: pos-

sible pitfalls may depend on facial, ocular or 
high cervical trauma and pre-existing pupil-
lary abnormalities. These factors may impede 
the examination of all the brainstem reflexes. 
Sleep apnoea or severe pulmonary disease re-
sulting in chronic retention of CO2 should lead 
to a tailored apnoea test. In all these circum-
stances confirmatory tests are recommended 
[27].

3.4.1.3. Brain-death diagnosis: irreversibility
Irreversibility of brain function loss due to a 

known devastating cerebral lesion is the key factor 
for BD diagnosis. Irreversibility has three factors re-
quiring clinical judgment:

a� The cerebral lesion must be sufficient and con-
gruent to be directly linked to total brain de-
struction.

b� Treatable and reversible medical conditions 
known to depress brain function should be 
excluded. If any potential confounding factor 
cannot be reversed or excluded, BD diagnosis 
must be completed with proper confirmatory 
ancillary tests.

c� The absence of brain function should be con-
firmed during an observation period clinically 
tailored to the type of lesion, age or other rel-
evant factors but, in most countries, guided by 
national guidelines or legal procedures.

Confirmatory ancillary tests, e.g. those demon-
strating the absence of cerebral blood flow (CBF), 
should be applied whenever there is a reasonable 
doubt or if needed for good practice or if needed 
by local or national recommendations or by state 
law. These confirmatory tests, once performed, may 
shorten the observation period.

As the interpretation of a clinical examination 
is dependent on these two items – irreversibility of 
brain function and confirmatory ancillary tests – and 
evidence of irreversibility is required for the final con-
clusion of BD, diagnosis should be performed by phy-
sicians experienced in neurologic-critical situations.

3.4.2. Clinical examination

The confirmation of BD through clinical ex-
amination is established by neurologic testing of co-
matose patients in whom there are no spontaneous 
breathing movements and no brainstem reflexes 
where the neurologic testing fulfils the above-men-
tioned preconditions (see §3.4.1).

Neurologic tests should be performed when 
physiological conditions (haemodynamic, metabolic, 
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respiratory and non-hypothermic) are stabilised, 
making possible a response from any living neurons. 
Before carrying out diagnostic tests that may have 
a negative effect on the brain, it is advisable to run 
tests that do not have such an effect, thus preventing 
further damage if death is not confirmed. The apnoea 
test should be the last to be performed, when the nec-
essary rise in partial carbon dioxide pressure (PaCO2) 
increases intracranial pressure with the risk of brain 
damage [25, 26]. If any brainstem function reflex is 
positive, or if in any way there are reasonable doubts 
about the BD diagnosis, the apnoea test should not be 
performed. If breathing movements are detected, the 
apnoea test should be aborted, and controlled venti-
lation restarted.

It is recommended to ventilate the patient with 
FiO2 1.0 and adjust the ventilator to obtain normo-
capnia for 15-30 minutes before beginning the clinical 
examination.

The head of the bed should be elevated to 30°. 
Previous inspection of tympanic membranes is rec-
ommended in all cases to exclude lesions or cerumen 
that could diminish sensitivity of the oculovestibular 
reflex. In case of a traumatic aetiology, the presence 
of blood clots has a similar effect and is frequently 
related to possible temporal bone fractures (which 
can be associated with absence of facial anatomic 
integrity and/or that of auditory/vestibular nerve 
responses) [25]. In these cases, caution should be 
taken when drawing conclusions about the results of 
absence of facial motility and/or absence of vestibular 
reflexes, as they may not be related to the absence of 
brainstem function. This kind of pitfall also applies to 
other cranial or somatic deranged structures (nerves), 
and caution in final interpretation should be taken.

All brainstem reflex tests (before the apnoea 
test) should be performed under controlled venti-
lation. An arterial blood gas sample obtained just 
before the beginning of the physical exam is recom-
mended, to confirm respiratory status and orientate 
the duration of the apnoea test.

3.4.2.1. Brainstem reflexes
Deep coma (Glasgow Coma Score of 3) must 

be confirmed at the beginning: the patient must be 
unresponsive to verbal stimuli, although movements 
related to medullary reflexes may still be present. 
However, the physician should disregard decerebrate 
and decorticate posturing or seizures at inspection, 
since these are signs of encephalic activity that would 
exclude BD. The physical examination of brainstem 
reflexes is summarised in Table 3.1.

3.4.2.1.1. Photomotor reflex (afferent II cranial 
nerve, efferent III cranial nerve)

In the Collaborative Study Criteria (published 
by the US National Institutes of Health in 1980), 
dilated and fixed pupils were considered mandatory, 
because mid-position fixed pupils can be seen in 
cases of drug intoxication [27, 30]. Nowadays, careful 
history and drug screening obtained before any BD 
diagnosis allows mid-position fixed pupils to be 
judged consistent with BD in the presence of nega-
tive toxicology screening. Usually, pupils are 4-6 mm 
in diameter, but may vary to unilateral or bilateral 
dilation size (9 mm). They are always fixed on light 
stimulation. Also no blinking reflex is noted upon 
stimulation.

3.4.2.1.2. Corneal reflexes (afferent V cranial nerve, 
efferent VII cranial nerve)

In BD, no blinking, tearing or reddening can 
be obtained upon corneal stimulation. The stim-
ulus is obtained with physical contact of the edge 
of a swab over the limbal margins of the corneas; 
middle (central) corneal area stimulations should be 
avoided, as they are related to central vision where 
potential harm may occur with no evidence of su-
perior threshold stimulus at that zone. To avoid this 
potential problem, stimulation with a drop of saline 
is recommended.

3.4.2.1.3. Oculovestibular and oculocephalic 
reflexes (afferent VIII cranial nerve, efferent III and 
VI cranial nerves)

In oculovestibular reflexes testing, the stim-
ulus is an irrigation with 50 cc icy saline slowly into 
one external auditory canal with both eyes open; after 
instillation, waiting for at least 1 minute, any devia-
tion of eye’s axis or eye’s movement and autonomic 
response must be excluded to fulfil BD criteria. Stim-
ulation of the opposite auditory canal should be per-
formed after a 5-min delay.

Alternatively, the oculocephalic reflexes may be 
tested: eyelids are kept open while the head is turned 
abruptly from side to side; observation of the eyes’ 
position in the immediate seconds will reveal no 
change in the axis in brain-dead patients. In normal 
responses, the eye’s axis follows the head movement 
with some delay.

Assessment of one or both reflexes depends on 
the physician’s judgment, but oculovestibular tests 
are more popular, mainly in trauma cases, where 
sharp cervical movements may be dangerous.
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Table 3.2. Clinical observations compatible with a 
diagnosis of brain death [27]

American Academy of Neurology protocol list of occasional 
phenomena that should not be misinterpreted as evidence 
for brainstem function:
• spontaneous movements of limbs other than pathologic 

flexion or extension response
• respiratory-like movements (shoulder elevation and 

adduction, back arching, intercostal expansion without 
significant tidal volumes)

• sweating, blushing and tachycardia
• hyperthermia
• normal blood pressure without pharmacologic support, 

or sudden increases in blood pressure
• absence of diabetes insipidus
• deep tendon reflexes, superficial abdominal reflexes or 

triple flexion response
• Babinski reflex.

3.4.2.1.4. Pharyngeal (nausea or gag) and cough 
reflexes (afferent IX cranial nerve, efferent X cranial 
nerve)

No response to posterior pharynx stimula-
tion with a tongue blade and no response to tracheo- 
bronchial suctioning (carinal stimulation) must be 
observed, and no respiratory movements should 
occur at all.

3.4.2.1.5. Facial movement in response to noxious 
stimuli

No response to painful trigeminal (facial) area 
stimulation (i.e. temporo-mandibular joint zones or 
supraorbital nerves at the supraorbital ridges) must 
be observed. No reaction or grimacing must be 
observed after applying painful stimulus on body 
somatic areas (neck, thorax, limbs or abdomen) such 
as pressure on a nail bed.

It is always important to remember that any 
demonstration of arousal or awareness is not com-
patible with BD.

3.4.2.1.6. Atropine test (efferent X cranial nerve)
The atropine test consists of the intravenous 

administration of 0.04 mg/kg atropine, which will 
increase heart rate by more than 10 % of the baseline 
rate in non-brain-dead patients. Heart rate increase 
is obtained by stimulus at the nucleus of the vagus 
nerve, in the lower medulla. In brain-dead patients 
there is a lack of heart rate response. This test is easy 
to perform and important to confirm the neurolog-
ical diagnosis of BD, stimulating by a pharmaco-
logical stimulus the same critical deep area of the 
brainstem investigated by the apnoea test. In most 
countries this test is not required by national guide-
lines. When indicated, it may be used as a comple-
mentary test before the apnoea test is performed.

3.4.2.1.7. Apnoea testing
The apnoea test aims at demonstrating loss of 

respiratory brainstem function. However, this test 
is at high risk of causing hypotension, hypoxia and 
cardiac arrhythmias if adequate oxygenation and 
volaemia are not achieved before testing. Sometimes, 
these complications create barriers for completing 
the test, leading to the need for additional confirm-
atory studies.

Prior to this test, the patient is pre-oxygenated 
with FiO2 of 1.0 for at least 5 mins and a baseline 
arterial blood gas sample is obtained (objective pH 
7.38-7.40; PaCO2 35-45 mmHg, i.e. 4.67-5.9 kPa). The 
patient is disconnected from the ventilator (while 
oxygenation is ensured by apnoeic oxygenation–
diffusion with 6-8 L/min of O2 through the tracheal 
tube), or maintained under continuous positive 
airway pressure mode (CPAP) and 100 % oxygen 
without any artificial drive support, to maximally 
stimulate the brainstem respiratory neurons (around 
5-10 mins). An insufflation catheter with an outer di-
ameter < 70 % of the endotracheal tube inner diam-
eter may prevent inappropriate lung pressure and 
volume during the apnoea test [19]. Any ventilator 
movement or any ventilator drive are excluded by 
careful observation of the chest and/or meticulous 
capnographic monitoring. At the end of the test, a 
second arterial blood gas sample is obtained: if there 
is an increase of the PaCO2 of more than 20 mmHg 
(2.7 kPa) compared to the reference sample, the test 
is indicative of cessation of respiration in absence of 
any ventilatory activity observed. In most countries, 
it is recommended that terminal PaCO2 should be 
higher than 60 mmHg (≥ 8.0 kPa). Some countries 
also require a pH less than 7.40.

In the World Death Project, it is suggested 
that the targets should be pH < 7.30 and PaCO2 
> 60 mmHg (8.0 kPa) unless a patient has pre-existing 
hypercapnia, in which case it should be > 20 mmHg 
(2.7 kPa) above their baseline PaCO2, if known [16].

Once an apnoea test is performed in a poten-
tial lung donor, lung collapse, atelectasis and oedema 
should be avoided. Recruitment manoeuvres per-
formed after the apnoea test may improve the PaO2/
FiO2 ratio and prevent acute lung complications [20].

In the case of serious lung damage with PaCO2/
FiO2 ratio < 200, very fast desaturation followed by 
circulatory disturbances may be observed after 
ventilator disconnection. To avoid this, alternative 
methods of apnoea test based on the use of CPAP 
systems with oxygen supplementation may be rec-
ommended. First, as mentioned above, without ven-
tilator disconnection under CPAP mode and trigger 
exclusion (ventilator self-cycling can be confused 
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with brainstem-mediated respiratory effort as a phe-
nomenon of auto-triggering) [21]. This option is rarely 
possible nowadays, because for safety reasons the ma-
jority of modern ventilators have non-suspendable 
automatic apnoea backup ventilation. Alternatively, 
CPAP may be applied with self-inflating bag with 
CPAP valve supplied with an O2 flow of 6 L/min con-
nected to endotracheal tube [22] or with circle system 
of anaesthesia machine [23, 31, 32]. Another option 
for apnoea tests in extremely hypoxaemic patients 
is hypoventilation, with minute ventilation reduced 
approximately by 50 % (following pre-oxygenation), 
to obtain required PaCO2 level. Afterwards, ventila-
tion mode is switched to CPAP mode for 1 min with 
or without ventilator disconnection. Periodic arte-
rial blood gas analysis should be taken until PaCO2 
achieves the required level [24].

3.4.2.2. Spinal reflexes
Since BD means loss of the encephalic func-

tion, neurologic activity depending on spinal cord 
may persist and be detectable, either clinically or in 
ancillary tests. In BD, complex withdrawal move-
ments originating in the spine are possible, and must 
be differentiated from seizures, decortication and 
decerebration posturing movements, which indicate 
brainstem activity (and cortical activity in the case 
of seizures).

Several manifestations occasionally seen in BD 
patients should not be misinterpreted as evidence for 
brainstem function [27]. These manifestations (see 
Table 3.2) include not only spinal reflexes.

Respiratory acidosis, hypoxia or quick neck 
flexion may generate spinal cord responses. Sponta-
neous movements of the limbs with spinal mecha-
nism of generation can occur and are more frequent 
in young adults. These spinal reflexes include flexion 
of the arms or fingers, slowly rising of the limbs or 
one limb off bed, gasping movements, spontaneous 
jerking of one leg and walking-like movement (so-
called Lazarus signs). Multifocal vigorous myoclonus 
in the shoulders is occasionally seen in young pa-
tients. Respiratory-like movements are character-
ised by shoulder elevation and adduction expansion 
without any significant tidal volume being seen.

Other, much less common responses are 
sweating, blushing, tachycardia and sudden increase 
in blood pressure. These haemodynamic responses 
can sometimes be induced by neck flexion. Muscle 
stretch reflexes, superficial abdominal reflexes and 
Babinski sign are of spinal origin and thus do not in-
validate the diagnosis BD. Patients may have initial 
plantar flexion of the great toe followed by sequential 
brief plantar flexion of the second, third, fourth and 

fifth toes after snapping of one of the toes (‘undu-
lating toe flexion sign’).

Several studies confirm this phenomenon with 
a prevalence of about 50 % in cases of confirmed BD, 
and its presence does not alter but indeed confirms 
the reliability of BD diagnosis. In fact, recovery of 
spinal activity of the well-perfused and oxygenated 
spinal neurons occurs in hours or days after the im-
mediate spinal shock, due to the ultimate brain-dying 
process leading to BD. Without any superior (ence-
phalic) control, the spinal neurons easily react to even 
minimal stimuli (i.e. body touching, respiratory aci-
dosis during the apnoea test, any painful stimulation 
and surgical stimuli during organ recovery) creating 
gross and never finalised body movements and huge 
vegetative response.

In one prospective study of cases with the diag-
nosis of BD confirmed by angiography, deep tendon 
and stretch reflexes were shown to be frequently 
absent in the first day of injury and to return after 
24 h [33]. It was also noticed that brain-dead pa-
tients without spinal reflexes were also continuously 
haemodynamically unstable. Ipsilateral extension–
pronation responses on upper chest pain stimulation 
were present in 33 % of cases and ipsilateral flexion 
withdrawal responses on L3/4 dermatome stimulation 
in 79 %. Wijdicks observed that spinal movements 
appeared during the apnoea test, on transportation 
of the patient, at the time of abdominal incision, or 
synchronously with the ventilator’s activity and de-
scribed them as occasions where ‘slow body move-
ments may even include a brief attempt of the body 
to flex at the waist, making it seem to rise’ [25]. Con-
sistent clinical documentation of BD and confirma-
tion by an ancillary test will give the final evidence 
for BD (e.g. isoelectric EEG during movements).

3.4.2.3. Clinical observations compatible with the 
diagnosis of brain death

Next to spinal reflexes, some other phenomena 
can persist or appear but remain compatible with the 
diagnosis of BD. For example, the consequence of the 
persistence of certain hormonal activity dependent 
on the hypothalamic-pituitary axis can be seen (e.g., 
sweating, blushing and tachycardia; hyperthermia, 
normal blood pressure without pharmacologic 
support, absence of diabetes insipidus) [18].

Despite a cerebral circulatory arrest diagnosis 
in BD, trace blood flow responsible for maintaining 
hormone secretion by the hypothalamic-pituitary 
axis could exist. For example, the incidence of neu-
rogenic diabetes insipidus secondary to the absence 
of antidiuretic hormone secretion in brain-dead pa-
tients has been reported in 46 % to 78 % of cases [34], 
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while several studies have shown that some patients 
maintain adequate levels of hypothalamic hormones 
[18]. These findings, together with the complex and 
variable hypothalamic vascularisation, could explain 
also the function of the thermoregulatory centre and 
thus hyperthermia in patients showing infection and 
BD [35].

In some situations, a ventilator autotriggering 
(VAT) can happen. This phenomenon can be de-
scribed as a ventilator being triggered in the absence 
of patient effort, intrinsic respiratory drive or inspir-
atory muscle activity. It can mimic spontaneous ven-
tilation creating a delay in the recognition of BD [36]. 
It can be due to cardiac oscillation, leak in the circuit, 
condensation, noise or artefact [37]. These studies 
emphasise that the apnoea test can only be assessed 
reliably when the patient is disconnected from the 
ventilator.

3.4.3. Observation period

Since the initial Harvard Committee report 
of 1968, all protocols mention the need for an ob-
servation period and repeated clinical examinations 
to confirm the initial diagnosis of BD. There is con-
troversy about the irreversibility of the clinically 
observed status. However, particularly when an an-
cillary confirmatory test is used and the clinical evo-
lution and the aetiology are well known, it may be 
clinically reasonable to confirm BD even when there 
is a short interval between two clinical examinations 
that include the apnoea test. In most countries, this 
clinical option is overcome by guidelines or rules that 
make it mandatory to legally declare death by neuro-
logical criteria.

Nevertheless, from the medical point of view, it 
may be better to confirm BD diagnosis over a period 
of time, mainly if the irreversibility of the damage re-
sponsible for brainstem function loss is not obvious, 
particularly in post-anoxic patients. As a diffusely 
accepted clinical rule due to the peculiar pathogen-
esis of a cerebral ischaemic-anoxic lesion, at least 24 
hours should be the interval between the cerebral 
anoxic insult and a reliable clinical diagnosis of BD. 
In comatose survivor patients after cardiac arrest 
treated with therapeutic hypothermia, this interval 
should be extended up to 72 hours [38].

3.4.4. Brain-death declaration

BD is based on clinical criteria fulfilled by 
neurological examination, in some cases confirmed 
by ancillary test proving absence of metabolic/elec-
trical cortical/encephalic activity or absence of CBF. 

Nevertheless, most countries define procedures that 
are mandatory to give legal and social validity to the 
clinical diagnosis. It is important to emphasise the 
need for all countries to have a protocol at national 
level for BD diagnosis. Having a national protocol 
has many benefits, including promoting safe prac-
tices and assuring that there are no diagnostic errors 
in the determination of death, protecting patients 
and healthcare professionals, improving public and 
professional confidence in the deceased donation 
process, and increasing the availability of organs ob-
tained by ethically legitimate donation and procure-
ment practices.

Practice varies widely, even among European 
countries, particularly in the number and profes-
sional background of physicians needed to perform 
from one to four clinical examinations, the obser-
vational period (which may last up to 72 hours, par-
ticularly in children, and may be reduced if ancillary 
tests are performed) and the mandatory or optional 
use of different ancillary tests [39, 40]. However, at 
least a preliminary ancillary test is recommended in 
all protocols either to overcome any residual doubt 
about the reliability of clinical observations, due to 
possible confounding factors, or to reduce the obser-
vation period.

Ultimately, harmonisation of European pro-
cedures remains one of the most important issues 
to improve the medical and social acceptance of the 
declaration of BD.

3.5. Ancillary tests for the 
diagnosis of brain death

Whatever the adopted concept is, ‘brainstem 
death’ or ‘whole-brain death’, the first step 

remains the clinical assessment of BD. Neurologic 
examination should be clearly consistent with a clin-
ical BD state on the basis of a strict validation of all 
the required criteria (see §3.4.1 and §3.4.2) before 
performing any complementary test. The choice of 
ancillary study is a function of factors such as local 
facilities, equipment availability or special circum-
stances, e.g. children, non-airtight-cranium patients, 
residual circulation of sedative agents. Nonetheless, 
some national guidelines correctly state that ancillary 
tests that confirm irreversible cerebral circulatory 
arrest can be used as an appropriate tool for the de-
cision on when neurologic examination can be done 
for the clinical assessment of BD (independently of 
leftover interaction caused by sedative drugs etc.). In 
the case of sedative drugs, the results of the particular 
ancillary test may be used too.
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3.5.1. Brain blood-flow tests

3.5.1.1. Digital subtraction angiography
The classic four-vessel arteriogram has been for 

a long time the gold standard of CBF investigation 
in brain-dead patients since neither hypothermia nor 
CNS depressants interfere with it. Although an inva-
sive method, digital subtraction angiography remains 
one of the recommended tests to be performed in 
Canada and the United States for the diagnosis of cer-
ebral circulatory arrest [27, 41]. The cessation of circu-
lation is not instantaneous, but progressive. Various 
gradual patterns, from partial or delayed intracranial 
arterial filling to no filling, all consistent with BD, 
can be observed:

a� Extreme slowing of arterio-venous circulation 
time (lengthening greater than 15 seconds is 
not compatible with cerebral function);

b� Cessation of cerebral arterial circulation in the 
Circle of Willis;

c� Total arrest of arterial contrast and lack of 
venous filling; the contrast material disappears 
retrogradely.

However, angiography has some disadvantages, 
such as the need to move the patient outside the ICU, 
the use of potentially nephrotoxic contrast agents and 
arterial puncture. Intravenous digital subtraction 
angiography is successfully used to verify cerebral 
circulatory arrest and based on the same principles 
as conventional arteriography.

3.5.1.2. Angio-scintigraphy
Following the development of lipophilic 

radio-substances, radionuclide CBF testing has in-
teresting possibilities in BD diagnosis. Since the 
first era of 99mTc pertechnetate scintigraphy, angio- 
scintigraphy using 99mTc-labelled hexamethylpropyl-
eneaminoxime (HMPAO) as a diffusible radiotracer 
has become a common test, performed in a large 
number of countries.

Angio-scintigraphy with 99mTcHMPAO con-
sists of two phases: the first, to evaluate the CBF, and 
the second, 5-10 mins after injection, in which static 
images in anterior, lateral right and lateral left pro-
jections are obtained, to evaluate the parenchymal 
capture. The lack of isotope uptake in brain paren-
chyma (‘hollow skull phenomenon’) confirms CBF 
cessation. Angio-scintigraphy with 99mTcHMPAO is 
easy to carry out, highly sensitive and specific, with 
no interference from the patient’s clinical conditions 
or the administration of CNS-depressant drugs. Like 
other CBF tests, scintigraphy does not show 100 % ac-
curacy for BD diagnosis.

With or without radionuclide angiography, 

planar imaging continues to be the pillar for the scin-
tigraphic confirmation of BD. Static planar imaging, 
with the use of 99mTcHMPAO and multi-projection, 
can be used to evaluate the flow of supratentorial 
(cerebral hemispheres, basal ganglia, thalamus) and 
infratentorial structures (cerebellum, brainstem). 
Single-photon emission computed tomography gives 
cross-sectional information, but the reliability of the 
test to exclude flow and metabolism remains to be 
validated. Bi-planar imaging should be performed as 
a minimum.

Some authors show a sensitivity of 98.5 % for 
BD confirmation when using planar imaging without 
the use of specific brain tracers [42]. Other studies 
support the idea that the sensitivity of 99mTcHMPAO 
planar imaging is very high while the specificity 
(absence of cerebral perfusion with clinical BD con-
firmation) is near 100 % [43].

This test does not require the use of iodinated 
contrast, is easy to interpret and exhibits high con-
cordance with cerebral angiography. As a significant 
advantage, this CBF test is not influenced by CNS 
depressants, hypothermia or metabolic disorders. Its 
main limitation is that it might demonstrate CBF in 
patients with some degree of skull opening, such as 
children under 1 year of age, individuals with open 
head injuries or after extensive craniotomy [43].

3.5.1.3. Transcranial Doppler
Transcranial Doppler (TCD) is a technique 

based on the ultrasonographic measuring of the 
blood velocity in arteries at the base of the skull. 
Besides its routine use for the management of patients 
with cerebrovascular and traumatic brain injuries, 
TCD is very useful in the diagnosis of the progressive 
circulatory cessation at the large intracranial arteries 
found in BD.

Brain circulatory cessation is, in most cases, 
due to an increase of intracranial pressure: when the 
level of intracranial pressure reaches the same value 
as the mean arterial pressure, the cerebral perfusion 
pressure approaches zero (cerebral perfusion pres-
sure = mean arterial pressure − intracranial pres-
sure). TCD can verify the kinetics of the cerebral 
circulation loss as a process that begins (especially 
in supratentorial pathology with intracranial hyper-
tension) with a progressive decrease of the diastolic 
velocity, continuing with a separation of the diastolic 
and systolic wave, an inversion of the diastolic flow 
wave (reverberant flow), a disappearance of the di-
astolic wave and finally, especially in patients with 
a greater than 24 h cerebral circulatory arrest, the 
impossibility of obtaining any sign of cerebral flow. 
In 1998, the Task Force Group on Brain Death of the 
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Neurosonology Research Group of the World Federa-
tion of Neurology produced a consensus document in 
which two different sonographic patterns compatible 
with a diagnosis of BD were considered: 1. a rever-
berant flow pattern; 2. a pattern of systolic spikes (see 
Figure 3.1) [44].

Figure 3.1. Transcranial Doppler wave forms of the 
middle cerebral artery compatible with brain death

a. Reverberating flow b. Systolic spikes
Neurosonological Lab dataset, Dept. of Neurology, Medical 
University of Lublin, Poland, examinations performed by 
J. Wojczal MD PhD, certified neurosonologist.

The existence of inter-hemispheric or inter- 
compartmental (supratentorial/infratentorial) asyn-
chronies on CBF can be also detected by TCD before 
completing the cerebral circulatory arrest.

In order to make a diagnosis of BD by TCD, 
the cerebral circulatory arrest must be documented 
by bilateral registration of reverberant diastolic flow 
and/or systolic spikes, in the anterior and posterior 
circulation, and in two different explorations sep-
arated by 30 mins. These findings must be demon-
strated by insonation of both middle cerebral arteries 
(anterior circulation) and basilar arteries (posterior 
circulation) [45]. Additionally, some authors recom-
mend also examination of internal carotid and verte-
bral arteries [45].

The accuracy of TCD for the diagnosis of BD 
varies in the literature. In a systematic review of the 
literature and meta-analysis, including 22 studies 
comprising 1 671 total patients, TCD sensitivity was 
90 % (95 % CI, 0.87-0.92) and specificity 98 % (95 % 
CI, 0.96–0.99), suggesting that TCD is a highly accu-
rate ancillary test for BD confirmation [46]. In some 
studies, the non-exclusion of patients without air-
tight cranium (external ventricular derivation, large 
craniotomies) probably contributes to a lower TCD 
accuracy: these patients are not suitable for TCD 
investigation [47]. TCD can also be difficult in the 
absence of insonation for middle cerebral arteries 
using a transtemporal window; one solution could be 
the use of the orbital window for the insonation of 
the carotid siphon [48].

TCD is a non-invasive and easy-access tech-
nique at the bedside, and it can be repeated. It has also 
the advantage of not being influenced by the effects of 
CNS-depressant agents and does not require the use 
of a contrast medium. Although it has a high posi-

tive predictive value, not all countries recognise it as 
a legal test. This test needs a good level of expertise, 
and is operator-dependent. On the other hand, this is 
the perfect tool to detect the optimal time to perform 
a CBF study or EEG. A reproducible measurement of 
results by TCD, compatible with cerebral circulatory 
arrest in a time period of more than 30 mins, can be 
used as a confirmatory test. It is self-evident that, at 
a low blood pressure (MAP < 60 mmHg), the prob-
ability of obtaining signals as reverberating flow or 
systolic spikes decreases.

3.5.1.4. Computed tomographic angiography
In 1998, Dupas et al� described how computed 

tomographic angiography (CTA) could be useful in 
demonstrating a lack of intracerebral blood flow and 
reported the first application of CTA to the diagnosis 
of BD [49]. The authors proposed a 7-point CTA score 
for the confirmation of BD, according to opacifica-
tion or non-opacification of the pericallosal arteries, 
cortical segments of the middle cerebral arteries, the 
internal cerebral veins and the great cerebral vein 
(see Figure 3.2a) [50]. In 2009, Frampas et al� intro-
duced an alternative 4-point score based on the lack 
of opacification of cortical segments of the middle 
cerebral arteries and the internal cerebral veins (see 
Figure 3.2b) [51]. Since then, several major studies of 
this application have been published, and national 
guidelines have been introduced in several European 
countries (e.g., Austria, France, Germany, Italy, the 
Netherlands, Poland and Switzerland) [52-54]. Un-
fortunately, these guidelines are not standardised 
between countries and there are significant protocol 
differences in evaluation scales and scanning time. 
These variations may lead to discrepant diagnoses of 
cerebral circulatory arrest, especially in cases with 
borderline progression of cerebral oedema. Therefore, 
European unification of CTA protocols in BD diag-
nosis is warranted.

Two meta-analyses, including 10 studies pub-
lished between 1998 and 2013, that compared the 
results of CTA in patients with BD diagnosis, re-
ported its relatively low overall sensitivity of 85 % 
[55, 56]. However, these meta-analyses included 
older studies, whereas a more recent large multi-
centre trial with 82 brain-dead patients shows sensi-
tivity > 96 % according to a 4-point score [54]. This 
difference could be explained by continuing tech-
nical progress in CT scanners, which allows assess-
ment of faint opacification of cerebral vessels more 
precisely, together with the increasing experience 
of radiologists performing the test. Therefore, CTA 
should be considered as a valuable ancillary test in 
BD diagnosis.
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Figure 3.2. Criteria for the diagnosis of brain death by CTA

a. Using a 7-point score b. Using a 4-point score

(a) In the 7-point scale brain death is confirmed by a lack of opacification of the bilateral pericallosal artery (ACA-A3), the bilateral 
cortical segments of the middle cerebral artery (MCA-M4), the bilateral internal cerebral vein (ICV) and the great cerebral vein 
(GCV).
(b) In the 4-point scale brain death is confirmed when the bilateral MCA-M4 and the bilateral ICV are not opacified.
Adapted from: Sawicki, Bohatyrewicz, Safranow et al. Neuroradiology 2014;56:609 [50].

False negative CTA results (opacification still 
present in clinically confirmed BD) may be seen in 
rare situations like decompressive craniectomies, 
skull fractures, ventricular shunts, newborns and 
infants with pliable skulls. In such cases, other tests 
than CBF studies should be used to confirm BD. It 
should be mentioned that increase of intracranial 
pressure leading to BD is a continuous process and, 
secondary to it, cessation of cerebral circulation is 
continuous too. Therefore, at early stages after the 
onset of brain stem areflexia, brain oedema may not 
increase intracranial pressure above the blood pres-
sure. In such situations an opacification of peripheral 
segments of cerebral arteries may still persist. There-
fore, there should be a recommendation to perform 
CTA with a delay of > 6 h after the appearance of 
clinical signs of BD. If the first CTA test is negative, 
either the test should be repeated after 12 h or alterna-
tive pathways should be used for confirmation of BD/
DNC according to national recommendations or laws.

CTA [56] has the advantages of being widely 
available, far less invasive and less technically com-
plicated than the reference digital subtraction angio-
graphy (DSA), less time-consuming than cerebral 
scintigraphy and less operator-dependent than trans-
cranial Doppler. When using a CTA test, physicians 
should also consider the possibility, at the same time, 
of completing the evaluation by a whole-body CTA 
scan (chest, abdomen and pelvis) giving a precise 
view of the entire vascularisation and organ mor-
phology; it can also detect anatomical variants and 
contraindications to donation (see Chapter 6).

3.5.1.5. Magnetic resonance angiography
Magnetic resonance angiography could poten-

tially be an alternative to CTA. Technical constraints, 
in particular the need to use MR-compatible devices 
(like ventilator and infusion pumps), along with 
limited experience and lack of proven superiority, 
often limit its use for the purpose of BD diagnosis.

3.5.1.6. Computed tomographic perfusion
Recent advances in CT technology allow whole 

brain perfusion testing which makes the method a 
promising alternative for application in BD diagnosis 
in the near future. Computed tomography perfu-
sion (CTP) could be used as the first-choice method 
for assessing brain tissue perfusion in designated 
areas – ROIs (regions of interest), including the brain 
stem – with capability of simultaneous visualisation 
of cerebral vasculature in multiple time points as 
Timing-Invariant CTA. Such combined technique 
allows assessing vascular filling and parenchymal 
perfusion with single injection of 40-50 mL of con-
trast medium v� 80 mL used for CTA.

Perfusion assessment may also be a conclusive 
test in rare cases in which the contrast of cortical 
arteries or the internal cerebral veins is found and, 
according to currently used criteria of cerebral cir-
culatory arrest, cannot be confirmed, which conse-
quently delays BD diagnosis [57]. Based on a validating 
study including non-brain-dead controls, Poland le-
galised CTP as an ancillary test for the diag nosis of 
BD in the population over 12 years of age in January 
2020. Initial experiences in clinical application of the 
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test are promising [58]. Whereas there is no univer-
sally recognised consensus on the technique and cri-
teria for diagnosis of cerebral circulatory arrest with 
CTP, more comprehensive case-control studies are 
warranted [16].

3.5.2. Electrophysiologic tests

3.5.2.1. Electroencephalography
An electroencephalogram (EEG) is a conven-

tional and valuable test for diagnosing BD using the 
evidence of electric cerebral (cortical layer) inactivity. 
Standard EEG measurements cover the electrical 
activity only of the cortex and not of the brain stem. 
Prerequisites such as core temperature above 35 °C 
and lack of sedative agents should be respected before 

testing. Otherwise, the results of the EEG recording 
cannot be validated.

The most accepted criteria when performing an 
EEG study for the diagnosis of BD were approved by 
the American Electroencephalographic Society [59], 
which specified that a minimum of eight electrodes 
must be placed on the scalp, as well as a reference 
electrode (to detect electric interference in the envi-
ronment of the ICU), with inter-electrode distances 
of at least 10 cm, placed in frontal, temporal, occip-
ital regions with impedances under 10 000 ohms, but 
over 100 ohms. The EEG record must be obtained 
over a period of at least 30 minutes; sensitivity must 
be increased from 7 μV/mm to at least 2 μV/mm, with 
inclusion of appropriate calibrations.

Table 3.3. Advantages and disadvantages of ancillary tests for the diagnosis of brain death

Advantages Pitfalls and disadvantages
Electroencephalography Bedside

Wide availability
No requirement for contrast medium

Presence of artefacts
Examination of supratentorial structures, but 

not infratentorial
Influenced by depressants of CNS, hypother-

mia and hypotension

Multimodal evoked poten-
tials

Bedside
Allows monitoring
Less influenced by depressants of CNS and 

hypothermia than electroencephalography

Examination of few structures of CNS

Transcranial Doppler Bedside
Non-invasive
No need to use contrast medium
Can be repeated frequently
Can show cerebral circulatory arrest as a 

process
Not influenced by depressants of CNS

False positive flow in cases of non-hermetic 
cranium (big fractures of skull, decompres-
sive craniectomy, cerebrospinal fluid drains)

Lack of sonic window in some patients
Operator-dependent (high level of training)
Appropriate blood pressure required

Angiography Not influenced by depressants of CNS Invasive
Not available in all hospitals
Use of potentially nephrotoxic contrast agents
Need to move the patient out of ICU
False positive flow in cases of non-hermetic 

cranium (serious fractures of skull, decom-
pressive craniectomy, cerebrospinal fluid 
drains)

Angio-scintigraphy Less invasive
No use of iodinated contrast
Not influenced by depressants of CNS

False positive flow in cases of non-hermetic 
cranium (serious fractures of skull, decom-
pressive craniectomy, cerebrospinal fluid 
drains)

If negative for BD, it cannot be repeated until 
elimination of radiotracer

Need to move the patient out of ICU (except 
for portable gamma camera)

Computed tomographic 
angiography

Not influenced by depressants of CNS
Operator-independent
Fast, widely available, technically uncompli-

cated

False positive flow in cases of non-hermetic 
cranium (serious fractures of skull, decom-
pressive craniectomy, cerebrospinal fluid 
drains)

Need to move the patient out of ICU

Computed tomography
perfusion

Not influenced by depressants of CNS
Operator-independent
High sensitivity

Need scanner able to perform whole brain 
perfusion and dedicated software

Need radiologist with expertise in analysing 
CTP

Not widely legalised (Poland only)
Need to move the patient out of ICU
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In order to avoid attenuation of low-voltage fast 
or slow activity, whenever possible, high-frequency 
filters should not be set below a high-frequency 
setting of 30 Hz, and low-frequency filters should not 
be set above a low-frequency setting of 1 Hz. The high 
levels of sensitivity set on the electroencephalography 
machine increase the number of artefacts, which are 
plentiful in an ICU because of the presence of mul-
tiple devices.

In brain-dead patients, there should be no 
EEG reactivity to intense somatosensory, auditory or 
visual stimuli. A simultaneous electrocardiographic 
record should be made to detect electrical activity 
due to the cardiac activity (spike of QRS complex), 
co-existing with the EEG record. In the case of 
electro- myographic artefacts interfering during the 
record, these must be eliminated through the use of 
a neuromuscular blocking agent. Under these strict 
conditions of electro-cerebral inactivity or elec-
tro-cerebral silence (or other synonyms such as flat 
EEG), BD can be diagnosed if no electrical activity 
of the brain is recorded. If any doubt persists about 
the electro- cerebral inactivity, another EEG should 
be performed after an interval of usually 6 h. In some 
countries, two EEGs are mandatory as a legal re-
quirement for the confirmation of BD.

The advantages of an EEG are performance at 
the bedside, no requirement for contrast medium 
and wide availability. Its main disadvantage is that it 
might demonstrate an absence of electrical activity in 
the presence of confounding factors, namely, severe 
metabolic disorders, hypothermia and CNS depres-
sant effects. In this case, CBF imaging must be per-
formed [25].

In the World Death Project, “it is suggested 
that EEG no longer be used routinely as an ancillary 
test in adults” except if mandated by laws or if in 
conjunction with evoked potentials and interpreted 
using legal criteria or recommendations [16]. Never-
theless, in certain situations (difficulty of access to 
certain examinations, difficulties in transport etc.), 
this tool can remain useful, after a well-conducted 
clinical examination.

Nevertheless, the existence of a flat EEG must 
not be considered as a synonym of BD but must 
always be accompanied by a complete clinical exam-
ination to confirm BD [60].

3.5.2.2. Multimodal evoked potentials
The multimodal evoked responses to luminous, 

sound and electrical stimuli examine the visual, au-
ditory and somatosensory pathways at different levels. 
These give information regarding the integrity of the 
pathways or their exclusive functional extension to 

the peripheral nervous system. Among the different 
modalities of the evoked potentials, the auditory 
brainstem responses (ABRs) and somatosensory 
evoked potentials of short latency for median nerve 
stimulation (SEPs) have shown the best results in BD 
diagnosis [60]. In BD, evoked potentials are character-
ised by the disappearance of all waves corresponding 
to intracranial nerve generators and the persistence 
of activities of extracranial origin. In the auditory 
evoked potentials of the brainstem, all evoked re-
sponses of encephalic origin disappear, with only the 
presence of wave I, generated in the auditory nerve in 
the extracranial area. On the other hand, somatosen-
sory evoked responses that demonstrate the spinal 
cord as the highest level of nerve-signal processing 
are compatible with BD (assuming that no isolated 
infratentorial devastating cerebral lesion exists).

One of the hypothetical advantages of evoked 
potential technique is its resistance to CNS-depressant 
drugs, such as barbiturates, and hypothermia. It is a 
non-invasive technique with a bedside approach that 
allows monitoring and follows the evolution of the 
patient. However, the accuracy of evoked potentials 
in the diagnosis of BD is still open to discussion, 
possibly due to lack of experience with the method 
except in specialised centres [60, 61].

3.5.3. Other tests

Other instrumental tests have been described 
as useful add-on tools for BD diagnosis, measuring 
cerebral electrical activity (e.g. bispectral index – 
BIS), intracranial and cerebral perfusion pressure, 
decrease in cerebral consumption of oxygen etc. 
However, their lack of accuracy makes them useless, 
since their role in BD diagnosis is not confirmed by 
appropriate studies.

3.5.4. Special circumstances

Ancillary tests, when used to confirm BD, 
require caution in special situations: patients with 
non-airtight cranium, patients under the effects of 
CNS-depressant drugs, and infants and children (for 
infants and children, see §3.6).

3.5.4.1. Decompressive craniectomy, skull defects 
and ventricular drains

The absence of a cranial-airtight skull induces 
changes in the normal balance of extracranial/in-
tracranial pressure. As a consequence, tests exploring 
CBF show a decrease in diagnostic accuracy, par-
ticularly in the following causes of persistent CBF in 
brain-dead patients [51]:
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• infants with pliable skulls;
• decompressing fractures;
• ventricular shunts;
• ineffective deep brain blood flow;
• reperfusion;
• extracranial herniation of intracranial vessels;
• jugular reflux;
• emissary veins; and
• artefacts of excessive pressure in contrast 

injection.

For example, in the case of skull defects (de-
compressive craniectomy, external drains, infants, 
etc.), because the increase of intracranial pressure 
may be partially compensated, the use of CBF tests 
for BD diagnosis may lead to false negative results. To 
avoid a delay in the diagnosis, the use of other tests 
such as EEG and multimodality evoked potentials 
(or angio-scintigraphy) is recommended, as well as 
correct use of pathways in examination in such cir-
cumstances as described in national recommenda-
tions and laws.

Table 3.4. Half-life of some drugs

T1/2
Fentanyl 219 min

Alfentanyl 100 min

Remifentanyl 10 min

Naloxone 64 min

Midazolam 2-4 h

Diazepam 20-50 h

Flumazenil 0.7-1.3 h

Propofol 30-90 min

Pentobarbital 15-50 h

3.5.4.2. Drugs depressant of central nervous system
Excluding the impact of depressive drugs or 

toxins for the diagnosis of BD can be difficult for 
several reasons.

First, the patient may have taken medication 
or drugs before arriving at the hospital. A large 
screening test does not allow identification of all pos-
sible drugs. It is more important to know precisely 
what happened and in particular to know the causes 
of BD.

Second, because drug elimination can be 
impaired by organ dysfunction (e.g. kidney, liver), 
hypothermia (see §3.5.4.4) or hypotension, it is rec-
ommended to wait up to five half-lives of medications, 
check that administration dosage was appropriate 
and if available, measure drug plasma levels (rather 
than semi-quantitative detection). Drug plasma level 
must be below therapeutic levels. A huge amount 

of data can be found in the literature [62]. Table 3.4 
shows the half-life of some drugs. Remember that 
this half-life can be prolonged by the time of infusion 
(context-sensitive half-lives) [63].

Third, the administration of high doses of barbi-
turates and other CNS-depressant drugs can interfere 
with the clinical examination. EEG is very sensitive 
to this confounding factor. Thiopental administered 
in continuous infusion, as a result of the wide range 
of plasma concentrations corresponding to efficacy 
(25-50 mg/L) and toxicity (30-70 mg/L), does not have 
a well-established therapeutic range because of the 
overlap between the two [64]. Long-term infusion in-
creases thiopental levels, which remain elevated for 
more than six days in cerebrospinal fluid and serum 
after termination of its administration.

The value of serum levels of individual drugs is 
highly controversial; in many countries the use of an-
cillary tests (perfusion, electrophysiology) is manda-
tory in such cases. But, in daily practice, correlation 
between quantitative CNS drug dosage and depth 
of coma is weak. There is no unanimous opinion 
about how to make the diagnosis in these cases of 
CNS-depressant drugs, and there are different opin-
ions on the best policy to apply: waiting until the 
plasmatic levels of barbiturates or other measurable 
depressant drugs decrease to infra-therapeutic levels 
(most reasonably), or waiting for the diagnosis until 
these levels reach zero. In some situations, the use of 
antagonists like flumazenil (in case of benzodiaze-
pine administration) or naloxone (in case of opioids 
administration) can be helpful before performing a 
clinical exam or an EEG, but dosing and timing are 
not clearly defined. Inaccurate BD determination by 
clinical testing may occur. In a review of the literature 
from 1 January 1960 to 10 June 2015, ten case reports 
of BD mimicry were found (three baclofen, two snake 
bites and one each of valproic acid, amitriptyline, 
mixed diazepam + ethylene glycol, bupropion and 
phorate, an organic phosphorus compound) [9].

Furthermore, all clinical evidence explaining 
the observations may be more important than just 
relying on some measurements of blood levels that 
do not well explain the clinical situation. On the 
other hand, considering cases of isoelectric EEG due 
to the effect of drugs, the use of other techniques – 
such as techniques that examine CBF – could help to 
confirm the diagnosis, since they are not affected by 
CNS-depressant drugs.

3.5.4.3. Patients with therapeutic extracorporeal 
membrane oxygenation (ECMO)

Some patients, due to refractory respiratory 
failure or due to cardiogenic shock, can be treated 
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with extracorporeal membrane oxygenation (ECMO) 
(veno-venous or arterio-venous). Some of these pa-
tients may develop BD and become DBD donors. 
Despite severe medical conditions, some organs can 
be suitable for transplantation [65]. To diagnose BD 
in this situation, the preconditions are the same (no 
sedation etc.). The physical examination can also be 
done normally.

The biggest issue is performing the apnoea test. 
Some authors suggest adding CO2 in the system to 
avoid hypoxaemia [66]. Bein et al� describe an algo-
rithm for diagnosing BD in individuals on ECMO 
[67]. Basically, the test consists in gradual removal 
of ventilator, introducing CPAP with FiO2 = 1.0, in-
crease ECMO-FiO2 to 1.0,  and reduction of sweep gas 
flow to a value allowing achievement of target value 
of PaCO2 and pH, avoiding desaturation at the same 
time. The targets to reach are the same (see §3.4.2.1.7) – 
e.g. PaCO2 of at least 60 mmHg, pH < 7.30 – although 
it can take longer to reach these targets in a patient 
with ECMO support [16].

3.5.4.4. Brain death diagnosis after treatment with 
targeted temperature management (TTM)

After cardiac arrest, it is recommended to 
induce targeted temperature management. This treat-
ment needs administration of sedatives and there-
fore can affect the way of performing BD diagnosis 
because it can alter pharmacokinetics and pharma-
codynamics of sedatives given [68]. In this situation, 
it is recommended to wait 24 h after rewarming to 
≥ 36 °C before performing a clinical examination 
and apnoea test. If the patient has received a sedative 
agent, the clinical examination must be delayed until 
at least 5 elimination half-lives of the drug and an an-
cillary brain blood-flow study should be performed 
[16].

3.5.4.5. Confusing situations
The clinician must be aware of three confusing 

situations.
First, despite a clinical diagnosis compatible 

with BD, there may be a presence of blood flow in an 
ancillary test. This discrepancy is due to differences 
in the sensitivity of the clinical examination and 
of blood flow determined with ancillary tests per-
formed relatively soon after the neurological event. 
It can also be due to technical problems in assessing 
brainstem perfusion, and differences between blood 
flow and function as indicators of irreversible loss of 
brain function. It has been described with all the an-
cillary tests [69].

Second, the undocumented fear exists that the 
ancillary test may demonstrate absence of blood flow 

in vessels with significant impact on brain perfusion 
while we yet lack clinical signs of brain-stem failure. 
This may be explained either by the fact that the blood 
flow test has technical limitations that have not been 
considered properly or by the existence of anatomic 
vessel variants that have not been considered [70].

Third, the presence of infratentorial lesions can 
be source of a lot of confusion. In some countries, 
in cases of infratentorial lesions (e.g. devastating 
brain-stem bleeding) measurement of the functional 
failure or non-perfusion of supratentorial structures 
is required. In such cases, the brain-stem failure may 
precede the terminal failure of upper cortical lesions 
up to days before this event occurs due to secondary 
hydrocephalus after infratentorial herniation.

For these reasons, performing a complete phys-
ical exam in appropriate conditions is fundamental 
before using an ancillary test to confirm BD if needed.

In summary, no test shows 100 % accuracy cov-
ering all circumstances of BD. CBF studies are not 
influenced by confounders such as hypothermia or 
sedative agents, unlike EEG. In the case of non-air-
tight cranium, it is better to use an EEG to confirm 
the clinical diagnosis of BD. When available, four-
vessel angiography, radionuclide CBF testing, TCD, 
CTA and EEG are currently the most widely used 
and recognised, with a legal value in confirming 
BD. Choosing one test over another requires a good 
knowledge of the advantages and limitations of each 
test and also of their technical requirements. They 
should be performed and documented by qualified 
and competent physicians. The final result of the con-
firmatory test should be documented in the medical 
report together with a checklist to ensure that each 
step of the BD diagnosis process has been validated 
beyond doubt. National recommendations and laws 
have to provide such checklists or protocols to be 
used locally.

3.6. Brain-death diagnosis in 
infants and children

BD diagnosis in a child is a rare event in any 
paediatric or neonatal ICU. As outlined in 

section 14.6, specific protocols must be used for BD 
diagnosis depending on the particular age and in ac-
cordance with national guidelines (see  Appendix 4 
and Chapter 14).

With respect to the development status and 
therefore different pathophysiology of the impact of 
devastating brain lesions in newborns, infants and 
toddlers versus adults, different sets of redundant in-
vestigation loops are in place: in general, they consist 
of a chain of clinical examination plus ancillary test, 
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followed by an observation period and a second con-
firmatory set of clinical examination plus ancillary 
test. Thereby the limitations of each ancillary test 
should be taken into account as well as the issue of 
premature newborns (in many countries defined by 
a cut-off around the 37th week of gestational age). De-
pending on the national guidelines, after an age of 1 to 
3 years the rules for adults are applied [71]. All coun-
tries have different age limits, on which depend the 
formal limitations for ancillary tests (or the need to 
use them at all) as well as the need to call in a paedi-
atric expert (see §14.6). Beyond the special issues out-
lined in §14.6, the principles of death determined by 
neurologic criteria in adults outlined in this chapter 
apply to paediatric donor candidates too.

It is highly recommended to refer to and 
adhere to the national laws and/or guidelines in place 
in order to avoid formal errors.

3.7. Implications of brain-death 
diagnosis

Once a BD declaration is made at the end of the 
observation period, an individual is pronounced 

legally dead. Certification of death is the final 
common result of the process of death determined 
by either cardio-circulatory or neurologic criteria. 
In most countries, mandatory procedures for certi-
fication are based on specific legal requirements, in-
cluding continuous observation for a variable number 
of hours in the case of neurological criteria, or the 
documentation of cardiac arrest for 5-20 minutes in 
the case of circulatory criteria. This period is aimed 
at proving the irreversibility of detected signs and 
BD. In most countries, an independent committee of 
specialists who perform the tests and finally sign the 
certificate is required for BD declaration.

Death should be declared when it is confirmed 
by neurologic criteria, not at the time when the venti-
lator was removed or at the time of circulatory arrest. 
It should be made clear to professionals and relatives 
that, after a BD declaration, any legal or mourning 
procedures – including autopsy and funeral – can 
now be performed and last wills can be probated.

As death (e.g. irreversible total brain failure) 
is unique, but may be declared on the basis of two 
different mechanisms (e.g. following circulatory/res-
piratory arrest or after direct devastating cerebral 
injury), clear pathways should be defined, balancing 
uniform policies to be followed after the death dec-
laration with appropriate concern for the feelings 
of the family as well as for any religious and social 
considerations.

Establishing a clear course of action after the 

BD declaration is of paramount importance and 
its implication cannot be influenced by the signif-
icant differences in procedures for death certifica-
tion among European countries [39], particularly 
when BD is not followed by organ donation. In this 
case, physicians should act wisely and humanely, 
explaining the situation to the relatives, making it 
clear that withdrawal of mechanical ventilation will 
not make the patient die but that continued ventila-
tion is unnecessary, and therefore inappropriate, for 
a patient already dead. The only reason to maintain 
ventilation for a predefined period of time (12-24 h) is 
to preserve the organs if consent is available for do-
nation. ICU personnel should be properly educated 
and prepared to face the moment of ventilator with-
drawal and waning cardiac function, explaining – to 
relatives and others concerned – the possible occur-
rence of spinal reflexes and the clinical, ethical and 
legal significance of their act. Appropriate answers 
should be given to respond to any doubts concerning 
BD coming from relatives and professionals, taking 
into consideration the personal and psychological 
concerns of critical-care personnel and clarifying 
roles and responsibilities in BD determination and 
post mortem procedures.

Nevertheless, some patients who fulfil BD 
criteria but present absolute contraindications or 
opposition to organ donation are not promptly dis-
connected from ventilation after BD declaration for 
several reasons; cardiac arrest will then occur within 
hours or days. Surprisingly, this confusing situation 
still occurs, because of either family opposition or 
physicians’ attitudes that reflect doubts about BD as 
real death or because BD is not accepted for religious 
reasons [72]. In the case of donation refusal after BD 
confirmation, the legal opportunity to withdraw 
life-sustaining therapies – mainly ventilator support 

– is an absolute right which should be clearly stated 
in the legal framework surrounding BD declaration. 
Certain religious groups do not accept BD deter-
mination and some authorities have permitted an 
opt-out for faith groups that prevents clinicians from 
declaring BD in these patients. To varying degrees, 
this situation exists in Israel, the US (New Jersey, New 
York, California and Illinois) and Japan; however, no 
European country has a requirement to consult the 
family on how to terminate care. Consequently, it is 
important to raise the public’s awareness of BD im-
plications: the public needs to fully understand that 
the declaration of death cannot be the family’s deci-
sion and that BD is completely equivalent to the irre-
versibility of the more traditional cardio-respiratory 
death.

At the same time, practitioners should be sen-
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sitive to the feelings of families who suddenly have 
to face the death of their loved one. Thus, it seems 
reasonable to give the family some time to under-
stand the process and absorb the concept of BD, and 
to support the relatives during the whole process of 
diagnosis, observation and declaration of death, by 
honest, empathic, clear and understandable informa-
tion and explanations. Nevertheless, hospital policies 
and practices should be as uniform as possible [73].

BD in a pregnant woman is an exception: in-
tensive support can be prolonged after BD for days 
and weeks, after ethical approval and family request, 
to allow adequate fetal maturity prior to delivery and 
organ donation, where appropriate [74]. In practice, 
as spinal cord function may recover after an initial 
‘shock’ and primitive medullary reflexes can establish 
a level of circulatory integration and body metabo-
lism, intensive care techniques can compensate in the 
dead person for the loss of brain function for months. 
This is accompanied by functions that are not strictly 
brain-dependent such as the immune response and 
the inflammatory responses, growth of the body and 
hair, wound healing and, finally, gestation of a fetus 
[75].

Only a few national laws (in seven European 
countries) indicate that death has to be determined 
by neurologic criteria regardless of potential organ 
donation, in all cases as soon as all the criteria of BD 
are completely fulfilled. In other countries, according 
to the law, death determination by neurologic cri-
teria is not mandatory if donation is not expected. In 
reality, even if national laws always require declara-
tion according to BD criteria, this procedure is rarely 
applied when either unsuitability or opposition is 
already known. In reality, the number of brain-dead 
patients may be significantly underestimated because 
of end-of-life choices leading to cardiac arrest after 
withdrawal of life-support therapy, personal judg-
ment of medical unsuitability for organ donation or 
unfavourable attitudes of individual ICU physicians 
towards BD. In these cases, brain-stem reflexes or 
apnoea may not be tested or documented [76]. An 
audit of all deaths in British ICUs showed that brain-
stem tests had not been performed in over 30 % of 
persons in a likely BD condition [77].

Public campaigns on organ donation could 
take advantage of public awareness of a clear and 
independent concept of death determination. Na-
tional regulations and scientific guidelines should 
ideally include, in addition to a solid scientific basis 
for death determination, unambiguous procedures 
regarding all the possible implications of BD decla-
ration and a clear indication about the time of death 
(see Figure 3.3). These recommendations could help 

in managing real situations in which the delicate 
relationship between medical practice and relatives, 
ethics and law may strongly affect the extent of social 
understanding of death declaration and organ dona-
tion possibility as normal parts of end-of-life care in 
an ICU [78].

Figure 3.3. Management algorithm of brain death

brain death diagnosis

morgue, autopsy, funeral

brain death declaration
(committee, observation time, timing of death)

organ retrieval
(suitability, consent)

ventilator withdrawal 
(unsuitability, opposition)

Social confidence in BD diagnosis and the be-
reaved family’s trust in the dead donor rule would 
benefit from BD declaration being standard practice 
in all subjects who fulfil BD criteria. This medical 
practice could support the fundamental idea that all 
citizens must be equal in death: there is no difference 
between potential donors and other patients.

3.8. Conclusions

Making a diagnosis of brain death is an impor-
tant part of the donation chain. It must be 

done by trained professionals, in a rigorous, sys-
tematic manner guided by the recommendations. 
Confounding circumstances must be eliminated. It 
should include a rigorous clinical examination and 
may involve confirmatory tests.

It is primarily a medical diagnosis. Legal re-
quirements must be considered in a second step. A 
high-quality diagnosis enables the general popula-
tion to have confidence in the diagnosis of death as 
well as allowing identification (to those with a right 
to know) of donors and the personnel taking care of 
them.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
randomised clinical trials, should focus on the 
following research gaps:
1 What MAP should be recommended for a BD 
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diagnosis in adults (e.g. ≥ 65 or 60 mmHg)?
2 What core temperature should be recommended for 

a BD diagnosis (e.g. ≥ 34 °C, 35 °C or 36 °C)?
3 Need for harmonisation of computed tomographic 

perfusion (CTP) criteria.
4 Studies to confirm appropriate use of CTA in 

paediatric populations.
5 Monitoring of implementation of CTA/CTP in 

national guidelines, subsequently monitoring their 
sensitivity and specificity achieved by different scales 
in routine use.

6 Fundamental research explaining hyperthermia in 
persons with BD/DNC.
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Chapter 4. Family approach and consent/authorisation for 
post mortem organ donation

4.1. Introduction

Donation of organs and tissues from deceased 
persons saves lives, or significantly improves the 

quality of life of patients with end-stage organ failure. 
However, before donation can take place, consent to 
donation – or absence of any objection to donation – 
is needed, given either by the donor while alive (e.g. 
organ donor registry, organ donor card, non-donor 
registry, advance directives) or given by the family or 
legal representative of the potential donor [1-2]. The 
focus of this chapter is on the different legal systems 
for consent or authorisation to enable the donation 
of organs and tissues after death. Although the term 
‘consent’ is used throughout this chapter, the Guide 
recognises that in some countries the term ‘authori-
sation’ rather than ‘consent’ is used to enable lawful 
procurement of organs and tissues.

This chapter also explains how the way of ap-
proaching the family to discuss donation oppor-
tunities varies, depending on the type of deceased 
donation procedure. It recognises that communica-
tion with bereaved family members requires clear 
and sensitive procedures or protocols, with donation 
opportunities discussed by appropriately trained spe-
cialists in donation, and it makes a number of recom-
mendations as to how to communicate with families.

4.2. Consent or authorisation for 
organ and tissue donation

4.2.1. Legal consent systems
Consent for the donation of organs and tissues 

from deceased donors is subject to legislation and 
regulation in each country. In general, there are two 
main legal consent systems to express individual 
consent to organ donation: an opting-in system and 
an opting-out system. Although both systems are 
based on the self-determination of the individual, 
they have opposite starting points.

4.2.1.1. Opting in or opting out
According to the principle of the opting-in 

system, donation can only be initiated either if the 
deceased person in life explicitly expressed their will-
ingness to donate, or when the qualifying bereaved 
family member gives consent. The opting-out system 
starts from the idea that it is legally defined as the 
norm and thereafter it is standard for people to 
donate organs post mortem, so organ donation takes 
place as long as there is no evidence of any objection 
(of legally accepted type) by the deceased person; note 
that some countries also accept evidence of previous 
oral objection by the deceased if the relatives present 
it. While an opting-out system presumes the consent 
for organ donation, the opting-in system states that 
donation can only take place after explicit consent. 
There are arguments for and against each system.
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Table 4.1. Legal provisions in European countries for consent to/authorisation of organ donation from deceased 
persons

Country National consent system Donor registry Non-donor registry
1 Armenia opting-out

2 Austria opting-out ×

3 Belgium opting-out ×

4 Bosnia-Herzegovina opting-out

5 Bulgaria opting-out ×

6 Croatia opting-out ×

7 Cyprus opting-in ×

8 Czech Republic opting-out ×

9 Denmark opting-in × ×

10 Estonia opting-out × ×

11 Finland opting-out

12 France opting-out ×

13 Georgia opting-in × ×

14 Germany opting-in

15 Greece opting-in × ×

16 Hungary opting-out ×

17 Iceland opting-out ×

18 Ireland opting-in

19 Israel opting-in ×

20 Italy opting-out × ×

21 Latvia opting-out × ×

22 Lithuania opting-in × ×

23 Luxembourg opting-out

24 Malta opting-in ×

25 Moldova mixed system

26 Montenegro opting-in

27 Netherlands opting-out ×

28 North Macedonia opting-in NA NA

29 Norway opting-out

30 Poland opting-out ×

31 Portugal opting-out ×

32 Romania opting-in ×

33 Russian Federation opting-out × ×

34 San Marino opting-out NA NA

35 Serbia opting-out ×

36 Slovak Republic opting-out ×

37 Slovenia mixed system × ×

38 Spain opting-out * *

39 Sweden mixed system × ×

40 Switzerland opting-in

41 Türkiye opting-in ×

42 United Kingdom
a. England
b. Northern Ireland
c. Scotland
d. Wales

opting-out
opting-in

opting-out
opting-out

× ×

NA: data not available.
*  Some countries do not have opting-in or opting-out registries, but this requirement is fulfilled by advance decisions (living wills) and/

or registries that allow individuals to record their wishes about donation.
Source: Adapted from European Commission’s implementation survey regarding Directive 2010/53/EU [5].
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Figure 4.1. Standardised sequence of dialogue with bereaved family of potential brain-dead organ donors 
(SPIKES) [12-13]
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From an ethical point of view, the two systems 
can be considered equivalent because each has sys-
tematic ways to express positive or negative intent. 
In practice, operational variations exist within both 
systems, especially related to the role of bereaved rel-
atives. The role of the family in the decision-making 
process and when they should be informed depends 
on the prevailing legislation. It is good communica-
tion practice, and a sound basis for developing trust, 
to inform the family about donation in the most ap-
propriate way and before donation proceeds if they 
are available. In some countries the law determines 
when the family should be informed about organ do-
nation. From a practical point of view, the family is 
usually receiving detailed information at every stage 
during the treatment of a patient.

There are two subtypes of presumed (or 
deemed) consent system (opting-out): the ‘soft’ type 
of presumed consent means that the family is always 
asked about the opinion that the deceased person 
had expressed during their lifetime, which is most 
likely to be known by the relatives. In such cases, 
it is important to emphasise that we seek only the 
opinion expressed in the lifetime of the deceased. 
The ‘hard’ type of presumed consent means that only 
the deceased person’s written objection can stop the 
process to donate organs (like the system in Austria). 
There is another important reason to contact the 
family before donation, in addition to finding out the 
deceased person’s wishes about donation: in order to 
ensure or improve the quality and safety of organs for 
transplantation it is important to collate an accurate 
medical, social and travel history about the deceased. 
Finally, if there is no available clear evidence about 
the willingness or objection of the deceased, in prac-
tice the family has the most decisive role even in the 
case of legally defined presumed consent.

Considering the goal of not losing a donor for 
a communication reason, we have to keep in mind 
that open and exact communication with the family 
or the patient beforehand is the only right way to 
develop trust and create a positive attitude towards 
organ donation. Table 4.1 gives an overview of the 
different national consent systems in Europe. From 
the 44 responding countries, the majority (27 coun-
tries) have an opting-out system, while 15 countries 
reported an opting-in system and two a mixed system, 
where countries combine elements of both systems.

4.2.1.2. Documenting people’s decisions
Irrespective of the type of consent system 

in place, many countries have developed the tools 
and mechanisms to allow citizens to record their 
decisions regarding posthumous organ donation 

alongside different activities to promote donation 
in general [3]. The most often used tools are donor 
cards and organ donor or non-donor registries that 
help make clear an individual’s willingness or refusal 
to donate organs after death. People who have donor 
cards might be simultaneously recorded in the na-
tional donor registry.

In some countries, the personal statement on 
consent to donation recorded on a donor card con-
tains (or can be amended to include) detailed in-
formation, e.g. consent to specific types of donation 

– donation after brain death (DBD) or donation after 
the circulatory determination of death (DCD) – or to 
the donation of specific organs or tissues. Such doc-
uments are called ‘advance decisions (living wills)’ or 
‘advance directives’ and they are becoming popular 
in some countries. This system could enable people 
also to state prospectively under which medical con-
ditions they do not want to receive life-sustaining 
therapy, and it does not conflict with the potential to 
become an organ donor.

National legislation or operational policies 
need to make clear what evidence (i.e., written or oral) 
is valid in their country to confirm consent or objec-
tion to organ and tissue donation. However, consent 
to donation can take many forms, and many coun-
tries allow more than one way to express wishes re-
garding organ donation. All national systems should 
enable individuals to withdraw their consent or ob-
jection at any time. This ensures that the most recent 
information about an individual’s wishes is recorded 
in some way and is available 24/7 for a doctor or a 
donor co-ordinator who is involved in the donation 
process to check. Opting-in countries mainly have a 
donor registry, and opting-out countries have a non-
donor registry, but several countries, such as Slovenia, 
use both registries.

4.2.2. Establishing consent in other 
circumstances

In countries with no legal framework for 
consent to donation, or where a potential donor (for 
example a minor) is not able to express their dona-
tion preference during their life, the decision is, as a 
rule, left to the family of the potential donor, based 
on the assumption that the family would respect and 
represent the potential donor’s wishes. Alternatively, 
power to consent can pass to those who are the nom-
inated legal representatives of the potential donor, ac-
cording to the rules of the country.

In some specific cases, consent or authorisa-
tion to proceed with donation needs to be given by 
a coroner, judge or family court – for example, when 
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death occurs in suspicious circumstances or because 
of an illicit act.

In other circumstances, if the expressed wish 
of the person is to become a donor but the relatives 
of the potential donor are absent, or it is impossible 
to contact them, national procedures should enable 
organ and tissue donation where possible, providing 
there is sufficient medical, social and behavioural 
information available to support safe donation and 
transplantation.

4.2.3. Specific consent for deceased tissue 
donation

Consent for a deceased person’s tissue do-
nation should be obtained in accordance with leg-
islation of the country where the patient dies, and 
internal hospital procedures should not differ from 
the rules applied to organ donation (see the Guide to 
the quality and safety of tissues and cells for human 
application). When the identity of the deceased donor 
is unknown, donation cannot take place, as consent 
and medical history will be impossible to obtain, and 
the presence of objection cannot be checked.

4.2.4. Documentation of consent

Consent for organ donation should be docu-
mented [4]. The method of documenting and record 
keeping should be described in a hospital’s govern-
ance statutes in accordance with national rules (see 
Chapter 17). This documentation can prove that the 
personnel in charge obtained all mandatory informa-
tion to legitimate organ donation after the declara-
tion of death. This system has to be transparent and 
traceable.

4.2.5. Consent to deceased donation from non-
residents

With increasing global mobility, the number 
of deaths of persons not residing permanently in the 
host country is likely to increase. These non-residents 
have the potential to become organ and tissue donors.

The diagnosis of death and the donation assess-
ment (health, social, behavioural and travel history) 
of a potential non-resident donor will follow the law, 
regulations and requirements of the host country. 
The establishment of consent should be performed in 
accordance with the general rules described in this 
chapter as well as with the legal rules of the hosting 
country. There are countries where the family will be 
asked to consent to donation in the case of a poten-
tial donor coming from a foreign country. Another 

practice is to consult the country of origin of the 
(non-resident) potential donor through, for example, 
the competent authority or embassy, to ascertain 
the person’s wishes in respect of organ donation (as 
recorded, for instance, in the national organ donor 
registry). An enquiry form (see Table 4.2) completed 
by both the host country and the country of origin 
might be helpful in establishing consent or objec-
tion. The embassy or other national representatives 
of a potential donor should be informed about organ 
donation.

Table 4.2. Information needed in an enquiry form about 
possible organ donation from a non-resident

Identification of the potential donor

• Family name, given name
• Address
• Date and place of birth
• Passport number or personal identification number
• Other useful information

Details of requesting organisation (host country) to 
donor’s country of origin

• Organisation name
• Address
• Contact person
• Contact details
• Date/time

Record of response from potential donor’s country of 
origin

• Consent to donation established – donation is possible
• Objection to donation established – donation not 

possible
• Contact person
• Contact details
• Date/time
• Other useful information

4.3. Communication with family 
members involved in the 
donation process

Regardless of the circumstances, even in end-
of-life care, the death of a potential donor is 

often sudden and unexpected. Communication 
with family members of the deceased may require 
multiple conversations with professional staff. The 
strategy must be to avoid unnecessary harm or dis-
tress. The best practice is to establish a stable relation-
ship between family members and healthcare staff 
before the subject of organ donation is introduced. 
Skill enhancement of physicians has been advocated, 
to balance caring for grieving family members with 
raising the question of organ donation.

The following sections set out good practices 
in approaching families to enable a discussion about 
organ donation to take place at an appropriate time, 

https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_17/detail
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in an appropriate place and with someone with the 
appropriate skills [6-10].

4.3.1. Giving bad news

Bad news may be defined as ‘any information 
which adversely and seriously affects an individual’s 
view of their future’ [11]. In the preparation phase of 
giving bad news, some questions must be answered: 
where, to whom, how and when to provide the news. 
The venue for discussion should help and support 
the conversation, perhaps located close to the place 
where their loved one died, to give family members 
the opportunity to say goodbye. It is important to 
provide a quiet, separate room for the family, where 
they can speak freely. It is also advisable to have re-
sources that meet their minimum needs (telephone, 
handkerchiefs, water and seating).

It is frequently impractical to discuss organ 
donation with a large number of family members 
and it is recommended that participating family 
members should be limited to those who are key to 
the decision-making process, taking into account the 
legal framework in place and cultural practices or 
religious traditions. This should be explained to the 
other family members.

A supportive relationship is established by re-
flection of emotion and active listening. The empa-
thetic response consists first of observation, looking 
for any emotion on the part of the relatives (silence, 
crying, denial, fear, anger); then help to express the 
emotion verbally; and then help to identify the cause 
of the emotion. Active listening is useful but is an 
underused communication technique; it involves 
asking questions to seek clarification, paraphrasing 
what has been said and the appropriate use of silence. 
To facilitate decision-making and bereavement that 
is uncomplicated by questions about brain injury 
and subsequent death, families need time to under-
stand the information given, with care in the way and 
context that information was shared and attention to 
their emotional needs [12].

A Six-Step Protocol for Delivering Bad News 
(SPIKES) is a model for giving bad news, which may 
be adapted from general medicine to approaching 
the family about donation [13]. It divides the task of 
giving the bad news into steps, rather than making 
it one big procedure that can be confusing. Each step 
represents an individual, learned and practised skill 
and the steps can then be put together into an overall 
package (see Figure 4.1).

The NURSE model can be used to structure the 
discussion (see Table 4.3) [14]. The basis for this ap-
proach to communication is to adapt the information 

to the relatives’ capacity to take it in. It is about taking 
breaks, allowing reactions, expressing emotions and 
understanding. The formulation of respect for the 
situation of the relatives also serves the important 
purpose of strengthening their resources.

Table 4.3. The NuRse model [14]

1 Naming Emotions Name the perceived 
mood

2 Understanding Understand-
ing the 
emotions

Existing understand-
ing expresses appre-
ciation

3 Respecting Respect or 
recognition 
for the rela-
tives

Opportunities to 
cope with the burden 
should be empha-
sised by the intensive 
staff

4 Supporting Offer support 
to family 
members

In the form of an offer

5 Exploring Find other 
aspects of 
emotion

Clarify ambiguous or 
missing feelings

The NURSE model provides a collection of 
helpful responses to the verbal or non-verbal emo-
tions expressed by the affected person. The points are 
applied to specific situations, so they are not neces-
sarily all applied each time or in the same order.

4.3.2. Importance and timing of the family 
discussion

The highly emotional conversations with rel-
atives are a great challenge for doctors and nursing 
staff in emergency departments and intensive care 
units (ICUs).

The need for early identification of potential 
organ donors, combined with experience in practice, 
has highlighted the importance of the discussion 
with the family, which should be structured into a 
series of successive and independent phases [7]. The 
preparation for a family approach to organ donation 
starts when the patient is admitted to hospital, but 
the type of information delivered must follow the 
changes in the patient’s condition. The relatives have 
to face, sometimes very soon, the possible conse-
quence of devastating brain injury, and they will have 
many doubts, questions and fears to discuss. The 
emergency department and ICU staff must inform 
the family about all relevant and new information as 
soon as it is available, including all the diagnostic and 
therapeutic life-saving attempts.

The possibility of organ donation should never 
be presented until the family has understood and rec-
ognised the inevitability of the death of the potential 
organ donor [15]. It is very important to establish a 



93

4. FAMILY APPROACH AND CONSENT/AUTHORISATION FOR POST MORTEM ORGAN DONATION

professional helping relationship that facilitates the 
necessary trust so that the relatives are willing to 
accept the option for donation [7].

Participation of the donor co-ordinator in the 
family discussion significantly increases the prob-
ability of obtaining consent; therefore the donor 
co-ordinator should be notified before the family 
discussion occurs. Consent rates may be higher when 
the interview takes place after the brain death dec-
laration, or when brain death is expected to occur 
within the ICU, compared with other clinical situa-
tions [16].

The relatives of potential organ donors deserve 
a step-by-step approach, depending on the specific 
point in time when the discussion with the family 
happens, which should include:

a� development, progression and prognosis of the 
illness/critical injury, considering the initial di-
agnostic and therapeutic measures,

b� death after confirming brain-death diagnosis,
c� clarification of the expressed and presumed 

will of the deceased to organ donation,
d� information about the donation procedure.

Parallel to the mediation of medical and 
nursing specialist information, obtaining the empa-
thetic support of relatives in the processing of these 
messages is a priority task of doctors and nurses.

4.3.3. Interprofessional task

In principle, discussions with relatives should 
be performed only by staff who have been trained to 
carry out such discussions. A doctor will be required 
to provide medical information. Caregivers, however, 
also have a decisive role to play in communicating 
with relatives, since they have the most intensive 
contact with the patient or their relatives. The con-
versation with the relatives is considered as an inter-
professional task, because:

• relatives are in an extreme situation and 
grieving reactions can be better ameliorated by 
a team approach,

• the relationship and trust building between 
relatives and caregivers has often already taken 
place,

• the flow of information is guaranteed when the 
families turn to the nurses later.

If necessary, pastoral counsellors or clinical 
psychologists can be consulted. It is important to 
consider language barriers and to include translation 
services as required. Given the evolution of our do-
mestic and global society, it is paramount to attend to 

the individual needs of families from diverse cultural 
backgrounds.

4.3.4. Dealing with grieving and aggressive 
reactions

Information about the sudden death of a 
beloved family member can lead to various grieving 
reactions among relatives, such as aggression and 
rage. The CALM model (in Table 4.4) as a commu-
nicative technique can offer a way out of difficult in-
teractions [17].

Table 4.4. The CALM model for de-escalation in dialogue 
with bereaved family members [15]

Step 1 C – Contact • Remain calm and matter-
of-fact (do not get infect-
ed by the aggression of 
relatives)

• Respect that the relative 
is in a difficult situation

• Show friendly behaviour 
(verbal and non-verbal)

• Admit possible own 
mistakes, without giving 
up justifications

• Clarify relationships that 
have led to the unpleas-
ant situation

Step 2 A – Appoint • Directly address the emo-
tions (anger, disappoint-
ment, etc.) shown by the 
relatives

• Wait for a possible short-
term escalation in the 
expression of emotions, 
wait before responding 
to aggression (anxiety, 
worry, etc.)

Step 3 L – Look ahead • Clarify the professional 
relationship between 
doctor and patient

• Suggest the option of 
choosing how to proceed

• If necessary, define the 
limits and the communi-
cation rules with which 
further co-operation can 
take place

Step 4 M – Make a decision • Offer a ‘contract’ that 
the family members can 
accept or not

• Make alternative offers (if 
possible)

• Postpone continuation 
of the discussion to a 
specific later date

Grief can be described as “a cognitive process 
of confronting a loss, of going over the events before 
and at the time of death, of focusing on memories 
and working toward detachment” [18].
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Table 4.5. Bereaved family and donor relatives’ grief reactions to bad news
Grief reactions Remarks
Basics Grief is a personal and unique experience. Healthcare professionals must respect the various displays 

of grief, taking into account unexpected emotions and behaviours. The sudden death of an apparently 
healthy person, which is frequently the case with a potential donor, finds the family unprepared. This ex-
treme situation triggers a wide variety of reactions. All of them occur in combination with a variable degree 
of expression. This requires appropriate feedback to each individual reaction in order to avoid harm.

Shock Shock is the initial reaction after receiving bad news. The person is unable to react and becomes emotion-
ally paralysed. The person’s non-response to the environment is an attempt at self-protection while being 
faced with uncontrollable feelings. This may be manifested in confusion (inability to assimilate information 
and/or to make decisions).

Denials and 
displacement

Denial and displacement are associated with lack of acceptance of an irreversible loss. Observed state-
ments include ‘It’s impossible’, ‘It’s not true’, ‘How could he have died, if he is breathing?’ or ‘You’ve made 
a mistake’. Relatives use denial as a protection against having to deal with reality. This requires patience, 
since forcing the information about reality only increases this defence mechanism in the family and 
further complicates adaptation to the new situation, or it may cause escalation of arguments and negative 
emotions on both sides with misunderstandings. This should be avoided. Inability to accept the loss of 
the loved one is often accompanied by a feeling of surrealism. This is stronger in cases of unexpected or 
sudden deaths. The emotional impact makes it difficult to assimilate information and increases the refusal 
to accept facts.

Anger and 
rebellion

When someone realises that a relative is dead, a feeling of undeserved harm and great injustice may 
arise. The typical reaction is anger and rebellion shown by asking such questions as: ‘Why?’, ‘Why did he 
die?’, ‘Why did it happen to us?’ In this early stage of grieving, relatives intensively look for an explanation 
for the reasons of death and may accuse medical staff. These reactions of the family, especially claims 
or allegations against a healthcare professional, are difficult to deal with. If the healthcare professional 
perceives them as threatening and tries to defend herself or himself, then it may be seen as confirmation of 
guilt. This should not be taken personally by the healthcare professional or the clinical team but seen as an 
essential part of the grieving process that might lead to an acceptance of death and an agreement to organ 
donation in time.

Rage and blame Rage and blame are natural feelings born out of frustration when faced with the impossibility of changing 
what has happened. Therefore, this emotional thunderstorm should be allowed while the safety of rela-
tives and clinical staff is ensured. It can be directed to the deceased, the medical team, God or even the 
person suffering. Rage and blame, when directed towards a healthcare professional, may be difficult to 
accept and cause confrontation. Blame is closely linked to rage. For the bereaved person, it may be neces-
sary to find someone responsible for what has happened.

Bargaining Another reaction is to negotiate the extension of a deceased person’s life. This is described in the literature 
as ‘bargaining’. In response to information about the death, the relatives try to deny the inevitability and ir-
reversibility of this fact. They sometimes try to find a way to turn things round – ‘If the brain is not working, 
isn’t it possible to transplant the brain?’ or ‘To whom and how much do I have to pay, to make him alive?’ 
Although sometimes a family’s questions may cause impatience or indignation, it means that relatives are 
still willing to pay any price to regain the loved one.

Depression Depression, as a short or long-lasting episode of disillusion, hopelessness, sadness and grief, is a common 
reaction to death. Depression is observed as ‘family plunged into grief’. Relatives of the deceased are often 
withdrawn or submissive in conversation with clinical staff. They ask only a few questions. In comparison 
with a reaction of denial or anger, such muted behaviour or reaction from the family may seem to be an 
acceptance of death and organ donation. However, clinicians should proceed cautiously when observing 
such reactions because they are associated with increased risk of susceptibility to long-term trauma.

Acceptance After some time, acceptance of death might be signalled. Reconciling oneself to the death of a close person 
usually occurs after an exhausting fight, when the family starts to think it is a ‘better solution, than …’. 
Still they need to find a deeper meaning in the death and its circumstances, e.g. religious arguments or 
considerations such as ‘Thanks to organ donation, the life of our relative is symbolically extended in a 
positive sense’ or ‘He died but his heart may save somebody’s life’, ‘Although she suffered so much, she 
let someone else enjoy life’, ‘Though I lost my son, he let another mother still have her son thanks to the 
transplanted organ’. If relatives of a potential donor want to know who receives the donated organs, it can 
be said that they will be transplanted into a person ‘similar’ to the donor in the biological sense. This infor-
mation may translate into a conviction of the meaningfulness of the gift.

The person leading the conversation with the 
family can meet with various emotional reactions that 
are characteristic of people in grief (see Table 4.5). It is 
very important to understand the possible reactions 
connected with grieving. For a conversation about 
potential organ donation, it is essential to establish 
good rapport with the relatives of the deceased. The 
donor co-ordinator is responsible for adjusting the 
conversation to the family’s needs and expectations. 

This can be summarised as ‘establishing a therapeutic 
relationship’.

The healthcare professional or donor co- 
ordinator who is leading the conversation with the 
relatives should respect their grieving. This type of 
conversation requires interpersonal skills, sensitivity 
and empathy. In situations when there is pressure on 
healthcare staff, the conversation with the family can 
become difficult, rushed or insensitive.
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Table 4.6. Aspects to consider in communicating with members of the potential donor’s family

Persons attend-
ing

Try to limit the number of family members who take part in the donation conversation to those who are 
legally allowed to make a decision on donation and family members who take the lead in the family net-
work. Explain clearly to the other family members that the intention is to talk first with the key persons re-
sponsible, to simplify the communication process. If this is based on the social and cultural background of 
the donor family, most people will accept this, as long as they are informed properly. When there are social, 
cultural or language barriers or difficulties, consider seeking the support of interpreters or friends of the 
possible donor who have a greater level of understanding, integration or knowledge of religious references 
and whose co-operation may be beneficial for the family. These interpreters or friends should be previously 
informed about the donation, so they can support the family and maintain a favourable attitude, and not 
be limited to making a simple translation.

Place of conver-
sation

The conversation should be carried out at the right time, in the right place by the right people. Proper 
preparation reduces the risk for errors, especially when important information is not available. The place of 
conversation should provide ease, and should be located close to the place where their loved one died, to 
enable sight of the deceased again and the chance to say farewell. It is important to provide the family with 
a quiet room, where they can speak freely and unobserved. They should be provided with at least basic 
needs (e.g. telephone, handkerchiefs, water and food).

Establishing 
good contact

Persons conducting conversations with families will encounter different emotional reactions (see Table 4.5). 
It is important to understand such mourning reactions. Further conversation about potential organ dona-
tion requires a good therapeutic relationship with the families.

Sensitivity and 
empathy

Everyone should respect the mourning of families. A check should be made whether organ donation is 
consistent with the will of the deceased person, in accordance with national regulations. This requires inter-
personal skills, sensitivity and empathy, without psychological pressure, to avoid complications.

Family accept-
ance of organ 
donation

The conversation about organ donation aims to fulfil the will of the deceased donor and obtain the accept-
ance of the family of organ donation. Regardless of the legal position, acceptance of organ donation by 
relatives must be agreed, and this must not be achieved under pressure. Neither financial nor any material 
benefit can be offered, and nor can donation be conditional on the deceased donation being directed to a 
specific recipient or group of recipients.

Family refusal The family has the right to express their opinion about organ donation, but the will of the deceased, ex-
pressed during life, should be respected if possible.

4.4. Approaching the family about 
donation after brain death

A multidisciplinary team should be responsible 
for planning the approach and discussing organ 

donation with the family. This allows all members of 
the team to be clear about how the discussion will 
proceed: when, where, with whom and what is going 
to be said. This multidisciplinary team should include 
the clinical team involved in the care of the potential 
donor, the donor co-ordinator and where necessary 
the local faith representative [8].

The team should determine:
a� any clinical issues to be clarified,
b� any evidence of the will of the deceased, such 

as registration on national donor registries, 
and next of kin or key family members to be 
involved in the consent process,

c� specific cultural needs and family or faith 
issues to be taken into account.

4.4.1. Information about brain death diagnosis

Irrespective of the consent system for organ 
donation, and differences in practice across countries 
[18-19], a conversation with the family of the potential 
DBD donor is required to convey information about 
brain death and the potential for organ donation [6].

The conversation with the family of a potential 
DBD donor will aim to do the following:

a� inform relatives of the patient’s condition, in-
cluding devastating brain injury, possible 
death, brain death testing and confirmation of 
death [20],

b� support the family by focusing on their emo-
tions and current needs,

c� explain the current situation (with the concept 
of brain death and other aspects of death and 
donation),

d� inform relatives about the potential of dona-
tion, for which the timing is country-specific 
[20],

e� establish the wishes of the deceased about 
organ donation,

f� obtain additional information from relatives 
on medical, social and travel history and risk 
behaviours,

g� obtain family consent or support for organ do-
nation.

Once the diagnosis of death using neurolog-
ical criteria is established, the family should be in-
formed in clear and simple words following the KISS 
rule (Keep It Short and Simple). Any questions about 
brain death, which can be difficult for medical non- 
professionals, must be answered objectively and 
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simply. In the conversation, it must be clear that 
the patient is dead. The word ‘life’ must be avoided. 
Keeping it short and simple means there is more time 
to meet the needs of the affected relatives.

Most ICU clinicians will not have received 
specific training in approaching the families of po-
tential donors. Although the available evidence is 
conflicting, consent rates might be higher when 
donor co- ordinators are involved in family discus-
sions [15, 21]. The donor co-ordinator should first 
ensure that the family understands what is meant by 
death as determined by neurological criteria. Only 
when the family understands that the patient has 
died – or that death is inevitable – should organ do-
nation be discussed.

4.4.2. Information about organ donation

A conversation about organ donation aims to 
fulfil the will of the deceased and to obtain family 
consent or support for donation. Regardless of the 
legal position, such a conversation must aim to 
achieve an acceptance of organ donation by relatives. 
This acceptance cannot be forced or conditional, nor 
should it be achieved under pressure or by offering 
any financial or other material benefit.

It is difficult to proceed with donation when a 
family is strongly against it, even if there is evidence 
that their deceased family member wished to be an 
organ donor. The family has the right to express their 
opinion about organ donation, and clinicians need 
to make a balanced decision whether to continue 
with the donation without the support of the family – 
with the risk of damaging the emotional health of the 
relatives and possibly incurring bad publicity and a 
loss of public confidence in the organ donation pro-
gramme – or whether to follow the wishes of the de-
ceased and continue with the donation.

It might be helpful to use the following when 
discussing a refusal with the family [22]:

a� If the family claims that the deceased (or dying 
patient) did not agree to organ donation or had 
changed their mind, explore the basis on which 
the family gives such a statement.

b� When the family does not know anything about 
the attitude of the deceased to organ donation, 
discuss whether their deceased relative helped 
people generally, e.g. as a blood donor or by 
giving to charity, and how donation could help 
many people to benefit from a transplant.

c� If family members are concerned that the body 
will be disfigured, reassure them that the de-
ceased’s body will be fully respected and offer 
them the possibility of seeing their relative 

once the donation procedure has been com-
pleted.

d� In a case of religious concerns, offer a consul-
tation with a religious leader or representatives.

e� In cases of dissatisfaction with the healthcare 
provided, record the complaints, but explain 
that the issue of organ donation should be kept 
separate.

f� Identify the persons involved in the refusal to 
donate and their role within the family, and 
attempt to communicate with them separately 
to understand and try to address their con-
cerns.

g� Identify whether a disagreement to donation 
by individual family members is based on con-
flicts between family members, conflicts which 
can come to light when a person has died. In 
this case, try to separate the conflict from the 
issue of organ donation and bring the conver-
sation back to what the individual would have 
wanted to happen.

It is helpful to ensure that, following organ do-
nation, the family receives the appropriate care they 
need. In many countries, hospitals have dedicated 
bereavement teams to provide psychological support, 
access to social services, administrative support or 
religious counselling. The clinical team should es-
tablish whether there are any specific religious or 
spiritual requirements of the family and whether 
the family wishes to retain keepsakes such as locks 
of hair or tracing of the heartbeat, or hand and foot 
prints (usually of children). Finally, establish whether 
the family wishes to assist with the final preparation 
of the body following donation, such as washing or 
dressing in certain items of clothing.

Figure 4.1 provides a suggested sequence 
of family care and communication with family 
members, adapted from the Swisstransplant dona-
tion pathway [23]. Table 4.6 summarises some key 
aspects to consider during communication with po-
tential donor family members.

4.5. Approaching the family about 
donation after the circulatory 
determination of death

4.5.1. The family in controlled donation after 
the circulatory determination of death

Any decision on the withdrawal of life-sus-
taining treatment (WLST) should be totally in-
dependent of any consideration of the potential 
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for controlled DCD (cDCD) (see Chapter 12). The 
guiding principle is that the decision on WLST is 
made in a transparent, consistent manner and in-
dependently of the intentions and plans for organ 
donation [24-27]. This eliminates any conflict of in-
terest. No investigation focused on organ donation 
(including consent) can take place before a decision 
on WLST has been taken. However, it may not always 
be possible to separate discussions about WLST and 
donation, if the family members raise the issue of do-
nation themselves. In such cases it must be clarified 
that the treatment of the patient and any decision 
about WLST must come first, before any discussion 
of organ donation.

Although cDCD cases naturally have to follow 
the same general donation principles with regard to 
consent, there are some differences and specificities 
of donation before death occurs. Usually families 
have a longer stay in the ICU, so there is a closer rela-
tion with ICU workers; normally the emotional shock 
is resolved because, when the consent for donation is 
going to be given, the fatal prognosis is assumed. We 
must be aware that donation is a possible situation, 
not a certain one, and families need to be informed 
about this.

It is vital that the family be fully involved in 
discussions about the cDCD process. In addition, the 
family must be given the following information:

a� reassurance that all healthcare at the end of life 
will be provided during the process,

b� the location where the withdrawal of treatment 
will be carried out,

c� the procedure after death diagnosis,
d� the expected time of death (the family need to 

be aware that the dying process could be pro-
longed),

e� the possibility that the person may not die 
within a timeframe consistent with organ do-
nation,

f� reassurance that, if the timing of death pre-
vents organ donation, then tissue donation will 
still be possible following death.

g� reassurance that, if the timing of death pre-
vents organ donation, and tissue donation is 
to happen after death, the donor will be trans-
ferred to a room where the family can remain 
with the dying patient and where privacy will 
be provided.

4.5.2. The family in uncontrolled donation after 
circulatory death

General rules of consent for uncontrolled 
DCD (uDCD) are similar to those of DBD, applied 
according to national regulations. However, in the 

case of organ donation after irreversible cardiac 
arrest, more negative reactions of relatives might be 
expected, but obtaining acceptance of death might be 
easier because death is visible according to the tradi-
tional perception of death (the cessation of a heart-
beat) when compared with DBD [28].

In uDCD, two different situations can be found:
a� The family was present when cardiopulmonary 

resuscitation (CPR) was performed.  
In this situation the family sees all the efforts 
that have been made to save their relative’s life, 
so this situation can lead to a better under-
standing of the patient’s situation.

b� The family was not present when CPR was per-
formed.  
In this situation families do not know what 
care was given, and what was the real situation 
of their relative; the first information that they 
receive is about the relative’s death.

Sudden death usually provokes strong reac-
tions of denial, impotence or guilt, which requires 
understanding. During this first phase, donation 
should not be raised during the discussion, unless 
the family initiates talk about donation. This first 
discussion should be arranged in the emergency de-
partment, following the recommendations on good 
practice [15], e.g. in a private place, with staff allowing 
grief and accompanying the family to see their de-
ceased relative. In this situation, clinical staff must 
be aware that the time available to introduce organ 
donation is shorter than for DBD.

4.6. Approaching the family about 
tissue donation

Conversations with the family on planned tissue 
donation (DBD and DCD) do not generally differ 

from the conversations related to organ donation, de-
scribed above. Therefore, it is best practice to discuss 
donation of organs and tissues within one conversa-
tion with the family.

The experience of working with families sug-
gests that some difficulties and possible opposition 
may occur in donation of tissues like skin, bones and 
eyes when family members may fear disfigurement of 
the body. In these situations, special emphasis should 
be put on the legal and medical obligations to respect 
the body’s appearance. If necessary, some technical 
aspects of donation should be explained, for example 
the use of specific surgical incisions and sutures, or 
suitable prostheses or artificial eyes or bones. (See 
also Chapter 3, Recruitment of potential donors, 
identification and consent in the Guide to the quality 

https://freepub.edqm.eu/publications/AUTOPUB_17/detail
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and safety of tissues and cells for human application, 
4th edition).

4.7. Successful intercultural 
communication

4.7.1. Solutions to cultural and language 
problems

Because of the heterogeneous nature of migrant 
populations in Europe – in terms of language, social 
position, education, occupation, age, residence status, 
ethical and religious identities, economic conditions, 
family, friends and not least their individual experi-
ences – the range of social realities, affiliations and 
identities within this group is enormous.

The transmission of bad news (diagnosis, prog-
nosis, brain death, organ donation) is always difficult 
for the healthcare professionals. For those families 
with a migration background, additional factors 
such as family size, increased visitor frequency and 
language barriers require further preparation for the 
delivery of bad news. In extreme situations, cultural 
and religious factors are particularly important. Ul-
timately, this background can lead to a reduction in 
organ donation.

Clinical staff often underestimate the difficulty 
that laypeople can have in understanding informa-
tion about hospital care. What applies in general also 
applies to people with an immigration background. 
Difficulties in communication with them are often 
attributed only to the lack of a common language. 
Above all, the mediation of emotional content and 
dealing with incriminating situations in the treat-
ment of foreign-language relatives may demand new 
solutions, such as professional translation services. 

Only then can the information be correctly trans-
mitted and the right questions be asked.

Cultural mediators must have:
• good oral language skills in two working 

languages,
• knowledge of translation technology,
• communication skills,
• knowledge of ethical guidelines,
• knowledge about cultural respect,
• ways of dealing with incriminating conversa-

tion situations,
• willingness to train regularly and, if necessary, 

to request supervision [29].

In contrast, individual relatives acting as in-
terpreters can present a challenge. Ideally, it is best 
practice to work with educated interpreters who are 
familiar with the necessary terminology and who 
can explain and translate medical terms [30].

Frequently, patients with a migration back-
ground belong to large family groups with several 
generations. The close contact among family, kinship 
and friends gives each person individual support 
and security so that no one feels alone or isolated. 
In various cultures, the medical visit also represents 
a religious and social duty, which also explains the 
high number of hospital visits and long visits.

Since visitor flows in the ICU are a major 
problem, finding a family principal is recommended. 
Through accurate observation or in conversation, it 
will become clear who the family leader is. This main 
contact person is responsible for the regulation of 
visitor flows, the transfer of information to the family 
circle and so on.

Table 4.7. Issues and solutions in family members’ care

Issue Solutions
Overcome language barriers • Clarify possible language barriers

• If a member of the family does not sufficiently speak the language of the country, an 
interpreter or a colleague who is a native speaker must be consulted

Choose central family contact 
person

• Clarify who is the family principal partner (family head, family interpreter)
• Forward all information about the patient’s health to the contact person, who then 

informs the family group

Clarify if patient belongs to a faith 
community

• The faith and the religious rituals must be determined
• Clarify whether a religious representative should be consulted

Control visitor flows • Make arrangements and assume responsibility (visitor flows, number of visits, attend-
ance)

• Clarify that the time window for visits is restricted by the needs of intensive care unit 
(ICU)/rest for the recovery of patients

• Lay out condolence books for visitors (relatives, friends, etc.) to document their 
participation

Respect cultural and religious 
differences

• Respect religious norms and values, as far as compatible with operation at the ICU
• Create opportunities for prayer and meditation
• Offer farewell facility to the relatives

Source: Development of this model in the Intercultural Workshop of the Austrian Public Health Institute [27].

https://freepub.edqm.eu/publications/AUTOPUB_17/detail
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After clarification of possible problem areas, 
family members’ care can be directly linked to the 
SPIKES (Figure 4.1), NURSE (Table 4.3) and CALM 
(Table 4.4) models.

When there are social, cultural or language 
barriers or difficulties, the support of interpreters 
or friends of the potential donor with a greater level 
of integration or knowledge of religious beliefs may 
be beneficial for the family. These persons should be 
previously informed about donation, so that they can 
support the family and also champion a favourable 
attitude towards donation, rather than be limited 
to making a simple translation. The conversation 
should be planned, and then carried out at the right 
time, in the right place by the right people. Proper 
preparation for the conversation reduces the need for 
improvisation and the likelihood of errors [31-33].

4.7.2. Religious-cultural aspects in the organ 
donation process

Aside from race/ethnicity, religion plays a key 
role for many people in their decision whether to 
become an organ donor. Although all major religions 
support organ, tissue and eye donation, within each 
religion there are different schools of thought. Most 
religious texts allude to the concept of helping the 
needy, which can be extrapolated to include organ 
donation [34].

There is a general consensus in the major reli-
gions that:

• organ donation is an act of charity,
• everyone should make a personal decision 

during their lifetime for or against deceased 
organ donation,

• a just distribution of donor organs is necessary,
• organ trafficking is rejected,
• relatives should be involved in the decision 

about organ donation.

Whether brain-death diagnosis and organ do-
nation are accepted in individual cases depends on 
the personal, religious and ideological attitudes of the 
relatives and on their cultural connections. If during 
the lifetime of the deceased no written declaration of 
intent has been made, the oral or the supposed will 
of the deceased should be ascertained in the family 
discussion.

There is no Europe-wide religious statement 
from churches on organ donation, but each country 
may have or should ask for statements from all ex-
isting religious groups [34]. The Christian churches 
accept the death of the brain as a defined death of 
humans and describe organ donation as an act of 

charity. In some other religions and cultures, brain 
death and the ethical basis of organ donation are con-
troversial, or even rejected [35].

This is also the reason why ICU professionals 
are met with incomprehension and contradiction 
from relatives with other cultural-religious back-
grounds, regarding both the acceptance of observed 
brain death and the acceptability of organ donation 
[36].

It is crucial to know the religion, culture and 
world view of patients and their relatives in order to 
minimise possible conflicts.

4.7.3. Recommendations in response to 
religious-cultural aspects of organ 
donation

We cannot be prescriptive about people’s faith, 
beliefs, values and traditions, which are unique to each 
individual. The overarching aim of the hospital staff 
who are in conversation with the family is to identify 
and meet these unique needs as part of the routine 
person-centred care at the end of life. We should first 
ask of the family, from a place of curiosity, empathy 
and humility, ‘I know how important it is for families 
to make a decision in a way that honours their faith, 
beliefs, values and traditions, and I want to be able to 
support you at this time by understanding as much 
as I can about your faith and beliefs, so please help 
me understand: what is important for you right now?’

Taking into account the main factors that in-
fluence the moment of donation, which are language 
barriers, absence of donation culture in the country 
of origin, refusal to donate because of a belief that 
their religion prohibits it, rejection of donation 
because they think that this will prevent the perfor-
mance of their funeral rituals and lastly difficulties in 
family communication, often due to remoteness, it is 
recommended to:

• develop information and awareness pro-
grammes on donation and transplantation 
aimed at migrant populations to be able to 
achieve their full integration into the process,

• promote collaboration between the transplant 
network and cultural mediators, defining 
their role within transplant co-ordination and 
training them adequately,

• strengthen relationships with the most rep-
resentative social organisations of different 
groups,

• ensure specific training for cultural mediators 
and translators.
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4.8. Communication training

The training of all professionals – doctors, nurses, 
co-ordinators and staff from the ICU, especially 

those who are involved in family interviews, com-
munication of bad news and discussion of organ do-
nation – is essential [37]. Their skills in verbal and 
non-verbal interpersonal communication are vital in 
establishing a relationship with the family. It is also 
important for the professionals involved to receive 
specific training to help them avoid the emotional 
overload that this type of work may induce.

It is recommended that hospital quality systems 
in organ donation should promote specific communi-
cation training of professionals in critical care units 
through continuing professional education.

The basics and techniques of interviewing must 
be offered during training through practical exer-
cises, including simulated exercises such as breaking 
bad news, dealing with the fears and grief of relatives 
and dealing with dying, death and organ donation. It 
is helpful to use specialised, trained actors to take on 
the role of family members in specific situations. The 
feedback of the member–actor, doctor and nurse will 
provide effective and fundamental learning to over-
come any conflicts in the organ donation process.

4.9. Conclusion

The sudden death of a family member is associated 
with profound sadness, insecurity and anxiety. 

This makes communication with the relatives a chal-
lenge for doctors and nurses. In addition to medical 
expertise, social and emotional skills are also re-
quired. This chapter has set out the key mechanisms 
for establishing consent – or at least minimising the 
refusal rate for organ and tissue donation – and for 
communication with bereaved families. It also rec-
ognises the specific skills required to respond to the 
issues raised by families.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
randomised clinical trials, should focus on the 
following research gaps:
1 Role of families in decision-making and debriefing.
2 Identification of factors that influence a positive or 

negative decision regarding organ donation.
3 Qualitative research on the experience of 

professionals discussing donation opportunities with 
relatives of potential deceased donors.

4 Qualitative research on the experience of families 
who have been approached to discuss donation 
opportunities.

5 Evaluation of the impact that organ donation has on 
the grieving process of families.
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Chapter 5. Management of the potential donor

5.1. Introduction

The irreversible loss of the entire functions of the 
brain, as the consequence of a devastating brain 

injury, is responsible for pathophysiological effects 
and clinical conditions that should be promptly iden-
tified and treated.

Aggressive donor management (ADM) proto-
cols include early identification of possible donors, 
management at the intensive care unit (ICU) by dedi-
cated personnel and early, aggressive use of fluid 
resuscitation, vasopressors and hormone therapy. 
Implementation of standardised ADM protocols 
gives priority to the management of all critically 
brain-injured patients identified as possible organ 
donors, allowing for a timely determination of death 
determined by neurological criteria, or brain death 
(BD). ADM protocols result in increased numbers of 
organs procured per donor [1]. Therefore, ADM is an 
essential component of the process of donation after 
brain death (DBD).

Organ-protective intensive care therapy is the 
first step towards successful and durable transplan-
tation. To protect organs intended for transplanta-
tion from damage and to maintain functional organ 
quality at the time of procurement, optimal therapy 
should be based on specific targets and well-defined 
donor-management goals, particularly in the case of 
extended criteria donors (see Chapter 7) [2-8]. The 
basic standards of appropriate intensive care med-
icine and therapy aimed at saving a patient’s life 
already include all aspects of ADM protocols and 
organ- protective intensive care therapy after BD, pro-

viding continuous protection to any tissue or organ 
[9].

5.2. Pathophysiological changes 
caused by brain death

Significant brain injury of any aetiology causes 
the onset of a systemic pro-inflammatory re-

sponse syndrome (SIRS) prior to the occurrence of 
BD. Typical effects of SIRS are leukocyte mobilisa-
tion and release of inflammatory mediators, genera-
tion of reactive oxygen mediators, increased vascular 
permeability and organ dysfunction. BD also creates 
a variety of inflammatory, haemodynamic and en-
docrine effects, which may lead to significant organ 
injury prior to organ procurement.

BD causes a typical haemodynamic pattern 
with consecutive dysregulation as a result of the 
loss of central control of the cardiovascular system, 
the respiratory command, the baro- and chemo- 
receptors and the hypothalamic-pituitary axis. The 
pathophysiological changes evolve in two phases: 

a� The agonal period occurring just before 
BD, a period which is characterised by a 
catechola mine surge (autonomic storm) re-
sponsible for transient episodes of tachycardia–
tachyarrhythmias and hypertension:  a 
physiological response to maintain cerebral 
and coronary perfusion, associated with re-
distribution of regional blood flow, increased 
after load and visceral ischaemia/injury.

b� The agonal period is followed by the cessation 
of central regulatory mechanisms as soon as 
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residual brain-stem functionality disappears 
because of the gradual arrest of central sympa-
thetic adrenergic regulation.

As a consequence of the irreversible loss of 
brain function, the most common clinical pattern in 
BD patients is [10] a combination of: 

a� haemodynamic instability and cardiovascular 
dysfunction, caused by gradual cessation of 
central sympathetic adrenergic cardiovas-
cular regulation, which is often compared to a 
sepsis-like or post-cardiac arrest syndrome due 
to the inflammatory response (up-regulation of 
pro-inflammatory cytokines) and ischaemia–
reperfusion phenomena,

b� hypothermia due to the loss of hypothalamic 
thermoregulation,

c� the development of central diabetes insipidus 
as a result of hypothalamic-pituitary-axis loss 
of function,

d� reduced CO2 production due to decreased met-
abolic activity.

These effects should be promptly and aggres-
sively treated, to diminish the damage to organs that 
could be procured for transplantation. Cardiovas-
cular, pulmonary and metabolic management form 
the cornerstones of potential organ-donor manage-
ment. To achieve the goals of optimal donor care, the 
use of comprehensive monitoring and close observa-
tion of the donor is necessary.

Treatment regimens of the potential DBD 
donor should consider the following pathophysiolog-
ical changes: 

a� Catecholamine surge or burst (autonomic 
storm), which occurs during the short period 
just before BD and is characterised by: 

i. hypertension,
ii. tachyarrhythmias,

iii. pulmonary oedema,
iv. raised vascular resistance,
v. disseminated intravascular coagulation,

vi. restricted capillary functions,
vii. myocardial dysfunction.

b� The cessation of central regulatory mecha-
nisms, which occurs as soon as residual brain-
stem functionality disappears, is characterised 
by: 

i. reduced cardiac output,
ii. hypovolaemia,

iii. hypotension,
iv. hypokalaemia,
v. hypernatraemia,

vi. hypothermia,
vii. hypocapnia,

viii. diffuse inflammatory response,
ix. diabetes insipidus.

Therefore it is important to: 
a� detect and correct hypovolaemia, reduced 

cardiac function, reduced systemic vascular 
resistance,

b� detect and correct metabolic and endocrine 
abnormalities, e.g. hypernatraemia, hypokala-
emia, blood glucose abnormalities,

c� prevent hypothermia.

Table 5.1. lists the incidence of the most 
common physiological derangements that are asso-
ciated with BD.

Table 5.1. Common physiological derangements 
associated with brain death

Derangement Incidence %
Hypotension 81

Diabetes insipidus 65

Disseminated intravascular coagulation 28

Cardiac arrhythmias 25

Pulmonary oedema 18

Metabolic acidosis 11

Source:  FA Hensley, DE Martin, GP Gravlee. A practical approach to 
cardiac anesthesia. 5th edition (23 October 2012) [8].

5.3. Monitoring and target 
parameters

Organ-protective intensive care therapy based 
on standardised critical care end-points (see 

Table 5.2) aims to achieve an increase in both the 
quality and the number of transplanted organs [10].

Basic monitoring (pulse oximetry, invasive ar-
terial pressure, central venous pressure (CVP), core 
temperature, urinary output) is not enough whenever 
the potential donor is haemodynamically unstable or 
when a thoracic organ may be considered for trans-
plantation:  in these cases, additional parameters (see 
Table 5.3) should be monitored, using any of three 
methods – echocardiography, minimally invasive 
cardiac output monitoring or pulmonary artery cath-
eterisation – to improve the quality and the number 
of utilised organs [11].
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Table 5.2. Basic monitoring parameters in critical care and target ranges in adults

Basic parameters Target range (adults) Suggested frequency of monitoring
Central body temperature 36 °C to 37 °C * Continuously

Invasive mean arterial pressure (MAP) 60-75 mmHg Continuously

Heart rate ** 70-100/min ** Continuously

Urine output  0.5 to 1.5  mL/kg/h Hourly

Central venous pressure (CVP) 6–12 mmHg Continuously

Peripheral arterial oxygen saturation 
(SpO2)

> 95 % Continuously

Arterial blood gas, pH 7.35–7.45 Every 2 to 4 hours or as needed

Na 135–145 mmol/L Every 2 to 4 hours or as needed

K 3.5–4.5 mmol/L Every 2 to 4 hours or as needed

Blood glucose < 180 mg/dL (8.3 mmol/L) Every 2 to 4 hours or as needed

Plasma biochemistry, urine sediment, 
C-reactive protein

Every 12 hours or as needed

Calcium level Normal range Every 2 to 4 hours or as needed

Haemoglobin ≥ 7 g/dL (≥ 4.4-5.6 mmol/L) Every 6 hours or as needed

Platelets > 50 G/L Every 12 hours or as needed

Prothrombin time/partial thromboplas-
tin time

within acceptable range to avoiding 
bleeding †

Every 12 hours or as needed

Magnesia level Normal range Every 12-24 hours

Notes: 
* Mild hypothermia (34 to 35 ºC) may be considered to reduce the rate of delayed graft function in kidney recipients of organ donors 
after brain death [12].

** Due to failure of the vagus node, sinus tachycardia will be observed;  if there are no actual or expected cardiac complications, heart 
rates up to 120/min can be accepted, especially when inotropes or catecholamines are applied.
† Reference range depends on methods of measurement as well as type of documentation of coagulation parameters;  this varies 
between countries and therefore must be checked locally with the target documented.
Regular evaluation of the fluid balance (input–output) and laboratory monitoring of urine gravity and ionograms (both on plasma 
and urine samples) are required to ensure electrolytic balance. Further revaluation should be done according to the donor instability;  
however, for potential lung donors, PaO2/FiO2 should be checked at least every 4 hours and recruitment manoeuvres should be 
performed hourly from BD until organ procurement [13-14].

Table 5.3. Additional monitoring parameters in 
haemodynamically unstable donors and in donors of 
thoracic organs

Additional parameters Target range
Cardiac index 2.0-5.0 L/min/m2

Stroke volume index 40-60 mL/m2

Pulmonary arterial occlusion 
pressure

< 12 mmHg

Systemic vascular resistance 
index

2000 ± 500 dyn 
× s/cm5/m2

Intra-thoracic blood volume 
index

850-1000 mL/m2

Extravascular lung water index 3-7 mL/kg

Central venous oxygen saturation 
(ScvO2) %

70 %

5.4. Specific considerations

5.4.1. Hypotension due to hypovolaemia and 
fluid replacement

Hypovolaemia, absolute or relative, is frequent 
in BD because of the cessation of central stimula-
tion of the vascular bed and up-regulation of pro- 

inflammatory cytokines. Large volumes of fluid 
replacement may be necessary to stabilise the circu-
latory system and to maintain organ perfusion. The 
choice of i.v. fluids and the rate of administration 
should also take into account any volume restric-
tions or prior dehydrating measures to treat cerebral 
oedema or cardiac complications before BD, as well 
as uncontrolled diabetes insipidus (DI). Measures 
should be taken to evaluate the response to fluid re-
suscitation and to avoid fluid overload effects on the 
respiratory system, guided by a monitoring system 
ensuring the precise haemodynamic profile and left 
ventricular filling pressure.

Administration of crystalloids or colloid solu-
tions aims to correct intravascular deficit. If large 
volumes of crystalloid solutions are given, balanced 
salt solutions may help avoid hyperchloraemic 
acidosis.

There are still controversies about the use 
of hydroxyethylamidons in case of distributive 
shock. According to some authors, new-generation 
rapidly degradable hydroxyethyl starch solutions 
with a low degree of substitution seem to have less 
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risk of nephrotoxicity (osmotic nephrosis) on donor 
kidneys and can be administered with a restriction 
of maximal dose of 33 mL/kg/day on the first day and 
20 mL/kg/day on subsequent days. This complica-
tion was initially described with the first-generation 
hydroxy ethylamidons in DBD kidney donors [15-
17]. The European Society of Intensive Care Med-
icine (ESICM) recommends colloids not be used in 
patients with head injury, and gelatins and hydrox-
yethyl starch not be administered in organ donors 
[18]. Though this issue is currently the focus of con-
siderable debate, the use of colloids may be accept-
able as bolus infusion to resolve as quickly as possible 
maintained hypotension [19];  several ongoing trials 
are likely to provide new data in the very near future 

– until then, colloids are usually not recommended in 
organ donors.

Figure 5.1. Management of polyuria in the potential 
donor after brain death

Exclude secondary polyuria
• Osmotic (Mannitol, hyperglycaemia)

• Induced (diuretic)
• Adapted (�uid overload)

Medical 
history

Urinary and 
blood sample

Polyuria > 2 mL/kg/h

Conrm diabetes insipidus
• Urine speci�c gravity below 1.005 g/ml

• Trend towards 
hypernatraemia/hyperosmolarity

Treatment

Symptomatic
• Compensate 

polyuria
• Dextrose 2.5% 

+ electrolytes
• Glycaemic control

Specic
• Desmopressin

(0.5–1 µg IV
every 6 to 12 h)
• Goal: diuresis

0.5–1.5 mL/kg/h
Lab monitoring

Source:  Cheisson G, Duranteau J. Modalités de la prise en charge 
hémodynamique [21].

Competing requirements for organ perfusion 
may produce antagonistic strategies such as fluid re-
placement or a high value of positive end-expiratory 
pressure (PEEP). Attentive bedside multi-organ donor 
management supports adequate perfusion to vital 
organ systems even with CVP < 6 mmHg. A strict 
fluid balance can avoid volume overload, increasing 
the rate of lung grafts available for transplantation 
without impacting either kidney graft survival or the 
rate of delayed graft function [20].

5.4.2. Endocrine management

5.4.2.1.  Central diabetes insipidus
Central DI is commonly observed (approxi-

mately 65 % of DBD donors). Its management should 
be initiated promptly, as shown in Figure 5.1 [21]. DI 
is caused by a lack of anti-diuretic hormone (ADH) 
produced by the hypothalamic-pituitary axis. DI 
is characterised by polyuria, with a urine volume 
> 2 mL/kg/h, urine specific gravity of < 1.005 and de-
velopment of hypernatraemia. Also hypokalaemia 
can occur. Untreated, this pathology causes rapid and 
significant fluid loss (water deficiency) and a severe 
electrolyte imbalance (especially hypernatraemia) [2, 
4-5, 7, 22-23].

Treatment of central DI (see also Figure 5.1) in-
cludes the following steps [22]: 

a� Anti-diuretic hormone replacement:  first-line 
medication is desmopressin (1-4.0 µg intrave-
nous bolus)

i. If there is a marked decrease of diuresis (possi-
ble anuria), a lack of fluid volume is likely and 
fluid balance must be restored. There is no indi-
cation for the application of diuretics.

ii. In persistent polyuria, the blood sugar level 
must be checked to exclude osmotic diuresis 
(and corrected if necessary) before further ad-
ministration of desmopressin.

iii. Repeated titrated application of desmopres-
sin is necessary if symptoms of DI recur. 
As an alternative to desmopressin, vasopressin 
may be continuously administered at a dosage 
of 0.8-1 IU/h (anti-diuretic effect).

b� Sufficient fluid volume replacement, with man-
datory monitoring of electrolyte and blood 
glucose levels: 

i. In cases of hypernatraemia with hypovolaemia, 
water should be administered via a nasogastric 
tube, and intravascular volume should be re-
stored with isotonic sodium chloride prior to 
water-deficits correction by 5 % glucose solu-
tion combined with insulin, while monitoring 
blood glucose levels.

ii.  In cases of hypernatraemia without fluid de-
pletion, administration of electrolyte-free solu-
tions alone should be avoided because of the 
risk of over-hydration. In these cases, furosem-
ide should be administered and the volume of 
urine excreted hourly should be replaced with 
5 % glucose solution (alternatively, haemodial-
ysis or haemoperfusion should be considered).
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5.4.2.2. Further endocrine substitution
The benefit of additional exogenous hormonal 

supplementation continues to be controversial 
because of conflicting evidence. Until confirmative 
results are available, hormone-replacement therapy 
should be reserved for unstable patients despite 
optimal haemodynamic care [2-3, 23].

Especially in haemodynamically unstable 
donors, methylprednisolone should be adminis-
tered immediately after BD causing septic shock-like 
symptoms, given the anticipated up-regulation of pro- 
inflammatory cytokines due to its ability to increase 
production of endogenous epinephrine, and the posi-
tive impact on lungs and liver transplant functioning. 
The use of methylprednisolone (bolus 15 mg/kg) at 
the time of BD is commonly recommended for hae-
modynamic and lung-protective effects and has been 
shown to improve donor oxygenation and lung utili-
sation, although further research is needed to assess 
the effect of steroids in lung donors [24].

Alternatively, early substitutive administration 
of hydrocortisone can be performed (100 mg bolus 
initially, 200 mg/day continuous administration) 
[24-27]. Early substitutive administration of gluco-
corticoids in a potential DBD donor with circulatory 
failure allows significant reduction of the cumula-
tive amount and duration of vasopressor therapy. In 
cases of steroid supplementation, glucose dysregu-
lation must be corrected by insulin administration 
(target blood glucose < 150 mg/dL (< 8.3 mmol/L)) 
to exclude polyuria due to glucosuria. Insulin infu-
sion may provide benefits of anti-inflammation and 
reduced cytokines in addition to the benefits of good 
glycaemic control.

Retrospective studies have shown improved 
organ donation rates and transplant outcomes with 
donor steroid treatment, though there is no evi-
dence from randomised clinical trials (RCTs) across 
heart, lung, liver and kidney transplantation that 
donor treatment with steroids improves organ do-
nation/transplant rates or transplant outcomes. (See 
Appendix 7.)

The lack of large prospective randomised 
studies about the benefit of routine administration 
of tri-iodothyronine (T3) precludes recommendation 
of this option. However, it may be useful in unstable 
potential donors unresponsive to volume loading and 
restoration of vascular tone as a rescue therapy com-
bined with vasopressin and methylprednisolone [28].

Many retrospective studies demonstrate im-
proved organ procurement rates from donors treated 
with thyroid hormones, but this benefit has not been 
confirmed by a  randomised controlled trial. (See 
Appendix 7.)

5.4.3. Persistent arterial hypotension and use 
of vasopressors

A target mean arterial pressure of 60–75 mmHg 
should be achieved in adults, with diuresis 
of  0.5–1.5 mL/kg/h. This can be achieved by: 

a� discontinuation of all medications with hypo-
tensive effects or side-effects,

b� replacing volume deficits with crystalloid/
colloid solutions up to a CVP 4-12 mmHg 
(4-8 mmHg in potential lung donors).

If adequate mean arterial pressure cannot be 
achieved by fluid replacement, then vasopressors are 
indicated.

5.4.3.1. Vasopressors
Despite fluid replacement, administration of 

vasopressors frequently becomes necessary. However, 
most donor co-ordinators and critical care physicians 
rely on the measurement of CVP as an indirect indi-
cator of fluid status [29, 30]. Nevertheless, extended 
haemodynamic monitoring (e.g. echocardiography, 
minimally invasive cardiac output measurements 
or pulmonary artery catheter) should be highly 
recommended in donors with persistent hypoten-
sion. This will facilitate determination of the precise 
haemodynamic profile and causes of hypotension 
(see Figure 5.2) [31-33]. The use of extended haemo-
dynamic monitoring and other parameters, such as 
extravascular lung water, has been recently proposed 
to improve the number of lungs available for trans-
plantation [14, 34].

a� Norepinephrine is often the first choice vaso-
pressor in these cases and should be adminis-
tered until the target mean arterial pressure is 
reached. An ongoing dose exceeding 0.2 µg/kg/
min should raise serious concerns about the 
possible complications mentioned below.

b� Myocardial dysfunction can be assessed and 
quantified by echocardiography. In such cases, 
administration of an inotropic drug, such as 
dobutamine in association with norepineph-
rine, is recommended.

c� Vasopressin (1 IU as bolus, 0.5-4 IU/h as a rec-
ommended dose) is still under evaluation for 
its use in DBD donors as a way to gradually 
reduce vasopressor administration, while 
maintaining target parameters after appro-
priate correction of all other issues to decrease 
vasopressor dosages. Given vasopressin’s lack 
of cardiotoxicity and as a result of normalisa-
tion of systemic vascular resistance, cardiac 
function can be improved. As a result, in a 
study, the number of transplantable hearts 
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(most of which had initially been evaluated as 
unsuitable for transplantation) rose by 35 % [31-
32].

d� An ongoing dose exceeding 0.5 μg/kg/min 
should raise serious concerns about the pos-
sible complications mentioned below. The 
pre-treatment of donors with low doses of do-
pamine (< 4 μg/kg/min) has been shown to 
reduce the need for dialysis after kidney trans-
plantation without a significant clinical impact 
on graft or patient survival as well as to mit-
igate cold preservation injury to cardiomyo-
cytes in heart grafts [33, 35]. Since dopamine 
directly interacts with the cellular membrane 
and is capable of protecting endothelial cells 
from oxidative stress during cold storage, the 
application of low-dose dopamine is intended 
to protect kidney grafts from damage related 
to prolonged ischaemia time exclusively (and 
not as vasopressor). This was confirmed by the 
randomised trial conducted by Schnülle et al� 
in the sub-cohort of grafts exposed to long is-
chaemia times, by reducing the rate of delayed 
graft function [35]. On the contrary, high doses 
of dopamine (> 10 μg/kg/min) must be avoided 

because, due to its action on α-adrenergic re-
ceptors, it can induce a progressive renal and 
systemic vasoconstriction, as well as the deple-
tion of endogenous norepinephrine and of ATP 
(adenosine triphosphate) reserves in the organs, 
and it can affect their function after transplan-
tation, especially in the case of the heart.

Whenever the administration of catechola-
mines is guided by direct cardiac output measure-
ment (minimal dose to maintain an ideal cardiac 
output and systemic vascular resistance), donor 
co-ordinators and ICU physicians should not be 
worried about dose requirements.

5.4.3.2. Ventilation, infusion and pumping
The Ventilation, Infusion and Pumping/Pres-

sure (VIP) approach (Figure 5.3) is a simple mne-
monic originally proposed to bring together key 
aspects of the management of shock states [36]. An 
adapted version of the VIP approach was proposed 
providing a systematic sequence of procedures aimed 
at restoring oxygen delivery (DO2) by adjusting me-
chanical ventilation, fluid and drug infusions, and 
maintaining heart function (pumping/pressure).

Figure 5.2. Haemodynamic objectives and care in the management of the potential donor after brain death
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109

5. MANAGEMENT OF THE POTENTIAL DONOR

A bedside checklist based on the adapted VIP 
approach was implemented as a quality improvement 
intervention in 27 hospitals over 24 months. The ad-
herence to the goal checklist was associated with a 
reduction of the odds of cardiac arrest episodes (the 
number of cardiac arrest episodes was inversely pro-
portional to the number of treatment goals met), 
an increase in actual donors and in the number of 
organs procured per donor [36]. An adequate under-
standing of BD pathophysiology and related organ 
damage is needed in order to tailor the treatment of 
circulatory instability and to optimise the timing of 
organ procurement. The ‘relax and repair’ approach 
and an active ‘wait, treat and see’ have been suggested 
to increase the number and quality of kidney and 
heart transplants [36].

5.4.3.3. Cardiac arrest
The management of episodes of cardiac arrest 

in potential organ donors should be based on the 
European Resuscitation Council guidelines [37-38]. 
Cardiac arrest should not occur, particularly when 
other therapeutic options are available (e.g. ECMO), 
hence this is an exceptional complication.

5.4.4. Hypokalaemia/hypernatraemia

Hypokalaemia can be corrected by replacing 
potassium. Normalisation of elevated serum sodium 
levels may be difficult. When hypernatraemia exists 
in combination with volume deficiency – CVP 
< 7 mmHg (see §5.4.2.1) – water, through a nasogastric 
tube, and 5 % glucose solution (together with insulin) 
may be administered as an infusion (after isotonic 
sodium chloride to restore intravascular volume). 
Blood glucose and potassium levels should also be 
monitored. As there is a sharp decline in the meta-
bolic rate of donors, administration of large volumes 
of 5 % glucose solution may lead to severe hyper-
glycaemia, with consequent osmotic diuresis, if not 
properly monitored. In the case of hypernatraemia 
with adequate blood volume or hypervolaemia (CVP 
> 10 mmHg), administration of electrolyte-free solu-
tions alone will cause over-hydration. In such cases, 
furosemide should be administered and the volume 
of urine excreted hourly should be replaced with 
5 % glucose solution. Administration of clear water 
through the nasogastric tube may help to achieve 
normonatraemia.

5.4.5. Hypothermia and dysregulation of body 
temperature

A minimum body temperature of 35 °C-37 °C 
should be maintained in DBD donors. This can be 
achieved by: 

a� reducing passive heat loss by covering the 
donor with, for example, metal foil, using elec-
tric blankets and hot-air blowers,

b� heat-infusion solutions in water baths or 
special infusion heaters.

Untreated and/or uncontrolled hypothermia 
(< 35 °C) causes numerous complications that impair 
the transplant success of organs, such as: 

a� In general it is seen that metabolic activity, 
energy and oxygen consumption of the organs 
fall at lower body temperatures. This causes 
adaptive impairment of organ function (heart, 
liver and/or kidneys), which may have a nega-
tive impact on organ-related functional diag-
noses. At the same time, hyperglycaemia may 
increase as insulin production and insulin effi-
cacy are reduced and the rate of glucose metab-
olism decreases.

b� Cardiac contractility declines and the risk 
of arrhythmia increases, both resulting in 
under-perfusion of the organs.

c� Erythrocyte flexibility declines, causing dis-
ruption to micro-circulation in the organs and 
reducing oxygen release into the tissues.

d� Hypothermia enhances coagulation disorders.

In some cases, hyperthermia (> 38 °C) may 
occur because of failure of central temperature regu-
lation and SIRS without infection, or because of SIRS 
combined with a relevant infection (in which case the 
cause should be sought and proper treatment should 
be initiated).

There is extremely limited clinical evidence 
for the use of therapeutic hypothermia for donors 
following brain death, but there is one RCT in renal 
transplantation that does show a significant reduction 
in DGF [12]. The same effect on reducing DGF is sup-
ported by one large cohort study. (See Appendix 9.)

5.4.6. Spinal vegetative dysregulation and 
movements

The typical indicative parameters are hyper-
tension, tachycardia and massive reflex movements.
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5.4.7. Lung-protective treatment and 
ventilation

Lung grafts are procured in only 15-20 % of all 
multi-organ donors. Lungs are susceptible to damage 
by a number of factors, e.g. resuscitation manoeuvres, 
neurogenic oedema, pneumonia and aspiration of 
gastric content, SIRS (occurring before, during and 
after BD) and suboptimal mechanical ventilation. 
Alveolar recruitment measures should always be 
carried out regularly in all potential donors, not only 
for reversing pulmonary deterioration, but also as a 
preventive management measure in cases with PaO2/
FiO2 higher than 300 mmHg (40.0 kPa) or a normal 
chest X-ray.

Nowadays a lung-protective strategy [13, 39] 
in donor ventilation is recommended, which is 
equivalent to standard patient care, with the goal 
of increasing the number of lungs eligible for trans-
plantation. It has been shown that lung-protective 
protocols of this kind are easily applied in all types 
of centre, without requiring any specific training 
[14], and may therefore help to relieve the shortage of 
lungs for transplantation. A lung-protective strategy 
is based on: 

a� protective ventilation with low tidal volume, 
ventilator recruitment manoeuvres, high PEEP 
value, fluid restriction with reduced target ex-

travascular lung water values (see Table 5.3),
b� invasive haemodynamic monitoring to opti-

mise haemodynamic parameters,
c� use of steroids.

This strategy includes methods to prevent ate-
lectasis and infection through these precautions: 

• continuous mucolysis,
• humidification of respiratory gases,
• aspiration of secretions,
• changes of body position and head-of-bed ele-

vation (if no contraindications),
• disinfection of the hands preceding measures 

on the respiratory tract,
• oral care and oral decontamination,
• avoidance of oral aspiration (e.g., by using cuff 

pressure measuring and subglottic secretion 
drainage).

The targeted parameters, particularly if lung 
procurement is planned, are: 

a� PaCO2 of 35–40 mmHg (4.6–5.3 kPa),
b� PaO2 of 80–100 mmHg (10.6–13.3 kPa),
c� PEEP ≥ 5 cm H2O, even in cases of adequate 

oxygenation levels,
d� pH of 7.3–7.5.

Table 5.4. Interventions for a lung-protective strategy

Intervention Comment/Recommendation
Apnoea test It should be performed with ventilator on CPAP mode. It is recommended to perform 

a single recruitment manoeuvre immediately after testing with attention to haemo-
dynamic instability

Mechanical ventilation Lowest FiO2 possible
Plateau pressure < 30 cm H2O
PEEP 8-10 cm H2O (a high PEEP prevents lung oedema and helps prevent atelectasis)*
Tidal volume 6-8 mL/kg

Recruitment manoeuvres** Once per hour and after every disconnection from the ventilator

Bronchoscopy With bilateral bronchoalveolar lavage, immediately after brain death

Close monitoring of haemodynam-
ics [25-26]

With PiCCO or equivalent monitor
EVLW < 10 mL/kg (administering diuretics, if necessary)
CVP < 8 mmHg

Methylprednisolone 15 mg/kg after brain death declaration

Semi-lateral decubitus position In lung donors with PaO2/FiO2 <300 mmHg

Closed circuit for tracheal suction Any loss of pressurisation caused by tube disconnection must be avoided to decrease 
the risk of atelectasis

Avoid any decrease in oxygenation Appropriate ventilation should be ensured during stay at ICU, during any transfer within 
the hospital and during surgery in the operating theatre at procurement with a target 
PaO2/FiO2 > 300 mmHg (> 40.0 kPa)

Note:  CPAP:  continuous positive airway pressure. CVP:  central venous pressure. EVLW:  extravascular lung water. FiO2:  fraction of 
inspired oxygen. ICU:  intensive care unit. PEEP:  positive end-expiratory pressure.

* Optimal ventilator settings in a protective mechanical ventilation include lowering the driving pressure (ΔP=plateau pressure minus 
PEEP), appropriate target being probably < 14 cm H2O [40] or a bit higher < 19 [41-43].

** Suggested technique:  controlled ventilation (plateau pressure limit of 35 mm Hg) with PEEP of 18-20 cm H2O for 1 minute, and 
decreased 2 cm H2O each minute;  after that we increased 50 % tidal volumes for 10 breaths [14, 15, 35, 39].
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Uncorrected hypocapnia in a donor, due to 
prior hyperventilation to lower cerebral blood volume 
and intracranial pressure, causes severe respiratory 
alkalosis. This has an impact on circulation and the 
oxygen-binding (oxygen-dissociation) curve because 
of reduced metabolism of the donor after brain death.

A lung-protective strategy aimed at improving 
lung function and protection in order to enable lung 
donation is summarised in Table 5.4 [13, 14, 34, 39].

5.4.8. Nutritional support

Patients admitted to critical care units are 
usually submitted to enteral nutrition as early as pos-
sible, either exclusively or combined with parenteral 
nutrition, providing no contraindications to enteral 
nutrition exist. This nutrition strategy prevents bac-
terial translocation through gut mucosa, which can 
lead to further infectious complications. The DBD 
donor has no vagal stimulation of the gastrointestinal 
tract, thus an impaired gastric and enteral motility, 
which may lead to limited tolerance of high-volume 
enteral feeding. Worldwide, there is no uniform 
policy on donor feeding or fasting.

The Consensus statement of the Society of 
Critical Care Medicine and others on the manage-
ment of potential donors recommends that, in the 
absence of contraindications, enteral feeding of the 

donor should be continued, because it is suggested 
that hepatic glycogen reserves may provide nutrients 
during cold ischaemia time, thus improving liver 
graft function [44]. One randomised open-label trial 
of DBD donors found no difference in all-cause recip-
ient mortality at 6 months regardless of feeding status 
of the donors, but it showed increased resting energy 
expenditures in donors who received corticosteroids 
as a part of donor management [45]. Further investi-
gations are needed in this area, with the aim to define 
the best strategy of enteral nutrition regarding type 
and volume of nutrition, especially in DBD donors 
receiving corticosteroid therapy.

Special consideration of enteral nutrition 
should be taken into account in intestinal donors. 
Animal models have demonstrated gut mucosa and 
villus height decline within 12 hours of the fasting 
state before organ procurement, compared to fed 
animals [46]. Although this has not been tested in 
humans, it seems reasonable to consider continua-
tion of enteral feeding in potential intestinal donors. 
If the enteral approach is contraindicated, sterile fluid 
should be administered through the gastric tube [47].

5.4.9. Haemostasis during organ retrieval

Abnormalities in haemostasis, which frequently 
occur in DBD donors, are linked to the destruction of 

Figure 5.3. Pathophysiology of haemodynamic instability after brain death and the adapted ventilation, 
infusion and pump/pressure (VIP) approach for clinical maintenance of potential brain-dead donors
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cerebral tissues (by disseminated intravascular coag-
ulation, fibrinolysis).

Platelets and haemostatic factors should be 
monitored and maintained until the end of the pro-
curement procedure, at the following levels: 

a� platelets > 50 G/L,
b� fibrinogen > 1 g/L (> 100 mg/dL),
c� prothrombin time > 40 % and/or TCA ratio 

< 1.5.

Transfusion of erythrocyte concentrates 
should also be planned to maintain oxygen transport 
capacity. The critical haematocrit for DBD donors 
depends on age and previous medical history. Inter-
national guidelines and other sources recommend 
taking surrogate parameters (central venous satu-
ration > 70 %, normal range for serum lactic acid 
concentration) as a basis. Haematocrit levels of over 
20 % should be targeted in cases where circulation is 
stable, and over 30 % in cases of circulatory instability 
(transfusion of packed red blood cells in DBD donors 
is associated with a lower rate of delayed graft renal 
function [48]). However, these transfusional targets 
have to be considered with precaution as it is pos-
sible that haemodilution increases the risk of false 
negative results in serology of donors;  other risks are 
inflammatory activation related to the time of the 
blood collection (either for red blood cells or fresh 
frozen plasma), donor’s lung injury and transmission 
of virus diseases to organ recipients [49].

Cytomegalovirus (CMV) transmission is pre-
vented by transfusion of leukocyte-depleted blood 
products (particularly erythrocytes and platelets 
concentrates), a treatment which is consistent with 
the fact that CMV is a leukocyte-associated pathogen. 
CMV is a major concern when it comes to trans-
fusing organ donors or immunocompromised organ 
recipients. For this reason, organ recipients, but also 
organ donors, are given CMV-seronegative or leuko-
cyte-depleted blood products, even where this risk is 
generally considered negligible;  however, this is still 
not the usual transfusion practice in many countries 
and hospitals throughout Europe [50]. The residual 
risk of transfusion-transmitted CMV infection can 
be significantly reduced by use of leukocyte-depleted 
blood components [51].

5.4.10. Multi-organ management of donation 
after brain death

Multi-organ DBD management should be 
approached as a global strategy requiring careful 
bedside management to avoid losing donors due to 
inadequate protocols. Implementing an intensive 

donor-treatment protocol that considers the DBD 
donor as a critical patient is cheap, available in all 
critical care units all over the world and increases the 
organ procurement rate [52].

Some principles of donor management are 
generally applicable, whereas others are targeted to 
a specific organ. Competing requirements for organ 
perfusion may call for antagonistic strategies, such 
as fluid replacement or high PEEP. A restrictive fluid 
balance is associated with higher rates of lung pro-
curement, whereas aggressive volume repletion facil-
itates the maintenance of kidney function. Moreover, 
consistently high PEEP (> 10 cm H2O) or alveolar re-
cruitment manoeuvres with PEEP over 16-20 cm H2O 
may limit the formation of lung oedema and prevent 
atelectasis, but might produce a haemodynamic in-
stability in unmonitored organ donors.

However, a strict and intensive lung- donor- 
treatment protocol based on protective mechanical 
ventilation, advance cardiac monitoring and hor-
monal therapy does not affect either the number 
of other grafts procured (heart, liver, pancreas and 
kidneys) nor the rates of graft and patient survival. 
Moreover, in grafts as sensitive to restrictive fluid 
balance as the kidney or the heart, no negative effect 
has been observed in rates of graft procurement or re-
cipient outcomes due to inadequate perfusion of vital 
organs with this bedside treatment [20].

5.4.11. Optimising the timing to perform organ 
procurement

Some authors have proposed increasing the 
time from BD until organ procurement to more than 
20 hours, because longer treatment times have been 
associated with enhanced gas exchange, reduced 
lung water, inotropic weaning and improved lung 
and heart transplantation rates [53-54];  this option 
to delay organ procurement has been included in 
several national guidelines, e.g. Canada [55], Ireland 
[56]. Prolonged management of the DBD donor is not 
necessarily associated with a reduction in the number 
of organs procured. However, it has not been demon-
strated that time is the factor that improves grafts 
after brain death, rather than appropriate and early 
treatment by skilled personnel immediately after BD 
declaration.

This approach is very complicated to implement 
because of the logistical complexity of multi-organ 
donation and the risk of cardiac arrest or deteriora-
tion of other organs [57].

There is no minimum time range. However, 
left ventricular systolic dysfunction detected by 
echocardiography in the absence of a history of 
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heart disease is the single most common cause for 
non-transplantation of hearts. The phenomenon of 
ventricular cardiac dysfunction in the donor, just 
after the diagnosis of BD, may be transient [58-60] 
and, with proper treatment, hearts could be procured 
to transplantable status [61]. Therefore, advanced 
cardiovascular monitoring, with serial echocardi-
ograms – preferably trans-oesophageal rather than 
transthoracic – separated by several hours and until 
weaning of cathecholamines, should be performed 
to monitor the response to medical management 
when early cardiac dysfunction is identified in po-
tential donors.

5.4.12. Donor management during organ 
procurement

Multi-organ procurement [62] is an extensive 
procedure with wide exposure of surgical field, in-
cluding incision from suprasternal notch to pubis. 
It may be up to 3-4 hours long. Proper anaesthetic 
treatment during this period may help to avoid organ 
damage prior to that explantation.

Donor monitoring during organ procure-
ment should be similar to the monitoring previously 
performed in the critical care unit (see Appendix 5, 
Appendix 6). Central venous line should be preserved 
for CVP monitoring and delivery of vasoactive drugs. 
Large-diameter venous catheters for rapid infu-
sion might be useful in case of sudden unexpected 
bleeding from damaged large vessels. Active warming 
of the organ donor should be considered in advance 
if prolonged procedures including liver and pancreas 
procurement are planned. This may prevent hypo-
thermia and subsequent circulatory disturbances.

Ventilation should be similar in the operating 
room to the ventilation in the critical care unit, with 
FiO2 not exceeding 40 % if procurement of lungs is an-
ticipated. Although patients in BD do not have pain 
perception, spinal somatic and sympathetic reflexes 
may appear. Therefore, long-acting non-depolarising 
muscle relaxants should be used to facilitate surgical 
exposure. Hypertension and tachycardia should be 
controlled with volatile anaesthetics and opioids. 
Severe bradycardia, if it appears, is resistant to at-
ropine and should be treated with a directly acting 
chronotrope such as isoproterenol, or even by intra-
venous pacing. Dextrose-containing solutions should 
be avoided at this stage because they may aggravate 
already existing hyperglycaemia and be the cause of 
osmotic diuresis and electrolyte disturbances.

An anaesthesiologist may be asked by surgical 
teams to collect blood samples for several laboratory 
tests and for administration of heparin, phentolamine 

or any other medication according to current proto-
cols. In the case of heart and/or lung procurement, 
central venous catheters and pulmonary catheter 
have to be withdrawn prior to aorta cross-clamping. 
After cross-clamping, all supportive treatment should 
be terminated and the ventilator should be switched 
off, with the exception of cases of lung procurement, 
when manual ventilation should be maintained ac-
cording to the procurement team’s suggestions.

5.5. Conclusion

To conclude, BD induces a plethora of deleterious 
events leading to rapid deterioration of organ 

function. Optimal management of the DBD donor 
during this period remains critical to the successful 
outcome of transplantation. The impact of meeting 
donor-management goals [8], defined as normal car-
diovascular, pulmonary, renal and endocrine end-
points, is associated with an increase in both the 
quantity and quality of grafts. Implementation of 
donor-management goal protocols to improve out-
comes is highly recommended. Once the donor-man-
agement goals are achieved and well maintained, 
the optimal timing for organ procurement is still a 
question for debate along with consideration of, for 
example, ‘spontaneous’ heart recovery with time [60].

Progress in organ transplantation technolo-
gies and the development of ex situ organ perfusion 
systems, which mimic physiological conditions and 
allow prolonged preservation and better graft sur-
vival rates, are very promising and can be actively in-
corporated into ex situ pre-transplant reconditioning 
of donor organs.

With time and more successful interventions, 
it may be possible to further address the ongoing 
shortage of donor organs. Understanding the mo-
lecular inflammatory responses and utilising inter-
ventions that can reduce haemodynamic instability, 
inflammation and SIRS are the keys to further ad-
vancing donor management.

To achieve treatment goals requires high-
quality intensive care, specific education, proper 
experience and commitment, as well as time for treat-
ment. Adherence to guidelines should be systemati-
cally audited in critical care units. Quality indicators 
and quality assessment should be used.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
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randomised clinical trials, should focus on the 
following research gaps: 

1 Use of steroids in the management of deceased 
donors.

2 Use of thyroid hormones in the management of 
deceased donors. 

3 Use of therapeutic hypothermia in the management 
of deceased donors, particularly in non-renal organs.
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Chapter 6. General donor characterisation, assessment and 
selection criteria

6.1. Introduction

In order to minimise the risks of transplantation 
and to improve the whole process, from donor 

suitability assessment via allocation to individualised 
risk–benefit assessment in a final donor–recipient 
match, it is necessary that donors and all organs 
procured – or to be procured – are characterised 
properly before transplantation. Characterisation is 
extensively described in this chapter, which focuses 
on deceased donation after determination of death 
by neurologic criteria (DBD) and by circulatory cri-
teria (DCD). Specific issues to be considered in DCD 
(in contrast to DBD), either as uncontrolled DCD 
(uDCD) or controlled DCD (cDCD), are highlighted 
in Chapter 15.

Firstly – after all relevant information on the 
characteristics of the donor and of each organ has 
been collected from a variety of sources (the ‘donor 
and organ characterisation’) – a general assessment 
of the donor helps in drawing conclusions about the 
risks of disease transmission to the potential recip-
ient. Secondly, the quality of each potentially donated 
organ must be considered, based on all data obtained 
during the organ-specific characterisation process – 
this second step is covered in Chapter 7. Based on the 
conclusions extracted from characterisation of the 
donor in general and of the individual organs, deci-
sions can be made on whether any particular recip-
ient might benefit from the transplantation of each 
single organ or not, as well as decisions on how the 
organs will be best procured, preserved and allocated.

The general selection criteria for donors and 
specific selection criteria for organs intended for 
transplantation have been changing in recent decades 
and they will continue changing in future. On the 
one hand, success in medical science may change the 
risk of transplantation failure in certain donor popu-
lations (e.g. donor age in kidney transplantation). On 
the other hand, rigid selection criteria may limit the 
transplantation of organs that might not be beneficial 
for one particular recipient, but might be life-saving 
for another after balancing the perceived risk with the 
benefits for the individual recipient [1-12]. Note that, 
when assessing the co-morbidity burden of the pool 
of potential donors, an increased rate of donor refer-
rals may not result in an equivalent increase of actual 
donors [13], but this finding underpins the need for 
the donor assessment process to be optimised in its 
structure to keep workload in an acceptable range.

It is difficult to determine a priori where the ab-
solute limits are regarding any individual donor, and 
there are relatively few ‘absolute contraindications’ 
to donation wherever recipients exist whose survival 
without an immediate transplant is unlikely. In such 
cases, in addition to informed consent (Chapter 19) 
it is best practice to document in the patient’s file 
why such decisions have been taken, within an ap-
propriate study protocol or in exceptional cases in a 
reproducible intervention protocol that can undergo 
biovigilance monitoring (Chapter 16). The different 
stakeholders should consider the principles of com-
municating risks as outlined in Chapter 19. For com-
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munication with people not directly involved in the 
donation process it is essential to distinguish between 
the individualised approach – aiming to help one 
particular recipient with a graft considered other-
wise unsuitable for transplantation in many other 
recipients, which may require specific communica-
tion with donor relatives (Chapter 4) – and commu-
nication with others inside and outside the hospital 
to enable them to understand the particular circum-
stances that warrant use of a seemingly unacceptable 
organ for transplantation.

Identification of possible organ donors is the 
starting point for donor evaluation, and should 
include any patient who meets specific clinical trig-
gers or fulfils certain specific clinical criteria, which 
have resulted in or may result in death (DBD) as out-
lined in Chapter 2. All such patients should be referred 
to the local donor co-ordinator or donor organisa-
tion for discussion and evaluation of the possibilities 
for organ donation (see Chapter 2). Non-referral of 
any potential donor by the responsible physician in 
charge should not occur.

The same applies to any patient for whom with-
drawal of life-sustaining therapy is planned because 
therapy is no longer deemed to be in the best inter-
ests of the patient. In such cases, cDCD should be 
considered, when allowed within a given jurisdic-
tion. In cases of termination of unsuccessful CPR 
(cardio- pulmonary resuscitation), uDCD can be con-
sidered when allowed by national law. In both types 
of DCD, some aspects of donor evaluation may vary 
from what is described in this chapter and what is 
outlined in Chapter 12 (§§12.2.6, 12.2.7, 12.3.8, 12.3.9 
and Table 12.2, 12.3 and 12.4). For the additionally 
required details relevant to living organ donors, see 
Chapter 17. The characterisation of tissue and cell do-
nation is described in the Guide to the quality and 
safety of tissues and cells for human application. In 
order to avoid repeating information, details about 
donor transmission risks are covered in chapters 8–10 
of this Guide.

Tissue donation should be considered in every 
person dying in hospital. It is beyond the scope 
of chapters 6-10 of this guide to discuss all specific 
issues of tissue donation. Please refer to the Guide to 
the quality and safety of tissues and cells for human 
application of the Council of Europe in its most 
recent edition [14]. Notice that tissue donor selection 
criteria are more restrictive than organ donor selec-
tion criteria due to the fact that specific organs can 
be assigned to a particular recipient in a one-to-one 
fashion based on an individual risk–benefit assess-

ment, whereas in tissues no prospective assignment 
is possible and after processing the tissue may be as-
signed to multiple unknown recipients. Therefore, as 
with blood transfusion, risk–benefit assessment for 
tissues is different from that for organ donors.

There are four major categories of risk factor 
limiting the outcome of transplantation:

a� Not receiving an organ in time is the greatest 
risk in transplantation from the point of view 
of a recipient (see §6.1.1).

b� The general risk of transmission of donor 
disease to the recipient, e.g. infections or ma-
lignancies (§6.1.2 and chapters 8 to 10).

c� Donor or organ characteristics that increase 
the likelihood of graft failure after transplan-
tation in the short and long term (§6.1.3 and 
Chapter 7).

d� Risks related to recipient characteristics, the 
transplantation process, immunology etc. 
(§6.1.4).
One challenge in donor characterisation, as-

sessment and selection is that the investigating phy-
sicians may focus pre-emptively on risk factors that 
limit the outcome of transplantation of single organs 

– e.g. lung or kidney – instead of first reviewing all 
details to get an overview of the donor and all organs. 
Sections 6.1.1 to 6.1.3 summarise the impact of donor 
and organ characterisation and selection on the 
outcome of transplantation, while sections 6.2 to 6.8 
and Chapter 11 review the principles of donor and 
organ characterisation, assessment and selection. 
Figure 6.1 highlights the donation–transplantation 
process where donor and organ characterisation 
takes place.

6.1.1. Risk assessment of general donor – not 
receiving an organ in time

The greatest risk for a patient awaiting trans-
plantation is not receiving an organ in time before 
their health status deteriorates to a condition where 
transplantation may not be helpful any more. The 
inclusion criteria for organ donors have been wid-
ening continuously because growing experience has 
shown that the individualised risk–benefit assess-
ment for each donor–recipient combination gives the 
best chance of achieving a successful outcome for a 
recipient. Therefore deselecting possible donors early 
upon identification without appropriate evaluation 
increases the risk of missing out on a potential trans-
plant [15].

https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_17/detail


119

6. GENERAL DONOR CHARACTERISATION, ASSESSMENT AND SELECTION CRITERIA

Figure 6.1. Donation and transplantation process in relation to the contents of this guide

Note: donor and organ characterisation accompany the process at multiple stages.

… withdrawal of life-sustaining therapy (LST) is considered because further 
therapy is unproductive and/or not in the patient’s interests

See Chapter 6: General 
donor characterisation 
and selection criteria

See Chapter 8: Infections
See Chapter 9: Malignancy

See Chapter 10: Other diseases
See Chapter 7: Specific 
organ characterisation 
and selection criteria

Based on the responses to the previous two questions

Identify this person as possible donor See Chapter 2: Identification and 
referral of possible deceased donors

See Chapter 3: Determination of 
death by neurological criteria

Is organ donation within the scope of the patient’s interests?

See Chapter 4: Consent/
authorisation for post-

mortem organ donation
Note: a preliminary medical evaluation should 

have been performed to rule out obvious 
medical exclusion criteria (see Chapters 6–10)

Can death be determined by neurological criteria?

Death most likely cannot be determined 
by neurological criteria; and consent/

authorisation for organ donation exists

Proceed with process of determination 
of death by neurological criteria

See Chapter 12: 
Donation after 

circulatory 
death,

taking into account 
the principles out-
lined in Chapters 4, 

5, 6, 7, 8, 9 and 10

◊ Apply continued full intensive 
care therapy support

◊ Ensure that proper consent/
authorisation is obtained

◊ Apply donor evaluation in general 
and per organ taking into account the 

appropriateness of investigations to be 
performed according to invasiveness

Until DCD can take place, appropriate 
intensive care therapy is needed similar 

to the principles outlined for DBD

Death certified by neurological criteria
+ Consent/authorisation formally correct
+ ≥ 1 organ suitable for transplantation

Death certified by circulatory criteria
+ Consent/authorisation formally correct
+ ≥ 1 organ suitable for transplantation

Proceed with organ procurement See Chapter 11: Organ procurement, 
preservation and transportation

Simultaneously: after it is known who will receive the 
allografts, ensure appropriate informed consent of recipient 

according to risks associated with a particular graft

See Chapter 19: Communication 
of risks associated to any 

allograft and especially when…

Follow up for general outcome as well as adverse events or reactionsSee Chapters 16, 17 and 18

No consent/authorisation 
for organ donation

Stop procedure; discon tinue therapy 
according to patient’s interest

In a person …

Death can most likely be determined 
by neurological criteria; and consent/

authorisation for organ donation is 
achieved in line with national legislation

Simultaneously

See Chapter 3: Determination of 
death by neurological criteria

See Chapter 4: Consent/
authorisation for post-

mortem organ donation

At least as outlined in Chapter 5: 
Management of the potential donor

Note: living donation not 
included in this pathway.

DBD DCD
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6.1.2. Risk assessment of general donor – 
disease-transmission risks

According to the EU-funded Alliance-O 
project, ‘non-standard-risk donors’ are defined as 
those in whom the risk of disease transmission to the 
recipient is estimated as: unacceptable; increased but 
acceptable; calculated; or not assessable [1]. Based on 
data collected in 11 European countries within the 
EU-funded Dopki project, it can be concluded that 
non-standard-risk donors have not been uniformly 
considered throughout the EU [2]. Some member 
states have prevented the transplantation of organs 
from such donors by means of legal or technical pro-
visions, whereas others have followed specific proto-
cols for using organs from these donors. Based on the 
knowledge gathered in countries where such donors 
are used, it can be concluded that more organs from 
non-standard-risk donors could be used than have 
actually been used [1-2].

The majority of deceased donors nowadays 
suffer from severe cerebral damage due to different 
kinds of cerebro-vascular incidents. In many coun-
tries, more than 50 % of deceased organ donors are 
above the age of 60 years [16]. There is an increased 
risk of transmission of undetected and untreated ma-
lignancy in this older donor group, based on growing 
knowledge that selected donors with confirmed ma-
lignant disease can be accepted (see Chapter 10). In 
the case of a malignancy known or detected in a 
donor, it may be graded as minimal risk, low to in-
termediate risk, high risk or unacceptable risk ac-
cording to the estimated probability of transmission 
(see Table 9.4).

The risk of transmission of infections depends 
on the modified prevalence of pathogens due to 
climate change or higher global mobility of people 
or presence of animals etc. as well as the availa-
bility of new drugs to treat or prevent infections (see 
Chapter 18). Regarding the risk of infectious disease 
transmission in non-standard-risk donors, physi-
cians have to carefully balance whether pre-emptive 
and/or post-exposure treatment of the pathogen is 
possible in the recipient without harm, especially 
taking into account whether an appropriate therapy 
for such infection is available or not. Where new 
treatments are developed, acceptance criteria for 
donors or particular donor–recipient combinations 
may change rapidly, as has been seen with the advent 
of curative treatment for hepatitis C.

Other rare disease-transmission risks that may 
also exist are outlined in Chapter 19.

Based on careful assessment of donors, trans-
plant physicians have to weigh the risk of disease 
transmission against the risks of remaining on the 

waiting list. By refusing an allocated organ, the 
patient might die or their clinical condition might 
deteriorate to the extent that transplantation is no 
longer feasible.

In non-standard-risk donors the Alliance-O 
classification of risk levels will not be used any more 
in this guide for grading disease-transmission risk 
[2-3]. Experience from the previous editions of this 
Guide [15] has shown that this static classification 
does not help to describe the most appropriate con-
sideration of all individual donor and recipient factors 
for final risk assessment. After proper risk–benefit 
analy sis based on the needs of an individual recipient, 
a generalised statement about assumed absolute con-
traindication to organ donation or classification as 
unacceptable risk [1] becomes very difficult. Taking 
into account the limited number of organs available, 
compared to the number of patients requiring a life-
saving transplantation, accepting a life-saving organ 
in the absence of other therapeutic options should be 
justified on a case-by-case basis if this is the only rea-
sonable option for possible survival of the recipient. 
Therefore two groups of donors may be defined:

a� Standard risk donor: after donor characterisa-
tion, no clinical evidence exists for increased 
disease-transmission risks beyond the popula-
tion-adjusted average risks for undetected dis-
eases.

b� Non-standard-risk donor or increased-risk 
donor: after donor characterisation, clin-
ical evidence exists for an increased trans-
mission risk of a particular disease beyond 
the population-adjusted average risks for 
other undetected diseases. In this case a tar-
geted risk–benefit assessment of each matched 
donor–recipient combination is required in 
order to identify whether transplantation of 
this graft into this particular recipient will be 
without harm, or with acceptable harm, to the 
recipient when compared with the risk associ-
ated with not transplanting to the recipient. In 
this context, the risks of receiving a graft with 
increased probability of disease transmission 
should be communicated properly as outlined 
in Chapter 19. Informed consent in such cases 
demands appropriate communication of the 
risk and its documentation in a case- specific 
manner. In this context the phrase ‘unaccept-
able risk’ may apply to conditions where the 
average recipient without dire medical con-
dition should not receive a graft from such a 
donor outside a controlled study protocol or 
appropriate description of what has been done 
to communicate and accept the risks assumed 
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unacceptable. The phrase ‘accepted risk’ 
(named in some publications ‘calculated risk’) 
may apply to conditions where the average re-
cipient without dire medical condition may 
receive a graft from such a donor within a con-
trolled study or established treatment protocol 
under continuous evaluation about safety and 
with informed consent.

6.1.3. Risk assessment of the likelihood of 
failure associated with a specific graft

The assessment of the risk of failure of a par-
ticular graft is discussed in more detail in Chapter 7 
and is beyond the scope of this chapter. However, 
general donor assessment and selection is biased by 
the focus put on the limited function or quality of 
one or more single organ(s). The best practice is

a� firstly to assess the general and formal issues 
discussed in sections 6.2 to 6.8, and then

b� secondly to proceed to the assessment of each 
individual organ as outlined in Chapter 7.
Whenever there is a chance that at least one 

organ may be finally transplanted, assessment of 
the donor should proceed. The issue of assumed 
reduced graft quality is summarised by the phrase 
‘expanded- criteria donor’ (ECD). Unfortunately, 
donors with otherwise optimal organ quality, but 
with the above-mentioned disease-transmission risks 
(§6.1.1), are labelled in some studies as non-standard 
risk donors whereas other studies merge them in this 
ECD category. Therefore, this inconsistent inclusion 
of cases into the ECD concept may result in an un-
acceptably high discard rate of organ donors due to 
imprecise wording.

The concept of ECD was initially developed 
in the US by the United Network for Organ Sharing 
(UNOS) to account for the fact that not all deceased 
donor kidneys provided similar transplant outcomes, 
but their use increased the donor pool providing 
grafts for transplantation [17]. Still there is no clear, 
unambiguous and widely accepted definition of ECD. 
Difficulties arise on how to define ECD, reflecting 
different thresholds for different organ types and the 
increased use of less than ideal organs such that what 
was considered an ECD yesterday is now more typical 
of a ‘standard’ donor today. [6, 10, 15-22]. Currently 
the Eurotransplant region uses a set of parameters to 
define ECD criteria for liver donors [23], but over 50 % 
of the donor livers are classified as marginal when 
following these criteria [24]. A similar phenomenon 
has been noted in the UK [25].

The use of a dichotomous term such as ECD 
does not reflect the fact that the quality of a graft 

may depend on many donor factors (see Chapter 4). 
In addition, graft outcomes are affected further by 
transplant and recipient factors, making graft quality 
per se difficult to measure. The broad spectrum of 
graft quality runs from optimal quality to not trans-
plantable, with much variation in between. Therefore, 
graft quality would be best described by a contin-
uous score. Such continuous scoring tools have been 
developed, using data derived from national trans-
plantation registries (UNOS/SRTR; NHSBT), such 
as the liver donor risk index (LDRI) for livers, the 
kidney donor risk index (KDRI) for kidneys and the 
pancreas donor risk index (PDRI) for pancreas [4-5, 
11], and these donor risk scores may then be used in 
organ allocation. However, calculated overall donor 
quality in Europe seems to be less optimal than in 
the US [6, 15, 24, 26], probably in part because donor 
age is different and this is one of the most influen-
tial factors determining risk of graft failure. There-
fore, data retrieved from registry studies in the US 
may not be transferable to the European context [26]. 
While some studies were able to confirm the usability 
of such donor risk indices [27], others could not find 
a clear correlation between outcome and donor risk 
index [6, 24, 28-34]. Also, recent studies have failed 
to show an increased utilisation of kidneys from 
ECDs after the introduction of the KDRI in kidney 
allocation [35], although from a pragmatic viewpoint 
such grafts could be used in appropriately selected 
recipients.

As an example of taking into account some 
of the above-mentioned issues, the Eurotransplant 
Senior Program matches kidneys from donors above 
the age of 65 to recipients above the age of 65 years: 
because kidneys procured from advanced aged 
donors are at increased risk of long-term failure, 
these are preferentially used for elderly recipients. 
In such a way the assumed limited duration of graft 
function can be matched to the assumed limited life 
expectancy of elderly recipients [7-8]. This concept 
takes also into account the fact that kidneys procured 
from elderly donors will be compromised by further 
exposure to long ischaemia times by the use of spe-
cific allocation rules.

6.1.4. Risks not associated with the donor or 
the graft donated

Further risks for transplant recipients are 
those associated with the transplantation procedure 
(including the issues of extraction from the donor, 
organ preservation and ischaemia times), their con-
dition before the procedure, the operation itself and 
the subsequent care period. Acute and/or chronic re-
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jection of organs can occur and add to the risks of 
early graft loss. Presentation of complications due to 
immunosuppressive therapy can increase, particu-
larly if extended and more potent immunosuppres-
sive protocols (using mono- or polyclonal antibodies 
as induction therapy) are used, such as re-activation 
of Cytomegalovirus, complications associated to 
other viral infections asymptomatic in the donor (e.g. 
latent Epstein–Barr Virus infection and its associated 
risk to post-transplant lymphoproliferative diseases) 
as well as complications from pre-existing (and pre-
sumably cured) malignancies.

Precise data about previous immunisation 
against human leukocyte antigen (HLA) and the 
risks of developing donor-specific antibodies that 
may prejudice the current (and any future) transplant 
are important issues to consider before and after 
transplantation (see §6.6).

Little is known about the frequency of, or the 
reasons for, recurrence of primary diseases leading 
to organ failure. There are very well-known diseases, 
such as primary focal and segmental glomerulo-
sclerosis, with a high risk of disease recurrence in 
the kidney graft. However, there are almost no data 
available on what kind of donor- or recipient-related 
factors influence the rate and risk of recurrence of 
primary diseases.

6.2. General evaluation of 
deceased organ donors

Once a potential donor has been identified, and 
after all relevant formalities and documentation 

have been properly managed, the priority is to es-
tablish their suitability by appropriate donor evalua-
tion. To do that, the following sources of information 
should be used, with the aim of reconstructing the 
donor’s current and past medical and social history 
as accurately as possible.

a� Interviews with the family, relatives and/or 
friends and all other relevant sources (see ap-
pendices 10 and 11 for examples of standardised 
forms),

b� Interview with the attending physician and 
nurse, as well as other healthcare providers 
and the responsible general practitioner/family 
doctor according to the formal and informal 
rules in the particular national healthcare 
systems,

c� Detailed review of current and past medical 
notes/electronic files,

d� Assessment of the donor’s medical and behav-
ioural history by review of all written reports 
about previous diseases (e.g. including his-

tological tumour diagnosis, stage, treatment, 
follow up) etc.,

e� Full physical examination, including exact 
measurement of height and weight if possible,

f� Laboratory tests, including all relevant micro-
biological testing (specific note should be made 
of assays with pending results to be followed up 
post-procurement),

g� Complementary investigations (e.g. ultra-
sound, echocardiography, ECG, CT scan, his-
topathology etc.) as indicated,

h� Autopsy if to be performed: not possible before 
procurement, but results must be supervised 
and communicated to the organ procurement 
organisation (OPO) immediately.

6.2.1. Donor history

The term ‘donor history’ covers the fact that 
all medical, social and behavioural data are collected 
properly and provided for further assessment (see 
§6.3 and Table 6.4).

6.2.1.1. Donor evaluation
The history of an organ donor must be obtained 

with respect to all kinds of transmissible diseases and 
any disease that may affect organ quality. An inter-
view with relatives of deceased organ donors should 
be undertaken (see appendices 10 and 11), bearing in 
mind that, under emotional stress, they might omit, 
forget or mix up details. However, adding any stress 
to grieving relatives should be avoided. Contact with 
the general practitioner of the donor has been proved 
helpful, alongside a review of hospital archives for 
historic data or other sources of information (e.g. 
Cancer Registry). Finally, written reports clearly de-
scribing details of previous diseases should be ob-
tained to perform an objective risk assessment.

In order to minimise the risk of unexpected 
disease transmission, it is important to obtain data 
on history of travel or residence, including informa-
tion about living conditions, migration background, 
refugee status (e.g. stay in camps or elsewhere, or 
refugee route) and work places (environment: e.g. 
sewage plant, woodlands, farm, mines, airport, hos-
pital, foreign countries). Also, check history of contact 
with SARS-CoV-2 infected people or associated risks 
(see Chapter 8). This may help to identify risks related 
to places/countries with inferior hygiene standards or 
with a high prevalence of certain infections, or where 
the environment poses other risks to health or organ 
function. With the same aim, information should be 
obtained about hobbies (e.g. home, garden, animals, 
woodlands), drug abuse (e.g. intravenous drugs, 
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needle sharing, intranasal cocaine sniffing, oral or 
recreational drug consumption, alcohol, smoking) 
and lifestyle (e.g. multiple sexual partners, commer-
cial sex worker, sexual contacts or imprisonment). 
This information may require further investigation.

The donor profile evaluation should document 
the donor’s medical and behavioural history, in-
cluding general data such as age, gender, body weight, 
height, cause of death, ICU care and results of phys-
ical examinations and laboratory tests (see §6.2.2, 
§6.2.3, Table 6.1 and Table 6.4).

6.2.1.2. Clinical evaluation
In addition to the information in the donor 

profile, the clinical evaluation should also include in-
formation on the haemodynamic status of the donor, 
in particular asystolic, hypotensive or hypoxic epi-
sodes, need for cardiac resuscitation, use of inotropic 
or vasoactive drugs and duration of mechanical ven-
tilation, as well as results of clinical examinations 
and laboratory tests (see §6.2.3 to §6.2.5, Table 6.1, 
Table 6.2 and Table 6.4).

These parameters are all needed to assess, 
firstly, the suitability of the deceased person as an 
organ donor and, secondly, the suitability of a specific 
organ (see Chapter 7). This evaluation includes all 
diagnostic investigations performed, such as X-rays 
(especially thorax), CT scans (especially head, thorax 
and abdomen), ultrasounds (especially abdomen), 
histopathological examinations, echocardiography, 
coronary angiography and bronchoscopy (see §6.2.3 
to §6.2.5, Table 6.2). In this context it is helpful to 
document the results of any investigations performed 
previously, beyond the scope of donor evaluation, in 
order to clarify current findings (see Appendix 15).

Standardised questionnaires should be used 
to obtain the information outlined in Table 6.3, and 
as shown in the examples of appendices 10, 11 and 13. 
The information obtained must be merged into the 
clinical data outlined in section  6.2.6 (see chapters 
8, 9 and 10 for further details about which informa-
tion must be considered from the viewpoint of risks 
related to transmissible diseases). If any information 
is not available or cannot be obtained properly, then 
the transplant teams must be informed in order to 
assess the risks associated to this information gap.

It is the responsibility of the person or team 
performing the procurement surgery to document 
and forward information on any abnormal findings 
observed during the procurement procedure (see §6.3 
and Chapter 11).

Proper donor maintenance should start as 
soon as possible, ideally while appropriate formal 
consent is being obtained where national legislation 

permits, and definitely once death has been certi-
fied and consent gained, in order to maximise the 
chances of successful organ procurement and post- 
transplantation function (see Chapter 5). Note that 
donor management should follow accepted recom-
mendations and guidelines, although appropriate 
critical care therapy in any patient with cerebral 
lesions already covers all key aspects of proper donor 
maintenance. As donor maintenance is strongly as-
sociated with organ quality and function, data on 
donor care should be recorded and documented con-
tinuously (see §6.2.3 and Table 6.4).

A comprehensive summary should be pre-
pared of all clinical data and information obtained, 
to be easily understood by a third party (e.g. trans-
plant centre performing risk–benefit assessment for 
an organ offered); for an example of an information 
form for this purpose, see Appendix 12. In cases of ab-
normal findings, with further investigations having 
been undertaken, results must be included in the 
donor documentation as described in sections  6.2.2 
to 6.2.6. Where no abnormal results exist, a note to 
document what investigations have been undertaken 
should be made.

Notice that the following points may turn out 
to be critical in donor evaluation:

a� Encephalitis or neurologic/mental/psychi-
atric disorder of unknown aetiology, as well 
as any fever, rash or discomfort, unexplained 
weight loss etc. should be a signal to check for 
transmissible disease (see chapters 8 and 9). 
This should not be restricted to donors with a 
history of travel abroad.

b� Intracranial metastases should always be taken 
into account in donors diagnosed with intrac-
ranial haemorrhage, especially if no evidence 
of hypertension or arterio-venous malforma-
tion exists. Primary intracranial cancers have 
a biologic behaviour different to that of solid 
organ cancers or haematological malignancies 
(see Chapter 9).

c� After all data have been collected and cross-
checked against the donor and the organ-spe-
cific selection criteria, as outlined in chapters 
7-11, a plan must be set up to organise the pro-
curement and to decide which complementary 
tests must be performed before, during or after 
procurement.

6.2.2. Physical examination

Physical examination should consist of a recent 
ante mortem external examination of the donor, in-
cluding a limited internal examination during/after 
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procurement, to look for evidence of high-risk behav-
iour, unexplained jaundice, hepatomegaly, hepatitis 
or other infection, neoplastic disease or trauma (e.g. 
check for old/new scars, healed/purulent wounds, ex-
anthema, rash, injections, palpable space-occupying 
lesions) and breast examinations and digital rectal 
examinations (DRE) for each donor should also be 
done. Tattoos and piercings are common; the sole 
issue is whether they were applied under sterile con-
ditions or not recently (see §8.3; check when, where 
and how the tattoo was performed). The information 
obtained through physical examination is comple-
mentary to the comprehensive summary of clinical 
data as outlined in section 6.2.6.

There are three important points to notice:
a� Surgical scars are very important to note, e.g. 

they can hint at previous operations of which 
neither the relatives nor the general practi-
tioner were aware, and which may have been 
previous oncologic operations.

b� Exact measurements of body height (always 
possible) and body weight (often possible) help 
to avoid size mismatch during allocation for re-
cipients [36].

c� Note that physical examination should be 
complemented by thorough examination of all 
organs in the thoracic and abdominal cavities 
during the organ procurement (e.g. oesoph-
agus, stomach, intestine, lungs, prostate, uterus, 
adnexa; see §6.4) as well as autopsy if possible.
An international protocol of physical examina-

tion in tissue donation is shown in Appendix 12 of this 
Guide (equivalent to Appendix 14 in the 4th edition 
of the Guide to the quality and safety of tissues and 
cells for human application). This protocol may also 
be applied to organ donors. In the case of abnormal 
findings, escalation with further investigations 
should be carried out [37]. The limited sensitivity and 
specificity of physical examination for discovering 
pathologies must be taken into account. Therefore 
additional investigations before and/or during pro-
curement are mandatory (see §6.2.2 to §6.2.5).

6.2.3. Laboratory tests

All laboratory (lab) tests should be carried out 
before cessation of circulation. It is advisable to report 
the time when samples were taken, as well as medical 
interventions and clinical data. For appropriate in-
terpretation of changing lab parameters in summary 
during the actual course of disease, see section 6.2.6.

All data collected since admission to ICU 
should be reported continuously. For the assessment 
of organ function, a representative set of data at dif-

ferent time points is sufficient so that any changes 
during the donation process can be observed (e.g. ad-
mission, every second day, most recent values, most 
extreme values). It is also helpful to know any lab data 
obtained before hospital admission which may allow 
better interpretation of an abnormal test during the 
development of brain death (e.g. a recent record of 
normal kidney function and no albuminuria in an 
elderly donor with diabetes now exposed to acute 
kidney injury after prolonged cardio-pulmonary 
resuscitation).

In the case of lab parameters, the units of meas-
urement should be clearly communicated. Although 
many parameters are standardised in their measure-
ment, deviations from assumed reference ranges and 
units of measurement exist even between hospitals 
within one region, as well as between countries. Fur-
thermore, the range of values typical for organ donors 
with all their organs used for transplantation varies 
dramatically from the reference range assumed for 
healthy individuals not hospitalised in an ICU.

6.2.3.1. Screening and available data
The informative value and clinical relevance 

of important lab parameters are summarised in 
Table 6.1. Some remarks about screening for infec-
tious diseases and other lab data are necessary:

a� If a deceased donor received ante mortem 
transfusions (whole blood or blood compo-
nents), colloids or crystalloids during the 48 h 
preceding death, a specimen without dilution 
should be used for testing for infectious dis-
eases. For further details about handling this 
issue, refer to Chapter 8. It is important to re-
member that some trauma victims arrive at 
hospital in an already haemodiluted state. In 
the course of subsequent intensive care therapy, 
a significant degree of haemodilution by crys-
talloids is standard. Replacement of a relevant 
acute blood loss should be considered in this 
context. Nevertheless, haemodilution should 
never be used as an excuse to discard a donor 
unless there are other risk factors, as outlined 
in Chapter 8. Note that a donor may acquire 
antibody reactivity passively by blood products 
transfused.

b� Specimens drawn from various sites (including 
blood) for microbiological investigation may 
help to explain or exclude bacterial or fungal 
infections. The culture technique used to in-
vestigate specimens drawn for microbiological 
investigations should allow for the growth of 
aerobic and anaerobic bacteria and fungi. The 
results should be documented in the donor 

https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_17/detail
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record and must be communicated to the 
donor co-ordinator, OPO and recipient centres 
immediately upon arrival.

c� Every donor must be screened for HIV, HBV 
and HCV. Testing for other pathogens should 
be considered, based on the current epidemi-
ological situation. The results must be avail-
able before procurement and before any organ 
of the donor is used for transplantation as out-
lined in Chapter 8 (see also Table 6.4). Nucleic 
Acid Testing (NAT) is preferred where indi-
cated. Importantly, even when using the best 
screening method available, the incubation 
period and the diagnostic window period 
for any infection must be taken into account. 
Other tests are required in specific situations, 
in the case of an immunosuppressed recip-
ient or according to national provisions (see 
Chapter 8).

d� There is a long list of infectious diseases that 
have been transmitted with organs, as out-
lined in Chapter 8. The presence of a transmis-
sible disease should not be an automatic reason 
for excluding a potential donor: once known, 
it is an element in the allocation process, an 
element in the correct decision by transplant 
teams to proceed (or not) with transplantation 
and an element to be carefully monitored in 
the different patients transplanted with organs 
from such a donor. For further details about 

best practice in donor screening, see Chapter 8.
e� ABO blood group, Rhesus Rh(D) group and 

HLA-typing: in cases of HLA-typing, molec-
ular-biologic techniques should be used that 
provide appropriate information for a virtual 
cross-match (see §6.6).

f� The routine screening of tumour markers 
is not recommended. In the case of a previ-
ously treated malignancy in the donor history 
where tumour markers were previously used 
to monitor disease remission, values available 
from previous examinations and a current 
update may help to assess the state of disease 
(see Chapter 9).

g� The other laboratory parameters outlined in 
Table 6.1 contribute further to donor character-
isation. This Table 6.1 contains all lab data that 
are informative for general donor characteri-
sation and organ-specific issues. Many hospi-
tals use point-of-care systems as well as specific 
profiles covering a set of specific investigations 
(e.g. admission status, liver profile, kidney 
profile, heart profile). Such profiles are in line 
with the parameters needed to characterise an 
organ in detail. Depending on the infrastruc-
ture of the hospital, not all investigations will 
be available on a 24/7 basis. This should not be 
used as an argument to delay a donation pro-
cedure.

Table 6.1. Informative value and clinical relevance of laboratory parameters in donor and organ characterisation

Notice that hospitals apply individual lab reference ranges adjusted to their local environment. Age and gender adjustment must 
be considered. Acceptable reference ranges for DBD and DCD have not yet been defined. Lab values are informative only after serial 
measurement in context of all other clinical data for assessment of organ function.
In the Organs column, Basic refers to basic assessment of any donor whereas organ-specific information is indicated by KI for Kidney, 
LI for liver, PA for Pancreas, IN for intestine, HE for heart and LU for Lung; if an organ or Basic is in bold type, it means the parameter is 
important for that organ or for basic assessment; for anything else named in that column, the parameter is relevant. Whenever basic 
and organ-specific assessment is indicated, then beyond the scope of basic assessment this value will be also of organ-specific interest. 
If not otherwise stated, all measurements refer to the blood compartment.

Parameter Organs Comment on informative value and pitfalls associated with measurement
Hb Basic In intensive care medicine, transfusion threshold is lowered to 7-9 g/dL (4.4-8.6 mmol/L, 

70-90 g/L) according to age and cardiac status; down to this range, haemodilution is 
acceptable

Hct Basic In intensive care medicine, transfusion threshold is lowered to 20-30 % (0.2-0.3) accord-
ing to age and cardiac status; down to this range, haemodilution is acceptable

Leukocytes Basic Acute elevation due to brain-stem coning (therefore, not directly representative for 
monitoring of infection); elevation if inflammation occurred for multiple causes (e.g. 
SIRS in brain death)

Platelets Basic Elevated after brain damage, decreased due to bleeding or coagulation disorders or 
sepsis; substitution indication exists only in cases of bleeding due to thrombocytopae-
nia

Erythrocytes Not important for organ characterisation

Na+ Basic Hypernatraemia is a complication caused most likely by diabetes insipidus. This should 
not occur during proper intensive care therapy

K+ Basic Consider kidney function

Ca2+ Not important for organ characterisation
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Parameter Organs Comment on informative value and pitfalls associated with measurement
Cl− Not important for organ characterisation

Glucose Basic, PA Acute decompensation during intensive care therapy possible, not representative for 
time before hospital admission. For PA to be considered properly in relation to ongoing 
glucose infusions and the general ICU situation.

Creatinine Basic, KI, LI Dependent on fluid load; elevated in kidney failure or due to muscle damage or cardiac 
failure (chronic)

Urea Basic, KI see Creatinine (usually not considered important)

LDH (IFCC 37 °C) Basic, KI, LI, PA, 
IN, HE

Tissue damage (necrosis, unspecific), e.g. helpful in donors with suspicion of tissue 
necrosis (as after asystole, CPR etc.)

CPK (IFCC 37 °C) Basic, KI CPK is released by muscle damage, which may secondarily harm the kidney after tissue 
necrosis (like LDH)

CKMB Basic, HE Troponin more sensitive/specific for myocardial damage; CKMB also elevated by brain 
damage (like LDH)

Troponin HE Increased in myocardial muscle damage

AST/SGOT (IFCC 
37 °C)

Basic, KI, LI, PA, 
IN, HE

Myocardial damage or liver damage; see ALT

ALT/SGPT (IFCC 
37 °C)

Basic, KI, LI, PA, 
IN

Liver cell damage

γGT (IFCC 37 °C) KI, PA, IN Liver: indicator of biliary tract damage e.g. acute hypoxaemia, chronic alcoholic/non- 
alcoholic steatohepatitis (cholestasis)

Bilirubin tot. Basic, KI, LI, PA Consider if increased in cases of trauma and poly-transfusion due to bleeding or liver 
damage (cholestasis)

Bilirubin dir. Basic, KI, LI, PA

Alk. Phos. (IFCC 
37 °C)

Basic, LI Liver or bone damage or: physiologically elevated in growing children and pregnancy 
(and in liver transplantation)

Amylase
(only pancreas- 
specific)

Basic, KI, LI, PA Nonspecific (infusion, head trauma, hanging) if not measured as pancreas-specific 
amylase or lipase; reference range varies between hospitals as measurement is not 
standardised; only pancreatic-amylase is important

Lipase PA, IN Reference range varies between hospitals as measurement is not standardised, but 
more specific for pancreas than amylase

HbA1c PA Informative in PA, not directly affected by ICU care or brain death; limited 24 h/365 days 
availability in many hospitals; is affected by transfusion.

Tot. Protein Basic Consider haemodilution

Albumin Basic Consider haemodilution; must be viewed in the context of donor management as well 
as liver function

Fibrinogen Basic Increased due to brain damage or inflammation

Quick PT Basic Distorted by bleeding and coagulation disorders due to brain damage or therapeutic 
anti-coagulation after correction by FFP infusion

INR (internation-
al normalised 
ratio)

Basic, LI Measurement not adjusted to liver function; used in anti-coagulation therapy in people 
with normal liver function

APTT Basic Distorted by bleeding and coagulation disorders due to brain damage or therapeutic 
anti-coagulation after correction by FFP infusion

AT III
(antithrombin III)

Basic, LI Must be viewed in the context of bleeding disorders as well as liver function

CRP
(C-reactive 
protein)

Basic, HE, LU Acute elevation due to SIRS after brainstem herniation possible; not directly representa-
tive for monitoring of infection

FiO2 Basic, LU Must be viewed in the context of respiration therapy as well as other acute events

PEEP Basic, HE, LU

pH (Blood 
acidity)

Basic

PaCO2 Basic, LU

PaO2 Basic, KI, LI, PA 
IN, HE, LU

PaO2/FiO2 LU Oxygenation index representative for quality of lung
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Parameter Organs Comment on informative value and pitfalls associated with measurement
HCO3 Basic Must be viewed in the context of respiration therapy as well as other acute events

BE (Base Excess) Basic

O2 saturation Basic

Lactate Basic, LI, PA, IN, 
HE

Indicates tissue damage due to anaerobic metabolism, sepsis, metformin-medication, 
shock, acute liver or kidney failure; usually raised due to hypovolaemia

Cholinesterase LI Liver synthesis (exceptionally documented in some countries)

Procalcitonin Basic Acute elevation due to brain-stem coning, so not representative for monitoring of 
infection

Pro-BNP Basic Not evaluated in DBD populations; can be indicative of right heart failure, but distorted 
by fluid overload or acute kidney injury

Blood culture Basic, KI, LI, PA, 
IN, HE, LU

Bacteria and fungi; anti-microbiological resistance pattern

Urine culture Basic, KI Bacteria and fungi; anti-microbiological resistance pattern

BAL culture Basic, LU Bacteria and fungi; anti-microbiological resistance pattern

Other cultures Basic Bacteria and fungi; anti-microbiological resistance pattern

Multidrug-resist-
ant bacteria

Basic, KI, LI, PA, 
IN, HE, LU

Screening useful, in many places obligatory as best practice

Urine glucose PA Depends on blood glucose; kidney damage (for PA test serum glucose)

Urine protein KI Slight proteinuria possible due to urethral-catheter; kidney damage; only data of 
pre-hospital time during steady-state care can be informative; according to KDIGO 
Guidelines, albuminuria should be investigated instead of total proteinuria [38]; also 
the ratio urine protein/urine creatinine is a simple parameter resistant against sampling 
errors compared to collecting urine for 12 h or 24 h

Ratio urine-pro-
tein/ urine-cre-
atinine

KI < 500 mg Protein/g Creatinine in urine normal, > 1000 mg Protein/g Creatinine indicative 
of kidney damage if measured in a steady state outside ICU [37]

Urine albumin KI For assessment of glomerular function more indicative than protein (KDIGO Guidelines) 
[38]

Ratio urine- 
albumin/urine- 
creatinine

KI < 30 mg albumin/g Creatinine normal; > 300 mg albumin/g Creatinine indicative of 
kidney damage if measured in a steady state outside ICU [38]

Urine Hb KI Haematuria possible due to urethral-catheter, but may represent renal tract malignancy

Urine sediment KI Exclusion of relevant haematuria, bacteriuria or glomerular or tubular damage

Urine nitrite KI Bacterial infection of urinary tract possible

Estimated creati-
nine clearance 
or eGFR

Estimates of creatinine clearance or glomerular filtration rate (eGFR) have been de-
veloped for screening outpatients in a stable state without haemodynamic changes; 
therefore, estimates may be inappropriate for use in organ donors; according to KDIGO 
Guidelines, only measurements in a steady state (probably not during donor care) are 
reliable [38]

Measured creati-
nine clearance 
or eGFR

After haemodynamic stabilisation of a donor, recovery of kidney function can be 
assessed by this measurement (after one hour); further estimates may be inappropriate 
for use in organ donors; according to KDIGO Guidelines, only measurements in a steady 
state (probably not during donor care) are reliable [38]

Screening 
for emerging 
regional or pan-
demic diseases

Basic See Chapter 8: the actual requirements for targeted screening depend on the pathogen; 
in new emerging pathogens, ad hoc recommendations are released based on the local 
epidemiology (e.g. WNV, SARS-CoV-2), so no general recommendation can be provided 
and it must be checked locally day by day

Anti-HIV-1/2 Basic See Chapter 8

HIV-NAT

Anti-HCV Basic

HCV-NAT Basic

HBsAg Basic

Anti-HBc Basic

HEV-NAT Basic

Anti-CMV; 
Anti-EBV; 
Anti-Toxoplasma

Basic
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Parameter Organs Comment on informative value and pitfalls associated with measurement
Syphilis test Basic See Chapter 8

Further tests for 
infections

Basic

Microbiological 
cultures

Basic

Abbreviations
ALT: alanine amino transferase. APTT: activated partial thromboplastin test. AST: aspartate amino transferase. BAL: broncho-alveolar 
lavage. BNP: B-type natriuretic peptide. CKMB: creatine kinase MB isoenzyme. CMV: Cytomegalovirus. CPK: creatinine phosphokinase. 
EBV: Epstein–Barr virus. γGT: gamma glutamyl transferase. HbA1c: haemoglobin A1c. HBsAg: surface antigen of hepatitis B virus. HE: 
heart. IFCC 37 °C: measurement according to methods of the International Federation of Clinical Chemistry and Laboratory Medicine 
at 37 °C. IN: intestine. KDIGO: Kidney Disease Improving Global Outcomes. KI: kidney. LDH: lactate dehydrogenase. LI: liver. LU: lung. 
PA: pancreas. SIRS: systemic inflammatory response syndrome.

6.2.4. Other complementary tests

Complementary tests can contribute further to 
characterising the donor when an indication for the 
particular investigation exists and if the results are 
communicated within standardised questionnaires 
as outlined in Chapter 7. One common language 
should be used by the investigator performing the 
test and the recipient centres interpreting the results.

For any organ procurement, as a minimum 
imaging is suggested as outlined in Table 6.2, which 
may differ in clinical practice from country to country. 
For abdominal organs the investigations concerning 
thoracic organs are not of primary interest, but they 
are helpful for exclusion of other diseases (e.g. malig-
nancy) or co-morbidities (e.g. arterial hypertension 
and its relation to left ventricular hypertrophy as an 
indicator for proper treatment). For thoracic organs 
a specific indication should exist for performing in-
vasive investigation, e.g. coronary angiography in a 
donor with relevant risk for coronary artery disease 
(see Chapter 7). When signs of unexpected atypical 
findings, space-occupying lesions (SOL), changes 
suspicious for infection etc. are detected in imaging 
studies, then special consideration must be given to 
further exclusion of malignancies (see Chapter 9, e.g. 
whole-body CT scan), infections (see Chapter 8) or 
other transmissible diseases.

In whole-body CT scan including head, con-
trast opacification of cerebral arteries or veins should 
not be interpreted for the diagnosis of cerebral cir-
culatory arrest because of fundamental technical 
differences between whole-body CT scan and CT 
angiography dedicated for the diagnosis of cerebral 
circulatory arrest. Otherwise, discrepant results may 
occur, providing false positive or false negative di-
agnoses of cerebral circulatory arrest on the basis of 
whole-body examination. Depending on the organs 
considered for transplantation and on indications for 
general donor assessment, imaging is done in many 
centres according to the principles shown in Table 6.2.

Two recent studies highlight the two-sided 

viewpoints of extended imaging: Firstly Mensink et 
al� [39] showed that whole-body CT imaging contrib-
uted to detection of SOL as well as additional infor-
mation helpful during procurement (e.g. anatomy) 
at a higher rate and efficiency than abdominal ultra-
sound only or no imaging. Secondly, Ghorbani et al� 
[40] demonstrated in a randomised trial that, after 
donor transfer from one place to another, lung recruit-
ment becomes necessary in order to re-compensate 
the harms caused to pulmonary function due to the 
transfer process. Taking these two observations to-
gether, targeted imaging (e.g. by CT-scan) should 
be planned well in advance, taking into account the 
side-effects of transport of the donor from one place 
to another; for example, when CT-angiography is 
used within the process of brain death certification, 
then a complementary whole-body CT scan to obtain 
raw data for later evaluation may be helpful.

In cases where an examination (e.g. coronary 
angiography) cannot be performed in a particular 
hospital, individual decisions become necessary 
before any organ or donor is lost due to this limita-
tion. It is not usually appropriate to transfer a donor 
to another hospital just to perform a complemen-
tary test. In special cases beyond the standard set 
of tests, additional investigations may be invaluable 
(e.g. whole-body CT scan where there is suspicion of 
malignancy).

In cases of cDCD as well as DBD, these tests 
can be performed early in the work-up as long as they 
are not invasive, without harm to the patient and as 
part of the repertoire of high-quality intensive care 
medicine according to the treatment protocols. In-
vestigations performed early in the work-up should 
be re-evaluated according to the principles outlined 
in Chapter 7. In uDCD only a limited set of investiga-
tions is possible in the emergency room according to 
the standards of emergency medicine. In such cases 
the quality of measurement results represents the 
needs of investigations required to decide on further 
therapy and they do not represent a more detailed 
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and qualified examination as applied in cDCD or 
DBD.

6.2.5. Histopathological examinations

All suspected malignant tumours should be 
investigated by histopathology. The mass should be 
resected in toto (not just parts of it) to rule out or 
investigate malignancy properly, whenever possible 
without sacrificing or significantly damaging a graft 
otherwise suitable for transplantation (e.g. R0 resec-
tion in space-occupying lesions in a kidney). Resec-
tion of a suspicious mass on the back table should be 
done after packing away the other organs to avoid 
cross-contamination. The pathologist should be in-
formed about all donor data and the macroscopic ap-
pearance surrounding the suspicious mass, preferably 
with a photograph to illustrate this (see Chapter 9). 
In consultation with the investigating pathologist, it 
should be clarified which medium can be used for 
transport of the sample sent in for histopathologic 
examination (based on the assumed transport time).

A question frequently asked is whether, in cases 
of a suspected brain tumour, imaging or biopsy will 
be sufficient for an appropriate diagnosis, allowing a 
release of organs for transplantation. Only in urgent 
or otherwise difficult circumstances may this be 
done, since the best practice is to have a full/complete 
brain autopsy performed with a histopathologic ex-
amination (e.g. the brain can be procured for autopsy 
during or after organ procurement). However, there 
are certain radiological features that may enable 
confirmation of the nature of some brain tumours 
without histology.

It is recommended that in every region or 
country a network of pathologists is created for the 
purpose of a 24/7 service to assess biopsies of organ 

donors. Regional solutions with one centre on duty, 
e.g. a centre associated with a university hospital 
that has a transplantation facility, might be helpful. 
Exclusion of malignancy in SOL and assessment of 
liver or renal quality are especially pivotal in de-
creasing organ discard rates. Agreement on stand-
ardised wording in documentation is suggested (see 
Appendix 15).

Finally, it is preferred to have an autopsy of any 
person who has died, with the aim of knowing all the 
circumstances of death as well as co-morbidities. Un-
fortunately in clinical practice it is often difficult to 
obtain authorisation in many cases. Therefore at least 
any suspicious SOL in a donor should be removed 
and examined.

6.2.6. Summary of clinical data

For the comprehensive description of the 
donor and specific characterisation of the organs, 
the laboratory test results and clinical data shown 
in tables 6.1, 6.2 and 6.4 should be summarised in 
an accessible and comprehensive way, including the 
information obtained already or later on during the 
donation process. Importantly, any changes during 
the process of organ donation should be clearly de-
scribed. Organ exchange and/or allocation can be 
performed once this information has been provided 
as completely as possible, enabling proper assessment. 
Whenever data cannot be provided properly, despite 
best efforts, this must be indicated clearly; when 
donor evaluation has found no evidence for a risk 
factor, this also should be documented. These data 
should be updated with the most recent informa-
tion available, even after transplantations have been 
carried out. Agreement on standardised wording in 
documentation is suggested (see Appendix 15).

Table 6.2. Imaging during donor evaluation with consideration of organ-specific morphology and disease-
transmission risks

Basic con-
sideration

Transfer 
of donor 
to other 
facility

Kidney Liver, 
Pancreas, 
Intestine

Heart Lung (Previous) 
malignan-
cy

(Previous) 
infection

Other 
lesions, 
acute 
events

Abdomi-
nal ultra-
sound

limited 
sensitivity 
and speci-
ficity

bedside size, 
morphol-
ogy, other 
abnormal-
ities*

size, mor-
phology*

add on* add on* basic ori-
entation*

basic ori-
entation*

SOL: space-occupying lesions; LVH left ventricular hypertrophy, LVF left ventricular function, RVF right ventricular function; Add 
on: complementary in best practice.

* Basic imaging in many countries, † nice to have as imaging in some countries; ‡ depends on indication; § important in case of 
previous malignancy.
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Basic con-
sideration

Transfer 
of donor 
to other 
facility

Kidney Liver, 
Pancreas, 
Intestine

Heart Lung (Previous) 
malignan-
cy

(Previous) 
infection

Other 
lesions, 
acute 
events

Chest 
X-ray

limited 
sensitivity 
and speci-
ficity

bedside add on* add on* severe 
calcifica-
tion*

basic ori-
entation*

huge SOL* basic ori-
entation*

basic ori-
entation*

CT-Scan 
(whole 
body)

SOL, 
morphol-
ogy, vessel 
status 
(e.g. cal-
cification), 
vascular 
anatomy; 
depends 
on indica-
tion

transfer morphol-
ogy, SOL, 
vessels 
(e.g. calci-
fication)†‡

morphol-
ogy, SOL, 
vessels, 
(e.g. calci-
fication); 
split anat-
omy†‡

coronary 
artery 
calcifica-
tion†‡

atelectasis, 
SOL, 
trauma†‡

rule out 
SOL‡§

infection 
(e.g. 
Covid-19)‡

atelectasis, 
pulmo-
nary 
embolism, 
trauma, 
vascular 
anatomy‡

Echocardi-
ography

snapshot, 
serial eval-
uation

bedside LVH, in-
teraction 
with acute 
or chronic 
heart 
disease†

LVH, in-
teraction 
with acute 
or chronic 
heart 
disease†

LVH, 
LVF, RVF, 
valves, 
acute and 
chronic 
heart 
damage*

side effect 
of heart 
function†

haemody-
namic as-
sessment†

haemody-
namic as-
sessment†

Electrocar-
diogram

limited 
sensitivity 
and speci-
ficity

bedside side effect 
of major 
cardiac 
damage

side effect 
of major 
cardiac 
damage

arrhyth-
mia, major 
cardiac 
damage*

side effect 
of major 
cardiac 
damage

endocar-
ditis

haemody-
namic as-
sessment

Bronchos-
copy

invasive bedside improve 
gas 
exchange, 
rule out 
tumour†

improve 
gas 
exchange, 
rule out 
tumour†

improve 
gas 
exchange, 
rule out 
tumour†

intrabron-
chial 
status*

review 
status‡

intrabron-
chial 
status†

bronchus 
cleaning†

Blood gas 
test (FiO2 
1.0, 10 
minutes)

serial eval-
uation

bedside add on* add on* add on* gas ex-
change*

ventilation 
setting*

Coronary 
angio-
graphy

invasive, 
requires 
indication

transfer intra-
vascular 
status of 
coronary 
artery‡

Others depends 
on indica-
tion

depends 
on 
method

depends 
on 
method

depends 
on 
method

depends 
on 
method

depends 
on 
method

depends 
on 
method

depends 
on 
method

depends 
on 
method

SOL: space-occupying lesions; LVH left ventricular hypertrophy, LVF left ventricular function, RVF right ventricular function; Add 
on: complementary in best practice.

* Basic imaging in many countries, † nice to have as imaging in some countries; ‡ depends on indication; § important in case of 
previous malignancy.

Table 6.3. List of pragmatic questions that might help in assessing whether donors and grafts are suitable for 
transplantation in cases of a rare disease where insufficient data are available

Question 1 Was a successful transplant previously carried out where the donor was known to have had such a disease?
If so, what was the outcome and how were other organs affected in this recipient? (See e.g. www.notifylibrary.
org.)
Were all additional resources/sources of information checked? (For example, www.orpha.net for rare diseases, 
literature.)

Question 2 Are components of immune-suppression protocols used to treat this disease effectively? Can harm to recipient 
and graft due to immune-suppression be excluded as a possibility?
Is specific, successful anti-infective treatment possible in the immunosuppressed recipient of the particular 
graft in the case of an infectious pathogen, or can disease transmission be prevented successfully?

Question 3 Was the organ itself damaged?
Are the supplying vessels intact and suitable for anastomosis?
Is the probability high that the organ will function properly in the recipient within an acceptable time interval?

http://www.notifylibrary.org
http://www.notifylibrary.org
http://www.orpha.net
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Question 4 Are there any other donor-related risk factors that may compromise the outcome?
How does the cumulative effect of all risk factors taken together impact the graft quality?

After going through the questions above, an individual risk–benefit assessment for each donor–graft–recipient combination must 
be discussed before a decision is made. The decision process should be documented for reproducibility and later sharing of the 
knowledge (e.g. by prospective application of biovigilance tools according to Chapter 16).

6.3. General donor-selection 
criteria (pre-procurement)

Only a few absolute exclusion criteria exist 
for organ donation, but there are increasing 

numbers of donors with co-morbidities that may 
compromise graft quality or be transmissible to the 
recipient. With increasing utilisation of co-morbid 
donors, knowledge of transmission risks is ex-
panding. However, individual cases may need expert 
local advice to evaluate their suitability as a donor in 
general, or as a donor of specific organs – for example, 
donors with specific infections or malignancies (see 
chapters 8-9).

Careful consideration should be given to the 
following conditions, which are considered as general 
exclusion criteria because no life-saving treatment is 
available if transmission of the disease to the recip-
ient occurs:

a� Active malignancy with metastatic spread (see 
Chapter 9).

b� Severe infections that are systemic or of 
unknown origin (especially any case of en-
cephalitis of viral origin or febrile meningo- 
encephalitis of unknown origin), as well 
as ongoing sepsis or disseminated, uncon-
trolled infection (bacterial, viral, fungal, para-
sitic, active [disseminated] tuberculosis, acute 
Chagas disease) or infections without any 
available treatment (e.g. rabies). Specific details 
are outlined in Chapter 8.
It is highly recommended to refer to chapters 

8, 9 and 10 in order to perform a proper assessment 
of the risk for transmission of infections, malignan-
cies and other rare systemic diseases. As mentioned 
in the introduction it is pivotal to consider that the 
decision to use or not to use an organ of a donor is 
based on the individual risk–benefit assessment of 
each donor–recipient pair (see §6.1).

There is a long list of infectious diseases that 
have been transmitted with organs, as outlined in 
Chapter 8. On the other hand, the presence of a trans-
missible disease should not be the only reason nor an 
automatic reason for excluding a potential donor: 
once known, it is an element in the allocation process, 
an element of the decision by a transplant team to 

proceed (or not) with transplantation of a particular 
recipient and an element to be carefully monitored in 
the different patients transplanted with organs from 
this same donor, within connected vigilance systems. 
There is no reason to believe that a disease could not 
be transmitted with an organ/tissue, independently 
of how well the graft has been perfused during pres-
ervation. For further details about best practice in 
donor screening, see Chapter 8.

Similar consideration may apply to situations 
of a donor with a pre-existing malignancy, as de-
scribed in Chapter 9 in detail.

Donor age and its associated co-morbidities 
should be evaluated according to the organ-specific 
selection criteria (see Chapter 7). Age per se is not a 
contraindication for organ donation, but the biolog-
ical age will impact on the organ quality and function. 
Adding avoidable risk factors on top of existing ones 
should be avoided (e.g. prolonged ischaemia times in 
elderly donors with co-morbidities). Current donor 
age criteria should be re-evaluated, as a European 
registry study showed when comparing outcomes in 
kidney transplantation by donor age for the periods 
of 1996 to 2006 and 2007 to 2016 [12].

For any other systemic disease, the pragmatic 
approach shown in Table 6.2 can be used as guidance 
on how to handle the case when a rare disease is not 
covered within the scope of chapters 8-10.

Infections, malignancies and other diseases 
transmitted with a graft expose the recipient to un-
expected and/or unwanted complications. Whether 
or not it is possible to transplant an organ/graft to a 
suitable recipient with an associated acceptable risk 
must be considered before excluding an organ/graft 
for infectious or other risk reasons. For deceased 
organ donors especially, there is insufficient time to 
perform extensive investigations and for results to 
become available in a timely manner, so strategies 
have to be applied to reduce the risks as much as pos-
sible. However, any deviation from ‘normal circum-
stances’ should be considered indicative of a possible 
undetected risk. Further details are outlined in chap-
ters 8-10. Table 6.4 provides a summary of risk factors 
limiting successful donation. These should be consid-
ered when deciding final conclusions about general 
donor suitability.
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Table 6.4. Data needed for a comprehensive characterisation of the donor and organs

In the Data column, the minimum dataset defined in Part A of the Annex to Directive 2010/53/EU is marked by an asterisk (*); the 
complementary dataset in Part B of the Annex is marked by a dagger (†). For further details, see §6.8.
In the Cross-reference column, refer to the chapter or section (§) specified to see all details that need to be considered.

1. General data (important for allocation)
Data Comment, informative value and background Cross-ref.
Type of donor* DBD, cDCD or uDCD donor
Establishment where 
the procurement takes 
place and other general 
data*
Contact details of this 
establishment or of the 
organ procurement 
organisation in charge†

Necessary for co-ordination, allocation and traceability of the organs from donors to 
recipients and vice versa as well as for urgent questions by transplant teams during 
risk–benefit assessment for a particular recipient.

Age,* sex,* height,* 
weight,* other demo-
graphic and anthropo-
metric data†

Data may determine allocation of organs (e.g. age match). For heart, lung, liver and 
intestinal transplantation, the size/weight match between donor and recipient is 
important. Weight and height should be measured [36] whenever possible.

Blood group,* 
HLA-typing

Relevant for organ allocation. §6.6

Virology/microbiology All details must be known about the risk of transmissible pathogens, which may 
determine further allocation of organs. Before any graft is transplanted, anti-HIV1/2,* 
anti-HCV,* anti-HBc* and HBsAg,* as well as SARS-CoV-2 NAT from upper/lower res-
piratory tract, must have been determined.

Chapter 8 
and §8.2 for 
indication of 
additional 
tests

The correctness of data, e.g. blood group, virology, should be ensured when determined or whenever data are 
transmitted. Ensure that specimens for the above-mentioned investigations are drawn properly and in time.

§6.8

2. Medical history of acute event
Data Comment, informative value and background Cross-ref.
Cause of death*
Date/time of death*

It is imperative to know the exact cause of death in order to identify possible addi-
tional risks associated with the underlying cause of the brain injury.
Occasionally, a central nervous system infection is obscured by other causes of 
death or by an overlap in imaging, with the risk of fatal disease transmission [41]. The 
following conditions should raise concerns:
Cerebrovascular accident without risk factors for stroke, etc.
Unexplained fever or illness or altered mental status at presentation/admission 
with or without unexplained cerebrospinal fluid abnormalities (e.g. pleocytosis, low 
glucose, elevated protein)
Immunosuppressed host (e.g. autoimmune disease, cirrhosis) and/or environmental 
exposure (e.g. animals)
The same applies for verification of a space occupying intracranial lesions (e.g. brain 
tumours v. metastasis).

Chapter 8, 
Chapter 9
For cerebral 
infections, 
see §8.9

Timeline: admission to 
hospital, admission to 
ICU, start of ventilation, 
declaration/verification 
of death

It is helpful to estimate the chances of recovery from primary critical periods at 
admission and/or the risk of acquiring nosocomial infections.

Chapter 8

Episodes of cardiac 
arrest/resuscitation and/
or prolonged hypoxia 
for other reasons

For each episode of cardiac arrest, information on its duration, the duration of CPR 
and the treatment provided should be collected (e.g. defibrillation, medication), as 
well as about the haemodynamic status afterwards.
Hypoxic episodes (e.g. after strangulation, suicide by hanging) should be document-
ed in the same fashion.

Chapter 7

Hypotensive periods/
shock

Duration of hypotension or shock should be reported with systolic and mean arterial 
blood pressure, as well as medication applied.

Abbreviations
Anti-HBc: hepatitis B core antibody. BAL: broncho-alveolar lavage. CMV: Cytomegalovirus. CPR: cardio-pulmonary resuscitation. DCD: 
donation after circulatory death. D/R: donor/recipient. EBV: Epstein–Barr virus. HbA1c: haemoglobin A1c. HBsAg: hepatitis B surface 
antigen. HBV: hepatitis B virus. HCV: hepatitis C virus. HIV: human immunodeficiency virus. HLA: human leukocyte antigen. ICU: 
intensive care unit. NAT: nucleic acid testing. PEEP: positive end-expiratory pressure. SIRS: systemic inflammatory response syndrome. 
TPHA: Treponema pallidum haemagglutination.
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General information/ 
remarks*

Summary of key information about actual donor data and history. This should cover 
all information outlined below as well as important remarks or facts to be consid-
ered for the further planning of the donation procedure.

3. Medical history before hospital admission
Data Comment, informative value and background Cross-ref.
History of arterial 
hyper tension

Duration, kind and quality/success of treatment may indicate or exclude organ 
damage (kidney, heart, pancreas, risk of arteriosclerosis). Presence of left ventricular 
hypertrophy in echocardiography is indicative of quality of long-term care.

Chapter 7

History of diabetes Diabetes type (insulin-dependent/non-insulin-dependent), duration, kind and 
quality/success of treatment may indicate or exclude organ damage (arteriosclerosis 
> kidney? heart?; obesity > liver steatosis?). Valuable information may be obtained 
by contacting the general practitioner, especially for laboratory tests such as HbA1c, 
glucose tolerance, kidney function (albuminuria or proteinuria) and other medical in-
terventions due to diabetes. Type II diabetes is a frequent diagnosis in elderly people 
when patients did seek medical advice.
Insulin demand of a donor in an ICU is not indicative of pre-existing diabetes.

Chapter 7

History of smoking Duration and quantity of smoking (pack-years) may be indicative for cardiovascular 
damage and risk of smoking-related malignancies.

Chapter 7, 
Chapter 9

History of alcohol abuse Duration and quantity of alcohol consumption may be indicative for organ damage 
(liver, kidney, heart, pancreas, intestine, risk of arteriosclerosis). Chronic abuse 
combined with malnutrition or smoking is a risk factor for other diseases, including 
oropharyngeal and oesophageal malignancy.

Chapter 7

History of drug abuse* It should cover past and current history.
Extended virology testing is necessary in cases of drug abuse (e.g. intravenous drug 
abuse, needle sharing, intranasal cocaine sniffing, oral or recreational drugs con-
sumption), with secondary effects on lifestyle (e.g. multiple sexual partners). Organ 
damage can be caused by substance abuse.

Chapter 8, in 
detail §8.2 to 
§8.3

History of transmissible 
diseases,* HIV,* HCV,* 
HBV*

For transmissible diseases, current history is particularly relevant.
HBV/HCV: pattern of infection, treatment (medication) and virological response 
to treatment are informative in concert with the medical history. New treatment 
regimes in HCV, HBV and HIV will change the exclusion and inclusion criteria for 
donors and organs with such infections.

For basic 
donor 
screening 
§8.2 to 
§8.3 and in 
detail §8.6.11, 
§8.6.12, 
§8.6.15

Behavioural risk, 
commercial sex worker, 
sexual contacts, impris-
onment

This may indicate that organ function could be compromised or that an increased 
risk of infectious diseases exists. It is necessary to ask about sexual behaviour (e.g. 
prostitution, frequently changing partners regardless of their sex or gender), use of 
intravenous drugs or cocaine, lifestyle or imprisonment.

§8.2 to §8.3

Blood transfusions or 
transplant procedures; 
body piercing or 
tattoos; non-medical 
injections

Risk of blood-borne infections is increased if they occurred within the 180 days 
preceding death. Body piercing or tattoos are very common nowadays. If they have 
not been applied professionally under sterile conditions, then they carry the same 
risk as non-medical injections.

§8.3

History of malignancy* It should cover the detailed past and current history of all malignancies. Records 
should be checked for any previously diagnosed neoplasms or tumours removed.

§9.2 to §9.3

History of other dis-
eases or risk factors for 
potential malfunction 
of an organ*

The following information helps in assessing the side effects of these diseases: dura-
tion, treatment, quality of treatment. Co-existing laboratory data are also helpful.
Previous diseases or surgery hint at potential disease-transmission risks (infection, 
malignancy, etc.) as well as posing the risk of acquiring nosocomial infections (due 
to hospital or nursing home admission). This includes considerations about diseases 
originating from neuro-degeneration, intoxication, auto-immune – or congenital – 
or inherited disorders as well as unknown aetiology.

Chapters 7, 8, 
9, 10

History of recent immu-
nisation

Transmitting live vaccines from the donor into a recipient. §8.2.4

Abbreviations
Anti-HBc: hepatitis B core antibody. BAL: broncho-alveolar lavage. CMV: Cytomegalovirus. CPR: cardio-pulmonary resuscitation. DCD: 
donation after circulatory death. D/R: donor/recipient. EBV: Epstein–Barr virus. HbA1c: haemoglobin A1c. HBsAg: hepatitis B surface 
antigen. HBV: hepatitis B virus. HCV: hepatitis C virus. HIV: human immunodeficiency virus. HLA: human leukocyte antigen. ICU: 
intensive care unit. NAT: nucleic acid testing. PEEP: positive end-expiratory pressure. SIRS: systemic inflammatory response syndrome. 
TPHA: Treponema pallidum haemagglutination.
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Travel history or resi-
dence abroad/overseas, 
living conditions, social 
contacts, job descrip-
tion, immigration, 
private hobbies, pets, 
contact with fauna, 
especially bites from 
pets, domestic or wild 
animals, birds etc.

This should be evaluated to rule out the risk of tropical or endemic infections. Infor-
mation on potential exposure to foreign diseases will guide individual decisions as 
to what additional and specific testing is required. In most countries there are only a 
few institutions dealing with testing of tropical or other rare diseases (often without 
a 24/7 service). Timely requests for these additional tests are necessary.
The history of travel or residence abroad should include information about living 
conditions, migration background, refugee status and work places (e.g. sewage 
plant, woodlands, farm, airport, hospital, foreign countries). This may help to identify 
risks related to places/countries with inferior hygienic standards or a high preva-
lence of certain infections. Information about hobbies (e.g. home, garden, animals, 
woodlands) should be obtained with the same intention.

Chapter 8

Risk of transmitting 
prion disease

This includes diagnosis or high suspicion of any transmissible spongiform encepha-
lopathy in the donor, a family history of Creutzfeldt–Jakob Disease, and whether the 
donor was a recipient of human pituitary-gland-derived hormones, dura mater or 
corneal/scleral transplants.

§8.8

Medications before 
hospital admission 
(long-term use)

Chronic medication may be harmful to organs and cause damage or it may have 
been applied to repair damage caused by some kind of organ failure. This considera-
tion also applies to any previous medical treatment, exposure to chemical substanc-
es/radiation or immunosuppression.

Chapter 7 
as well as 
chapters 8, 
9, 10

Uniform donor health 
questionnaire

This questionnaire is a complementary checklist that can help to avoid missing 
important topics.

appendices 
10, 11, 12, 13

4. Haemodynamic parameters and further monitoring
Data Comment, informative value and background Cross-ref.
Body temperature Decreased body temperature is common in DBD. Correct diagnosis of brain death 

requires body temperature > 33 °C, and very low body temperatures may require 
specific consideration of pathophysiologic derangements (e.g. drowning accidents 
in cold water). Sometimes, fever may occur due to SIRS and/or infection. In such 
cases, the taking of cultures may be considered for exclusion of bacterial infections.

Chapters 3, 5, 
7 and 8

Heart rate After failure of vagal stimulation in DBD, the autonomous sinus node of the heart 
takes over (at a wide range, tachycardia of about 100/min in adults). Arrhythmias 
occur during or shortly after brain-stem coning.

Chapter 5

Arterial blood pressure Surrogate for quality of organ perfusion; to be considered in association with 
demand for vasopressors and diuresis. Consider age adjustment and the need for 
elevated organ perfusion pressure in cases of pre-existing arterial hypertension 
without proper treatment.

Chapter 5

Diuresis in last 24 h – 
with review of last 72 h.
Diuresis in last hour

Indicates quality of kidney function if donor is haemodynamically stable and if 
appropriate fluid balance exists. Polyuria may be due to diabetes insipidus, elevated 
serum glucose or recovery from acute kidney injury. Oligo-anuria may occur due to 
haemodynamic instability, volume depletion or acute kidney injury.

Chapters 5 
and 7

Central venous pressure Correction for PEEP is mandatory. It is a questionable surrogate marker for venous 
filling and right cardiac function. In cases of maintenance problems, invasive 
monitoring is more informative (PICCO® or similar monitor, echocardiography, a 
pulmonary artery catheter).

Chapter 5

Pulmonary artery 
pressure

Can be estimated via echocardiography when no invasive measurement is available. Chapter 5

Physical and clinical 
data†

Data from clinical examinations – which are necessary for evaluation of physiolog-
ical maintenance of the potential donor as well as evaluation of any finding that 
reveals conditions that remained undetected during interrogation of the donor’s 
medical history – might affect considerations about the suitability of organs for 
transplantation or risk of disease transmission. Findings at laparotomy and thoracot-
omy during and after procurement should also be noted.
It is important to check for scars from previous surgery in order to identify any 
missed previous therapy for oncologic reasons, including tattoo marks from previ-
ous radiotherapy.

§6.2.2, §6.4 
and §6.5

Abbreviations
Anti-HBc: hepatitis B core antibody. BAL: broncho-alveolar lavage. CMV: Cytomegalovirus. CPR: cardio-pulmonary resuscitation. DCD: 
donation after circulatory death. D/R: donor/recipient. EBV: Epstein–Barr virus. HbA1c: haemoglobin A1c. HBsAg: hepatitis B surface 
antigen. HBV: hepatitis B virus. HCV: hepatitis C virus. HIV: human immunodeficiency virus. HLA: human leukocyte antigen. ICU: 
intensive care unit. NAT: nucleic acid testing. PEEP: positive end-expiratory pressure. SIRS: systemic inflammatory response syndrome. 
TPHA: Treponema pallidum haemagglutination.
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5. Medication during current stay at ICU (for any medication, the timeline and dose should be known)
Data Comment, informative value and background Cross-ref.
Adrenaline, noradren-
aline, dopamine, 
dobutamine, vasopres-
sin, other vasopressor or 
inotropic drugs†

Indicative for the kind of haemodynamic status achieved (dose over the timeline is 
of interest in terms of haemodynamic parameters). Medications used during cardiac 
resuscitation should be documented separately.

Chapter 5

Blood transfusions† Erythrocyte concentrate, fresh frozen plasma and thrombocyte concentrate. Units 
over timeline to be viewed in the context of haemodynamic parameters, coagula-
tion and bleeding disorders.
CMV status of the blood products used can be helpful for interpreting the result of 
CMV screening; but this is a sophisticated procedure and cannot always be provided.

Chapter 5
For CMV, see 
§8.6.2.6

Plasma expanders† Type, dose and duration of substitute may be informative about haemodynamic 
stabilisation or damage to kidneys.

Chapter 5

Other blood products† Medication for correction of coagulation status. Chapter 5

Antibiotics† Indication, type and duration of anti-bacterial, anti-fungal or anti-viral medication 
and success in treatment of infections. Treatment according to resistance patterns 
should be confirmed.

Chapter 8

Anti-diuretics† Treatment of diabetes insipidus (context of diuresis and serum-sodium level). Chapter 5

Diuretics† Requirements for initiating diuresis or correction of fluid balance due to overload 
should be recorded. Applications should be viewed in context with diuresis and 
kidney function parameters.

Chapter 5

Insulin† Glucose metabolism is frequently deranged after admission to ICU. Chapter 5

Steroids† Treatment of SIRS. Chapter 5

Other medication† Documentation of other relevant medication. Chapter 5

Ventilation and pulmonary function
Data Comment, informative value and background Cross-ref.
Respirator settings, 
blood gas analysis

Conclusive for protective ventilation and achieved gas exchange.
Standardised interpretation of blood gas analysis for lung donation includes the fol-
lowing procedure: (1) Suction the airway, (2) Perform lung recruitment, (3) Ventilate 
at PEEP ≥ 5 cm H2O at FiO2 = 1.0 for 10 minutes. Clinical diagnosis of brain death by an 
apnoea-test is often strictly regulated and requires specific ventilator settings and 
normal paCO2.

Chapter 7

Chest X-ray (thorac-
ic-CT), bronchoscopy, 
BAL

To be considered if pulmonary infection is suspected and to assess acute or chronic 
structural damage to the lung. BAL samples should be sent for microbiological tests.

Chapters 7 
and 8

7. Other issues
Data Comment, informative value and background Cross-ref.
Laboratory parame-
ters,† imaging† and 
other complementary 
tests

These data are complementary to the clinical data and explain, clarify and verify 
them regarding assessment of organ quality and risks of potentially transmissible 
diseases.

§6.2.3 and 
§6.2.4

8. Final documentation of success in donor maintenance
Data Comment, informative value and background Cross-ref.
Haemodynamic Monitoring and preventing hypotension, hypertension, arrhythmias and cardiac 

arrest, and maintaining arterial pressure, volume substitution etc., aiming at preserv-
ing cardiac output and perfusion of other organs.

Chapter 5

Electrolyte Monitoring and correcting hypokalaemia, hyperkalaemia, hyponatraemia and 
hypernatraemia.

Chapter 5

Body temperature Keep within a physiological range (> 34 °C). Chapter 5

Endocrine Monitoring the clinical effects and preventing changes in the hypothalamic- 
pituitary-thyroid and hypothalamic-pituitary axis (diabetes insipidus) and changes in 
glucose metabolism.

Chapter 5

Abbreviations
Anti-HBc: hepatitis B core antibody. BAL: broncho-alveolar lavage. CMV: Cytomegalovirus. CPR: cardio-pulmonary resuscitation. DCD: 
donation after circulatory death. D/R: donor/recipient. EBV: Epstein–Barr virus. HbA1c: haemoglobin A1c. HBsAg: hepatitis B surface 
antigen. HBV: hepatitis B virus. HCV: hepatitis C virus. HIV: human immunodeficiency virus. HLA: human leukocyte antigen. ICU: 
intensive care unit. NAT: nucleic acid testing. PEEP: positive end-expiratory pressure. SIRS: systemic inflammatory response syndrome. 
TPHA: Treponema pallidum haemagglutination.
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Coagulation Monitoring and correction of major coagulopathies. Chapter 5

9. Specific data to be provided in cases of uncontrolled DCD
Data Comment, informative value and background Cross-ref.
Event of cardiac arrest 
leading to unsuccessful 
resuscitation, deter-
mination of death and 
procurement of organs 
with proper preserva-
tion

It is imperative to provide all data available ante mortem and before the event of 
cardiac arrest.
Of special interest are: the particular time when last seen alive, start of CPR by both 
non-professionals and professionals, including details of CPR, arrival in hospital, end 
of CPR, start and end of no-touch period, cannulation, preservation and procure-
ment.

Chapter 12

10. Specific data to be provided in cases of controlled DCD
Data Comment, informative value and background Cross-ref.
Detailed description of 
agonal period starting 
from the moment 
where full life-sustain-
ing therapy is discontin-
ued until determination 
of death and recovery 
of organs with proper 
preservation

It is imperative to provide all data available ante mortem and before the event of 
terminating life-sustaining therapy. In a few countries, donation after euthanasia is 
allowed. Then the same principles apply.
Of special interest are: the particular time of withdrawal of therapy, type and 
duration of agonal period, terminal cardiac arrest, start and end of no-touch period, 
cannulation, preservation and procurement.

Chapter 12

Abbreviations
Anti-HBc: hepatitis B core antibody. BAL: broncho-alveolar lavage. CMV: Cytomegalovirus. CPR: cardio-pulmonary resuscitation. DCD: 
donation after circulatory death. D/R: donor/recipient. EBV: Epstein–Barr virus. HbA1c: haemoglobin A1c. HBsAg: hepatitis B surface 
antigen. HBV: hepatitis B virus. HCV: hepatitis C virus. HIV: human immunodeficiency virus. HLA: human leukocyte antigen. ICU: 
intensive care unit. NAT: nucleic acid testing. PEEP: positive end-expiratory pressure. SIRS: systemic inflammatory response syndrome. 
TPHA: Treponema pallidum haemagglutination.

Table 6.5. General conditions in the donor that are risk factors for an unsuccessful transplantation

Condition Conditions that might be limiting for successful donation Cross-
reference

General Unfavourable – but avoidable and reversible
Avoidable are complications in management of a patient ante mortem or potential 
donor post mortem by proper intensive care and donor management.
Recovery from initial periods of shock, resuscitation or complications during inter-
vention can be monitored; while we know that severe cerebral lesions cause indirect 
damage to organs, especially without proper neuro-critical care.

Irreversible
Acute multiple organ failure without possibility of recovery or chronic organ failure 
with structural damage both require a case-by-case decision.

Chapter 5 
and 
Chapter 7

Infection Decisions on a case-by-case basis:
Systemic bacterial infections: 48 h definitively effective antibiotic therapies are con-
sidered to be sufficient for inclusion of a donor (negative culture preferred).
Existing local infections or colonisations do not exclude donation of other organs 
(e.g. pneumonia, urinary tract infection).
Fungus, virus, parasites: caution if the pathogen is detected in the blood. These 
infections must be cured or, after a case-by-case decision, selected recipients 
may have an organ transplanted because either treatment is available or recipient- 
related infection requires mandatory treatment anyway.
CMV, EBV, toxoplasmosis etc: consider chemoprophylaxis in the recipient if D+/R−.
Acute donor infections with spread of the pathogen into the blood (e.g. confirmed 
by NAT): such conditions require case-by-case decisions after consulting a transplant 
infectious disease expert for final conclusions.
Antibodies detected against a pathogen can document only that the immune 
system has responded to the pathogen. Reactive IgM antibodies do not clarify 
whether the pathogen has spread to the bloodstream or not.

Chapter 8

Special consideration should be given to exclusion of asymptomatic infection by 
HIV, HBV, HCV, HTLV I/II virus, Trypanosoma cruzi and other pathogens in donors who 
originate from endemic areas for these infections or populations with increased risk 
for window-period infections or vertical transmission.

§8.2

Malignancies Decisions on a case-by-case basis. Chapter 9
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Poisoning For appropriate determination of brain death, excluding poisoning is mandatory. 
After detoxification and/or recovery from poisoning, each organ should be individu-
ally evaluated.

Chapter 10

Inherited or rare dis-
eases

Decisions on a case-by-case basis: systematic reports are not available. Further infor-
mation can be retrieved from the emergency guidelines at www.orpha.net for very 
rare diseases. Systemic diseases with possible effects on graft quality (e.g. collagen 
disease or systemic vasculitis, or metabolic disorders such as maple syrup disease, 
oxalosis etc.) require additional examinations.

Chapter 10

Age-related 
co-morbidities

Co-morbidities in donors are very common. Decisions must be made on a case-to-
case basis.
With advanced age there is an increased frequency of arterial hypertension, dia-
betes and obesity, and of the side effects of chronic alcohol abuse and smoking. 
Beyond cardiovascular risks, including progressive arteriosclerosis, irreversible organ 
damage may occur. In contrast, properly treated arterial hypertension and/or dia-
betes and a lifestyle including enough physical activity may compensate for or limit 
such changes. Therefore, in the advanced-age donor population (e.g. > 60 years), 
significant differences exist in the suitability of each individual organ for transplanta-
tion. This issue requires assessment of ‘biological age’ instead of ‘chronological age’.

Chapter 7

Abbreviations
CMV: Cytomegalovirus. DCD: donation after circulatory death. D/R: donor/recipient. EBV: Epstein–Barr virus. HBV: hepatitis B 
virus. HCV: hepatitis C virus. HIV: human immunodeficiency virus. HTLV: human T-lymphotropic virus. NAT: nucleic acid test.
Cross-reference: Refer to the chapter or section (§) outlined for all details to be considered.

6.4. Examination during procurement

Prior to the procurement of any graft from a donor, 
a detailed macroscopic examination should be 

performed and documented (see Chapter 11). It is 
the responsibility of the surgeon who is performing 
the procurement to document any anomalous ana-
tomical findings or suspicious pathological findings. 
During procurement, the entire abdominal and tho-
racic cavities must be inspected for any suspicious 
lesion in every donor.

Systemic diseases with possible effects on 
organs to be transplanted (e.g. collagen disease or 
systemic vasculitis) may require additional exami-
nation. The final decision to use grafts also depends 
on macroscopic evaluation by the procuring surgeon 
and, if necessary, histology of an organ biopsy.

In cases of abnormal findings, further inves-
tigations should be made and the results must be 
included in the donor documentation. For example, 
any space-occupying lesion detected either during 
pre-procurement investigations or during procure-
ment should be verified by histopathologic examina-
tion of the whole lesion, or samples from a suspected 
area of contamination should be sent for microbio-
logic examination (swab, fluids etc.). Any abnormal 
findings must, without delay, be clearly communi-
cated to the transplantation units receiving organs 
from the donor. When applicable, the formal require-
ments for traceability in the EU directive 2010/53 
should be observed.

In cases of donors with previous history of 
malignancy, a plan should be formulated in advance 
as to how any space-occupying lesion detected inci-

dentally would be examined and what consequences 
might result from the use of any organ procured.

6.5. Examinations after 
procurement

Performing an autopsy after procurement, for 
final exclusion of undetected diseases, can be 

helpful. However, experience shows that obtaining 
permission for an autopsy can be more difficult than 
obtaining permission for donation, unless medical 
evidence exists that may persuade donor relatives 
to insist on an autopsy. Therefore it is mandatory to 
carry out a thorough inspection at procurement (see 
§6.2).

Any investigation initiated before or during 
procurement with pending final result must be in-
tegrated into the final donor characterisation (e.g. a 
frozen section of a space-occupying lesion will have 
to be followed by paraffin embedding). The results 
must be forwarded immediately to all relevant in-
stitutions (e.g. OPO, transplant centres, tissue es-
tablishment). These results might change the final 
conclusions of donor characterisation and they might 
cause the reporting of a serious adverse event in order 
to prevent further harm to other potential recipients 
(see Chapter 16). When applicable, the formal re-
quirements for traceability in the EU directive 2010/53 
should be observed.

In cases where results are pending, grafts can 
be offered to those centres and recipients who are 
willing to accept the risks associated with unknown 
data. Indeed, the transplant team might assess the 

http://www.orpha.net
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risks posed by non-transplantation as outweighing 
the risks associated with incomplete data, and might 
choose to monitor the situation before and when 
results become available.

Whenever a procured graft is finally not trans-
planted, then it is best practice to perform histo-
pathologic examination to exclude other undetected 
disease and to confirm the appropriateness of the de-
cision to not transplant the graft.

Donor and organ characterisation is a contin-
uous process, and data collected before, during and 
after the procurement should be complemented by 
other results (for example, lab tests) as soon as they 
become available. Communication between the 
donor co-ordinator, OPO and the different trans-
plant centres involved, as well as between the trans-
plant centres themselves, is vital, and is also critical in 
the case of cross-border organ exchange. The correct 
definition of these communication channels and their 
availability to medical teams are essential for tracea-
bility and vigilance purposes within well-established 
donation and transplantation systems.

Follow-up studies of all grafts transplanted 
are also recommended for vigilance purposes and 
for quality assurance of the donor characterisation 
process.

The principles summarised in this chapter 
are confirmed by the European Foedus project [41], 
which is evaluating the practice of donor and organ 
characterisation to establish the best data set needed 
for efficient organ exchange across the borders of the 
various European organ-exchange organisations. As 
a major additional benefit, this project provides valu-
able information on how we can collect data on donor 
evaluation for future analysis of donor characteristics 
in Europe.

6.6. Examinations required for 
optimising organ allocation 
and recipient protection from 
avoidable immunological 
complications

Examinations like HLA-typing or ABO blood 
group determination and anthropometric or 

demographic data do not characterise the donor or 
organ quality itself. They are implemented in order 
to allocate a particular graft to the recipient with the 
greatest benefit of transplantation, as well as to rule 
out serious avoidable complications (e.g. antibody- 
mediated rejection in kidney transplantation). These 
data are collected as part of the donor and organ 
characterisation, but their purpose is to benefit the 

recipient regarding outcome as well as the purpose 
of organ allocation. In order to avoid unnecessary 
delays after procurement (see Chapter 11), it must 
be carefully considered which investigations can be 
performed during the time interval that starts with 
declaration of death and final consent and continues 
until the start of procurement and cross-clamp.

It is important that the extent of recipient 
immunisation against HLA or histocompatibility 
epitopes of the donor is properly identified. Proper 
prospective HLA-typing of the donor by molecular- 
biologic methods – i.e. polymerase chain reaction 
(PCR-SSO or PCR-SSP) in low and/or high resolu-
tion as indicative of at least HLA-A*, -B*, -C*, -DRB1*, 

-DQB1*, -DQA1*, -DPA1*, -DPB1*, -DRB3*, -DRB4*, 
-DRB5* alleles (equivalent to serologic antigens of 
HLA-A, -B, -C, -DR, -DQ, -DP) enables transplant 
centres to perform virtual cross-match and further 
compatibility evaluation without risk of unnecessary 
organ loss. For example, such investigations help to 
reduce the risk of graft loss in the long term due to ex-
isting or newly developing donor-specific antibodies; 
this risk is not only relevant in sensitised kidney re-
cipients [42-43].

Since there are ongoing changes in the estab-
lished methods of improving quality in terms of 
outcome, it is recommended to consider adoption 
of new technologies in the light of the most recent 
changes. Currently high-resolution HLA-typing is 
limited to specialised facilities and/or conditions 
where prolonged turnaround times are acceptable. 
Technologies need to be developed that overcome the 
limitations of low resolution. Up to now the needs of 
HLA-typing have not been well defined, especially
1. what new technology is needed for:

• improving allocation,
• virtual crossmatching,
• crossmatch testing,

2. what further investigations are needed to 
minimise immunological risks related to:

• issues compromising long-term outcome,
• actual daily practice.

For all organs procured from deceased donors, 
it is usually preferred to transplant them into 
ABO-blood group-compatible recipients. In spe-
cialised centres ABO-incompatible transplants are 
performed using approved protocols [44]. By con-
trast, in living donor transplantation (e.g. kidneys), 
ABO- incompatible transplantation is a relatively safe 
and successful procedure in properly pre-treated/de-
sensitised recipients, although an increased risk has 
been observed regarding infectious complications in 
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the recipient due to intensified immunosuppression 
[45-47].

6.7. Appropriate amount of 
evaluation

For the characterisation and assessment of the 
donor as well as the organ, an appropriate amount 

of investigation is necessary as indicated. The correct 
balance must be found between examinations per-
formed and not performed. Over-evaluation is fre-
quently a symptom of defensive medicine. This ties 
down a lot of resources – not only in money – and it 
creates a lot of results, which may be confusing or dif-
ficult to interpret and therefore may lead to rejection 
of a potentially suitable organ donor or grafts. Under- 
evaluation of the donor, on the other hand, may lead 
to overlooking a clinically relevant situation that may 
harm the recipient by transmission of a disease or by 
transplantation of a damaged organ. Both situations 
are harmful for the future patient.

For example, the varying incidence of different 
tumours in different age groups should be taken into 
consideration. In addition, the incidence of coronary 
artery disease (CAD) is extremely low in people in 
the age range 20 to 30 years compared to those in 
the age range of 50 to 60 years. This does not exclude 
CAD in younger people, but it is very unlikely. Thus 
excessive diagnostics would be harmful when bal-
ancing the benefit of increased knowledge obtained 
by coronary artery angiography versus the associated 
complications. But in elderly people it might be jus-
tified to perform such diagnostics, especially if risk 
factors for cardiovascular co-morbidities exist. Still 
this picture might change when we have the risk 
factor of insulin-dependent diabetes mellitus or ex-
posure to certain immunosuppressive drugs in a 
former kidney graft recipient at a younger age. Such 
situations require an individualised indication of the 
need for a particular special examination, which will 
not be covered well by strict adherence to protocols 
without assessing each case individually.

6.8. Formal issues and 
documentation

Among the member states of the Council of 
Europe, regulations on transplantation and the 

required documentation vary. Transplantation teams 
must follow national and/or regional laws. The rest 
of this section concerns European Union legislation.

According to Directive 2010/53/EU on stand-
ards of quality and safety of human organs intended 
for transplantation, Article 7 (‘organ and donor char-

acterisation’), EU member states shall ensure that all 
procured organs and the donors thereof are charac-
terised before transplantation, through collection of 
the information set out in the Annex to the Directive. 
Part A of the Annex contains a set of minimum data 
that must be collected for each donation. Part  B of 
the Annex contains a set of complementary data to 
be collected in addition, based on a decision of the 
medical team, taking into account the availability of 
such information and the particular circumstances 
of the case. If, according to a risk–benefit analysis in 
a particular case, including in life-threatening emer-
gencies, the expected benefits for the recipient out-
weigh the risks posed by incomplete data, an organ 
may be considered for transplantation even where 
not all of the minimum data specified in Part A of 
the Annex are available. It should be added that, 
while the EU directive mandates common quality 
and safety standards, it does not prevent any EU 
member state from maintaining or introducing more 
stringent rules, including rules on organ and donor 
characterisation.

A database of donor information should be 
maintained that protects anonymity. Directive 
2010/53/EU states in its Article 16 that “Member States 
shall ensure that the fundamental right to protection 
of personal data is fully and effectively protected in 
all organ donation and transplantation activities”. All 
necessary measures must be taken to ensure that “the 
data processed are kept confidential and secure” and 

“donors and recipients whose data are processed … 
are not identifiable …. Any unauthorised accessing 
of data or systems that makes identification of donor 
or recipients possible shall be penalised”.

Donor and recipient confidentiality should be 
maintained throughout the entire process. But, for 
medical purposes such as traceability and vigilance, 
data concerning the organ donor procedure must 
be documented on standardised forms. The forms 
outlined in sections  6.8.1 and 6.8.2 should exist for 
every donor and organ. Directive 2010/53/EU also 
prescribes that “Member States shall ensure that data 
required for full traceability is kept for a minimum 
of 30 years after donation. Such data may be stored in 
electronic form”. Indeed, it must be ensured that all 
organs procured, allocated and transplanted can be 
traced from the donor to the recipient and vice versa 
in order to safeguard the health of (living) donors 
and recipients (also in the case of international organ 
exchange). EU Directive 2010/53 also sets out require-
ments for a system for reporting of serious adverse 
events (SAEs) and reactions (SARs) that occur in re-
lation to organ donation (Chapter 16).
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6.8.1. Donor Report

The donor report or ‘donor information form’ 
should contain all relevant information about the 
donor to allow evaluation of eligibility for organ 
donation and to support the allocation process (ex-
amples used in the Eurotransplant area and Foedus 
project [48] are shown in Appendix 13). The person 
who refers the donor from the referring hospital to 
the OPO or organ exchange organisation should 
complete the form, either as electronic or written 
document. The form should accompany the organs 
and be maintained in the donor file. It should be ar-
chived separately from recipient notes. In practice, 
for donors, this information should be maintained 
in the donor records of the OPO. The donor records 
should include the donor information form and the 
documents proposed in chapters 6 and 7, as well as 
the records allowing reproducibility of consent/au-
thorisations and death certificates. The death certif-
icate must not be in paper form when an appropriate 
electronic database exists.

Exchanging donor data between different in-
stitutions involved in the donation/transplantation 
process must be done with care: errors can occur as 
a result of clerical issues, transcription problems (e.g. 
the interface used to transfer data from paper forms 
to IT systems) or limited human resources involved in 
the process. Such errors can cause avoidable serious 
adverse events or reactions (Chapter 16). Therefore 
it is recommended that critical data such as blood 
group or virological tests are reviewed with special 
care, for example face to face by two independent 
persons with reference to the original files and data 
exchanged electronically at key points. Verbal com-
munication of key data only, without visual verifica-
tion of the original files by both parties, is not optimal 
and should be discouraged.

6.8.2. Organ report

This form should contain all data on donor 
organs at the time of procurement (see Chapter 11; see 
also Appendix 13).

6.8.3. Donor sample archive

Samples of relevant donor material (e.g. serum, 
remains from HLA-typing) should be stored for 
retrospective studies, if indicated, for a period of 10 
years (see chapters 11, 15 and 16).

6.9. Conclusion

Primarily, donor characterisation contributes to 
the safety and quality of organs. Risk evaluation 

of donor and recipient factors has to be carried out 
on an individual, case-by-case basis regarding the 
issues associated to a donor in general. In addition, 
the organ- specific selection criteria must be consid-
ered in this process. There may be factors that make 
a given donor absolutely unsuitable for a specific re-
cipient, whereas the same donor could provide a life-
saving graft for another recipient. This is why there 
are almost no absolute contraindications against 
organ donation. Therefore all details outlined in 
Chapter 7 have to be taken into account before a de-
cision can be made on whether to continue or not to 
continue with the donation process. Because organ 
donation procedures in DBD or DCD are carried out 
within some time constraints, donor characterisation 
can never cover all possible aspects but needs to be 
carefully planned and structured.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
randomised clinical trials, should focus on the 
following research gaps:
1 Significant overlay to questions of Chapter 7.
2 Proof of concept of the process about its 

appropriateness.
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Chapter 7. Specific organ characterisation, assessment and 
selection criteria

7.1. Introduction

Organ-specific assessment supports the decision 
about which organs of a donor can be trans-

planted without unnecessary harm to a recipient but 
with appropriate function to support survival. Theo-
retically this occurs after the general assessment of the 
donor has been performed, as outlined in Chapter 6, 
though for pragmatic reasons there is an overlay of 
the two processes in order to save resources. The 
summary of all data obtained during general donor 
and specific organ characterisation allows a predic-
tion of whether transplantation of a particular graft 
will be beneficial to the patient or not. Only after this 
risk–benefit assessment is completed should trans-
plantation of a particular organ into a particular re-
cipient be considered, acknowledging the limitations 
of predicting the outcomes after transplantation (see 
Chapter 18).

The health status of patients on the waiting list 
during the waiting period most often deteriorates 
continuously. The individual urgency for transplan-
tation of a recipient correlates with the risk of not 
surviving on the waiting list. For this reason, the 
threshold for acceptance of risks related to an organ 
will vary for each patient according to their situation 
at that time.

The specific selection criteria for organs for 
transplantation have changed and will continually 
be changing according to the current state of knowl-
edge and the condition of the potential recipients on 
the waiting lists. Therefore, it is essential to continu-

ously monitor the health status of wait-listed patients 
and to remove patients from the list if they are no 
longer transplantable. Equally, the acceptance cri-
teria stored in the records for organ-exchange issues 
must be updated properly.

Importantly, the assessment, selection and al-
location of organs must always be done relative to 
the needs and status of the patients waiting for trans-
plantation at that specific time point. Sometimes, 
an organ that can be urgently needed, and at that 
moment lifesaving for one specific patient, could be 
highly unsuitable or even harmful for another patient. 
From the viewpoint of the donor’s co-morbidity and 
perceived risks, such considerations require close col-
laboration by the intensive care unit, organ procure-
ment organisation, organ allocation organisation and 
recipient centres. The formal structure is different in 
each country.

Currently the majority of organs are recov-
ered from donors whose death has been determined 
by neurologic criteria – donation after brain death 
(DBD). Selection criteria for DBD donors are re-
viewed here. For donation after circulatory death 
(DCD), some additional specific criteria are summa-
rised in Chapter 12. Specific and additional criteria 
for living donors are outlined in Chapter 13. For the 
specific selection criteria for tissue or cell donation, 
please refer to the latest edition of the Council of 
Europe Guide to the quality and safety of tissues and 
cells for human application.

The four major categories of risk factor limiting 
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the outcomes of transplantation are summarised in 
sections 6.1.1 (Risk assessment of general donor – not 
receiving an organ in time), 6.1.2 (Risk assessment 
of general donor – disease-transmission risks), 
6.1.3 (Risk assessment of the likelihood of failure 
associated with a specific graft) and 6.1.4 (Risks not 
associated with the donor or the graft donated).

Organ-specific diagnostic and selection cri-
teria are reviewed in this chapter in this order: kidney, 
liver, pancreas, intestine, heart and lung. For vascu-
larised composite allografts (VCAs) please refer to 
Chapter 15. Although undertaken for a specific organ, 
many investigations are useful in providing informa-
tion about multiple organs.

In the future, organ assessment and selection 
processes may change due to the introduction of new 
organ-preservation methods, by which organ quality 
may be improved and could be assessed during pres-
ervation time (see Chapter 11). Since cold storage is 
still the most frequent method used for organ pres-
ervation, the considerations about assessment and se-
lection are based on this technology. This viewpoint 
will have to be revised in upcoming editions of this 
guide as knowledge about the role and benefits of 
machine preservation methods increases.

7.2. Organ-specific assessment 
and selection criteria

Acceptance criteria for organs are mainly based on 
an assessment of the function and morphology 

of the donor organ. These criteria may vary between 
transplant teams and may also depend on recipient 
characteristics as well as the current waiting- list 
situation.

Theoretically, if organ preservation and the sur-
gical techniques of procurement and transplantation 
have been appropriate, any organ functioning well 
in a donor should function after implantation in the 
recipient. Sometimes grafts fail to recover their func-
tion, and delayed graft function (DGF) or primary 
non-function (PNF) may occur. The first priority of 
organ-specific selection criteria and donor manage-
ment is to minimise DGF or PNF, although these 
events are not always donor-related. The second pri-
ority is to avoid transplantation of a damaged organ, 
which may lead to long-term harm. Daily clinical 
practice demonstrates that many transplanted grafts 
function well even though they did not fulfil the pub-
lished selection criteria [1]. Therefore, organ viability 
criteria must be continually adjusted, based on state-
of-the-art medical practice and changes within the 
population constituting the current donor pool. Such 
an adjustment is not easy to perform because large 

randomised studies are not available for practical 
and ethical reasons [1]. To cover this issue the term 
‘expanded-criteria donor’ (ECD) has been introduced 
in the field, as either a binary or a continuous risk 
index, as discussed in Chapter 6.

In organs affected by a specific disease, the use 
of the organ for transplantation must be considered 
with care: when progression of the disease is unlikely 
or if estimated duration of graft survival exceeds that 
of patient survival (see Table 6.3 as guidance for a de-
cision pathway) then transplantation can be consid-
ered after informed consent by the recipient [1-4]. In 
addition, the following issues may apply to any organ 
and require case-by-case decisions, but none of these 
issues should be used as an exclusion criterion per se:

• Re-use of previously transplanted grafts is pos-
sible as outlined in Chapter 10 [1, 5-7].

• The same can be said for previous trauma with 
possible harm to the donated organs. Here, 
without inspection during procurement, no 
final assessment is possible. An exact descrip-
tion of the trauma mechanism is helpful for 
further decisions, e.g. in a motor vehicle acci-
dent a deceleration trauma to the mesenteric 
root may affect the quality of the pancreas and 
intestine [8].

• In cases of damage or disease to the central 
vessels (e.g. aneurysm of the aorta), procure-
ment techniques used in living donation may 
be considered (e.g. ex situ preservation, no 
aortic patch) instead of not using an organ.

7.2.1. Kidney selection criteria

7.2.1.1. Issues in kidney selection

a. Donor age
No chronological age limit applies in very 
young and elderly donors [9-14], although 
grafts procured from advanced age donors 
could preferably be used in elderly recipients 
because the limited duration of graft function 
(e.g. Eurotransplant Senior Program) may be 
acceptable based on the limited life expectancy 
of elderly recipients and their health deteri-
oration while waiting for a kidney transplant 
[15-19]. In such programmes, matching for his-
tocompatibility is a beneficial side effect [20], 
while the main challenge is how to manage 
elderly recipients receiving grafts from elderly 
donors [21]. Many studies have concluded that 
increased donor age is associated with an in-
creased risk of graft failure, especially in cases 
where donor age exceeds 70 years [9, 22-25]. 
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There is a decline in the number of functioning 
nephrons with increasing age, suggesting that 
age matching is appropriate [26-27]. According 
to the Collaborative Transplant Study, in Eu-
ropean recipients five-year death-censored 
graft survival for donors older than 70 years 
is now (2007-16) equivalent to donors 60-69 
years old ten years ago (1997-2006) [28]. In 
some countries, an age-match between donor 
and recipient is considered so as to give grafts 
from young donors to younger recipients, after 
adjustment for co-factors, to allow longer graft 
survival [29-31]. Further protocols should exist 
that avoid the addition of risk factors on top of 
the age-related limitation of kidney graft func-
tion (e.g. prolonged ischaemia times, donor- 
specific antibodies in the recipient) [32]. In 
addition, methods for optimised organ preser-
vation and for ex situ organ evaluation can be 
considered in older donors (e.g., machine per-
fusion of kidneys) [33].
Finally, when discussing the issue of donor age 
and its impact on inferior graft function rate, 
we should use as reference point the benchmark 
of whether the patient has a bigger chance of 
survival without major complications when 
receiving an aged graft versus remaining on di-
alysis. For example Arcos et al� seem to show 
that there is a survival benefit when accepting 
an aged donor graft compared to remaining on 
dialysis [34].

b. Past and current medical history
There should be an evaluation of the medical 
history (present and past), with special atten-
tion to conditions possibly affecting kidney 
function and quality. Chronic systemic condi-
tions and diseases affecting the kidneys – such 
as the metabolic syndrome, arterial hyperten-
sion and diabetes mellitus, as well as chronic 
kidney disease and albuminuria (see §7.2.1.1c) 
are risk factors for inferior outcomes after 
kidney transplantation, even after adjustment 
for donor age and quality of care and treatment 
for the above-mentioned problems [35-38].
Chronic urinary tract infections and other 
chronic infections might also be important to 
consider. Reports of previous surgery or inter-
ventions involving the kidneys or urinary tract 
should be studied. Positive urinary cultures 
(infection or colonisation) are frequently ob-
served in potential deceased donors and the 
risk of transmission should be remembered. 
Direct kidney damage in abdominal trauma 

(e.g. rupture) may result in irreversible kidney 
failure and limit the use of such grafts. Acute 
illness and acute episodes of renal hypoperfu-
sion (e.g. with asystolic or hypotensive periods) 
may result in reversible renal failure due to 
acute tubular damage. In such cases, diuresis 
often remains and full renal function returns, 
even if renal replacement therapy is tempo-
rarily required. However, patients with renal 
cortical necrosis do not regain renal function 
and remain anuric. Nephrolithiasis does not 
exclude kidneys per se; it requires an individual 
decision. Therefore final determination should 
be done during procurement.

c. Renal function and biochemistry
Blood and urine sampling and biochemical 
analysis for general donor assessment should 
be performed as outlined in Chapter 6 (see 
§6.2.3) and Table 6.1. Specific blood tests that 
are especially important in the evaluation of 
kidneys for transplantation include creatinine, 
urea, renal clearance (estimated or measured) 
and electrolytes. If indicated, biochemical pa-
rameters of rhabdomyolysis should be evalu-
ated (e.g. creatine kinase (CK), myoglobin). In 
the urine, special attention should be paid to 
albumin and albumin/creatinine ratio. Rele-
vant microbiological samples and cultures (e.g. 
bacteria, fungi, virus) from the donor must be 
secured, and screening for transmissible infec-
tions and multi-resistant bacteria is mandatory.
Special consideration should be given to clin-
ical parameters such as haemodynamic status, 
diuresis, hydration status and recent pre- 
existing cardio-circulatory events which can 
cause abnormal laboratory parameters. It is 
mandatory to take into account data taken in 
a stable medical condition from before hospital 
admission because the laboratory values may 
not be representative of renal function in cases 
of haemodynamic deterioration or volume de-
pletion (for example, details of pre-admission 
creatinine and urine albumin/creatinine ratio).
In cases of chronically impaired kidney func-
tion or older donors, biopsies may be per-
formed to determine the nature or extent 
of any underlying disease. This may exist if 
during the previous three months, according 
to KDIGO Guidelines [39], either severely de-
creased kidney function or severely increased 
albuminuria (e.g. > 30 mg albumin/g creati-
nine or > 1 g protein/g creatinine in the urine), 
or both moderately decreased kidney function 
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and moderately increased albuminuria, have 
been observed in steady state as outpatient. 
Unfortunately, this cannot be concluded when 
only the data of the most recent hospital stay 
at the intensive care unit (ICU) are available. 
Note that advanced, irreversible, chronic renal 
failure is a contraindication for donation.
Acute impairment of donor renal function 
sometimes occurs as a reversible complication 
of the acute illness or disease and may not nec-
essarily be a contraindication for renal dona-
tion. In cases of acute tubular damage without 
cortical necrosis, transplantation results are 
good [40-42]. However, such grafts will often 
show prolonged DGF and require dedicated 
post-transplantation support. Renal function 
and diuresis may recover despite the tempo-
rary need for renal replacement therapy, and 
outcome may not be impaired [43-44]. Kidneys 
should not be used if anuria persists for several 
days and after intra-operative inspection of 
the kidney indicating irreversible necrosis 
with histopathological confirmation (expert 
opinion).
In cases with direct muscular damage (e.g. 
trauma, pressure, infection, cramps) or mus-
cular damage secondary to ischaemia (e.g. 
asphyxia, suicide by hanging, asystole, hypo-
tensive shock), rhabdomyolysis and myoglo-
binuria may occur. This might lead to acute 
renal tubular insufficiency and renal failure. 
In donors with acute kidney injury with no 
history of other kidney disease, grafts exposed 
to rhabdomyolysis can still be used for trans-
plantation at a higher risk for DGF [45].

d. Imaging pre-procurement
The morphologic description of the kidneys 
and urinary tract can be performed by ab-
dominal ultrasound (with quantitative meas-
urement of: length × width × parenchyma 
thickness + structure) or by computer tomog-
raphy (CT) as outlined in §7.2.1.2a. and §7.2.1.2b.

e. Donor maintenance
Avoiding acute kidney injury by proper donor 
management should be a key goal of manage-
ment (see Chapter 5).
Due to its anti-oxidative properties, donor 
pre-treatment with low-dose dopamine over 
6-7 hours pre-procurement may be of benefit 
for outcomes in kidney as well as other organ 
transplants [46-52].

The role of mild controlled therapeutic hypo-
thermia in organ donors has been explored. 
Despite reduction of the rate of DGF in kidneys 
from all DBD donors, hypothermia only im-
proved one-year graft survival in non-ECD 
donor kidneys [53].

f. Macroscopic kidney appearance at procure-
ment
Consideration should be given to the macro-
scopic appearance of the graft (smooth surface 
or scars, evaluation of cysts, adhesions to ad-
jacent peri-renal fat due to antecedents of in-
flammation), colour before and after perfusion, 
anatomical variants, vascular structure and 
atherosclerosis of the aorta and renal artery. 
In cases of suspicious findings (e.g. tumour, 
space-occupying lesion), additional imaging 
and biopsy may be recommended.
In every case of a solid mass which is not normal 
renal parenchyma or cyst, malignancy should 
be ruled out; the mass should be removed with 
an appropriate safety margin and with preser-
vation of the remaining parts of the graft. This 
so-called ‘R0 resection’ permits histopatho-
logical investigation and possible subsequent 
transplantation of the kidney(s) (see §9.4.25 
and §9.2 for further details). Whenever ma-
lignancy is suspected, then the final release of 
the affected kidney for transplantation should 
be after the preliminary results of histopatho-
logical examination by frozen section become 
available. This does not preclude shipment of 
the graft to the intended recipient centre in 
order to limit ischaemia times. It is essential 
to inform the recipient centres (of all other 
organs procured from the same donor) that a 
suspicious lesion has been identified. This issue 
should not result in discard of organs and it is 
advisable to perform case-by-case individual-
ised decisions.
A major issue is the degree of arteriosclerosis 
of the renal artery allowing anastomosis or not. 
However, this depends on the opinion and skill 
of the transplanting surgeon and the decision 
should therefore be left to the surgeon of the 
accepting centre.
Note that limited warm ischaemia time may be 
acceptable for kidneys, as we know from expe-
rience with controlled DCD kidneys, especially 
if it stays well below 20 minutes; however, it 
becomes critical when exceeding 120 minutes 
(see Chapter 12). Hence, the occasional circula-
tory arrest that may occur before the start of in 
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situ preservation in a DBD donor is not by itself 
an absolute exclusion criterion.

g. Kidney biopsy
There are three different scenarios in which bi-
opsies are performed:

• Firstly, most often, kidney biopsies are taken 
at procurement for characterisation of space- 
occupying lesions and exclusion of malig-
nancy: an R0 resection should be attempted as 
outlined above in 7.2.1.1.f Macroscopic kidney 
appearance at procurement.

• Secondly, sometimes, a kidney biopsy can be 
used to exclude acute cortical necrosis or a sus-
pected specific chronic kidney disease.

• Thirdly, pre-implantation biopsies should not 
be undertaken systematically, because the 
added value of routine graft biopsy is limited 
when it comes to predicting intermediate 
or long-term renal function [10, 17-18, 54-62]. 
Systematic reviews and other reports have 
concluded that the knowledge derived from 
a biopsy does not substantially contribute to 
the prediction of graft survival [10, 17, 56-64]. 
Therefore, it is inappropriate to discard kidney 
grafts for transplantation exclusively on the 
basis of procurement biopsy results [61-62, 
64-67].

In cases where a biopsy is performed to assess 
the graft, it is recommended to adhere to the 
Banff classification so the results can be com-
pared in a post-transplant evaluation of the re-
cipient if necessary [56, 63, 68]. The minimum 
dataset includes the number of glomeruli in-
vestigated, the degree of glomerulosclerosis, 
interstitial fibrosis, arterio-/arteriolosclerosis 
and tubular atrophy/necrosis. On the one 
hand, no consensus exists about the prognostic 
relevance of biopsies. On the other hand, the 
knowledge of age-adjusted normal “appear-
ance” of a kidney biopsy in donors older than 
80 years might facilitate the decision to accept 
such grafts for single or dual renal transplan-
tation, for a properly matched recipient. Cur-
rently we lack systematic research and reliable 
data on this subject.
Note that some transplantation units use 
graft biopsies in the assessment of kidneys 
retrieved from older donors and donors with 
cardiovascular risk factors (e.g. history of hy-
pertension, ischaemic heart disease, peripheral 
vascular disease or diabetes). Mild histolog-
ical changes, with minor glomerular sclerosis, 

minor interstitial fibrosis, mild arteriosclerosis 
or minimal tubular atrophy, may be acceptable. 
Some transplant groups apply, as renal quality 
criteria, the histological score described by 
Remuzzi et al� that allows the classification of 
kidneys as unsuitable or suitable for transplan-
tation as single graft or as double graft [24].

h. Other issues
En bloc and single kidney transplantation from 
small paediatric donors (e.g. < 10 kg) has been 
demonstrated to be possible and successful 
[11-14, 69-73], even when the two small grafts 
are used in two different paediatric recipients 
[12]. Both kidneys can be procured en bloc or 
separately, but the procurement/transplant 
surgical teams should be familiar with paedi-
atric transplantation as well as micro-surgical 
technique (for implantation) of the two grafts 
in one or two recipients. In properly procured 
en bloc kidneys from small paediatric donors 
it is not optimal to discard one kidney for the 
purpose of generating a vascular patch for the 
other graft; both should be used.
In grafts procured from advanced age donors 
(e.g. > 80 years), there is no consensus on 
whether they should be used together for one 
recipient or separately for two recipients [10, 
17-18, 24] nor on which criteria to use to guide 
this decision.
In controlled and uncontrolled DCD, despite 
exposure to prolonged ‘warm’ ischaemic ep-
isodes, functional recovery of the kidney is 
possible without impairment of long-term 
function [74-80] although DGF may occur (see 
Chapter 12).
Scoring systems for expanded donor criteria 
have been developed in some countries (e.g. 
USA). They require adjustment to the donor 
and recipient populations in a specific country 
and they should not be abused as deferral cri-
teria. Grafts from ECD donors with high score 
values may provide acceptable outcomes with 
a benefit for the recipient when a proper match 
between donor risk factors and recipient risk 
factors has been performed [18, 31-35, 59, 81-85]. 
Scoring systems – with or without adding 
biopsy results – currently fail to provide ap-
propriate cut-off values indicating when to 
accept or to discard a kidney [61-62, 64-67, 
86-89]. Instead of trying to avoid all risk but 
with increased discard rates, surgeons should 
remember that some recipients have a survival 
benefit when receiving a graft with high score 
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values compared to staying on dialysis [65, 90] 
or associated with some infectious disease- 
transmission risks [91].

7.2.1.2. Imaging in the context of abdominal graft 
evaluation

a. Abdominal ultrasound
Abdominal ultrasound (sometimes contrast- 
enhanced) can be performed as a safe bedside 
method in the ICU, but taking into account 
the well-known limitations of its sensitivity 
and specificity (see Table 7.1). A proposal 

Figure 7.1. Suggested reporting workflow for minimum dataset to be communicated when performing 
abdominal investigation with ultrasound, CT or MRI [92]

Liver size MCL (cm) only if not measured: size in relation to MCL (medio-calvicular line): normal/small/large/enlarged/n.a.  
parenchyma normal/slightly hyperechogenous/severely hyperechogenous (relevant steatosis)/cirrhosis/n.a.
space-occupying lesion no/yes/n.a.

if yes: kind of lesion: tumour/abscess/angioma/contusion/cyst/n.a./unspeci�ed (multiple entries)
location: segments
further details

liver edge sharp/blunt/n.a.
intrahepatic bile ducts normal/dilated/n.a.
portal vein open/thrombosis or obstructed/n.a.
remarks only further information not described above should be added

Gall- status normal/cholecystectomy/cholecystitis/cholecystolithiasis/cholecystitis & cholecystolithiasis/n.a.
bladder space-occupying lesion no/yes/n.a.

if yes: kind of lesion: tumour/abscess/angioma/contusion/cyst/n.a./unspeci�ed (multiple entries)
further details 

extrahepatic bile duct normal/dilated/choledocholithiasis

Pancreas parenchyma normal/lipomatosis/oedema/�brosis/n.a.
calci�cations none/yes/n.a.
signs of pancreatitis none/yes/n.a.
space-occupying lesion no/yes/n.a.

if yes: kind of lesion: tumour/abscess/angioma/contusion/cyst/n.a./unspeci�ed (multiple entries)
location: head/corpus/tail/multiple lesions/n.a.
further details

remarks only further information not described above should be added 

Kidney measurements length (cm), width (cm), thickness of parenchyma (cm) 
right only if not measured: normal size & parenchyma/thin, atrophic parenchyma/atrophic kidney/nephrectomy/n.a.

hydronephrosis none/yes/n.a.
nephrolithiasis none/yes/n.a.
space-occupying lesion no/yes/n.a.

if yes: kind of lesion: tumour/abscess/angioma/contusion/cyst/n.a./unspeci�ed (multiple entries)
location: upper pole/middle section/lower pole/multiple lesions/n.a.
further details

remarks only further information not described above should be added 

Kidney measurements length (cm), width (cm), thickness of parenchyma (cm) 
left only if not measured: normal size & parenchyma/thin, atrophic parenchyma/atrophic kidney/nephrectomy/n.a.

hydronephrosis none/yes/n.a.
nephrolithiasis none/yes/n.a.
space-occupying lesion no/yes/n.a.

if yes: kind of lesion: tumour/abscess/angioma/contusion/cyst/n.a./unspeci�ed (multiple entries)
location: upper pole/middle section/lower pole/multiple lesions/n.a.
further details

remarks only further information not described above should be added 

Other Aorta morphology normal/abnormal/n.a.
if abnormal: arteriosclerosis/aneurysm/stenosis

further details
Vena cava
free �uid or ascites none/moderate/signi�cant/n.a.

if free uid: location and amount in abdomen
remarks only further information not described above should be added  

n.a. = not assessable.
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for a standardised dataset to be communi-
cated when performing abdominal radiolog-
ical investigations during organ assessment is 
outlined in Figure 7.1 and an example ques-
tionnaire can be found in Appendix 14.6. The 
abdominal radiological examination includes 
the whole abdomen for general donor assess-
ment (tumours, lymph nodes, fluid, bleeding, 
aneurysms, arteriosclerosis etc.) as well as the 
individual organs (e.g. liver, kidneys, pancreas).
Following an examination with whole-body 
CT scan, abdominal CT scan or magnetic res-
onance imaging (MRI), a re-evaluation of the 
donor and the individual organs should be 
undertaken. Beyond investigation for space- 
occupying lesions or malignancies, the results 
and findings of CT and MRI exams could 
be communicated using a similar template 
as that suggested for abdominal ultrasound 
(Figure 7.1). According to the recommenda-
tions of Chapter 9, a recent whole-body CT 
scan helps to rule out unexpected metastasis in 
donors with a previous history of malignancy.

b. Abdominal CT scan
This is normally not required in the assessment 
of a donor unless a whole-body or abdominal 

CT scan is specifically indicated by the guid-
ance in Chapter 9, or for the characterisation 
of an unexplained space-occupying lesion (ex-
clusion of malignancy) as well as infection. If 
such investigations are performed, a re-evalu-
ation of the donor and organs should be per-
formed. With this more detailed information, 
the issues outlined as suggested for abdominal 
ultrasound (see 7.2.1.2.a and Table 7.1) can be 
examined. Note that a pre-procurement CT 
scan helps to identify suspect space-occupying 
lesions at an earlier stage, which may help to 
exclude malignancies [93] but carries the risk 
of detection of new non-specific lesions. Also 
additional information about anatomical vari-
ants can be provided. Performing routine CT 
scans in donors remains controversial in some 
European countries (see §6.7).

7.2.2. Liver selection criteria

a. Donor age
There is no age limit (in very young and elderly 
donors) although with increasing donor age 
the risk of failure may be elevated due to arteri-
osclerosis of the small vessels of the biliary tract 
and increased frequency of ischaemia-type 

Table 7.1. Parameters to be considered when performing abdominal ultrasound in the assessment of organ donors

Abdominal ultrasound sonography Comment, informative value
Reliability concerns Quality of investigations can be limited due to obesity, intestinal overlay 

(intraluminal gas) or inability to position the donor properly for investigation.

Space-occupying lesions/ tumours/ malignan-
cies

In any case of a space-occupying lesion, the findings must be verified by 
intra-operative inspection and histopathology when indicated. A CT scan 
might be helpful to search for possible metastases elsewhere (e.g. in case of 
a suspected primary renal cell carcinoma) or a primary tumour in another 
location (e.g. in case of suspected metastases).

Aortic vascular anatomy Aneurysm and arteriosclerotic plaques are indicative of systemic arterioscle-
rosis. Within this examination there should be checks for vascular abnormali-
ties and/or arteriosclerotic plaques in the arteries supplying the organs.

Kidneys and urinary tract Standard description plus quantitative measurement of kidney length, width 
and parenchymal mass (thickness). Anatomic variants should be highlighted 
(e.g. horseshoe kidney). Signs of outflow obstruction?

Liver and biliary tract Standard description plus size in mid-clavicular line, liver edge. The 
comparison of echogenicity of liver to kidney parenchyma (probability of 
macro-vesicular steatosis elevated in cases of non-homogeneous or en-
hanced echogenicity of liver parenchyma compared to kidney parenchyma). 
Also status of portal vein, perfusion in the liver, intrahepatic and extrahepatic 
bile ducts should be assessed. Statements about exact size and volume are 
helpful for considering split liver transplantation.

Pancreas Standard description should include statement about intra-parenchymal fat 
if possible.

Intestine Standard description.

Fluid in the abdomen, pleural effusion, 
evidence for haematoma, lymphoma, abnor-
malities in lower pelvis (e.g. ovaries, prostate, 
urinary bladder), status of the spleen

This relevant information is for the general assessment of the donor.

Inferior vena cava Information about fluid status of the donor (donor maintenance).
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biliary lesions (ITBL) [94-121]. In the context 
of accepting older donors, an accumulation of 
other donor- or recipient-related risk factors 
should be avoided [122-125].
Age-related atherosclerotic changes have a low 
impact on the function of the hepatocyte due 
to its double perfusion (arterial and portal- 
venous) in the absence of metabolic disease, 
e.g. diabetes or hyperlipidaemia. Literature 
supports the use of liver grafts from the upper 
extremes of age [126-128] when biopsy excludes 
relevant fibrosis, macro-vesicular steatosis etc. 
With advanced age, the prevalence of obesity 
increases [129] as well as the risk of macro- 
vesicular steatosis of the hepatocyte – which is 
observed in 9 % to 26 % of procured livers [130], 
with many more not procured because of stea-
tosis. When biopsy reveals a macro- vesicular 
stea tosis > 30-60 %, excessive cytoplasmic fatty 
acids may lead to increased lipoperoxidation 
on reperfusion yielding more free radicals, 
which in turn leads to damage of the cellular 
architecture, Kupffer cell activation and con-
comitant pro-inflammatory upregulation [131-
132]. This causes poor outcomes when grafts are 
used with such moderate or severe steatosis in 
addition to the ischaemia-reperfusion injury 
after implantation of the graft [133].
Techniques aimed at improving organ preser-
vation and enabling ex situ organ evaluation 
can be considered in cases with older donors 
and steatotic livers (e.g., machine perfusion of 
livers) [134].

b. Past and current medical history
Prior viral, alcoholic or fatty liver disease, pre-
vious hepato-biliary surgery, uncontrolled 
abdominal infections, long-term hepatotoxic 
or acute liver failure causing medication, in-
toxication affecting liver function, acute or 
chronic right heart failure and liver trauma are 
considered as risk factors for inferior outcomes 
after liver transplantation. Lifestyle conditions, 
ethnicity, country of origin and travel history 
should be considered; beyond increased risks 
of infectious disease transmission, these may 
be a hint of potential graft damage.
Systemic or other disease related to other 
organs may compromise the liver in quality 
and function or may be an indicator of un-
detected liver disease (e.g. diabetes, metabolic 
syndrome, obesity  non-alcoholic fatty liver 
disease (NFLD) or steatohepatitis; ulcerative 
colitis  primary sclerosing cholangitis).

The following conditions do not preclude 
liver donation, but require consideration as to 
whether acute necrosis of the hepatocyte oc-
curred or not: recovery from previous acute 
cardiac arrest or hypotensive periods, use of 
vasopressors, acute kidney injury etc. [1]. An 
ICU Stay > 7 days used to be an assumed risk 
factor [1] but with appropriate ICU therapy this 
becomes a neglectable issue.
ECD donors are assumed to be associated with 
an increased risk of DGF or PNF [135-136] since 
compromised liver grafts have a poor tolerance 
of ischaemia reperfusion injury (IRI) [137] due 
to complex pathophysiological interactions 
[138]. From clinical experience, the ECD cri-
teria associated with increased graft failure 
rates are donor age > 65 years, serum sodium 
> 155 mmol/L [139], macro-vesicular steatosis 
> 40 %, cold ischaemic time > 12 h [104, 112-113, 
133, 140-142], split-liver grafts [143-144], DCD 
grafts or haemodynamically compromised 
donors. Nonetheless, experienced transplant 
centres overcome such restrictions and success-
fully use grafts from donors with a hospital stay 
> 7 days, body mass index (BMI) > 34.9 kg/m2, 
maximum ALT or AST (alanine or aspartate 
aminotransferase) > 500 IU/L and maximum 
bilirubin > 2.0 mg/dL [126].
The issue of using livers from donors recov-
ering after significant poisoning or intoxi-
cation is discussed controversially, but after 
careful donor selection no negative impact on 
graft survival may be observed [145].

c. Liver function parameters
Consideration should be given to liver transam-
inases (ALT or AST: both non-specific liver 
function tests), gamma-glutamyltransferase 
(γGT: cholestasis, may be elevated in NFLD or 
fibrosis) [146-149], serum bilirubin (cholestasis), 
alkaline phosphatase, lactate dehydrogenase 
(LDH: any necrosis), albumin and coagula-
tion tests (e.g. INR: liver function). Evaluation 
of liver enzymes should take current and past 
clinical history into account with respect to 
hepatic and non-hepatic causes of deviation. 
Please refer to Table 6.1 in section 6.2.3 for more 
details.
Hypernatraemia as a complication of diabetes 
insipidus has been reported to be associated 
with a high probability of PNF [124]. The crit-
ical effect on the graft is thought to be the result 
of cell swelling, increased osmolality during 
IRI. As a result, high sodium levels during 
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the donor’s stay in the ICU are a significant 
factor for PNF, and not only the last sodium 
value before procurement [139]. Whether only 
the single factor of avoiding hypernatraemia 
or the effect of including this issue as part of 
aggressive donor management (see Chapter 5) 
has contributed to reducing the rate of PNF has 
not been confirmed well in studies. From a the-
oretical point of view the area under the curve 
caused by sustained periods of hypernatraemia 
should be of a different impact compared to 
single peak values for a short time. Interest-
ingly, large database researches in UNOS [143] 
and Eurotransplant [146] could not find any 
association between hypernatraemia and graft 
failure.
Abnormal liver biochemistry per se does not 
exclude the use of these organs for trans-
plantation [8, 146, 148-149]. Very high levels 
of transaminases indicate a recent ischaemic 
insult, probably due to hypoperfusion or 
hypoxia, that is seen in patients with cardio- 
respiratory arrest. Adequate circulation and 
oxygenation by resuscitation helps compensate 
for this event, allowing recovery from dysfunc-
tion, especially in younger donors [150]. Meta-
bolic acidosis in the presence of abnormal liver 
biochemistry is generally an unfavourable 
combination. There are no definite guidelines 
on the upper limit of acceptable abnormal 
biochemistry, but a downward trend in liver 
enzymes is assumed to be indicative for re-
covery of the liver from such events. This can 
be measured by blood tests at least 12 h apart. 
With novel preservation techniques available, 
grafts with severe dysfunction prior to pro-
curement can be assessed and resuscitated ex 
situ (see Chapter 11).

d. Imaging and liver morphology
Liver ultrasound (see §7.2.1.2a. and Figure 7.1) 
may be used to exclude obvious fatty livers, 
cirrhosis and fibrosis or any morphological 
abnormality, while the low rate of sensitivity 
and specificity is well known. An abnormal 
ultrasound result should be confirmed by 
intra- operative inspection (together with his-
topathologic confirmation if indicated). It is 
very helpful to provide data about the perfu-
sion status of the organ, status of portal vein, 
intra- and extrahepatic bile ducts, and liver 
size (in particular of the left lateral lobe when 
a split procedure is intended). If available, the 

abdominal CT scan should be re-evaluated 
with this question in mind.
CT scan or ultrasound is of value to measure 
the size of the liver (anterior–posterior meas-
urement, which facilitates the size matching of 
larger donors to smaller recipients).
If a split procedure is intended, a CT scan of the 
donor provides valuable information about the 
vessel and bile duct anatomy; use of magnetic 
resonance cholangiopancreatography (MRCP) 
is also helpful).

e. Macroscopic appearance and perfusion at pro-
curement
It is important to evaluate the sharpness of 
the liver edge, and the colour and consistency 
of the liver before and after correct perfusion. 
Obvious liver fibrosis and cirrhosis or steatosis 
may exclude transplantation. It is very diffi-
cult to estimate the degree of steatosis with 
only visual inspection. The degree of macro- 
vesicular fatty degeneration as well as fibrosis 
(according to Ishak score) can be evaluated and 
confirmed by using peri-operative biopsies 
(frozen section) [94-96, 103, 110, 151-155]. A rose-
like colour with change to yellow after cold 
flush during organ preservation is associated 
with a higher probability of macro-vesicular 
liver steatosis [112].
Some limitations exist due to inter-observer 
variation or due to unrepresentative samples 
caused by a more or less focal pattern of a lesion 
(e.g. sub-capsular biopsy) [156-157]. The degree 
of acceptable fatty degeneration for transplan-
tation may depend on the general conditions of 
the donor and recipient, and anticipated cold 
ischaemic time, and may vary with the expe-
rience of the transplant team [158-159]. Unfor-
tunately, there is no consensus on criteria for 
determining the extent of fatty change of the 
liver. Most transplant surgeons rely more on 
their subjective impression, through the graft 
procurement process, than on histology. This 
might hold true for detection of the degree of 
macro-vesicular steatosis, but it requires some 
experience and training. Nevertheless, his-
topathologically confirmed moderate macro- 
vesicular steatosis exceeding 30 % to 60 % of 
the parenchyma surface is considered as a sig-
nificant risk factor for DGF and PNF [131, 155, 
160-162]. Other forms of steatosis (so-called 
micro-steatosis with small fat droplets not dis-
placing the cell nucleus) are considered as a 
minor issue [131, 140, 152, 155-156, 163-165] unless 
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the disease is associated with an underlying 
liver disease causing liver failure with fat accu-
mulation in the cell in a kind of ‘fat-foam’ [140, 
157, 163]. The issue of micro-vesicular steatosis 
is outlined below.
Allocation of a liver with some (macro-vesic-
ular) fatty change might not be advisable for a 
recipient not likely to survive in cases of DGF, 
PNF or re-transplantation, whereas allocation 
to another recipient in a more advantageous 
clinical status may be acceptable, depending 
on the risks of waiting for the next available 
organ and avoidance of other risks, such as 
donor diabetes or long ischaemia time > 5-6 h 
[140, 166-167]. There is no consensus on the use 
of such critical grafts and selection of the ap-
propriate recipient. The major issues in using 
grafts with moderate macro-vesicular steatosis 
are the complications of the post-reperfusion 
syndrome in the recipient, together with DGF 
and PNF [167-169].
In elderly donors the liver parenchyma may 
have a ‘funny colour’ [112] and it might rupture 
due to its fragile consistency when extensive 
traction is applied at surgical manoeuvres.
Severe arteriosclerosis may not harm the 
hepatocytes but it is a risk factor for damage 
to arterioles of the small bile ducts. Therefore 
appropriate flush with preservation solution 
during procurement must be carried out in any 
case. How far donor arteriosclerosis is a risk 
factor for causing post-operative complications, 
e.g. ITBL, needs further research.
In addition, methods for optimised organ pres-
ervation and for ex situ organ evaluation may 
change considerations discussed in this section 
about conclusions on when a graft can be used 
or not for transplantation after organ procure-
ment (e.g., machine perfusion of livers) [134].
Special consideration should be given to fre-
quently found aberrant liver arteries origi-
nating from the coeliac trunk and/or superior 
mesenteric artery and/or aorta. Such vessels 
must be identified and preserved – so implan-
tation is possible. Documentation on the organ 
report is important. In this context the impact 
of harm to other organs and their blood supply 
must be reviewed. In the worst case agreement 
must be found between the recipient centres for 
the relevant organs, e.g. whether the accessory/
replaced right hepatic artery from the supe-
rior mesenteric artery (SMA) can be divided 
to favour the inferior pancreatico-duodenal 

artery supply to the pancreas. This may affect 
the liver, pancreas, intestine and kidneys.

f. Liver biopsy
Liver biopsy is often performed during pro-
curement and processed as a frozen section, 
although the increasing availability of ex situ 
perfusion machines may enable more inform-
ative paraffin sections for analysis. The result 
must describe the percentage of parenchymal 
area with cells affected by macro-vesicular ste-
atosis and the extent of fibrosis (by Ishak score). 
In addition it is helpful to report steatosis with 
specific regard to small fat droplets, micro- 
vesicular steatosis, signs of inflammation, ne-
crosis and cholestasis [140, 156].
Beyond inter-observer variation, other reasons 
why the representative value of a biopsy may 
not be high are sampling errors (e.g. nodular 
cirrhosis) or non-representative findings from 
biopsies taken from sub-capsular liver edge. 
Furthermore, it is beneficial to discuss with 
the pathologist how to transport the specimen, 
because incorrect transport media will cause 
further inappropriate results. As mentioned 
in Chapter 6, some countries limit access to 
pathology services for investigation of frozen 
section until a time as close as possible to 
procurement. Therefore there needs to be a 
balance of risks (e.g. extended ischaemia times 
due to turnaround times) versus benefits from 
additional information.
Liver biopsy before organ procurement can be 
done after the declaration of death and after 
obtaining donation consent, as long as there 
are no severe coagulation deficiencies and the 
physician performing the biopsy is very experi-
enced in doing this [170-171].
In the pathology report, the wording used to 
describe steatosis should clearly distinguish 
between macro-vesicular steatosis – to be de-
scribed either as large fat droplets or small fat 
droplets caused by risk factors responsible for 
non-alcoholic steato-hepatitis (NASH) – and 
micro-vesicular steatosis, described as mul-
tiple tiny fat vesicles caused by other issues 
[140, 156, 164-165]. Macro-vesicular steatosis 
refers to the percentage of liver parenchyma 
where in the hepatocyte one or a few large fat 
droplets displace the nucleus to the edge of 
the cell. Despite lack of consensus, grafts with 
a degree of such steatosis below 30 % are used 
for transplantation, whereas in graft where the 
degree of steatosis is above 30 to 60 % the risk 
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of PNF increases and grafts with more than 
60 % are deferred. In contrast, when one or a 
few small lipid droplets do not displace the 
nucleus then the finding should be described 
as small droplet steatosis, but often the term 
micro-vesicular steatosis is used. This finding 
can be ignored as a risk, because it seems not 
to affect the outcome adversely. Distinguished 
from this entity should be pure micro-vesicular 
steatosis either caused by severe diseases with 
acute liver failure or as a harmless finding in 
DBD due to agonal and/or ischaemic changes. 
The morphologic finding is a foamy or vesic-
ular-appearing cytoplasm of very small lipid 
droplets that surround the nucleus [164-165].

g. Other issues
Every healthy liver graft should be considered 
for splitting into two grafts for two recipients, 
depending on the anatomy. Splitting criteria 
for liver have included: age < 60 years, inten-
sive care unit stays < 5 days, low inotropic 
support and near-normal liver function tests 
[172]. These have been widened by some centres 
where the only limitation for a split liver proce-
dure in a liver without morphological changes 
is the size and vascular anatomy, which re-
quires careful inspection and description by an 
experienced surgeon.
Scoring systems for ECDs have been devel-
oped in some countries based on local data (e.g. 
the Donor Risk Index in the USA) [143]. They 
should be validated and require adjustment to 
the population of the donor country or region 
[146-147, 173]. Many studies confirm that ECDs 
do not limit the outcome of liver transplanta-
tion after proper recipient selection, despite 
the known risk of increased graft failure rates 
[1, 6, 101-102, 105, 110-112, 115, 119-121, 141, 146-
147, 173-175]. This requires proper matching of 
donor and recipient after critical risk–benefit 
assessment. In such grafts it is pivotal to keep 
ischaemia times as short as possible because 
this factor may even further increase the risk 
of ITBL [104, 112-113, 140-141].
The issue of hepatitis C co-infection of the 
recipient (e.g. in D−/R+) and the use of oth-
erwise compromised liver grafts will have to 
be revised [120, 143] when more outcome data 
become available based on the impact of the 
new drugs used in hepatitis C therapy which 
eliminate HCV replication in most cases. Then 
HCV re-infection of the graft (e.g. in D−/R+) 
by recipient’s circulating HCV-virus may not 

persist anymore with complications associated 
to this.
In controlled and uncontrolled DCD the liver 
can be recovered and transplanted. Compared 
to DBD there is a higher risk reported for SGF, 
IGF, PNF and ITBL [1, 176-181]. The duration 
of warm ischaemia is predictive for outcome, 
which decreases with every extra minute of 
asystolic warm ischaemia [177, 181]. Careful 
decision is mandatory with asystolic warm is-
chaemia times exceeding 25 minutes [181], al-
though the ability to evaluate livers using novel 
in situ and ex situ preservation technologies 
will remove an arbitrary asystolic time limit 
(see Chapter 11 and Chapter 12).

h. Modification by donor management
Standard intensive care therapy, taking into 
account the key points already mentioned 
above and in Chapter 5, will be sufficient to 
maintain the good quality of the liver graft.

i. Recipient factors
Well known are risk factors such as re-trans-
plantation, acute liver failure, deteriorated 
health status due to chronic liver failure or 
burden of recipient’s co-morbidities. This may 
influence the selection criteria on an individu-
alised donor–recipient match. Thereby the key 
question is: Can the recipient wait for another 
organ offer or is this the last chance, while ac-
cepting some risks? This issue cannot be gener-
alised within the scope of this Guide.

j. Interaction
In summary, in a compromised liver graft, as 
outlined above, ischaemia times should be 
kept as short as possible. Combining the risk 
factors as outlined above may not contribute to 
improve outcome. An individualised approach 
is needed for optimal use of a particular graft 
in particular recipient.

7.2.3. Pancreas selection criteria

a. Age and body mass index
Traditionally many centres are reluctant to use 
pancreases from donors older than 50 years 
despite some evidence of good results after 
careful donor selection [182-184] taking into 
account past and current medical history (see 
below). In some countries, donors below the 
age of 55 years and with BMI < 30 kg/m² are 
primarily considered for pancreatic whole 
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organ transplantation, rather than islet prepa-
ration [182].
Increasing donor age is associated with a higher 
failure rate after pancreas transplantation [185-
186], which should be seen in the context of re-
maining on the waiting list. A study reported 
that the 5-year unadjusted patient survival rate 
was higher for simultaneous pancreas–kidney 
transplant recipients from young donors 
(84.5 % v. 81.0 %) [187]. However, the 5-year 
patient survival rate for those who remained 
on the waiting list was 45.4 %. In this study, re-
ceiving a simultaneous pancreas–kidney trans-
plant from an old donor was associated with a 
72 % reduction in mortality compared with re-
maining on the waiting list. Similar results can 
be reported from other single centre or registry 
studies [184, 188-192].
Although higher BMI is considered a risk factor 
in whole pancreas transplantation, these more 
obese pancreas grafts have higher yields for 
islets after isolation and are preferably being 
used for pancreatic islet transplantation [193].
Adiposity is associated with the risk of 
intra-pancreatic fat accumulation. This intra- 
pancreatic fat accumulation may contribute 
to a higher rate of reperfusion damage and 
post-transplantation pancreatitis, although 
some centres report acceptable outcomes after 
utilisation of overweight donors [194].
Beyond the above-mentioned limits of age 
and BMI, pancreas transplantations have been 
carried out with success when appropriate re-
trieval technique, preservation and prophy-
laxis of ischaemia-reperfusion damage has 
been applied [194]. Donor age is the highest 
single risk factor for failure in pancreas trans-
plantation [195-196].

b. Past and current medical history
Prior pancreatic disease (e.g. acute or chronic 
pancreatitis), alcoholism (risk of pancreatitis), 
biliary tract outflow problems, diabetes mel-
litus (as absolute exclusion criterion), history of 
arterial hypertension, adiposity (increased risk 
for intrapancreatic lipomatosis), active abdom-
inal infection, abdominal trauma (especially 
deceleration trauma of the mesenteric root), 
number of days spent in the ICU (increasing 
probability of development of oedema of the 
pancreas), cardio-respiratory arrest and resus-
citation procedures are discussed as risk factors 
for inferior outcomes after pancreas transplan-
tation. Appropriate research is still lacking.

Glucose metabolism is frequently dysreg-
ulated during ICU care. Therefore insulin 
requirements during ICU stay within donor- 
maintenance protocols are without prognostic 
value in the assessment of pancreases for trans-
plantation. On the other hand, manifestation or 
new onset of type 2 diabetes mellitus is possible 
in ICU patients at an age of over 50-65 years.

c. Pancreatic function
This may be assessed by factors other than 
glucose and insulin requirements, pancreatic 
enzymes and calcium levels during stay in an 
ICU. Some donor-maintenance protocols rec-
ommend insulin treatment, among other hor-
mones. Many patients with severe head trauma 
become hyperglycaemic and require insulin 
therapy, despite normal pancreatic function 
and no history of diabetes.
For laboratory data contributing to charac-
terise the pancreas, please refer also to Table 6.1 
(in §6.2.3). In laboratory examination, amylase 
may be elevated for non-pancreatic reasons and 
the analysis of pancreas-specific amylase and/
or lipase is recommendable. If available, HbA1c 
measurements reflect the glucose homeostasis 
of the past weeks more accurately.

d. Imaging pre-procurement
This can be assessed by abdominal ultrasonog-
raphy, magnetic resonance imaging (MRI) or 
other imaging, e.g. trauma CT on admission 
(see §7.2.1.1 and Figure 7.1).

e. Haemodynamic
Uncontrolled severe hypotension or cardio- 
pulmonary arrest often profoundly compro-
mise the functional quality of pancreases 
intended for transplantation, but specific 
conditions apply in the DCD situation (see 
Chapter 12).

f. Macroscopic appearance at procurement
Consideration should be given to the macro-
scopic appearance, vascular and anatomical 
changes, and correct perfusion of the pan-
creas. The macroscopic appearance should be 
without severe oedema, bleeding, fibrosis or 
pancreatitis (despite toxic causes and without 
evidence in imaging or laboratory parameter). 
Further risk factors for post-transplantation 
pancreatitis associated with graft failure are 
peri-pancreatic haematomas, capsular tears 
and elevated intra-capsular fat content or 
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induration. Abnormalities of vascular inflow 
and outflow often exist. In some cases, there 
might be a conflict of interest in relation to the 
liver team regarding the procurement of certain 
critical vascular structures for subsequent pan-
creas and liver transplantation; in these cases 
co-operation and good communication are 
essential. This conflict of interest may compro-
mise pancreas procurement in cases of simul-
taneous intestinal and liver procurement for 
other recipients (especially if an aberrant right 
hepatic artery, that branches off the arteria 
mesenterica superior, travels through the pan-
creatic head). Unexpected pancreatitis may be 
detected.
A pivotal role is played by the procurement 
surgeon, who should preferably have exper-
tise in pancreas surgery and transplantation 
(see Chapter 11) [197-198]. The specific details of 
pancreas procurement technique are summa-
rised in reference [197].
The pancreas is a delicate organ that is easily 
harmed by careless handling and manipula-
tion during procurement (and transplanta-
tion). Minor injuries may be repaired, but in 
some regions up to 13 % of procured pancre-
ases are discarded after back-table inspection 
at the receiving hospital [199-200]. Adequate 
training and certification of donor surgeons is 
mandatory [201], as successful pancreas trans-
plantation is highly dependent on the quality of 
procurement of the graft [197-198].

g. Other issues
Although risk scores, such as the pre-pro-
curement pancreas allocation suitability score 
(P-PASS) and the pancreas donor risk index 
(PDRI), might predict the chance of accept-
ance of the graft for transplantation, a surgeon 
with experience from pancreas transplantation 
should inspect the graft for a definite decision. 
Note that the P-PASS does not correlate with 
outcome after transplantation, but the PDRI 
does [195].
Most risk factors considered critical for liver 
grafts coincide with risk factors for pancreas 
grafts (see §7.2.3).
Strict adherence to ‘ideal donor criteria’ – such 
as donor age < 40 years, BMI < 30 kg/m² or 
traumatic cause of death – is not compatible 
with the average donor characteristics nowa-
days. This will unnecessarily limit the number 
of grafts available for pancreas transplan-
tation [198]. There is a wide variation in the 

acceptation and transplantation of pancreases 
among European countries and regions [202]. 
Centres with more expertise, reflected by larger 
transplantation volumes, tend to be willing to 
accept higher-risk organs [202].
Concepts under discussion that aim to over-
come the difficulties associated with non-ideal 
pancreas donors [186] include video and pho-
tographic assessment to allow a decision to be 
made at the time of retrieval, as well as alloca-
tion systems that decrease predicted ischaemia 
times and enable local experienced pancreas 
transplant surgeons to inspect the grafts 
without huge logistic efforts. Then metric 
donor assessment scores, such as the concept 
of the PDRI [185], may be helpful to guide de-
cision pathways without increasing the discard 
rate of potential grafts [194, 192].
Successful results with pancreases trans-
planted from selected cDCD donors have been 
reported [203]; see Chapter 12.
Pancreas grafts retrieved from paediatric 
donors have been successfully used in trans-
plantation to both paediatric and adult recipi-
ents, both alone or in combination with liver or 
kidney [204-205].

7.2.4. Intestinal and multi-visceral selection 
criteria

7.2.4.1. Issues in intestinal and multi-visceral 
selection

Up to now no standardised definition of ideal 
donor criteria exists. Often intestinal grafts are trans-
planted in combination with other organs (e.g. liver, 
pancreas, stomach, duodenum) and the graft usually 
includes the ileocaecal valve and/or more segments of 
the colon (e.g. ascendens, transversum, descendens) 
[206]. Sometimes the graft may include segments of 
the abdominal wall (which is discussed further in 
Chapter 15). Based on a recent review and critical 
analysis of a national European donor population, 
the following inclusion criteria can be proposed [8]:

a. Enteral nutrition
Enteral nutrition should be initiated in the ICU 
patient as early as possible when there is no 
contraindication. In cases of intestinal dona-
tion, at least some sterile fluid should be applied 
to the intestine when passage is tolerated due 
to missing vagal stimulation of the intestine 
in DBD [8]. This may be of benefit for the pan-
creas and other organs too (see Chapter 5).



156

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

b. Age
Acceptability depends upon local protocols. 
Some centres have successfully used grafts 
from donors older than 50 years [8, 207-209]. 
In any donor aged 0-50 years, intestinal dona-
tion must be considered [1, 8, 207]. In the group 
of donor age > 50-65 years the probability of 
manifestations of other chronic diseases is 
increased.

c. Body weight and donor size
Donor weight should preferably be lower than 
recipient weight because most recipients have 
retracted abdominal cavities. The major ob-
stacle in intestinal transplantation is the size 
match, in terms of both weight and length, 
between donor bowel and recipient abdominal 
cavity [8]. In donors with a BMI > 28 kg/m2 the 
probability of elevated intra-abdominal fat is 
increased.

d. Past and current medical history
The criteria are similar to those for liver and/
or pancreas donation. Donors should not 
be obese, nor should they have a history of 
alcoholism or uncontrolled abdominal in-
fections, prior exposure to toxins affecting 
small bowel function, severe blunt abdominal 
trauma (especially deceleration trauma to the 
mesenteric root), previous intestinal illness or 
unexplained diarrhoea. There is no evidence 
for other specific pre-treatment requirements 
during donor management except for the con-
sideration of enteral nutrition (see Chapter 5) 
[8]. Recovery from cardiac resuscitation events 
does not limit donation of the intestine [8, 209]. 
Prolonged hospital stay (> 7 days) increases the 
probability of intestinal oedema. At the time of 
writing, intestines of donors who test positive 
for SARS-CoV-2 may be offered for transplan-
tation after consultation with the transplanta-
tion infectious disease experts (see §8.6.2.19).

e. Gastro-intestinal and liver evaluation
Serum electrolytes, liver function tests and 
liver enzymes should be close to normal values. 
Evaluation should be undertaken to assure that 
intestinal motility exists. The continuous use 
of vaso-active drugs with a vaso-constricting 
effect should be avoided and weaned off by ag-
gressive donor management. Ongoing abdom-
inal bleeding is a risk factor.
Prolonged hypotension and cardiac arrest may 
severely compromise the quality of intestinal 

grafts, but after recovery from such conditions 
intestinal transplants have been performed 
successfully [8, 208-209].

f. Imaging and intestinal morphology
This can be assessed by abdominal ultrasonog-
raphy to exclude ascites, other lesions and 
tumours (see §7.2.1 and Figure 7.1). CT scan 
may be used when appropriate, especially to 
evaluate complications due to blunt abdominal 
trauma.

g. Macroscopic appearance at procurement and 
perfusion
Macroscopic appearance, intestinal peristalsis, 
exclusion of oedema, vascular and anatomical 
changes and correct perfusion should be exam-
ined. It must be remembered that most recipi-
ents of intestinal grafts require an individually 
tailored graft and that anatomical structures 
usually dissected from other standard organ 
recoveries must be preserved, e.g. ascending 
and transverse colon and all mesenteric vessels. 
It is advisable to have the surgeon responsible 
for intestinal procurement and transplanta-
tion present throughout the operation. Assess-
ment by an experienced intestinal transplant 
surgeon is mandatory from start until end of 
procurement (e.g. procurement procedure is 
different if colon is included in the graft).

h. Other issues
Very often intestinal grafts will be transplanted 
as a package that includes more than the small 
intestine with/without colon (e.g. liver, pan-
creas, stomach, duodenum). Therefore all these 
organs must be included in the allocation 
process regardless of donor age and other cir-
cumstances (except for legal issues like consent 
to donation restricted to specific organs).
Currently there are no reports of DCD intes-
tinal donations.
There is widespread confusion over what is an 
ideal intestinal donor [8]. Current ideal donor 
criteria are [8, 208-209]: age < 50-60 years, CPR 
below 10 min, ICU stay < 2 weeks, low doses of 
vasopressors, normal liver function tests and 
sodium level < 155-165 mmol/L. Very often, in-
testines from donors not fitting into this set of 
ideal donor criteria have been used successfully. 
Unfortunately, recipients’ determinants such as 
size-match, ABO-match and HLA sensitisation 
limit the chances for transplantation. Intes-
tinal procurement requires a highly interacting 
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multidisciplinary team [8]. For donor manage-
ment, it is important to consider enteral nutri-
tion if possible (see Chapter 5). The limitation is 
that intestinal paralysis occurs in many donors 
due to the lack of vagal stimulation.

7.2.5. Heart selection criteria

7.2.5.1. Issues in heart selection

a. Age
The probability of coronary artery disease 
(CAD) and other cardiac pathologies increases 
with age beyond the seventh decade of life. 
This limits the number of advanced-age heart 
donors [210-220], although some successful 
transplants have been reported [210, 213-215]. 
Some guidelines [221] and reviews [222-223] 
conclude that using grafts from increased 
donor age requires an individual risk–benefit 
assessment comparing waitlist mortality with 
post-transplant survival in the individual case 
because availability of heart grafts is limited.

b. Past and current medical history
Myocardial infarct, severe valve abnormality 
[218, 224] (see below), CAD with diffuse scle-
rosis, severe stenosis of multiple vessels or 
stenosis at critical location, dilated cardio-
myopathy, endocarditis without option for 
intervention etc., and chronic right and left 
ventricular dysfunction all exclude heart do-
nation. Minor morphologic abnormalities (e.g. 
patent foramen ovale, atypical venous drainage 
of coronary vessel, previous correcting heart 
surgery) require a case-by-case decision. Minor 
heart-valve disorders can be corrected before 
transplantation in some cases.
The risk of coronary sclerosis starts to in-
crease at an age beyond 44-55 years in cases 
where there are other risk factors (high blood 
pressure, diabetes, tobacco use, even more in 
combination with alcohol abuse, age, hyperlip-
idaemia, cocaine abuse) to be verified by donor 
evaluation; minor stenosis and wall sclerosis 
detected by coronary angiography require a 
case-by-case decision. Minor luminal wall ir-
regularities in coronary arteries or single-vessel 
stenosis of lower degree do not preclude heart 
donation for a recipient properly selected and 
assessed by an experienced heart centre when 
wall motion disorders and other risk factors 
can be ruled out.

Severe left ventricular hypertrophy (LVH) is a 
risk factor (IVSd >16 mm in adults), moderate 
hypertrophy a minor risk (IVSd 12-16 mm in 
adults). There is a correlation between quality 
in treatment of arterial hypertension and LVH.
Valve pathologies exceeding Grade 1 insuffi-
ciency are only an exclusion criterion after 
confirmation by an experienced heart trans-
plant centre. Grade 1 insufficiency is a frequent 
finding in brain-dead donors.
Arrhythmia or diseases with arrhythmogenic 
potential (e.g. confirmed long QT-syndrome) 
limit the success of transplantation [221]. Ar-
rhythmogenic hearts without other morpho-
logic alterations may not be used for every 
recipient since the risk of ‘arrhythmia trans-
mission’ still exists despite consideration 
of implantation of automated implantable 
cardioverter–defibrillator.
In persistent or permanent atrial fibrillation or 
conduction disorders, hearts should be care-
fully examined to exclude underlying heart 
diseases (e.g. CAD) [221].
Regarding acute events, proper recovery – 
from trauma, cardiac resuscitation, temporary 
arrhythmias or broken heart syndrome due to 
neuro-cardiac lesions (reduced left ventricular 
function, wall motion disorders, stunned myo-
cardium) or temporarily impaired right or left 
ventricular function – does not preclude heart 
donation. The recovery period might take a 
few days (consider serial monitoring by echo-
cardiography) [221-222, 225-228]. In the right 
ventricle, acute dilation caused by acute events 
of pulmonary hypertension might cause irre-
versible damage.
In this context the use of inotropic catechola-
mines to treat decreased cardiac output might 
not lead to a successful transplantation [229] 
(e.g. > 10 µg/kg/min dopamine or dobutamine 
as well as > 0.2 µg/kg/min norepinephrine for 
longer time intervals pre-procurement) while 
the use of catecholamines to treat peripheral 
vasodilation may not limit successful trans-
plantation [221-222, 227, 230-231]. In contrast, 
newer studies [224, 232] conclude that the 
above-mentioned limits are too low, too con-
servative and outdated.
Heart contusion, due to direct thoracic trauma 
or after cardiac resuscitation manoeuvres de-
tected during procurement or by imaging, may 
preclude heart donation.
Critical assessment of recovery and successful 
detoxification is mandatory in donors with 
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acute poisoning from carbon monoxide or 
other agents before a heart is excluded (see 
Chapter 10).
The complications of temporary neurocardiac 
injury after devastating cerebral injuries, with 
or without cardiac arrest, must be taken into 
account as one reason for a reversible increase 
in heart enzymes [220-221]. Because the level of 
creatine phosphokinase in muscle/brain (CPK-
MB) has no significant impact on patient sur-
vival, the suggestion of characterising donor 
hearts by determining CPK-MB may be out-
dated. CPK-MB values may be increased due 
to brain tissue necrosis or the fact that meas-
urement differs between laboratories. Other 
more heart-tissue-specific parameters exist, 
e.g. Troponin [231], but increased donor Tro-
ponin levels themselves should not preclude 
heart transplantation because experienced 
centres achieve acceptable results after appro-
priate recipient selection and short ischaemia 
times [220]. B-type natriuretic peptides (BNP 
or NTproBNP) concentrations may correlate 
with temporarily compromised heart due to 
acute reversible neuro-cardiac injury also seen 
in serial echocardiography etc., but prognostic 
conclusions about later outcome in a recipient 
transplanted are controversial [221-222]. The 
failure of cardiac biomarkers to provide infor-
mation about graft quality is due to the lack of 
appropriate studies [221-222].
The particular complication of brain-stem 
coning is a terminal event occurring in dev-
astating cerebral lesions that results in death 
confirmed by neurologic criteria (see chapters 
2, 3, 5).
Further consequences of the autonomic storm 
during or after brain-stem coning are an imbal-
ance between myocardial oxygen demand and 
supply, which triggers metabolic functional 
alterations and sometimes anatomical heart 
damage (myocytolysis and micronecrosis) [233]. 
Temporary electrocardiographic signs of myo-
cardial ischaemia, conduction abnormalities 
and arrhythmias are also common during this 
period of intense catecholamine release and 
may require no treatment [227, 234-235]. Insuf-
ficient secretion of antidiuretic hormone after 
brain death is associated with haemodynamic 
instability and compromised organ func-
tion. Low-dose arginine vasopressin results 
in reduced inotropic requirements and has 
been associated with good graft function [236]. 
Methylprednisolone i.v. remains beneficial [235].

Many hearts are declined due to temporarily 
poor left ventricular function but, after optimal 
management, left ventricular function can 
completely recover over time in the donor and 
allow heart transplantation [211, 221-222, 228]. 
Although echocardiography is very effective as 
a snapshot assessment of function, assessment 
can also be achieved by invasive haemodynamic 
investigations (see Table 5.1, Table 5.2) which 
may help in weaning off inotropes. Note that 
ISHLT guidelines [232, 237] and other studies/ 
reviews [219-223] conclude that donor inotrope 
use does not impact graft survival but also that 
hearts with an ejection fraction (EF) > 40 % or 
minor wallmotion abnormalities can be used 
successfully for transplantation.
Paradoxically, hypotensive periods in donors 
have not been associated with inferior graft 
and patient survival, and neither have many 
other factors – such as cardiac resuscita-
tion, application of norepinephrine or other 
catecholamines, donor medication or anti- 
Cytomegalovirus status – when the donor had 
been assessed and managed properly [219].
Careful donor and recipient selection should 
be carried out, especially in donors with re-
covery from cardiocirculatory instability while 
adhering to recommendations [238]. It should 
be decided at transplant centres whether an 
offered heart graft for a particular recipient 
will be of benefit or not, taking into account 
the actual health status of the recipient.
A proper weight/size match between donor 
and recipient improves the outcome of heart 
transplantation [237], but there is a broad range 
within the limits accepted [232].

c. Investigation for acute myocardial ischaemia
This should include tests for biomarkers 
changes as outlined in the previous section, 
which should take clinical history and evo-
lution into account. Minor elevations are fre-
quently observed in DBD and this should 
be distinguished from significant elevations 
typical for myocardial infarct. In major eleva-
tion, complications of CAD should be consid-
ered [221].
Electrocardiograms should be normal or should 
become normal. Atypical re- polarisation can 
be accepted, especially when clearly related to 
cerebral complications [224]. In DBD, due to 
failure of the vagal tone, sinus tachycardia of 
about 100 per minute is a normal finding and 
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should not prevent further investigation of the 
donor.
Due to the interaction with temporary neuro- 
cardiac injury in DBD, interpretation of 
changes typical for myocardial ischaemia must 
be done carefully in order to avoid misinterpre-
tation of reversible temporary neuro-cardiac 
injury with morphological changes causing 
myocardial ischaemia.

d. Imaging and morphological examinations 
pre-procurement
Echocardiography should evaluate morphology, 
contractility and function of both ventricles 
and atriae, left ventricular ejection fraction 
(measurement of the ejection fraction or short-
ening fraction), wall-motion disorders and 
valve anatomy. Hypertrophy should be meas-
ured quantitatively (e.g. diastolic thickness of 
intra-ventricular septum). The haemo dynamic 
status of the donor should be stabilised before 
decisive echocardiography is performed [225, 
239]. Note that, at bedside in ICU in donors 
with tachycardia, some quantitative meas-
urements of the left ventricle are possible (see 
above) whereas in the right ventricle qualita-
tive assessment is possible and sufficient, but 
attempting to take quantitative measurements 
is challenging and resource-consuming.
In echocardiography, serial monitoring 
is recommended in case of temporary LV- 
dysfunction and regional wall abnormalities 
in order to monitor recovery from tempo-
rary neuro-cardiac injury. An EF > 40% does 
not exclude heart donation as well as minor 
wall-motion abnormalities [232, 237], especially 
when of a temporary nature [221-223, 240].
Coronary angiograms are advisable in donors 
aged above 55 years and/or if there is a signifi-
cant risk factor for CAD, e.g. male donors over 
the age of 55 and females aged over 55 with one or 
more risk factors for CAD, as well as donors of 
either sex aged between 45 and 55 years if more 
than one risk factor for CAD exists [218, 225-
226, 236, 239, 241-242]. However, the absence 
of coronary angiogram data is not necessarily 
a cause for excluding a potential heart donor. 
The indication for coronary angiography must 
be balanced against the risks associated with 
complications introduced by investigation and 
transfer of donor to laboratory – e.g. requiring 
in the lungs afterwards special recruitment 
manoeuvres (see Chapter 5, §7.2.6.1e).

Adenosine stress echocardiography may 
contribute to assessment of stress-induced 
wall-motion abnormalities as an alternative di-
agnostic tool to coronary angiography [221-222, 
226, 243].

e. Haemodynamic monitoring during resuscita-
tion and donor maintenance
This should include evaluation of blood pres-
sure, oxygen saturation, haemoglobin, hypo-
tension, occurrence of cardiac arrest, use and 
dosage of inotropic and vaso-active drugs, 
central venous pressure and invasive haemo-
dynamic measurements, where appropriate. 
This is done anyway in the context of proper 
donor management (see Chapter 5). Invasive 
haemodynamic monitoring may be performed 
for donor management as well as functional as-
sessment in series too.
Donor pre-treatment with low-dose dopamine 
may be of benefit for outcome in heart trans-
plantation [46-47, 50-51]. The use of other cat-
echolamines does not preclude the use of a 
heart for transplantation [219-220, 224, 232], 
especially when their use can be weaned off 
[225, 240] or when higher doses can be well ex-
plained, as outlined above. Note that, whenever 
novel organ-preservation systems are used, in 
cases where donor blood is drawn for pres-
ervation fluid during procurement for organ 
transport, then adherence to the manufactur-
er’s recommendation requires adoption of the 
donor-management protocol.

f. Macroscopic appearance at procurement and 
perfusion
Consideration should be given to macroscopic 
appearance, contractility, wall-motion dis-
orders, coronary artery palpation and mor-
phology of valves or aorta, as well as inspection 
for other abnormalities (e.g. patent foramen 
ovale, septal defect).

g. Other issues
For organ preservation by cold storage in 
DBD, planned cold ischaemia times should not 
exceed 4-5 h (net transport time 2-3 h) without 
critical consideration of how to manage risks 
associated with longer ischaemia times in 
combination with other risk factors as out-
lined above [221-222, 237]. As well as transport 
issues affecting the timing of procurement, it is 
essential to adjust the timing of procurement 
surgery to the transplant surgery where the 
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recipient has had previous heart surgery and/or 
if removal of an assist device is necessary, due 
to the severe adhesions likely to be encoun-
tered. Using novel organ-preservation technol-
ogies may allow an increase in the preservation 
times above the limits of 4-5 h, by which time 
confirmative studies have to be completed [222].
Procurement of hearts in DCD and trans-
plantation is currently performed at a limited 
number of centres in Europe (see Chapter 12). 
This became successful with introduction of 
novel organ-preservation technologies in-
cluding rapid heart procurement with machine 
resuscitation [244] and thoraco-abdominal 
normothermic regional perfusion [245].
Concerning recipient parameters, a significant 
negative impact on patient survival may be ob-
served for the following risk factors: increased 
age, increased serum creatinine before heart 
transplant, ventilator dependency, history of 
diabetes, pulmonary vascular resistance (PVR) 
exceeding 320 dyn*s*cm–5 at heart transplant, 
previous complex heart surgery, dependency 

on different cardiac assist devices. Size, weight 
and gender matches were without significant 
effect, probably because of adequate donor–
recipient matching. Although undersized allo-
grafts in recipients with normal/low PVR did 
not adversely affect survival, in recipients with 
high PVR this should be avoided because there 
is clearly defined increased risk [237].
Extending donor criteria to include under-
sized hearts in recipients without elevated PVR 
and with gender match may be considered 
to expand the donor organ pool and reduce 
mortality rates for patients on the waiting list 
because, after careful adjustment for all risk 
factors, mortality seems not to be increased 
in selected recipients with a donor/recipient 
weight ratio outside the range < 0.8 to > 1.2 [237, 
246].
Currently, criteria for acceptance of ECD 
hearts for transplantation remain poorly stand-
ardised. Future evidence-based research and 
updated consensus guidelines on ECD donor 
heart acceptance are necessary, aimed at the 

Figure 7.2. Reporting workflow for minimum dataset to be communicated for electrocardiogram [92]

Basic ECG plot available electronically: yes/no
heart rate: BPM

Rhythm Sinus rhythm: yes (SR)/no → if no  AV-block: yes/no and/or atrial arrhythmia yes/no
Ventricular arrhythmia: none/yes 

Ventricle QRS changes: none/left bundle block/bifascicular block/right bundle block/infarct-like/other/n.a.
→ if abnormal: remarks

Left ventricular hypertrophy: none/yes/n.a. 

STT segment changes: none/yes/n.a. 
→ if abnormal: remarks

Other QTC time: normal/prolonged/n.a. 
→ if prolonged: QTC time in ms  

Remarks Only further information not described above should be added  

n.a. = not assessable.

Table 7.2. Electrocardiogram parameters to be investigated and standard data list

Electrocardiogram Comment, informative value
Sinus rhythm
QRS-complex
ST-segment
T-Wave

Sinus tachycardia and supraventricular extra systoles are compatible with brain death.
Arrhythmias not related to the acute event of brainstem coning should be excluded.
After cerebral damage, QT-elongation, ST-deviation or negative T-waves may temporarily occur. 
Misinterpretation should be avoided caused by temporary T-Wave and ST-segment changes due to 
neuro-cardiac damage in direct timely association to the cerebral event.
Atrial fibrillation, persisting ventricular extra systoles or QRS deformation, as well as other persisting 
abnormalities, are indicative of cardiac damage and not only related to a cerebral event.
The most recent investigation is most representative.

Hypertrophy (Left) ventricular hypertrophy should be confirmed by echocardiography.
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Figure 7.3. Reporting workflow for minimum dataset to be communicated for echocardiography [92]

At time Haemodynamics: MAP (mmHg), CVP (mmHg) , heart rate (BPM)    
of echo Inotropes, catecholamines: yes/no → if yes: kind and dosage (µg/kg/min)   

Basic Type of examination: TTE (transthoracic)/TEE or TOE (transoesophageal)  
Visualisation: normal/limited/severely limited 

Left heart measurements: LV-EDD & LV-ESD  (mm), LV-PWd & LV-PWs (mm), IVSd & IVSs (mm), LA (diameter, mm)
morphology left ventricular hypertrophy (LVH): normal/moderate/severe/n.a. 

Left ven-  measurements: LV-EF (%, Simpson/Teichholz/estimated) or LV-FS (%)
tricular systolic LVF: normal/moderately reduced/severely reduced/n.a.
function (LVF) diastolic LVF: normal/abnormal relaxation/pseudo-normalisation/restrictive �lling/n.a.

Wall motion any wall motion disorders: yes/no/n.a. 
disorders if yes → description: regional akinesia/hypokinesia/n.a. & location

Right heart measurements: RV-EDD & RV-ESD (mm), RV-TAPSE (mm), RA (diameter, mm)
right ventricle function (RFV): normal/reduced/n.a. 
right ventricle morphology: normal/hypertrophy (wall > 5mm)/n.a. 
right ventricle dimension: normal/moderately dilated/dilated/n.a. 

Heart valves aortic valve obtain following data for each valve:
mitral valve - insufficiency: none/1°/2°/≥3°/n.a.
tricuspidal valve - stenosis: normal/mild/moderate/server/n.a. 
pulmonary valve - morphology: normal/thickened/calci�cation / 

Aorta measurements: Aortic annulus (diameter, mm), Ascending aorta (diameter, mm)
morphology: description if abnormal

Other pericardial effusion: yes/no; → if yes: thickness 

Remarks only further information not described above should be added 

n.a. = not assessable.

Table 7.3. Echocardiographic parameters to be investigated and standard data list

Echocardiography Informative value
Indication Basic assessment of a heart considered for transplantation as well as haemodynamic status. Transtho-

racic (TTE) may be sufficient; trans oesophageal (TOE/TEE) may be performed if indicated. In donors 
with tachycardia the heart rate should not be lowered for diagnostic purposes. Sometimes conditions 
for measurements are limited at bedside at ICU. Haemodynamic status and use of inotropes should be 
documented.

Right and left heart 
morphology and 
function

The function and morphology of all four chambers should be described as outlined in Figure 7.3.
Left ventricular hypertrophy is indicative of the quality of treatment for arterial hypertension if other 
pathologies have been excluded.
Good right ventricular function, with hypertrophy due to pulmonary hypertension secondary to 
lung disease, does not exclude transplantation because many heart recipients suffer from pulmonary 
hypertrophy. Right ventricular recovery from acute events causing pulmonary hypertension must be 
demonstrated (e.g. after pulmonary embolism).
In elderly donors, slightly impaired diastolic relaxation is a frequent finding due to age-related ‘stiffness’ 
of the myocardium.

Regional wall-move-
ment disorders

Exact description is helpful to distinguish between temporary neuro-cardiac injury and other, irreversi-
ble damage. Minor movement disorders may not exclude the heart from transplantation – especially if 
improvement is observed during serial evaluation.

Aortic valve
Mitral valve
Pulmonary valve
Tricuspid valve

Insufficiency of 1st degree is seen often in hearts recovering from acute neuro-cardiac injury in DBD. 
This does not preclude transplantation. Any insufficiency exceeding 1st degree, stenosis, calcification 
or other morphologic changes (e.g. increased thickness of a valve leaflet) must be described properly. 
Pressure- or flow-velocity measurements (e.g. E/E´ or E/A) over the valves are not requested because 
most donors have tachycardia and measurement will be difficult.

Aortic root and 
ascending aorta

A dilated aorta is a risk factor for latent aneurysm. Plaques in the ascending aorta are highly susceptible 
to coronary artery sclerosis.

Pulmonary hyper-
tension

If indicated, estimated (elevated) systolic pulmonary artery pressure should be validated by other 
methods.

Serial evaluation Re-evaluations should be performed after haemodynamic stability has been achieved. Functional re-
covery from reversible neuro-cardiac damage should be assessed in cases of wall-motion abnormalities 
and/or temporarily impaired left ventricular function.
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development of novel and improved methods 
of donor heart resuscitation and preservation 
[247] and judiciously increasing utilisation rates, 
thereby making heart transplantation available 
to a greater number of patients dying from end-
stage heart failure [221-223]. The discrepancies 
in utilisation rates between countries may be 
due to differences between transplant centres’ 
willingness to accept ‘higher-risk’ donor hearts 
and/or differences in organ procurement or-
ganisations’ cardiac evaluation and allocation 
practices.

7.2.5.2. Imaging in the context of heart graft 
evaluation

a. Electrocardiogram
In any donor an electrocardiogram (ECG, 
12-lead measurement at the bedside) may 
provide additional information as outlined in 
Table 7.2 (for reporting data, see Figure 7.2 and 
Appendix 14.4).

b. Echocardiography
Echocardiography contributes to bedside as-
sessment of the heart morphology and function 
(see Table 7.3) and to complementary haemo-
dynamic monitoring. It is imperative to assure 
that the donor is in the best haemodynamic 

management condition before assessment by 
echocardiography if the resulting data are to 
be valid for the decision whether to use or not 
use a heart for transplant. In cases of impaired 
function that can be explained by temporary 
neuro-cardiac damage, it must be decided 
whether serial measurements can document 
recovery of the heart function [228, 248]. A 
proposal for a standardised dataset to be com-
municated within the investigation is shown in 
Figure 7.3 and an example questionnaire can be 
found in Appendix 14.3.

c. Coronary angiography
This invasive investigation should be performed 
when death has been confirmed and consent for 
heart procurement exists. Additionally, echo-
cardiography should not have confirmed major 
damage of the heart [248] and there should be 
an indication that justifies investigation (see 
Table 7.4). Also, it should not be assumed that 
coronary angiography mitigates donor-age-re-
lated cardiac risk factors [219, 249]. This in-
vestigation assesses the intra luminal status of 
the coronary vessels (see Table 7.4) and helps 
the procurement surgeon to rule out palpable 
plaques, as surrogate for intraluminal stenosis 
at procurement. Interventions like percuta-
neous transluminal coronary angioplasty or 

Figure 7.4. Coronary arteries and branches
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stenting may only be performed upon agree-
ment with the recipient centre.
A proposal for a standardised dataset to be com-
municated within the investigation is shown 
in Figure 7.5 and an example questionnaire 

can be found in Appendix 14.5. Data of a his-
toric investigation may contribute to verify 
donor assessment in general. As an alterna-
tive to conventional coronary-angiography, 

Figure 7.5. Reporting workflow for minimum dataset to be communicated for coronary angiography [92]

RCA & degree of stenosis: normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
branches →if not normal

- type of stenosis: none/luminal irregularities/A (≤ 1cm, concentric)/B (1-2 cm, eccentric)/C (> 2 cm, diffuse lesion)/n.a.
- proximal RCA (1): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
- middle RCA (2): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
- distal RCA (3) normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
- posterior-descending RCA (4): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.

LCA (5) degree of stenosis: normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
→ if not normal
- type of stenosis: none/luminal irregularities/A (≤ 1cm, concentric) /B (1-2 cm, eccentric)/C (> 2cm, diffuse lesion)/n.a.

LAD & degree of stenosis: normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
branches → if not normal

- type of stenosis: none/luminal irregularities/A (≤ 1 cm, concentric)/B (1-2 cm, eccentric)/C (> 2 cm, diffuse lesion)/n.a.
- proximal LAD (6): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
- middle LAD (7): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
- distal LAD (8): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.

st- 1   diagonal branch/D1 (9): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
nd- 2  diagonal branch/D2 (10): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.

LCX & degree of stenosis: normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
branches → if not normal

- type of stenosis: none/luminal irregularities/A (≤ 1 cm, concentric)/B (1-2 cm, eccentric)/C (> 2 cm, diffuse lesion)/n.a.
- proximal LCX (11): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.

st- 1   marginal branch/OM (12): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
- distal LCX (13): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
- posterolat. marginal branch (14): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.
- posterio-desc. LCX/PD (15): normal/luminal irregularities or < 25%/26-50%/51-75%/76-90%/91-99%/occlusion/non-existent/n.a.

Other major supply left/right/n.a.
vessel variant normal/variants

Remarks only further information not described above should be added
if laevocardiography was performed please provide data

LCA: left coronary artery main stem. LAD: left anterior descending artery. LCX: left circumflex artery. n.a.: not assessable. RCA: right 
coronary artery.

Table 7.4. Coronary angiography parameters to be investigated and standard data list

Coronary 
angiography

Comment, informative value

Indication in donor 
evaluation

In donors with a heart clinically suitable for transplant but with existing risk for coronary heart disease 
after all other diagnostics have confirmed suitability:
• If donors are aged above 45 years and if there is a significant risk of coronary artery disease (CAD), 

e.g. all male donors over the age of 55 (with or without risk factors for CAD) or females aged over 
55 with one or more risk factors for CAD, and donors of either sex aged between 45 and 55 years if 
more than one risk factor for CAD exists.

• Complications may occur during transfer and investigation (e.g. donor instability, worsening of lung 
function, vasospasm with cardiac arrest, rupture of vessel).

Coronary sclerosis 
and stenosis

The narrowing and shape of stenosis, its location and affection of the vessel should be described, as 
well as the shape of the intravascular structure of RCX, LCX, LCA, RIVA and their branches.
In cases of a stenosis detected during investigation, interventions like PTCA or stenting may be done 
only upon agreement by the recipient centre.

Facultative laevocar-
diography

Functional parameters can be obtained if appropriate echocardiography is not available and if inves-
tigation of coronary vessels is indicated anyway (e.g. aortic valve, LVEF, LVEDV, LVEDP, LV-wall motion 
abnormalities, LV-hypertrophy).

n.a. = not assessable.
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CT- coronary-angiography may be considered 
if technically possible due to donor tachycardia.

7.2.6. Lung-selection criteria

7.2.6.1. Issues in lung selection

a. Age
This criterion depends on individual donor/
recipient evaluation and individual transplant 
team assessments. Experienced centres have 
increased the upper age limit for routine lung 
donation to 80 years [1, 250]. In advanced-age 
donors, some limiting factors such as pleural 
adhesions, micro-emphysema or apical scars 
can only be ruled out by intra-operative in-
spection at procurement. At least in every 
donor younger than 80 with a PaO2/FiO2 of 
> 250 mmHg, lung donation should be consid-
ered after proper assessment and recruitment 
of atelectasis.

b. Past and current medical history
A history of pulmonary disease, active pulmo-
nary infection, aspiration, purulent secretions, 
thoracic trauma and previous thoracic surgery 
are considered as risk factors for inferior out-
comes after transplantation. Regarding the 
history of smoking expressed in pack-years, 
probably no limitations exist when smoking- 
related co-morbidities are ruled out (e.g. 
increased risk of malignancy, chronic inflam-
mation/infection). Other chronic lung diseases 
without structural damage to the lung paren-
chyma require a case-by-case decision (e.g. 
asthma, micro-emphysema). Lung grafts will 
not be used in cases of tuberculosis or chronic 
obstructive lung disease (COPD).
Acute deterioration of gas exchange with PaO2/
FiO2 < 250 mmHg (< 33.3 kPa) with positive 
end expiratory pressure (PEEP) = 5 cmH2O 
requires a careful work-up. When recovery 
from trauma/contusion, aspiration, inap-
propriate ventilation, fever, fluid overload or 
transfusion-associated lung injury can be 
demonstrated, then lungs can be used for 
transplantation.
It is well known that a series of injuries occurs 
in the donor lung from the time of devastating 
cerebral injury, during brain-stem coning, 
death declaration, preservation and transplan-
tation until reperfusion in the recipient, which 
may cause primary graft dysfunction with re-
cipient mortality [251-254]. Minimising such 

risks by adequate donor selection and manage-
ment is critical.
The major concern when considering lung 
donors with a history of smoking is the po-
tential for poor lung function due to an ob-
structive pulmonary disease and the risk of 
an undetected primary or metastatic cancer 
[254-256]. In some studies smoking history in 
lung donors is associated with decreased recip-
ient survival [257], but this is still higher than 
when remaining on the waiting list [258]. Other 
studies could not confirm a relevant impact on 
long-term survival [253, 259-261]. Therefore a 
donor history of smoking should not prevent 
the use of lungs for transplantation when no 
objective risks exist.
Post-transplantation pneumonia and sepsis are 
serious concerns. Prospective analysis of donor 
airway cultures and bronchial tissue cultures 
revealed a < 1.5 % transmission rate of donor 
organ contamination [262-263]. Positive donor 
Gram stain did not predict post-transplant 
pneumonia, oxygenation or duration of 
post-transplant mechanical ventilation [264-
267]. The Newcastle group reported decreased 
survival in a group of patients with positive 
cultures of donor broncho-alveolar lavage 
(BAL), suggesting that lower airway colonisa-
tion may be indicative of an increased risk for 
post-operative graft infection and dysfunction 
[268]. Therefore, the impact of microbial col-
onisation or subclinical infection in assessing 
the donor lung is not completely clear but im-
portant. Successful transplantation is possible 
with frequent post-operative microbial airway 
sampling and adequate antibiotic treatment 
against the identified organisms.
Potential donors on mechanical ventilation 
for prolonged periods are at increased risk of 
ventilator-associated pneumonia. It has been 
found that duration of donor ventilation cor-
relates strongly with the presence of infec-
tion. In one study, 90.5 % of donors ventilated 
for more than 48 h were infected [269]. But in 
another study no increased rates of recipient 
infections with organisms identified in the 
donor lung were observed with donor lungs 
ventilated for up to 15 days after the initial intu-
bation [270]. There is no evidence that donors 
should be excluded solely on the basis of the 
length of mechanical ventilation. At the time 
of writing, lungs of donors who test positive for 
SARS-CoV-2 are not being offered for trans-
plantation (see §8.6.2.19).
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c. Gas exchange
This should be assessed in order to exclude 
organs with inadequate gas exchange. A func-
tional challenge test of gas exchange is the 
coupled measurement of the blood gases at 
baseline 1.0 FiO2 at a minimum PEEP of 5.0 cm 
H2O, and temporarily increment to 1.0 FiO2 
for 10 minutes. For this measurement, bron-
chial cleaning and recruitment of atelectasis 
must be performed in advance. The aim of this 
test is to identify the quality of gas exchange. 
Lungs should not be excluded for low PaO2/
FiO2 until at least 2 h of adequate treatment 
(which includes protective mechanical venti-
lation, recruit manoeuvres and bronchoscopy 
to remove clots and sputum and improve lung 
function) has been given. Diuretics have been 
applied if there is low PaO2/FiO2 and pulmo-
nary oedema, evaluated by extravascular lung 
water index > 10 ml/kg, if PICCO® or a similar 
monitor is used, or central venous pressure 
over 10 cm of water (see Chapter 5) [271].
Donors with persisting reduced lung function 
can still be considered for single lung dona-
tion at procurement after evaluation of gas ex-
change in individual lungs on a blood sample 
taken in the pulmonary veins. Many centres 
ask for acute ventilator settings and for data 
about all microbiological investigations, e.g. 
tracheal suction or BAL sent in for investiga-
tion in order to know which pathogens are in 
the graft.
Arterial partial pressure of oxygen (PaO2) is a 
tool for assessing lung function. The PaO2/FiO2 
ratio can be easily affected by reversible pro-
cesses such as retained secretions, pulmonary 
oedema and atelectasis. Several authors have 
shown that initial PaO2/FiO2 < 300 mmHg after 
brain death diagnosis does not make the donors 
ineligible for lung donation. Indeed, the initial 
PaO2/FiO2 can increase by nearly 100 mmHg 
with adequate treatment (see Chapter 5). In 
more than one-third of lung donors with low 
PaO2/FiO2, that would otherwise have not been 
considered for donation, oxygenation value 
was increased over 300 mmHg and the lungs 
were finally transplanted without impact on 
the recipient’s survival [271-272]. Donor man-
agement for improving initially poor gas ex-
change is important (see Chapter 5). Steroid 
administration after brain death is associated 
with an increase in PaO2/FiO2 [235-236].

d. Morphological examinations
Chest X-ray is mandatory to rule out major 
pathologies (e.g. space-occupying lesions, 
structural changes of lung parenchyma) and, if 
indicated, a CT scan is preferred [273]. Bron-
choscopy is performed at an ICU for primary 
assessment (and cleaning of airways if neces-
sary) as well as by the procurement teams for 
final assessment (for diagnostic reasons as well 
as to perform better intra-tracheal cleaning). 
Recovery from lung contusions should be con-
sidered after effective ventilator therapy for a 
few days. (For details of the set of investiga-
tions, see §7.2.6.2.)
Donors undergo multiple chest radiographs, 
after their admission to ICU, until procure-
ment. In a retrospective survey, one third of 
all donor radiographs had infiltrates, which 
improved or resolved spontaneously in more 
than 50-80 % of cases [274-275]. All patients 
transplanted with such infiltrates were alive 
after one year of follow-up. Plain chest X-rays 
taken at the bedside are of low sensitivity and 
only CT scans can properly estimate structural 
abnormalities like minor contusions or small 
infiltrates. Indeed, lungs should not be rejected 
because of minor abnormalities observed in 
CT scan, because a CT scan is too sensitive; 
most of these abnormalities could be reversed 
with proper treatment and they do not have a 
negative influence on recipients’ outcome [276]. 
Donors with strong unilateral abnormalities 
should not be excluded for donation of the 
contralateral lung [277]. Finally, evaluation of 
a donor chest X-ray is highly subjective, which 
limits its value for determining organ suita-
bility [278]. No studies have been found that 
correlate chest radiograph findings and recip-
ient infections.

e. Improvement of lung function by donor man-
agement
As outlined in Chapter 5, proper management 
of the donor improves lung function and 
allows many grafts to be resuscitated and used 
for transplantation. Whenever disconnection 
of the donor from the ventilator at the ICU 
occurs, then (after reconnection at the ICU) 
recruitment manoeuvres should be considered 
to re-improve lung function [279]. Unnecessary 
disconnections should be avoided.
Brain-death-induced lung injury may be ex-
plained by an initial excessive increase in 
pulmonary capillary pressure with increased 
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pulmonary venous resistance. This is associ-
ated with activation of inflammatory apoptotic 
processes which can be prevented by use of 
methylprednisolone [254].

f. Macroscopic appearance at procurement
Consideration should be given to the colour 
of the lungs, presence of atelectasis, tumours, 
water content of the tissue, contusion marks, 
signs of early pneumonia, appropriate insuf-
flations and pleural adhesions. Single-lung 
transplantation is possible for selected recipi-
ents in the case of one lung being unsuitable. 
Sometimes pneumonia, structural changes or 
apical scars may not be detected until procure-
ment surgery. Recruitment of atelectasis can be 
done under in situ control and care of the lung 
surgeon, in collaboration with the anaesthe-
siologist, in order to avoid barotrauma. Selec-
tive blood-gas analysis of the pulmonary veins 
helps to identify areas with good or impaired 
gas exchange (especially when the global arte-
rial PaO2/FiO2 is below 250 mmHg or 33.3 kPa). 
Resection of compromised lung areas is at the 
discretion of the procurement team and recip-
ient centre. The same procedure can be consid-
ered for size adaptation of oversized lungs or 
areas of localised emphysema.

g. Other issues
Lungs can be successfully transplanted from 
both uncontrolled and controlled DCD donors 
[1, 280-282]. See Chapter 12.
Single-lung donation should always be consid-
ered when one lung is deemed unsuitable.
Ex situ lung perfusion is a new technique, used 
to safely extend the cross-clamp time [283] 
and to evaluate high-risk donor organs [284], 
that allows careful visual inspection of the 
explanted lungs: reventilated and blood re-
perfused for functional assessment with meas-
urement of gas exchange, haemodynamic and 
aerodynamic parameters, and indicators of 
lung oedema. Many studies have demonstrated 
similar length of mechanical ventilation, rate 
of primary graft dysfunction, length of stay 
and mortality [285-290]. Dramatic changes 
in lung-selection criteria must be expected 
in the future by use of ex situ lung perfusion 
and growing experience in repairing damaged 
grafts [244].

Figure 7.6. Reporting workflow for minimum dataset to be communicated for X-ray of chest/thorax or 
computed tomography of thorax [92]

Trachea deviation from midline yes/no
ET tube cranial to carina yes/no

Right clear (no changes) yes/no/n.a.
lung if not clear:

yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.

- rib fractures
- pneumothorax
- pleura effusion
- pleural thickening
- atelectasis
- in�ltrates
- bronchial thickening
- space-occupying lesion
- emphysema
- interstitial lung disease yes/no/n.a.

Left clear (no changes) yes/no/n.a.
lung if not clear:

yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.
yes/no/n.a.

- rib fractures
- pneumothorax
- pleura effusion
- pleural thickening
- atelectasis
- in�ltrates
- bronchial thickening
- space-occupying lesion
- emphysema
- interstitial lung disease yes/no/n.a.

Other foreign body yes/no  à if yes description and exact location  (left lung, right lung or trachea)
prominent hilum yes/no/n.a.
mediastinum enlarged yes/no/n.a.
heart shadow enlarged yes/no/n.a.

Remarks only further information not described above should be added

ET: endotracheal. n.a: not assessable.
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7.2.6.2. Imaging in the context of lung graft 
evaluation

a. X-ray thorax
Chest X-ray can be performed as a bedside 
method in the ICU with the known limitations 
of the sensitivity and specificity of the inves-
tigation. A proposal for a standardised dataset 
to be communicated within the investigation 
is shown in Figure 7.6; an example question-
naire can be found in Appendix 14.1. Small 
space- occupying lesions or minor changes 
of the parenchymal structure may not be de-
tected. Lung size measurement is not required 
for standard matching of donor and recip-
ient (exception: malformations of the thoracic 
cavity of the potential recipient or in extremely 
adipose donors). The investigation should not 
be outdated (e.g. older than 4-8 h).
Whenever a whole-body CT scan or thoracic 
CT scan or magnetic resonance imaging (MRI) 
has been performed, re-evaluation should be 
attempted for donation purposes. Beyond in-
vestigation for space-occupying lesions, the 
data can be entered into the same grid as 
suggested for chest X-ray. In donors with a 
previous history of malignancy, it is highly 
recommended to perform a whole-body CT 
scan according to the recommendations of 
Chapter 9.

b. Bronchoscopy
Bronchoscopy can be performed as a bedside 
method especially for assessing the status of 
the bronchial system (see Table 7.6). A pro-
posal for a standardised dataset to be commu-
nicated within the investigation is shown in 
Figure 7.7 and an example questionnaire can 
be found in Appendix 14.2. If performed, the 
investigation should not be older than eight 
hours for assessment of lung quality. Many 
lung procurement teams re-perform bronchos-
copy during procurement.

c. Computer tomography or magnetic resonance 
imaging of the thorax
Whenever a whole-body CT scan or thoracic 
CT scan or MRI has been performed, re- 
evaluation should be attempted for donation 
purposes. These investigations can provide 
additional information on the issues outlined 
in Table 7.6. Note that a pre-procurement CT 
scan helps to identify suspect space-occupying 
lesions at an earlier stage, which may also help 
to exclude malignancies [93] and reduce risk by 
the detection of unspecific lesions, as well as 
providing additional information on anatom-
ical variants. The indication for this method is 
a controversial subject of discussion in various 
European countries (see §6.7).

7.2.7. Vascularised composite allografts

Vascularised composite allografts (VCAs) are 
defined as heterogeneous tissues containing skin, 
muscles, bones, tendons and vessels, requiring sur-
gical connection of blood vessels and nerves for allo-
graft function. All the issues of VCAs in the donation 
process are discussed in detail in Chapter 15.

VCAs are subject to the same time constraints 
as organs due to their vulnerability to ischaemia, 
the absence of storage options and the need for im-
munosuppressive therapy. Among VCAs, hand, 
forearm and facial transplantations have progressed. 
Currently, experience is limited to a few transplant 
centres.

7.2.8. Tissue- and cell-specific selection criteria

Please refer to the latest edition of the Council 
of Europe Guide to the quality and safety of tissues 
and cells for human application. These criteria differ 
from organ criteria, among other reasons because no 
one-to-one relationship exists between donor and re-
cipient (allocation schemes are different) and because 
tissues and cells are processed further. Whenever 
organs (e.g. heart, pancreas) are assessed as unsuit-

Table 7.5. Bronchoscopy parameters to be investigated and standard data list

Bronchoscopy Comment, informative value, background
Indication In a potential lung donor before procurement or for exclusion of bronchial malignancy if suspected, 

or for cleaning airways to improve gas exchange and pulmonary function (especially after suspected 
aspiration).

Status of bronchus 
and trachea

Blocked peripheral orifices or purulent secretions may indicate infection (pneumonia). Bleeding or 
ulceration may have multiple causes; consider additional chronic inflammation due to smoking history. 
Any tumour detected requires histology prior to transplantation of any organ.
Secretions originating from the peripheral bronchial orifice indicate infection in peripheral tissue of the 
lung (purulent, blood, clean). Samples should be sent to microbiology for identification of colonisation 
or infection (e.g. bacteria or fungi and their resistance pattern against anti-microbiological agents).
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able for transplantation before or during organ pro-
curement, the use of these organs to obtain tissues/
cells for human application should be considered (e.g. 
heart valves, islets). This will require ad hoc collabo-
ration with tissue/cell donation experts.

7.3. Donor and organ 
documentation

This issue is discussed in Chapter 6. Within the 
donor selection and organ-specific selection pro-

cesses it is helpful to document clearly the reasons for 
each decision, based on the data levels recorded for 
the donor and/or organ being unacceptable, being 
either not suitable for any patient or not suitable for a 
particular donor–recipient combination. Only exact 
data about such decisions will allow future improve-
ments in donor-selection criteria while monitoring 
transplant outcomes (see Chapter 17).

7.4. Immunological 
considerations

The interaction between the recipient’s immune 
system and the transplanted graft is a chal-

lenging issue, because acute or chronic rejections are 
the endpoint of this and they cause transplantation 
failure.

Note that, in DBD, the pathophysiological 
changes cause a systemic inflammatory response 
syndrome (SIRS), which is treated by aggressive 
donor management (see Chapter 5) but still causes 
upregulation of many cellular receptors or pathways 
in the context of inflammation. After reperfusion 
of the graft in the recipient, ischaemia reperfusion 
injury (IRI) occurs as soon as the recipient’s immune 
system is in contact with it for the first time. To avoid 
rejection events the recipient’s immune system is sup-
pressed. Unfortunately the side effects of previous im-
munisations (especially in the HLA system) cannot 
be eliminated. From this point of view, safety precau-
tions become necessary but these have an impact on:

• the individual decision whether to use a par-
ticular graft in one recipient or not,

• other decisions on the diagnostics or proce-
dures that are needed to decrease the risks for a 
recipient beyond the scope of data outlined in 
this guide and any other medical issues in the 
recipient.

The appropriate amount of diagnostics is dis-
cussed in section 6.6 on HLA-typing of the donor and 
matching or cross-matching procedures (virtual or 
based on laboratory examinations) to reduce the risks 
for recipients. The impact of the recipient’s sensitisa-
tion and the turnaround time for diagnostics, as well 

Figure 7.7. Reporting workflow for minimum dataset to be communicated for bronchoscopy [92]

Trachea epithelium pathological/normal/not assessable
if pathological:
- in�ammation yes/no/n.a.
- bleeding yes/no/n.a.
- ulceration yes/no/n.a.
- tumour yes/no/n.a.
- putrid secretion yes/no/n.a.
- aspiration yes/no/n.a.
- amount, colour and consistency of secretion 

additional bronchus yes/no/n.a.

Right epithelium pathological/normal/n.a.
bronchus if pathological:

- in�ammation yes/no/n.a.
- bleeding yes/no/n.a.
- ulceration yes/no/n.a.
- tumour yes/no/n.a.
- putrid secretion yes/no/n.a.
- localisation of secretion main/lobar/sublobar/none
- secretion after suction clean/re�lling from periphery
- aspiration yes/no/n.a.

Microbiology tracheal or bronchial aspirate sent to lab yes/no
BAL sample sent to lab yes/no

Remarks only further information not described above should be added

Left epithelium pathological/normal/n.a.
bronchus if pathological:

- in�ammation yes/no/n.a.
- bleeding yes/no/n.a.
- ulceration yes/no/n.a.
- tumour yes/no/n.a.
- putrid secretion yes/no/n.a.
- localisation of secretion main/lobar/sublobar/none
- secretion after suction clean/re�lling from periphery
- aspiration yes/no/n.a.

BAL: broncho-alveolar lavage. n.a: not assessable.
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as consideration about backup recipients, determine 
the range of acceptance criteria. In such cases there 
is increased risk of exposing the graft to prolonged 
ischaemia times. In this context it is highly recom-
mended to consider non-sensitised backup recipi-
ents in case of primary graft allocation to a recipient 
who is highly sensitised against HLA with the need 
of pre-implantation diagnostics. Unfortunately this 
pragmatic issue is not well discussed in the literature, 
although consensus guidelines exist for managing a 
recipient with such HLA sensitisation [68, 291]. Rein-
troduction of some kind of HLA-matching in elderly 
recipients receiving grafts from elderly donors within 
special programmes (e.g. Eurotransplant Senior 
Program) might mitigate the complications of rejec-
tion [20] beyond the issue that this sub-population is 
exposed to different immunological risks [21].

7.5. Conclusion

Appropriate donor and organ characterisation 
contributes to the safety and quality of organs 

used for transplantation. It has to be remembered 
that certain medical findings are indicative for ac-
cepting or discarding a particular organ, e.g. severe 
macro-vesicular steatosis of the liver, even though 
other grafts of the same donor can be transplanted 
without increased risk. Some other donor factors 
cannot be eliminated or avoided and therefore persist 
as risk factors after transplantation (e.g. donor age). 
The aim of donor and organ characterisation is to 
ensure adequate allocation of the organ to the re-
cipient with the highest probability of benefit from 
a transplant, based on the data acquired during the 
process as outlined.

Organ donation and transplantation are proce-
dures carried out within significant time constraints, 
especially in deceased organ donation, where most 
procedures are rapidly carried out to keep ischaemic 
times as short as possible while adhering to formal 
and legal requirements.

Risk evaluation of donor and recipient factors 
is carried out on an individual, case-by-case basis. 
There may be factors that make a given organ from 
a donor absolutely unsuitable for a specific recip-
ient, whereas the same organ could be life-saving 

for another recipient. This is why there are only a 
few absolute contraindications against organ dona-
tion. Current boundaries are even further challenged 
when there is urgency for transplantation among 
the increasing number of potential recipients on the 
waiting list. It is the duty of the transplant physician 
to carefully evaluate donor and recipient factors in an 
individual risk–benefit analysis, while it is a shared 
general responsibility of the authorities in charge, 
and of the medical community, to organise trans-
plant systems (including allocation schemes) in such 
a way that organ loss is prevented and organs donated 
are respected to the highest possible extent. By the 
same philosophy, it is important to document and 
assess when and why organs procured were finally 
not used, to learn from these findings and ensure op-
timised organ use for the future.

A customised donor/organ profile of each 
patient enrolled on the transplant waiting list may 
facilitate planning of adequate donor/recipient risk 
assessments and the best use of all suitable organs.

Finally, the team of physicians performing the 
transplantation have the overall responsibility for its 
use in that particular recipient, regardless of the con-
siderations and risks in donor and organ selection as 
presented above.

Questions for future research have been sum-
marised below.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
randomised clinical trials, should focus on the 
following research gaps and key questions for each 
organ:

1 Donor age: Is there an impact from donor age in 
very young as well as very old donors? Can we 
expect an interaction with other factors?

2 Past and current medical history: Which current 
acute events compromise the graft quality 
after transplantation? Which events in the 
medical history compromise graft quality after 
transplantation?

3 Graft function parameters: Do imaging or laboratory 

Table 7.6. Computer tomography or magnetic resonance considerations in thoracic donor evaluation

CT-thorax Comment, informative value
Heart/vessels Identification of trauma or haematoma and description of coronary vessels are possible by angio-CT if 

coronary angiography is impossible and if donor tachycardia is not limiting technically.

Lung Check for smaller tumours and abnormal lymph nodes to exclude malignancies and pneumonitis. 
Highly sensitive for effusion, pneumonia, atelectasis, pneumothorax, embolism and vessel alterations 
as well as structural abnormalities. Pulmonary contusion: restorations possible after a prolonged time 
interval (days).
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or other data allow a prognosis about the issues 
covered by 1 and 2?

4 Imaging pre-procurement: What information should 
a diagnostic test provide?

5 Morphologic assessment at procurement: Are there 
any factors that allow a prognosis of the issues 
covered by 1 and 2?

6 Biopsy: Are there any factors that provide 
prognostic information that might inform a decision 
to use an organ?

7 Other issues: Which other various factors should be 
considered about a prognosis of the issues covered 
by 1 and 2?

8 Modifications by donor management: Can we 
modify the impact of some risk factors mentioned 
above by intensive care therapy?

9 Recipient-related issues: What recipient factors, in 
general, compromise outcome? What combination 
of donor and recipient factors improves outcome 
or compromises outcome (based on the fact that 
we only have elderly donors with co-morbidities as 
reference point)? What about immunological factors 
causing problems after implantation by the immune 
system of the new host?

10 Interaction of factors above: What interaction exists 
between the above-mentioned topics?

The organ-specific selection criteria will be reviewed 
on the basis of the above questions.
Note that the research proposed above is basic work 
that is assumed to be of low prestige but that needs 
to be done in order to overcome existing assumptions 
when excluding organs, assumptions which may be 
correct or incorrect in view of the conflicting reports 
in the literature. This research requires consideration 
of multiple interacting variables of donors and 
recipients [110, 219, 224] as well as novel preservation 
or assessment technologies [193, 244, 292-293].

7.6. References
1. Andrés A, Fischer-Fröhlich CL. Chapter 4:  Organ 

viability. In:  Valero R, ed. Transplant coordination 
manual. 3rd edition, pp. 99-154. Barcelona:  Aguiló-
grafic, 2014. ISBN:  978-84-616-8840-1.

2. Panis Y, Massault P, Sarfati P et al� Emergency liver 
retransplantation using a polycystic donor liver. 
Transplantation 1994; 57: 1672-3.

3. Jiménez C, Moreno E, García I et al� Successful trans-
plantation of a liver graft with a calcified hydatid cyst 
after back-table resection. Transplantation 1995; 60: 
883-4.

4. Mor E, Bozzagni P, Thung SN et al� Backtable resec-
tion of a giant cavernous hemangioma in a donor liver. 
Transplantation 1995; 60: 616-17.

5. Moreno E, García I, González-Pinto I et al� Successful 
reuse of a liver graft. Br J Surg 1991; 78: 813-14.

6. Rentsch M, Meyer J, Andrassy J et al� Late reuse of 
liver allografts from brain-dead graft recipients:  the 

Munich experience and a review of the literature. 
Liver Transpl 2010; 16: 701-4.

7. Pasic M, Gallino A, Carrel T et al� Reuse of a trans-
planted heart. N Engl J Med 1993; 328: 319-20.

8. Fischer-Fröhlich CL, Königsrainer A, Schaffer R et al� 
Organ donation:  when should we consider intestinal 
donation? Transpl Int 2012; 25: 1229-40.

9. Andrés A, Morales JM, Herrero JC et al� Double versus 
single renal allograft from aged donors. Transplanta-
tion 2000; 69: 2060-6.

10. Pérez-Sáez MJ, Montero N, Redondo-Pachón D et al� 
Strategies for an expanded use of kidneys from elderly 
donors. Transplantation 2017; 101: 727-45.

11. Balachandran V, Aull M, Goris M et al� Successful 
transplantation of single kidney from pediatric 
donors weighing less than or equal to 10 kg into 
standard weight adult recipients. Transplantation 
2010; 90: 518-22.

12. Gallinat A, Sotiropoulos GC, Witzke O et al� Kidney 
grafts from donors ≤ 5 yr of age:  single kidney 
transplantation for pediatric recipients or en bloc 
transplantation for adults. Pediatr Transplant 2013; 17: 
179-84.

13. Maluf DG, Carrico RJ, Rosendale JD et al� Optimizing 
recovery, utilization, and transplantation outcomes 
for kidneys from small, ≤ 20 kg, pediatric donors. Am 
J Transplant 2013; 13: 2703-12.

14. Laurence JM, Sandroussi C, Lam VW et al� Utili-
zation of small pediatric donor kidneys:  a decision 
analysis. Transplantation 2011; 91: 1110-13.

15. Giessing M. Ten years of the Eurotransplant senior 
program:  are there still age limits for kidney trans-
plantation? Urologe A 2009; 48: 1429-37.

16. Giessing M, Fuller TF, Friedersdorff F et al� Outcomes 
of transplanting deceased-donor kidneys between el-
derly donors and recipients. J Am Soc Nephrol 2009; 
20: 37-40.

17. Lledó-Garciá E, Riera L, Passas J et al� Spanish con-
sensus document for acceptance and rejection of 
kidneys from expanded criteria donors. Clin Trans-
plant 2014; 28: 1155-66.

18. Tanriover B, Mohan S, Cohen DJ et al� Kidneys at 
higher discard:  expanding the role of dual kidney 
transplantation. Am J Transpl 2014; 14: 404-15.

19. Gallinat A, Feldkamp T, Schaffer R et al� Single-center 
experience with kidney transplantation using de-
ceased donors older than 75 years. Transplantation 
2011 Jul 15; 92(1): 76-81.

20. Dreyer G, Fijter J. Transplanting the elderly:  manda-
tory age- and minimal histocompatibility matching. 
Front Immunol, 2020; 11: 359. https: //doi.org/10.3389/
fimmu.2020.00359.

21. Noble J, Jouve T, Malvezzi P et al� Transplantation 
of marginal organs:  immunological aspects and 

https://doi.org/10.3389/fimmu.2020.00359
https://doi.org/10.3389/fimmu.2020.00359


171

7. SPECIFIC ORGAN CHARACTERISATION, ASSESSMENT AND SELECTION CRITERIA

therapeutic perspectives in kidney transplantation. 
Front Immunol 2019; 10: 3142. https: //doi.org/10.3389/
fimmu.2019.03142.

22. Cecka JM, Terasaki PI. Optimal use for older donor 
kidneys:  older recipients. Transplant Proc 1995; 27: 
801-2.

23. Herrero JC, Gutiérrez E, Martínez A et al� Results 
of kidney transplantation in recipients over 70 years 
of age:  experience at a single center. Transplant Proc 
2003; 35: 1675-6.

24. Remuzzi G, Cravedi P, Perna A et al� Long-term out-
come of renal transplantation from older donors. N 
Engl J Med 2006; 354: 343-52.

25. Andrés A, Hernandez A, Herrero JC et al� Kidney 
transplant in extremely aged recipients using ex-
tremely aged deceased donors [abstract]. Am J 
Transplant 2008; 8(Suppl 2): 455.

26. Nyengaard JR, Bendtsen TF. Glomerular number and 
size in relation to age, kidney weight and body surface 
in normal man. Anat Rec 1992; 232: 194-201.

27. Denic A, Lieske J, Chakkera H et al� The substan-
tial loss of nephrons in healthy human kidneys with 
aging. J Am Soc Nephrol 2017; 28: 313-20.

28. Echterdiek F, Schwenger V, Döhler B et al� Kidneys 
from elderly deceased donors – is 70 the new 60? 
Front Immunol 2019; 10: 2701. https: //doi.org/10.3389/
fimmun.2019.02701.

29. Lim WH, Chang S, Chadban S et al� Donor–recipient 
age matching improves years of graft function in de-
ceased-donor kidney transplantation. Nephrol Dial 
Transplant 2010; 25: 3082-9.

30. The Canadian Council for Donation and Transplanta-
tion. Kidney allocation in Canada:  a Canadian forum, 
report and recommendations (Toronto, ONT, Canada, 
2006). Edmonton AB, Canada:  Canadian Council for 
Donation and Transplantation, 2007, available at https: 
//profedu.blood.ca/en/organs-tissues/transplantation/
leading-practices-and-clinical-guidelines/kidney-
allocation, accessed 16 May 2021.

31. Wang J, Skeans M, Israni A. Current status of kidney 
transplant outcomes:  dying to survive. Adv Chronic 
Kidney Dis 2016; 23: 281-6.

32. Aubert O, Kamar N, Vernerery D et al� Long term 
outcomes of transplantation using kidneys from ex-
panded criteria donors:  prospective, population based 
cohort study. BMJ 2015; 351: h3557.

33. Savoye E, Macher MA, Videcoq M et al� Evaluation of 
outcomes in renal transplantation with hypothermic 
machine perfusion for the preservation of kidneys 
from expanded criteria donors. Clin Transplant 2019; 
33: e13536.

34. Arcos E, Pérez-Sáez M, Cornas J et al� Assessing the 
limits in kidney transplantation:  use of extremely 

elderly donors and outcomes in elderly recipients. 
Transplantation 2020; 104(1): 176-83.

35. Port FK, Bragg-Gresham JL, Metzger RA et al� Donor 
characteristics associated with reduced graft survival:  
an approach to expanding the pool of kidney donors. 
Transplantation 2002; 74(9): 1281-6.

36. Metzger RA, Delmonico FL, Feng S et al� Expanded 
criteria donors for kidney transplantation. Am J 
Transplant 2003; 3(Suppl 4): 114-25.

37. Becker YT, Leverson GE, D’Alessandro AM et al� 
Diabetic kidneys can safely expand the donor pool. 
Transplantation 2002; 74(1): 141-5.

38. Ojo AO, Leichtman AB, Punch JD et al� Impact of 
pre-existing donor hypertension and diabetes mel-
litus on cadaveric renal transplant outcomes. Am J 
Kidney Dis 2000; 36: 153-9.

39. CKD Work Group. Kidney disease:  improving global 
outcomes. KDIGO 2012 Clinical practice guideline 
for the evaluation and management of chronic kidney 
disease. Kidney Int 2013; 89(Suppl 3): 1-150, available 
at https: //kdigo.org/guidelines/ckd-evaluation-and-
management/, last accessed 15 May 2021.

40. Molina M, Apaza J, González Monte E et al� Results 
of kidney transplantation from deceased donors with 
acute kidney injury. Transplant Proc 2015; 47: 42-4.

41. Anil Kumar MS, Khan SM, Jaglan S et al� Successful 
transplantation of kidneys from deceased donors with 
acute renal failure:  three-year results. Transplantation 
2006; 82(12): 1640-45.

42. Rodrigo E, Miñambres E, Piñera C et al� Using RIFLE 
criteria to evaluate acute kidney injury in brain-de-
ceased kidney donors. Nephrol Dial Transplant 2010; 
25: 1531-7.

43. Liu C, Hall I, Mansour S et al� Association of de-
ceased donor acute kidney injury with recipient graft 
survival. JAMA Network Open 2020; 3: e1918634. DOI: 
10.1001/jamantetworkopen.2019.18634.

44. Bauer J, Grzella S, Bialobrzecka M et al� Success of 
kidney transplantation from deceased donors with 
acute kidney injury. Ann Transplant 2018; 23: 836-44.

45. Carvalho de Matos AC, Requião-Moura LR, Clarizia 
G et al� Expanding the pool of kidney donors:  use of 
kidneys with acute renal dysfunction. Einstein (Sao 
Paulo) 2015; 13: 319-25.

46. Benck U, Hoeger S, Brinkkoetter PT. Effects of donor 
pretreatment with dopamine on survival after heart 
transplantation:  a cohort study of heart transplant 
recipients nested in a randomized controlled multi-
center trial. J Am Coll Cardiol 2011; 58: 1768-77.

47. Richmond ME, Easterwood R, Singh RK et al� Low-
dose donor dopamine is associated with a decreased 
risk of right heart failure in pediatric heart transplant 
recipients. Transplantation 2016; 100: 2729-34.

48. Schnuelle P, Gottmann U, Hoeger S et al� Effects of 

https://doi.org/10.3389/fimmu.2019.03142
https://doi.org/10.3389/fimmu.2019.03142
https://doi.org/10.3389/fimmun.2019.02701
https://doi.org/10.3389/fimmun.2019.02701
https://profedu.blood.ca/en/organs-tissues/transplantation/leading-practices-and-clinical-guidelines/kidney-allocation
https://profedu.blood.ca/en/organs-tissues/transplantation/leading-practices-and-clinical-guidelines/kidney-allocation
https://profedu.blood.ca/en/organs-tissues/transplantation/leading-practices-and-clinical-guidelines/kidney-allocation
https://profedu.blood.ca/en/organs-tissues/transplantation/leading-practices-and-clinical-guidelines/kidney-allocation
https://kdigo.org/guidelines/ckd-evaluation-and-management/
https://kdigo.org/guidelines/ckd-evaluation-and-management/


172

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

donor pretreatment with dopamine on graft function 
after kidney transplantation:  a randomized controlled 
trial. JAMA 2009; 302: 1067-75.

49. Schnuelle P, Schmitt HS, Weiss C et al� Effects of do-
pamine donor pretreatment on graft function after 
kidney transplantation:  a randomized trial. Clin J Am 
Soc Nephrol 2017; 12: 493-501.

50. Brinkkoetter PT, Song H, Lösel R et al� Hypothermic 
injury:  the mitochondrial calcium, ATP and ROS 
love–hate triangle out of balance. Cell Physiol Bio-
chem 2008; 22(1-4): 195-204.

51. Schnuelle P, Benck U, Yard BA. Dopamine in 
transplantation:  write off or comeback with novel in-
dication? Clin Transplant 2018; 32: e13292.

52. Yard B, Beck G, Schnuelle P et al� Prevention of cold 
preservation injury of cultured endothelial cells by 
catecholamines and related compounds. Am J Trans-
plant 2004; 4: 22-30.

53. Malinoski D, Patel M, Axelrod D et al� Therapeutic 
hypothermia in organ donors:  follow-up and safety 
analysis. Transplantation 2019; 103: e365-e368.

54. Amenábar JJ, Camacho JA, Gómez-Larrambe N et al� 
Prognostic utility of preimplantation kidney biopsy 
from deceased older donors in first year post-trans-
plant renal function. Nefrologia 2016; 36: 33-41.

55. Sofue T, Inui M, Kiyomoto H et al� Pre-existing arteri-
osclerotic intimal thickening in living-donor kidneys 
reflects allograft function. Am J Nephrol 2012; 36: 127-35.

56. Kasiske BL, Stewart DE, Bista BR et al� The role of pro-
curement biopsies in acceptance decisions for kidneys 
retrieved for transplant. Clin J Am Soc Nephrol 2014; 
9: 562-71.

57. Pisarski P, Schleicher C, Hauser I, Becker JU. German 
recommendations for pretransplant donor kidney 
biopsy. Langenbecks Arch Sur, 2016; 401: 133-40.

58. Woodside KJ, Merion RM, Leichtman AB et al� Utili-
zation of kidneys with similar kidney donor risk index 
values from standard versus expanded criteria donors. 
Am J Transpl 2012; 12: 2106-14.

59. Bae S, Massie AB, Luo X et al� Changes in discard rate 
after introduction of the kidney donor profile index 
(KDPI). Am J Transpl 2016; 16: 2202-7.

60. Wang CJ, Wetmore JB, Cray CS, Kasieke BL. The 
donor kidney biopsy and its implications in predicting 
graft outcome:  a systematic review. Am J Transpl 2015; 
15: 1903-14.

61. Reese P, Harhay M, Abt P et al� New solutions to 
reduce discard of kidneys donated for transplantation. 
J Am Soc Nephrol 2016; 27: 973-80.

62. Phillips B, Kassimatis T, Atalar K et al� Chronic 
histological changes in deceased donor kidneys at 
implantation do not predict graft survival:  a single 
center retrospective analysis. Transpl Int 2019; 32: 523-
34. DOI: 10.1111/tri.13398.

63. Liapis H, Gaut JP, Klein C et al� Banff histopatholog-
ical consensus criteria for preimplantation kidney 
biopsies. Am J Transpl 2017; 17: 140-50.

64. Salvadori M, Tsalouchos A. Histological and clinical 
evaluation of marginal donor kidneys before trans-
plantation:  which is best? World J Transplant 2019; 9: 
62-80.

65. Mohan S, Cheiles M, Patzer R et al� Factors leading to 
the discard of deceased donor kidneys in the United 
States. Kidney Int 2018; 94: 187-98.

66. Stallone G, Grandaliano G. To discard or not to dis-
card:  transplantation and the art of scoring. Clinical 
Kidney J 2019; 12: 564-8.

67. Angeletti A, Cravedi P. Making procurement biop-
sies important again for kidney transplant allocation. 
Nephron 2019; 142: 1-6.

68. Abramowicz D, Cochat P, Claas F et al� European 
renal best practice guideline in kidney donor and 
recipient evaluation and perioperative care. Nephrol 
Dial Transplant 2013; 28(Suppl 2): ii1-ii71.

69. Portolés J, Marañes A, Prats D et al� Double renal 
transplant from infant donor. Transplantation 1996; 
61: 37-40.

70. Kirste G, Blümke M, Krumme B. A new operative 
technique of paratopic positioning of pediatric en 
bloc kidneys for transplantation. Clin Transplant 
1994; 8(2 Pt 1): 139-43.

71. Kayler LK, Magliocca J, Kim RD et al� Single kidney 
transplantation from young pediatric donors in the 
United States. Am J Transplant 2009; 9: 2745-51.

72. Zhu L, Fu C, Chen S et al� Successful single-kidney 
transplantation in adult recipients using pediatric 
donors aged 8 to 36 months:  comparable outcomes 
with those using pediatric donors aged > 3 years. 
Transplantation 2019; 103: 2388-96.

73. Suneja M, Kuppachi S, Katz D, Hunsicker L. Small 
pediatric kidneys expand the donor pool:  an ana-
lysis of the scientific registry of transplant recipients 
(SRTR) data. Transplantation 2019; 103: 2549-57.

74. Booster MH, Wijnen RM, Vroemen AM et al� In 
situ preservation of kidneys from non-heart-beating 
donors – a proposal for a standardized protocol. 
Transplantation 1993; 56(3): 613-17.

75. Weber M, Dindo D, Demartines N et al� Kidney trans-
plantation from donors without a heartbeat. N Engl J 
Med 2002; 347(4): 248-55.

76. del Rio F, Andrés A, Padilla M et al� Kidney trans-
plantation from donors after uncontrolled circulatory 
death:  the Spanish experience. Kidney International 
2019; 95: 420-28.

77. Alonso A, Fernández-Rivera C, Villaverde P et 
al� Renal transplantation from non-heart-beating 
donors:  a single-center 10-year experience. Transplant 
Proc 2005; 37(9): 3658-60.



173

7. SPECIFIC ORGAN CHARACTERISATION, ASSESSMENT AND SELECTION CRITERIA

78. Valero R, Cabrer C, Oppenheimer F et al� Nor-
mothermic recirculation reduces primary graft 
dysfunction of kidneys obtained from non-heart-
beating donors. Transpl Int 2000; 13(4): 303-10.

79. Sánchez-Fructuoso AI, Prats D, Torrente J et al� Renal 
transplantation from non-heart-beating donors:  a 
promising alternative to enlarge the donor pool. J Am 
Soc Nephrol 2000; 11(2): 350-8.

80. Andrés A, Gutiérrez E, Dipalma T et al� Successful 
kidney transplantation from helicopter transported 
deceased after cardiac death (DCD) donors with ir-
reversible cardiac arrest in the street or at home far 
from the hospital [abstract 642]. Am J Transplant 2011; 
11(Suppl 2): 224.

81. Rao PS, Schaubel DE, Guidinger MK et al� A compre-
hensive risk quantification score for deceased donor 
kidneys:  the Kidney Donor Risk Index. Transplanta-
tion 2009; 88: 231-6.

82. Pascual J, Pérez-Saéz MJ. Kidney Donor Profile Index:  
can it be extrapolated to our environment? Nefrologia 
2016; 36: 465-8.

83. Lee A, Abramowicz D. Is the Kidney Donor Risk 
Index a step forward in the assessment of deceased 
donor kidney quality? Nephrol Dial Transplant 2015; 
30(8): 1285-90.

84. Friedewald JJ. Utilization and outcomes of marginal 
kidneys – using Kidney Donor Risk Index to move 
beyond the current labels. Am J Transpl 2012; 12: 1971-2.

85. Chan S, Campbell S, Clayton P et al� Temporal 
changes in deceased kidney donor characteristics in 
Australia. Transplant Direct 2016; 2: e112.

86. Sypek M, Ullah S, Hughes P et al� Examining the 
increased rates of donor kidney nonutilization in 
Australia:  what has changed? Transplantation 2019; 
103: 2582-90.

87. Dahmen M, Becker F, Pavenstädt H et al� Validation 
of the kidney donor profile index (KDPI) to assess 
a deceased donor’s kidneys’ outcome in a European 
cohort. Scientific Reports 2019; 9: 11234. https: //doi.
org/10.1038/s41598-019-47772-7.

88. Heilmann R, Green E, Reddy K et al� Potential impact 
of risk and loss aversion on the process of accepting 
kidneys for transplantation. Transplantation 2017; 101: 
1514-17.

89. Aria-Cabrales C, Pérez-Sáez MJ, Redondo-Pachón 
D et al� Usefulness of KDPI in Spain:  a comparison 
with donor age and definition of standard/expanded 
criteria donor. Nefrologia 2018; 38: 503-13. https: //doi.
org/10.1016/j.nefro.2018.03.003.

90. Bui K, Kilambi V, Mehrotra S. Functional status-based 
risk-benefit analyses of high-KDPI kidney transplant 
versus dialysis. Transpl Int 2019; 32: 1297-1312.

91. Holscher C, Bowring M, Haugen C et al� National 

variation in increased infectious risk kidney offer ac-
ceptance. Transplantation 2019; 131: 2157-63.

92. Technical Working Group of Organ Procurement 
Committee of Eurotransplant:  The ET-future of donor 
characterization:  Step 1:  Structured documentation 
of technical investigations for improved quality and 
safety. Annual Meeting of Eurotransplant Founda-
tion, Leiden, Netherlands, 2015, available at https: //
my.eurotransplant.org/projects-themes/?target=cold 
(restricted access), accessed 16 May 2021.

93. Mensink J, Pol R, Nijboer W et al� Whole body CT Im-
aging in deceased donor screening for malignancies. 
Transplantation Direct 2019; 5: e509. DOI: 10.1097/TXD 
0000000000000953.

94. Ploeg R, D’Alessandro A, Knechtle SJ et al� Risk factors 
for primary dysfunction after liver transplantation – a 
multivariate analysis. Transplantation 1993; 55: 807-13.

95. Yersiz H, Shaked A, Olthoff K et al� Correlation be-
tween donor age and the pattern of liver graft recovery 
after transplantation. Transplantation 1995; 60: 790-4.

96. Emre S, Schwartz ME, Altaca G et al� Safe use of 
hepatic allografts from donors older than 70 years. 
Transplantation 15 July 1996; 62(1): 62-5.

97. Jiménez Romero C, Moreno González E, Colina Ruíz 
F et al� Use of octogenarian livers safely expands the 
donor pool. Transplantation 1999; 68: 572-5.

98. Cuende N, Grande L, Sanjuán F et al� Liver transplant 
with organs from elderly donors:  Spanish experience 
with more than 300 liver donors over 70 years of age. 
Transplantation 2002; 73: 1360.

99. Cescon M, Grazi GL, Ercolani G et al� Long-term 
survival of recipients of liver grafts from donors older 
than 80 years:  is it achievable? Liver Transp 2003; 9: 
1174-80.

100. Nardo B, Masetti M, Urbani L et al� Liver transplanta-
tion from donors aged 80 years and over:  pushing the 
limit. Am J Transplant 2004; 4: 1139-47.

101. Kim DY, Cauduro SP, Bohorquez HE et al� Routine 
use of livers from deceased donors older than 70:  is it 
justified? Transpl Int 2005; 18(1): 73-7.

102. Cescon M, Grazi GL, Cucchetti A et al� Improving the 
outcome of liver transplantation with very old donors 
with updated selection and management criteria. 
Liver Transpl 2008; 14(5): 672-9.

103. Reese P, Sonawane S, Thomasson A et al� Donor age 
and cold ischemia interact to produce inferior 90-day 
liver allograft surival. Transplantation 2008; 85(12): 
1737-44.

104. Halldorson JB, Bakthavatsalam R, Fix O et al� D-Meld, 
a simple predictor of post liver transplant mortality 
for optimization of donor/recipient matching. Am J 
Transpl 2009; 9(2): 318-26.

105. Singhal A, Sezginsoy B, Ghuloom AE et al� Ortho-
topic liver transplant using allografts from geriatric 

https://doi.org/10.1038/s41598-019-47772-7
https://doi.org/10.1038/s41598-019-47772-7
https://doi.org/10.1016/j.nefro.2018.03.003
https://doi.org/10.1016/j.nefro.2018.03.003
https://my.eurotransplant.org/projects-themes/?target=cold
https://my.eurotransplant.org/projects-themes/?target=cold


174

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

population in the United States:  is there any age limit? 
Exp Clin Transplant 2010; 8(3): 196-201.

106. Faber W, Seehofer D, Puhl G et al� Donor age does 
not influence 12-month outcome after orthotopic liver 
transplantation. Transplant Proc 2011; 43(10): 3789-95.

107. Kim DY, Moon J, Island ER et al� Liver transplanta-
tion using elderly donors:  a risk factor analysis. Clin 
Transplant 2011; 25(2): 270-6.

108. Lai Q, Melandro F, Levi Sandri GB et al� Use of elderly 
donors for liver transplantation:  has the limit been 
reached? J Gastrointestin Liver Dis 2011; 20(4): 383-7.

109. Sampedro B, Cabezas J, Fábrega E et al� Liver trans-
plantation with donors older than 75 years. Transplant 
Proc 2011; 43(3): 679-82.

110. Frühauf NR, Fischer-Fröhlich CL, Kutschmann M 
et al� Joint impact of donor and recipient parameters 
on the outcome of liver transplantation in Germany. 
Transplantation 2011; 92(12): 1378-84.

111. Akkina SK, Asrani SK, Peng Y et al� Development of 
organ-specific donor risk indices. Liver Transpl 2012; 
18(4): 395-404.

112. Feng S, Lai JC. Expanded criteria donors. Clin Liver 
Dis 2014; 18(3): 633-49.

113. Ghinolfi D, De Simone P, Lai Q et al� Risk analysis 
of ischemic-type biliary lesions after liver transplant 
using octogenarian donors. Liver transplantation 
2016: 22(5): 588-98.

114. Ghinolfi D, Marti J, De Simone P et al� Use of octo-
genarian donors for liver transplantation:  a survival 
analysis. Am J Transpl 2014; 14(9); 2062-71.

115. Jiménz-Romero C, Maesto OC, Molero FC et al� Using 
old liver grafts for liver transplantation:  where are the 
limits? World J Gastroenterol 2014; 20(31): 10691-702.

116. Lai JC, Covinsky K, Feng S. The octogenarian donor:  
can the liver be “younger than stated age”? Am J 
Transpl 2014; 14(9): 1962-3.

117. Chedid M, Rossen C, Nyberg S, Heimbach J. Excel-
lent long-term patient and graft survival are possible 
with appropriate use of livers from deceased septuage-
narian and octogenarian donors. HPB (Oxford) 2014; 
16(9): 852-8.

118. Thorsen T, Aandahl EM, Bennet W et al� Transplan-
tation with livers from deceased donors older than 75 
years. Transplantation 2015; 99(12): 2534-42.

119. Bloom M, Raza S, Bhakta A et al� Impact of deceased 
organ donor deomgraphics and critical care end 
points on liver transplantation and graft survival 
rates. J Am Coll Surg 2015; 220(1): 38-47.

120. Lué A, Solanas E, Baptista P et al� How important is 
donor age in liver transplantation? World J Gastroen-
terol 2016; 22(21); 4966-76.

121. de Boer JD, Koopman JJ, Metselaar HJ et al� Liver 
transplantation with geriatric liver allografts:  the 
current situation in Eurotransplant. Transpl Int 

2017; 30(4): 432-3 [epub ahead, https: //doi.org/10.111/
tri.12914].

122. Pratschke J, Bender A, Boesch F et al� Association be-
tween donor age and risks of graft failure after liver 
transplantation:  an analysis of the Eurotransplant 
database. Transplant Int 2019; 32: 270-79. DOI: 10.1111/
tri.13357.

123. Lozanovski V, Khajeh E, Fonouni H et al� The impact 
of major extended donor criteria on graft failure 
and patient mortality after liver transplantation. 
Langenbecks Arch Surg 2018; 403: 719-31. https: //doi.
org/10.1007/s00423-018-1704-z.

124. Haugen C, Bowring M, Holscher C et al� Survival ben-
efit of accepting livers from deceased donors over 70 
years old. Am J Transplant 2019; 19: 2020-28.

125. Caso-Maestro O, Jiménez-Romero C, Justo-Alonso 
I et al� Analyzing predictors of graft survival in pa-
tients undergoing liver transplantation with donors 
aged 70 years and over. World J Gastroenterol 2018; 24: 
5391-5402.

126. Cameron A, Busuttil RW. AASLD/ILTS trans-
plant course:  is there an extended donor suitable for 
everyone? Liver Transpl 2005 November: 11(Suppl 2): 
S2-S5.

127. Rauchfuss F, Voigt R, Dittmar Y et al� Liver trans-
plantation utilizing old donor organs:  a German 
single-center experience. Transplant Proc 2010; 42(1): 
175-7.

128. Fouzas I, Sgourakis G, Nowak KM et al� Liver 
transplantation with grafts from septuagenarians. 
Transplant Proc 2008; 40(9): 3198-3200.

129. Saidi RF. Changing pattern of organ donation and 
utilization in the USA. Int J Organ Transplant Med 
2012; 3(4): 149-56.

130. Loinaz C, González EM. Marginal donors in liver 
transplantation. Hepato-gastroenterology 2000; 47(31): 
256-63.

131. Sharkey FE, Lytvak I, Prihoda TJ et al� High-grade 
microsteatosis and delay in hepatic function after or-
thotopic liver transplantation. Hum Pathol 2011; 42(9): 
1337-42.

132. George J, Pera N, Phung N et al� Lipid peroxidation, 
stellate cell activation and hepatic fibrogenesis in a rat 
model of chronic steatohepatitis. J Hepatol 2003; 39(5): 
756-64.

133. Gabrielli M, Moisan F, Vidal M et al� Steatotic livers. 
Can we use them in OLTX? Outcome data from a pro-
spective baseline liver biopsy study. Ann Hepatol 2012; 
11(6): 891-8.

134. Ghinolfi D, Rreka E, De Tata V et al� Pilot, open, rand-
omized, prospective trial for normothermic machine 
perfusion evaluation in liver transplantation from 
older donors. Liver Transpl 2019; 25(3): 436-49.

135. Thuluvath PJ, Guidinger MK, Fung JJ et al� Liver 

https://doi.org/10.111/tri.12914
https://doi.org/10.111/tri.12914
https://doi.org/10.1007/s00423-018-1704-z
https://doi.org/10.1007/s00423-018-1704-z


175

7. SPECIFIC ORGAN CHARACTERISATION, ASSESSMENT AND SELECTION CRITERIA

transplantation in the United States, 1999–2008. Am 
J Transplant 2010; 10(4 Pt 2): 1003-19.

136. Kim WR, Therneau TM, Benson JT et al� Deaths on 
the liver transplant waiting list:  an analysis of com-
peting risks. Hepatology 2006; 43(2): 345-51.

137. Peralta C, Jiménez-Castro MB, Gracia-Sancho J. He-
patic ischemia and reperfusion injury:  effects on the 
liver sinusoidal milieu. J Hepatol 2013; 59(5): 1094-1106.

138. Van Golen RF, van Gulik TM, Heger M. The sterile 
immune response during hepatic ischemia/reperfu-
sion. Cytokine Growth Factor Rev 2012; 23(3): 69-84.

139. Cywinski JB, Mascha E, Miller C et al� Association 
between donor–recipient serum sodium differences 
and orthotopic liver transplant graft function. Liver 
Transpl 2008; 14(1): 59-85.

140. Doyle M, Vachharajani N, Wellen J et al� Short- and 
long-term outcome after steatotic liver transplanta-
tion. Arch Surg 2010; 145(7): 653-60.

141. Pezzati D, Ghinolfi D, De Simone P et al� Strategies 
to optimize the use of marginal donors in liver trans-
plantation. World J Hepatol 2015; 7(26): 2636-47.

142. Adam R, Sanchez C, Astarcioglu I et al� Deleterious 
effect of extended cold ischemia time on the post-
transplant outcome of aged livers. Transplant Proc 
1995; 27(1): 1181-3.

143. Feng S, Goodrich NP, Bragg-Gresham JL et al� Char-
acteristics associated with liver graft failure:  the 
concept of a donor risk index. Am J Transplant 2006; 
6(4): 783-90.

144. Yersiz H, Renz JF, Farmer DG et al� One hundred in 
situ split-liver transplantations:  a single-center experi-
ence. Ann Surg 2003; 238(4): 496-505.

145. Mojtabee M, Ghorbani F, Nikeghbalian S et al� Liver 
procurement from poisoned donors:  a survival study. 
Experimental and Clinical Transplantation 2020; 18: 
334-8. DOI: 10.6002/ect2018.0339.

146. Braat AE, Blok JJ, Putter H et al� European Liver and 
Intestine Transplant Association (ELITA) and Eu-
rotransplant Liver Intestine Advisory Committee 
(ELIAC). The Eurotransplant donor risk index in liver 
transplantation:  ET-DRI. Am J Transplant 2012 Oct; 
12(10): 2789-96.

147. Blok JJ, Braat AE, Adam R et al� Validation of the 
donor risk index in orthotopic liver transplantation 
within the Eurotransplant region. Liver Transpl 2012; 
18(1): 112-19.

148. Mangus RS, Fridell JA, Kubal CA et al� Elevated ala-
nine aminotransferase (ALT) in the deceased donor:  
impact on early post-transplant liver allograft func-
tion. Liver Int 2015; 35(2): 524-31.

149. Radunz S, Paul A, Nowak K et al� Liver transplanta-
tion using donor organs with markedly elevated liver 
enzymes:  how far can we go? Liver Int 2011; 31: 1021-7.

150. Powner DJ. Factors during donor care that may affect 

liver transplantation outcome. Prog Transplant 2004; 
14(3): 241-7;  quiz 248-9.

151. D’Alessandro A, Kalayoglu M, Sollinguer H et al� The 
predictive value of donor liver biopsies for the devel-
opment of primary nonfunction after orthotopic liver 
transplantation. Transplantation 1991; 51: 157-63.

152. Urena MA, Moreno Gonzalez E, Romero CJ et al� An 
approach to the rational use of steatotic donor livers 
in liver transplantation. Hepato-gastroenterology 
1999; 46(26): 1164-73.

153. Rey JW, Wirges U, Dienes HP et al� Hepatic steatosis 
in organ donors:  disparity between surgery and his-
tology? Transplant Proc 2009; 41(6): 2557-60.

154. Fischer-Fröhlich CL, Frühauf NR, Schleicher C et al� 
Analysis of competing failure risks reveals proper liver 
assessment at recovery excluding severe steatosis as 
crucial compared to other cumulative extended donor 
criteria. Organs, Tissues and Cells 2012; 15: 115-22.

155. de Graaf EL, Kench J, Dilworth P et al� Grade of de-
ceased donor liver macrovesicular steatosis impacts 
graft and recipient outcomes more than the donor risk 
index. J Gastroenterol Hepatol 2012; 27(3): 540-6.

156. Flechtenmacher C, Schirmacher P, Schemmer P. 
Donor liver histology – a valuable tool in graft selec-
tion. Langenbecks Arch Surg 2015; 400(5): 551-7.

157. Heller B, Peters S. Assessment of liver transplant 
donor biopsies for steatosis using frozen section:  ac-
curacy and possible impact on transplantation. J Clin 
Med Res. 2011; 3(4): 191-4.

158. Avolio AW, Frongillo F, Nicolotti N et al� Successful 
use of extended criteria donor grafts with low to mod-
erate steatosis in patients with model for end-stage 
liver disease scores below 27. Transplant Proc 2009 
Jan-Feb; 41(1): 208-12.

159. Briceño J, Ciria R, Pleguezuelo M et al� Impact of 
donor graft steatosis on overall outcome and viral 
recurrence after liver transplantation for hepatitis C 
virus cirrhosis. Liver Transpl 2009; 15(1): 37-48.

160. Cucchetti A, Vivarelli M, Ravaioli M et al� Assess-
ment of donor steatosis in liver transplantation:  is it 
possible without liver biopsy? Clin Transplant 2009; 
23(4): 519-24.

161. Noujaim HM, de Ville de Goyet J, Montero EF et al� 
Expanding post mortem donor pool using steatotic 
liver grafts:  a new look. Transplantation 2009; 87(6): 
919-25.

162. Verran D, Kusyk T, Painter D et al� Clinical experi-
ence gained from the use of 120 steatotic donor livers 
for orthotopic liver transplantation. Liver Transpl 
2003; 9(5): 500-5.

163. Yeriz H, Lee C, Kaldas F et al� Assessment of hepatic 
steatosis by transplant surgeon and expert pathol-
ogist:  a prospective double blind evaluation of 201 
donor livers. Liver Transpl 2013; 19(4): 437-49.

164. Yerian L. Liver donor organ evaluation. Chapter 3.1 In:  



176

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

Cagle PT, Yerian L, Truong L, eds:  Atlas of Transplant 
Pathology. Northfield IL:  College of American Pathol-
ogists Press, 2015, ISBN 9781941096239.

165. Transplant Pathology Internet Services, Transplant 
Pathology at the University of Pittsburgh, PA. Liver:  
Biopsy evaluation of the donor organ:  frozen sec-
tions, available at https: //tpis.upmc.com/changebody.
cfm?url=/tpis/liver/LDonorFS.jsp, accessed 15 May 
2021.

166. Spitzer AL, Oliver Lao OB, Dick AA et al� The biop-
sied donor liver:  incorporating macrosteatosis into 
high-risk donor assessment. Liver Transpl 2010; 16(7): 
874-84.

167. Croome K, Lee D, Croome S et al� The impact of 
postreperfusion syndrome during liver transplan-
tation using livers with significant macrosteatosis. 
Am J Transplant 2019; 19: 1-10 [epub ahead] https: //doi.
org/10.1111/ajt.15330.

168. Liu Z, Jia J, Ning H et al� Systematic evaluation of 
the safety threshold for allograft macrovesicular ste-
atosis in cadaveric liver transplantation. Frontiers in 
Physiology 2019; 10; Article 429. https: //doi.org/10.3389/
fphys.2019.00429.

169. Zhang, OY, Zhang OF, Zhang DZ. The impact of 
steatosis on the outcome in liver transplantation:  a 
meta-analysis. BioMed Research International 2019; 
Article ID 3962785. https: //doi.org/10.1155/2019/3962785.

170. Oliver J, Machineni P, Bongu A et al� Liver biopsy in 
assessment of extended criteria donors. Liver Transpl 
2018; 24: 182-91.

171. Beltzer C, Quante M, Rheinsberger M et al� Perku-
tante Leberbiopsie vor Organentnahme – Einfluss auf 
die Organallokation und Kosten in der Lebertrans-
plantation [‘Percutaneous liver biopsy before organ 
removal – impact on organ allocation and costs in liver 
transplantation’;  in German]. Chirurg 2020; 251: [epub 
ahead]. https: //doi.org/10.1007/s00104-020-01192-w.

172. Lauterio A, Di Sandro S, Concone G et al� Current 
status and perspectives in split liver transplantation. 
World J Gastroenterol 2015 Oct 21; 21(39): 11003-15.

173. Becker J, Czigany, Bednarsch J et al� Potential value 
and limitations of different clinical scoring systems 
in the assessment of short- and long-term outcome 
following orthotopic liver transplantation. PLoS 
ONE 2019; 14: e0214221. https: //doi.org/10.1371/journal.
pone.0214221.

174. Winter A, Féray C, Audureaun E et al� External vali-
dation of the donor risk index and the Eurotransplant 
donor risk index on the French liver transplantation 
registry. Liver Int 2017 [e-pub ahead:  February 2017, 
10.1111/liv.13378: 1-10].

175. Blok JJ, Putter H, Rogiers X et al� Combined effect 
of donor and recipient risk on outcome after liver 

transplantation:  research of the Eurotransplant data-
base. Liver Transpl 2015; 21: 1486-93.

176. Foley DP, Fernández LA, Leverson G et al� Biliary 
complications after liver transplantation from dona-
tion after cardiac death donors:  an analysis of risk 
factors and long-term outcomes from a single center. 
Ann Surg 2011; 253(4): 817-25.

177. Taner CB, Bulatao IG, Perry DK et al� Asystole to 
cross-clamp period predicts development of biliary 
complications in liver transplantation using dona-
tion after cardiac death donors. Transpl Int 2012; 25(8): 
838-46.

178. Taner CB, Bulatao IG, Willingham DL et al� Events 
in procurement as risk factors for ischemic cholangi-
opathy in liver transplantation using donation after 
cardiac death donors. Liver Transpl 2012; 18(1): 100-11.

179. Abt P, Crawford M, Desai N et al� Liver transplanta-
tion from controlled non-heart-beating donors:  an 
increased incidence of biliary complications. Trans-
plantation 2003; 75(10): 1659-63.

180. Fondevila C, Hessheimer AJ, Flores E et al� Applica-
bility and results of Maastricht type 2 donation after 
cardiac death liver transplantation. Am J Transplant 
2012; 12(1): 162-70.

181. Blok JJ, Detry O, Putter H et al� Longterm results of 
liver transplantation from donation after circulatory 
death. Liver Transpl 2016; 22(8): 1107-14.

182. Eurotransplant Foundation:  Eurotransplant manual, 
Chapter 7:  ET-Pancreas allocation system (EPAS). 
Leiden, Netherlands:  Eurotransplant Foundation, 
2013, available at www.eurotransplant.org/patients/
eurotransplant-manual/, accessed 15 May 2021.

183. Neidlinger NA, Odorico JS, Sollinger HW et al� Can 
‘extreme’ pancreas donors expand the donor pool? 
Curr Opin Organ Transplant 2008; 13(1): 67-71.

184. Singh RP, Rogers J, Farney AC et al� Outcomes of 
extended donors in pancreatic transplantation with 
portal-enteric drainage. Transplant Proc 2008; 40(2): 
502-5.

185. Axelrod DA, Sung RS, Meyer KH et al� Systematic 
evaluation of pancreas allograft quality, outcomes and 
geographic variation in utilization. Am J Transplant 
2010; 10(4): 837-45.

186. Stegall MD, Dean PG, Sung R et al� The rationale for 
the new deceased donor pancreas allocation schema. 
Transplantation 2007; 83(9): 1156-61.

187. Salvalaggio PR, Schnitzler MA, Abbott KC et al� Pa-
tient and graft survival implications of simultaneous 
pancreas kidney transplantation from old donors. Am 
J Transplant 2007; 7(9): 1561-71.

188. Gruessner RW, Sutherland DE, Gruessner AC. Mor-
tality assessment for pancreas transplants. Am J 
Transplant 2004; 4(12): 2018-26.

189. Fernandez LA, Di Carlo A, Odorico JS et al� 

https://tpis.upmc.com/changebody.cfm?url=/tpis/liver/LDonorFS.jsp
https://tpis.upmc.com/changebody.cfm?url=/tpis/liver/LDonorFS.jsp
https://doi.org/10.1111/ajt.15330
https://doi.org/10.1111/ajt.15330
https://doi.org/10.3389/fphys.2019.00429
https://doi.org/10.3389/fphys.2019.00429
https://doi.org/10.1155/2019/3962785
https://doi.org/10.1007/s00104-020-01192-w
https://doi.org/10.1371/journal.pone.0214221
https://doi.org/10.1371/journal.pone.0214221
http://www.eurotransplant.org/patients/eurotransplant-manual/
http://www.eurotransplant.org/patients/eurotransplant-manual/


177

7. SPECIFIC ORGAN CHARACTERISATION, ASSESSMENT AND SELECTION CRITERIA

Simultaneous pancreas-kidney transplantation from 
donation after cardiac death:  successful long-term 
outcomes. Ann Surg 2005; 242(5): 716-23.

190. Andreoni KA, Brayman KL, Guidinger MK et al� 
Kidney and pancreas transplantation in the United 
States, 1996–2005. Am J Transplant 2007; 7(5 Pt 2): 
1359-75.

191. Muthusamy AS, Vaidya AC, Sinha S et al� Alemtu-
zumab induction and steroid-free maintenance 
immunosuppression in pancreas transplantation. Am 
J Transplant 2008; 8(10): 2126-31.

192. Berney T, Kandaswamy R. Invited commentary:  who 
needs a pancreas donor risk index? Transpl Int 2015; 
28(9): 1025-7.

193. Matsumoto I, Sawada T, Nakano M et al� Improve-
ment in islet yield from obese donors for human islet 
transplants. Transplantation 2004 Sep 27; 78(6): 880-5.

194. Maglione M, Ploeg RJ, Friend PJ. Review:  Donor 
risk factors, retrieval technique, preservation and 
ischemia/reperfusion injury in pancreas transplanta-
tion. Curr Opin Organ Transplant 2013; 18(1): 83-8.

195. Blok JJ, Kopp WH, Verhagen MJ et al� The value of 
PDRI and P-PASS as predictors of outcome after pan-
creas transplantation in a large European pancreas 
transplantation center. Pancreas 2016; 45(3): 331-6.

196. Mittal S, Lee F, Bradbury L et al� Validation of the 
pancreas donor risk index for use in a UK population. 
Transpl Int 2015; 28(9): 1028-33.

197. Nadalin S, Capobianco I, Hulik S. Pancreas pro-
curement. Chapter 15:  In:  Aseni P, Grande AM, De 
Carlis  L, eds. Multiorgan procurement for transplan-
tation. Berlin:  Springer Verlag, 2016, 1st edn: 165-82. 
ISBN 978-3-319-28414-9.

198. Loss M, Drewitz KP, Apfelbacher CJ et al� Why offered 
pancreases are refused in the allocation process – a 
descriptive study using routine data from Eurotrans-
plant. Transplantation 2013; 95(9): 1134-41.

199. Marang-van de Mheen PJ, Hilling DE, Dirkes MC, 
Baranski AG. Surgical injuries of pancreatic allografts 
during procurement. Clin Transplant 2011; 25(5): 737-43.

200. de Boer JD, Kopp WH, Ooms K et al� Abdominal 
organ procurement in the Netherlands – an analysis 
of quality and clinical impact. Transpl Int 2017; 30: 
288-94.

201. Lam HD, Schaapherder AF, Kopp WH et al� Profes-
sionalization of surgical abdominal organ recovery 
leading to an increase in pancreatic allografts ac-
cepted for transplantation in the Netherlands:  a serial 
analysis. Transpl Int 2017; 30(2): 117-23.

202. Kopp WH, de Vries E, de Boer J et al� Donor risk in-
dices in pancreas allocation in the Eurotransplant 
region. Transpl Int. 2016; 29: 921-9.

203. Shahrestani S, Webster AC, Lam VW et al� Outcomes 
from pancreatic transplantation in donation after 

cardiac death:  a systematic review and meta-analysis. 
Transplantation 2017; 101(1): 122-30.

204. Spaggiari M, Bissing M, Campara M et al, Pancreas 
transplantation from pediatric donors:  a United 
Network of Organ Sharing registry analysis. Trans-
plantation 2017; 101: 2484-91.

205. Nordström J, Lundgren M, Jorns C et al� First Eu-
ropean case of simultaneous liver and pancreas 
transplantation as treatment for Wolcott-Rallison 
syndrome in a small child. Transplantation 2020; 
104(3): 522-5.

206. Langnas A, Goulet O, Quigley E, Tappenden K, 
eds. Intestinal Failure:  Diagnosis, Management and 
Transplantation. Malden MA:  Blackwell, 2008, ISBN 
978-1-4051-4637-1.

207. Vianna RM, Mangus RS, Tector AJ. Current status of 
small bowel and multivisceral transplantation. Adv 
Surg 2008; 42: 129-50.

208. Rushton SN, Hudson AJ, Collett D et al� Strategies for 
expanding the UK pool of potential intestinal trans-
plant donors. Transplantation 2013; 95(1): 234-9.

209. Matsumoto CS, Kaufman SS, Girlanda R et al� Utili-
zation of donors who have suffered cardiopulmonary 
arrest and resuscitation in intestinal transplantation. 
Transplantation 2008; 86(7): 941-6.

210. Forni A, Luciani GB, Chiominto B et al� Results with 
expanded donor acceptance criteria in heart trans-
plantation. Transplant Proc 2011; 43(4): 953-9.

211. Forni A, Luciani GB, Chiominto B et al� Impact of 
donor quality on outcome of heart transplantation. 
Eur J Cardiothorac Surg 2010; 38(6): 788-94.

212. Schüler S, Matschke K, Loebe M et al� Coronary artery 
disease in patients with hearts from older donors:  
morphologic features and therapeutic implications. 
J Heart Lung Transplant 1993; 12(1 Pt 1): 100-109.

213. Luciani G, Livi U, Faggian G et al� Clinical results of 
heart transplantation in recipients over 55 years of age 
with donors over 40 years of age. J Heart Lung Trans-
plant 1992; 11(6): 1177-83.

214. Potapov EV, Loebe M, Hübler M et al� Medium-term 
results of heart transplantation using donors over 63 
years of age. Transplantation 1999; 68(12): 1834-8.

215. Lietz K, John R, Mancini DM et al� Outcomes in car-
diac transplant recipients using allografts from older 
donors versus mortality on the transplant waiting list;  
implications for donor selection criteria. J Am Coll 
Cardiol 2004; 43(9): 1553-61.

216. Bruschi G, Colombo T, Oliva F et al� Orthotopic heart 
transplantation with donors greater than or equal to 
60 years of age:  a single-center experience. Eur J Car-
diothorac Surg 2011; 40(1): e55-e61.

217. Mancini DM, Schulze PC, Jiang J et al� Cardiac trans-
plantation in over 2000 patients:  a single-institution 



178

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

experience from Columbia University. Clin Transpl 
2011; 25: 157-75.

218. Zeissig SR, Fischer-Froehlich CL, Polster F et al� Cur-
rent practice of heart donor evaluation in Germany:  
multivariable risk factor analysis confirms practica-
bility of guidelines. J Transplant 2013: Article 701854. 
https: //doi.org/10.1155/2013/701854.

219. Kutschmann M, Fischer-Fröhlich CL, Schmidtmann 
I et al� The joint impact of donor and recipient pa-
rameters on the outcome of heart transplantation in 
Germany after graft allocation. Transpl Int 2014; 27(2): 
152-61.

220. Fischer-Fröhlich CL, Kutschmann M, Schmidtmann 
I et al� Outcome of heart transplantation in Germany:  
details to be considered beyond multivariate analysis 
to improve the quality of graft allocation. Organs, Tis-
sues and Cells 2014; 17: 53-61.

221. Dorenta R, Gandjbakhchb E, Goéminnec C et al� As-
sessment of potential heart donors:  A statement from 
the French heart transplant community [‘Évaluation 
cardiaque des donneurs potentiels d’organes:  mise 
au point des transplanteurs cardiaques français’]. Ar-
chives of Cardiovascular Disease 2018; 111: 126-39.

222. Khush KK. Donor selection in the modern era. Ann 
Cardiothorac Surg 2018; 7(1): 126-34. DOI: 10.21037/
acs.2017.09.09.

223. Kilic A, Emani S, Sai-Sudhakar CB et al� Donor 
selection in heart transplantation. J  Thorac 
Dis 2014; 6: 1097-1104. https: //doi.org/10.3978/j.
issn.2072-1439.2014.03.23.

224. Aliabadi-Zuckermann A, Gökler J, Kaider A et al� 
Donor heart selection and outcomes:  an analysis 
of over 2000 cases. J Heart Lung Transplant 2018; 37: 
976-84.

225. Simion D, Casartelli ML, Procaccio F. Early targeted 
treatment may facilitate complete weaning from vas-
opressors and recovery of stunned hearts in unstable 
potential donors:  a new golden time for organ re-
trieval? Organs, Tissues and Cells 2014; 17: 49-52.

226. Bombardini T, Gherardi S, Arpesella G et al� Fa-
vorable short-term outcome of transplanted hearts 
selected from marginal donors by pharmacological 
stress echocardiography. J Am Soc Echocardiogr 2011; 
24(4): 353-62.

227. Audibert G, Charpentier C, Seguin-Devaux C et al� 
Improvement of donor myocardial function after 
treatment of autonomic storm during brain death. 
Transplantation 2006; 82(8): 1031-6.

228. Borbely XI, Krishnamoorthy V, Modi S et al� Tem-
poral changes in left ventricular systolic function and 
use of echocardiography in adult heart donors. Neur-
ocrit Care 2015; 23(1): 66-71.

229. Santise G, D’Ancona G, Falletta C et al� Donor phar-
macological hemodynamic support is associated with 

primary graft failure in human heart transplantation. 
Interact Cardiovasc Thorac Surg 2009; 9(3): 476-9.

230. Chamorro C, Romera MA, Silva JA et al� Can heart 
donation exclusion factors be overcome? Rev Esp Car-
diol 2006; 59(3): 232-7 [in Spanish].

231. Shemie SD, Ross H, Pagliarello J et al� Organ donor 
management in Canada:  recommendations of the 
forum on medical management to optimize donor 
organ potential. CMAJ 2006; 174(6): S13-S32.

232. Kirk R, Dippchard A, Davies R et al� ISHLT consensus 
statement on donor organ acceptability and manage-
ment in pediatric heart transplantation. J Heart Lung 
Transplant 2020; 39: 331-41.

233. Wood KE, Becker BN, McCartney JG et al� Current 
concepts:  care of the potential organ donor. N Engl J 
Med 2004; 351(26): 2730-9.

234. Ryan JB, Hicks M, Cropper JR et al� Functional evi-
dence of reversible ischemic injury immediately after 
the sympathetic storm associated with experimental 
brain death. J Heart Lung Transplant 2003; 22(8): 922-8.

235. Rosendale JD, Kauffman HM, McBride MA et al� Hor-
monal resuscitation yields more transplanted hearts, 
with improved early function. Transplantation 2003; 
75(8): 1336-41.

236. Novitzky D, Cooper DK, Rosendale JD et al� Hor-
monal therapy of the brain-dead organ donor:  
experimental and clinical studies. Transplantation 
2006; 82(11): 1396-1401.

237. Costanzo MR, Dipchand A, Starling R et al� The Inter-
national Society of Heart and Lung Transplantation 
(ISHLT) guidelines for the care of heart transplant 
recipients. J Heart Lung Transplant 2010; 29(8): 914-56.

238. Wittwer T, Wahlers T. Marginal donor grafts in heart 
transplantation:  lessons learned from 25 years of ex-
perience. Transpl Int 2008; 21(2): 113-25.

239. Fischer-Fröhlich CL, Lauchart W. Evaluation of heart 
function in organ donors. Organs Tissues and Cells 
2008; 11: 101-17.

240. Oras J, Doueh R, Norberg E et al� Left ventricular 
dysfunction in potential donors and its influence on 
recipients outcomes. J Thorac Cardiovasc Surg 2020;  
159:  1333-1341 https: //doi.org/10.1016/j.jtcvs.2019.06.070.

241. Grauhan O, Siniawski H, Dandel M et al� Coronary 
atherosclerosis of the donor heart – impact on early 
graft failure. Eur J Cardiothorac Surg 2007; 32(4): 634-8.

242. Grauhan O, Wesslau C, Hetzer R. Routine screening 
of donor hearts by coronary angiography is feasible. 
Transplant Proc 2006; 38(3): 666-7.

243. Grosu A, Bombardini T, Senni M et al� End-systolic 
pressure/volume relationship during dobutamine 
stress echo:  a prognostically useful non-invasive 
index of left ventricular contractility. Eur Heart J 
2005; 26: 2404-12.

244. Van Raemdonck D, Rega F, Rex S et al� Machine 

https://doi.org/10.1155/2013/701854
https://doi.org/10.3978/j.issn.2072-1439.2014.03.23
https://doi.org/10.3978/j.issn.2072-1439.2014.03.23
https://doi.org/10.1016/j.jtcvs.2019.06.070


179

7. SPECIFIC ORGAN CHARACTERISATION, ASSESSMENT AND SELECTION CRITERIA

perfusion of thoracic organs. J Thorac Dis 2018 Apr; 
10(Suppl 8): S910-S923. https: //doi.org/10.21037/
jtd.2018.02.85.

245. Tsui SSL, Oniscu GC. Extending normothermic 
regional perfusion to the thorax in donors after 
circulatory death. Curr Opin Organ Transplant 
2017 Jun; 22(3): 245-50. https: //doi.org/10.1097/
MOT.0000000000000413.

246. Patel ND, Weiss ES, Nwakanma LU et al� Impact 
of donor-to-recipient weight ratio on survival after 
heart transplantation. Analysis of the United Net-
work for Organ Sharing database. Circulation 2008; 
118(Suppl  1): S83-S88. Circulation is available at www.
ahajournals.org/journals/circ. https: //doi.org/10.1161/
CIRCULATIONAHA.107.756866.

247. Lowalekar SK, Cao H, Lu XG et al� Subnormothermic 
preservation in somah:  a novel approach for enhanced 
functional resuscitation of donor hearts for transplant. 
Am J Transplant 2014; 14(10): 2253-62.

248. Zaroff JG, Babcock WD, Shiboski SC et al� Temporal 
changes in left ventricular systolic function in heart 
donors:  results of serial echocardiography. J Heart 
Lung Transplant 2003; 22(4): 383-8.

249. Smith SC Jr, Feldman TE, Hirshfeld JW Jr et al� 
Guidelines for percutaneous transluminal coronary 
angioplasty. A report of the ACC/AHA Task Force 
on Assessment of Diagnostic and Therapeutic Cardio-
vascular Procedures (Subcommittee on percutaneous 
transluminal coronary angioplasty). Circulation 1988; 
78: 486-502.

250. Warnecke G, Moradiellos J, Tudorache I et al� Normo-
thermic perfusion of donor lungs for preservation and 
assessment with the Organ Care System Lung before 
bilateral transplantation:  a pilot study of 12 patients. 
Lancet 2012; 380(9856): 1851-8.

251. de Perrot M, Liu M, Waddell TK et al� Ischemia-reper-
fusion induced lung injury. Am J Respir Crit Care Med 
2003; 167(4): 490-511.

252. Christie JD, Van Raemdonck D, de Perrot M et al 
Report of the ISHLT Working Group on primary lung 
graft dysfunction, Part I:  introduction and methods. 
J Heart Lung Transplant 2005; 24(10): 1451-3.

253. Bhorade S, Vigneswaran W, McCabe M et al� Liberal-
ization of donor criteria may expand the donor pool 
without adverse consequence in lung transplantation. 
J Heart Lung Transplant 2000; 19(12): 1199-1204.

254. Belhaj A, Dewachter L, Rorive S et al� Mechanical 
versus humoral determinants of brain death-induced 
lung injury. PLoS One 2017;  12(2):  e0181899. https: //doi.
org/10.1371/journal.pone.0181899.

255. De Soyza AG, Dark JH, Parums DV et al� Donor ac-
quired small cell lung cancer following pulmonary 
transplantation. Chest 2001; 120: 1030-1.

256. de Perrot M, Wigle DA, Pierre AF et al� Bronchogenic 

carcinoma after solid organ transplantation. Ann 
Thorac Surg 2003; 75(2): 367-71.

257. Diamond JM, Lee JC, Kawut SM et al� Clinical risk 
factors for primary graft dysfunction after lung trans-
plantation. Am J Respir Crit Care Med 2013; 187(5): 
527-34.

258. Bonser RS, Taylor R, Collett D et al� Cardiothoracic 
Advisory Group to NHS Blood and Transplant and 
the Association of Lung Transplant Physicians (UK). 
Effect of donor smoking on survival after lung trans-
plantation:  a cohort study of a prospective registry. 
Lancet 2012; 380(9843): 747-55.

259. Taghavi S, Jayarajan S, Komaroff E et al� Double-lung 
transplantation can be safely performed using donors 
with heavy smoking history. Ann Thorac Surg 2013; 
95(6): 1912-17.

260. Berman M, Goldsmith K, Jenkins D et al� Comparison 
of outcomes from smoking and nonsmoking donors:  
thirteen-year experience. Ann Thorac Surg 2010; 90(6): 
1786-92.

261. Oto T, Griffiths AP, Levvey B et al� A donor history 
of smoking affects early but not late outcome in lung 
transplantation. Transplantation 2004; 78(4): 599-606.

262. Mattner F, Kola A, Fischer S et al� Impact of bacterial 
and fungal donor organ contamination in lung, heart-
lung, heart and liver transplantation. Infection 2008; 
36(3): 207-12.

263. Campos S, Caramori M, Teixeira R et al� Bacterial and 
fungal pneumonias after lung transplantation. Trans-
plant Proc 2008; 40(3): 822-4.

264. Bonde PN, Patel ND, Borja MC et al� Impact of donor 
lung organisms on post-lung transplant pneumonia. 
J Heart Lung Transplant 2006; 25(1): 99-105.

265. Weill D, Dey GC, Young KR et al� A positive donor 
Gram stain does not predict the development of 
pneumonia, oxygenation, or duration of mechanical 
ventilation following lung transplantation [abstract]. 
J Heart Lung Transplant 2001; 20(2): 255.

266. Zenati M, Dowling RD, Dummer JS et al� Influence 
of the donor lung on development of early infections 
in lung transplant recipients. J Heart Lung Transplant 
1990; 9(5): 502-9.

267. Avlonitis VS, Krause A, Luzzi L et al� Bacterial colo-
nization of the donor lower airways is a predictor of 
poor outcome in lung transplantation. Eur J Cardio-
thorac Surg 2003; 24(4): 601-7.

268. Zafar F, Khan MS, Heinle JS et al� Does donor arte-
rial partial pressure of oxygen affect outcomes after 
lung transplantation? A review of more than 12,000 
lung transplants. J Thorac Cardiovasc Surg 2012; 143(4): 
919-25.

269. Ruiz I, Gavaldá J, Monforte V et al� Donor-to-host 
transmission of bacterial and fungal infections in lung 
transplantation. Am J Transplant 2006; 6(1): 178-82.

https://doi.org/10.21037/jtd.2018.02.85
https://doi.org/10.21037/jtd.2018.02.85
https://doi.org/10.1097/MOT.0000000000000413
https://doi.org/10.1097/MOT.0000000000000413
http://www.ahajournals.org/journals/circ
http://www.ahajournals.org/journals/circ
https://doi.org/10.1161/CIRCULATIONAHA.107.756866
https://doi.org/10.1161/CIRCULATIONAHA.107.756866
https://doi.org/10.1371/journal.pone.0181899
https://doi.org/10.1371/journal.pone.0181899


180

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

270. Ciulli F, Tamm M, Dennis CM et al� Donor-transmitted 
bacterial infection in heart–lung transplantation. 
Transplant Proc 1993; 25(1 Pt 2): 1155-6.

271. Miñambres E, Pérez-Villares JM, Chico-Fernández M 
et al� Lung donor treatment protocol in brain dead-do-
nors:  a multicenter study. J Heart Lung Transplant 
2015; 34(6): 773-80.

272. Angel LF, Levine DJ, Restrepo MI et al� Impact of a 
lung transplantation donor-management protocol on 
lung donation and recipient outcomes. Am J Respir 
Crit Care Med 2006; 174(6): 710-16.

273. Gauthier JM, Bierhals AJ, Liu J et al� Chest computed 
tomography imaging improves potential lung donor 
assessment. J Thorac Cardiovasc Surg 2019; 157: 1711-18.

274. McCowin MJ, Hall TS, Babcock WD et al� Changes 
in radiographic abnormalities in organ donors:  as-
sociations with lung transplantation. J Heart Lung 
Transplant 2005; 24(3): 323-30.

275. Straznicka M, Follette DM, Eisner MD et al� Ag-
gressive management of lung donors classified as 
unacceptable:  excellent recipient survival one year 
after transplantation. J Thorac Cardiovasc Surg 2002; 
124(2): 250-8.

276. Verleden GM, Martens A, Ordies S et al� Radiolog-
ical analysis of unused donor lungs:  a tool to improve 
donor acceptance for transplantation? Am J Trans-
plant 2017; 17(7): 1912-21. https: //doi.org/10.1111/ajt.14255.

277. Puskas JD, Winton TL, Miller DJ et al� Unilateral 
donor lung dysfunction does not preclude successful 
contralateral single-lung transplantation. J  Thorac 
Cardiovasc Surg 1992; 103(5): 1015-17.

278. Bolton JS, Padia SA, Borja MC et al� The predictive 
value and inter-observer variability of donor chest ra-
diograph interpretation in lung transplantation. Eur J 
Cardiothorac Surg 2003; 23(4): 484-7.

279. Ghorbani F, Najafizadeh K, Fischer-Fröhlich CL, Mo-
jtabae M. Impact of recruitment maneuvers to cover 
adverse effects of donor transfer. Exp Clin Transplant 
2020; 18: 429-35. DOI: 10.6002/ect.2019.236.

280. Núñez JR, Varela A, del Rio F et al� Bipulmonary 
transplants with lungs obtained from two non-heart-
beating donors who died out of hospital. J Thorac 
Cardiovasc Surg 2004; 127(1): 297-9.

281. Gómez-de-Antonio D, Campo-Cañaveral JL, Crowley 
S et al� Clinical lung transplantation from uncon-
trolled non-heart-beating donors revisited. J Heart 
Lung Transplant 2012; 31(4): 349-53.

282. Suberviola B, Mons R, Ballesteros MA et al� Excel-
lent long-term outcome with lungs obtained from 

uncontrolled donation after circulatory death. Am J 
Transplant 2019 Apr; 19(4): 1195-1201.

283. Warnecke G, Van Raemdonck D, Smith MA et al� 
Normothermic ex-vivo preservation with the port-
able Organ Care System Lung device for bilateral 
lung transplantation (INSPIRE):  a randomised, open-
label, non-inferiority, phase 3 study. Lancet Respir 
Med 2018 May; 6(5): 357-67. https: //doi.org/10.1016/
S2213-2600(18) 30136-X.

284. Loor G, Warnecke G, Villavicencio MA et al� Portable 
normothermic ex-vivo lung perfusion, ventilation, 
and functional assessment with the Organ Care 
System on donor lung use for transplantation from 
extended-criteria donors (EXPAND):  a single-arm, 
pivotal trial. Lancet Respir Med 2019 Nov; 7(11): 975-84. 
https: //doi.org/10.1016/S2213-2600(19) 30200-0.

285. Neyrinck A, Rega F, Jannis N et al� Ex vivo reperfu-
sion of human lungs declined for transplantation:  a 
novel approach to alleviate donor organ shortage? 
[abstract] J Heart Lung Transplant 2004; 23(2 Suppl): 
S172-S173.

286. Wierup P, Haraldsson A, Nilsson F et al� Ex vivo eval-
uation of nonacceptable donor lungs. Ann Thorac Surg 
2006; 81(2): 460-6.

287. Cypel M, Yeung JC, Liu M et al� Normothermic ex 
vivo lung perfusion in clinical lung transplantation. N 
Engl J Med 2011; 364(15): 1431-40.

288. Wallinder A, Ricksten SE, Hansson C et al� Trans-
plantation of initially rejected donor lungs after ex 
vivo lung perfusion. J Thorac Cardiovasc Surg 2012; 
144(5): 1222-8.

289. Zych B, Popov AF, Stavri G et al� Early outcomes of 
bilateral sequential single lung transplantation after 
ex-vivo lung evaluation and reconditioning. J Heart 
Lung Transplant 2012; 31(3): 274-81.

290. Aigner C, Slama A, Hötzenecker K et al� Clinical ex 
vivo lung perfusion – pushing the limits. Am J Trans-
plant 2012; 12(7): 1839-47.

291. Tait B, Süsal C, Gebel H et al� Consensus guidelines on 
the testing and clinical management issues associated 
with HLA and non-HLA antibodies in transplanta-
tion. Transplantation 2013; 85: 19-47.

292. Nickholgh A, Nikda M, Shafei S et al� Ex situ liver 
machine perfusion as an emerging graft protective 
strategy in clinical liver transplantation:  the dawn of 
a new era. Transplantation 2019; 103: 2003-11.

293. Eshmuminov D, Becker D, Borrego LB et al� An in-
tegrated perfusion machine preserves injured human 
livers for 1 week. Nat Biotechnol 2020; 38: 189-98. https: 
//doi.org/10.1038/s41587-019-0374-x.

ℹRelated material
Appendix 14. Donor examination by various means
Appendix 15. Grading for biopsies at histopathological examinations (English-language version)

https://doi.org/10.1111/ajt.14255
https://doi.org/10.1016/S2213-2600(18)30136-X
https://doi.org/10.1016/S2213-2600(18)30136-X
https://doi.org/10.1016/S2213-2600(19)30200-0
https://doi.org/10.1038/s41587-019-0374-x
https://doi.org/10.1038/s41587-019-0374-x


181

Chapter 8. Risk of transmission of infectious diseases

8.1. Introduction

Acute or latent donor infections may be trans-
mitted to recipients via the graft and may result 

in significant morbidity or mortality [1-3]. In the 
absence of suitable treatment for the recipient, organs 
should not be transplanted from a donor if there is 
strong evidence or strong suspicion of an infection 
in the donor. A decision to transplant organs from 
donors with certain infections – e.g. Cytomegalo-
virus (CMV), hepatitis B virus (HBV), hepatitis C 
virus (HCV) or human immunodeficiency virus 
(HIV) – may be taken for selected recipients, with an 
acceptable risk that is mitigated by monitoring and 
prophylactic or pre-emptive interventions [1, 4-5].

In the context of deceased donation, despite 
collection of detailed clinical and epidemiological in-
formation, there is not sufficient time for exhaustive 
diagnostic investigations, except for tests for which 
results are likely to be available within a few hours 
[5-6]. In donation procedures without such time con-
straints (e.g. live organ or deceased tissue donation), 
more extensive diagnostic procedures should be 
performed to reduce possible risks as part of a more 
comprehensive donor characterisation.

To assure the microbial safety of transplanta-
tion, besides national guidelines, locally applicable 
current and updated epidemiology of infectious dis-
eases should be taken into account [7-8]. Recent expe-
rience with emerging local, geographically restricted 
or pandemic infections highlights the continually 
changing nature of the risk of infection transmission 
through transplantation. This risk is best addressed 

by ad hoc action plans on a national or international 
level – e.g. in the case of chikungunya virus, West 
Nile virus (WNV), Zika virus, Yellow fever virus, 
Ebola virus, Leishmania, hepatitis E virus (HEV), 
Borna virus, pandemic influenza H1N1 virus or the 
recent SARS-CoV-2 (Covid-19) pandemic [9-16].

Donor-derived infectious agents transmissible 
through organs or tissues can be divided into five 
groups of pathogens:

• Viruses: graft infection, with or without detect-
able viraemia.

• Bacteria: graft colonisation/infection, with or 
without bacteraemia.

• Fungi: graft colonisation/infection, with or 
without fungaemia.

• Parasites: acute or latent infection or acute in-
fection, with or without parasitaemia.

• Prions: by infection.

The timeline for acquisition of infection in re-
lation to the point of donation can be categorised as 
follows:

a. Infection acquired in the past (e.g. CMV, Epstein–
Barr virus, Strongyloides spp.).
Screening is usually done by testing serum for 
the presence of antigens or antibodies to the 
pathogen. Antibody screening cannot differ-
entiate whether a donor has cleared an infec-
tion or if a latent infection prevails in tissues 
or organs; when reactive, such screening indi-
cates only previous exposure to the given path-
ogen. Latent infections in the donor can be 
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transmitted by a graft and may be reactivated 
in immunosuppressed recipients. If recipients 
are without previous immunological protec-
tion against the pathogen, the incidence and 
severity of illness is likely to be higher.

b. The infection may have been acquired days or 
weeks before donation – e.g. HIV, HBV or HCV, 
WNV – and the donor has not yet developed 
clinical symptoms or a measurable antibody re-
sponse to it.
The time interval between exposure to a path-
ogen and the point when assays are able to 
detect specific markers of infection is known 
as the window period. Another phase also 
exists, when local replication in specific target 
tissues, such as lymph nodes or the liver, takes 
place before systemic spread, hence neither the 
pathogen nor an immunological response to 
it can be detected in the blood; this is the so-
called eclipse period. In the setting of eclipse 
or serological window period, despite negative 
screening results, the use of infected organs 
may transfer the infection from the donor to 
the recipient. During the serological window 
period, the pathogen is present in the blood 
circulation, but antibodies are not detectable 
because humoral immune responses have not 
yet occurred (see Figure 8.1).
Since antibody screening assays may not be 
reactive during the serologic window period, 
and clinical signs may be absent, assessment 
of the pathogen in the blood by nucleic acid 
testing (NAT) may reduce the period between 

initial infection and possible detection (e.g. 
the window period for the detection of HCV 
is reduced from approximately 70 days using 
antibody detection to 5-7 days using NAT). 
However, by definition, during the eclipse 
phase, NAT may also fail to detect the path-
ogen in the blood or plasma (≈ 5-7 days for 
HIV and HCV, and ≈ 20 days for HBV), and 
infection may be transmitted even with a non- 
reactive NAT [17-19]. If any risk factors for 
recent acquisition of an infection are identified, 
it is mandatory to share this information with 
all concerned parties involved in the donation–
transplantation process.

c. The infection may have been acquired during 
the terminal hospital stay or contamination 
may have occurred during the organ procure-
ment, transportation and storage process.
This risk is very high for nosocomial bacterial 
and fungal infections, although transmission 
of other infections (e.g. WNV, Babesia spp.) 
through blood products has also been de-
scribed [20-21]. Diagnostic systems are more 
limited for detecting these types of infection; 
for example, organs may have already been 
transplanted before reactive bacterial/fungal 
cultures become available. Assays with pending 
final results at the time of procurement need to 
be carefully recorded, and timely follow-up of 
all results is mandatory. Any infection or new 
diagnostic information should be conveyed as 
soon as possible to all transplant centres that 
have accepted organs from the affected donor.

Figure 8.1. Timeline from infection until final seroconversion, including the eclipse period and window period

Pathogen present only in 
target tissue (e.g. HCV in 
liver)

Pathogen becomes 
blood-borne (e.g. HCV 
viraemia)

Immune system responds to pathogen = successful seroconversion (e.g. anti-HCV 
becomes reactive)

Eclipse period Window period Seroconversion

Ÿ NAT (blood): not reactive
Ÿ Serology: not reactive

Ÿ NAT (blood): reactive
Ÿ Serology: not reactive

Ÿ NAT (blood): depends on clearance of pathogen in accordance with Options 1–4
Ÿ Serology: reactive (depends on pathogen: lifelong or may get lost over years)

Option 1: Pathogen persists latent in target tissue lifelong. It is kept under 
control by immune system with/without therapy (e.g. DNA-virus)

Option 2:  Pathogen eradicated by immune system/therapy (e.g. RNA-virus)
Option 3: Pathogen persists in blood until spontaneous clearance by immune 

system and/or eradication by therapy
Option 4: Pathogen persists in blood lifelong despite immunological response 

or therapy

NAT: nucleic acid testing.
Note that detection of a pathogen may behave similarly to NAT testing. After seroconversion the pathogen may be removed from 
the blood compartment, or not, while it can persist in other tissues lifelong.
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Table 8.1. Abbreviations used for the reporting of laboratory screening results

Abbreviation 
 (standardised)

Other abbreviation 
still in use

Explanation

HBsAg Surface antigen of hepatitis B virus (HBV)

anti-HBc HBc-Ab Antibodies against the core antigen of HBV*

anti-HBs HBs-Ab Antibodies against the surface antigen of HBV

anti-HBe Antibodies against the envelope antigen of HBV

HBeAg Envelope antigen of HBV

anti-HCV HCV-Ab Antibodies against hepatitis C virus

Anti-HEV HEV-Ab Antibodies against hepatitis E virus

anti-HIV HIV-Ab Antibodies against human immunodeficiency virus (HIV)

anti-HIV-1/2 HIV-1/2-Ab Antibodies against HIV type 1 and 2

anti-HIV-1 HIV-1-Ab Antibodies against HIV type 1

anti-HIV-2 HIV-2-Ab Antibodies against HIV type 2

HIV-1-p24-Ag HIV-p24-Ag Protein p24-antigen of HIV type 1

anti-CMV CMV-Ab Antibodies against Cytomegalovirus (CMV)*

anti-EBV EBV-Ab Antibodies against Epstein–Barr virus (anti-EBV-VCA and anti-EBV-nuclear antigen 
(EBNA) are usually tested in donors and the test used should be specified)*

anti-Toxoplasma Antibodies against Toxoplasma gondii

anti-Treponema 
pallidum

Lues Ab Antibodies against Treponema pallidum

anti-HTLV-1/2 Antibodies against human T-lymphotropic virus types 1 and 2

SARS-CoV-2 Severe acute respiratory syndrome – Coronavirus 2

Anti-SARS-CoV-2 Antibodies against Severe acute respiratory syndrome – Coronavirus 2 (SARS-CoV-2 )

D+/R− The donor is seropositive for the pathogen and the recipient is seronegative* (i.e. is 
naïve)

D+/R+ Both the donor and the recipient are seropositive for the pathogen*

D−/R+ The donor is seronegative (i.e. is naïve) and the recipient is seropositive for the 
pathogen*

D−/R− Both the donor and recipient are seronegative for the pathogen*

Reactive positive Any ‘reactive’ or ‘detected’ test result indicates either a current or past exposure to 
an infectious agent. The medical community documents this as ‘positive’.

non-reactive negative Any ‘non-reactive’ or ‘not detected’ test result only indicates that the test did not 
detect the specific marker in the specimen investigated. The medical community 
documents this as ‘negative’, without knowing whether the pathogen was missed or 
whether it was not present.

* BAL or lower airway specimen should be investigated in every lung or intestinal donor. D/R-sero status is driven by IgG-antibody 
status of donor and recipient. Most laboratories rely on IgG-tests for screening.

A review of the available information (e.g. case 
history, travel history, medical history, contacts and 
signs of infection) should guide the decision-making 
process as to which pathogens to screen for, over 
and above the mandatory markers, and a balanced 
approach is required. However, it is impossible to 
completely exclude all risks for unexpected disease 
transmission.

Some further pitfalls or limitations exist in 
screening for infectious diseases in organ donors:

• Because of changing epidemiology and the 
globalisation of geographically restricted in-
fections, the number of infections potentially 
transmitted by organ transplantation exceeds 
the testing capabilities of laboratories. There-
fore, national authorities should ensure that 
a national/regional epidemic surveillance 

service is established (usually within the na-
tional public health institution) to provide 
expert information on outbreaks or changes 
of disease epidemiology that pose a threat to 
human health by a potential transmission via 
human contacts including organ transplan-
tation. This information about epidemiology 
and risk factors for donor-derived infections 
should be shared with organ-procurement 
organisations (OPOs) and transplant centres 
as well as with the national organ transplan-
tation authorities, who should produce timely 
responses to potential threats by assessing the 
risk and recommending preventive interven-
tions. In this regard, information provided by 
the European Centre for Disease Prevention 
and Control (ECDC) rapid risk assessments 
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or other scientific advice may be consulted. 
The performance, sensitivity and specificity 
of screening assays should be reviewed peri-
odically. Unresolved, potentially false positive 
screening results, or inability to screen for rel-
evant suspected pathogens, must be avoided in 
order to minimise unnecessary organ loss [7]. 
In this context, each OPO should regularly refer 
to the institutions mentioned in section 8.2 for 
monitoring of global changes in infections and 
vector monitoring. In addition, surveillance of 
local epidemiology requires the same process 
as for national and regional reports, because 
there may be significant differences.

• Basic screening results must be available before 
organ procurement (see §8.2). This tight time-
line may preclude confirmatory tests for certain 
pathogens – e.g. false positive results in human 
T-cell lymphotrophic virus-1 and 2 (HTLV-1/2) 
screening [22].

• In deceased donors, cerebral lesions can mimic 
a state of generalised inflammation. Parallel 
to the failure of all brain-stem reflexes, a sys-
tematic inflammatory response syndrome 
can be observed [23], which may mimic a sep-
sis-like syndrome. Careful interpretation and 
acknowledgement of this is needed.

• In living donors, acquisition of infection 
between initial screening and actual organ do-
nation can occur [24]. It is essential to ensure 
screening or re-screening close to the time of 
organ procurement and education of the po-
tential living donor on how to avoid acquiring 
infections between screening and procurement 
[25].

• Abbreviations used in viral screening and in-

terpretation of results should be standardised, 
as summarised in Table 8.1. Alternative ab-
breviations commonly used in the regional/
national language may also be used, but with 
proper explanations. In order to avoid misin-
terpretation, test results should be commu-
nicated properly, taking into account all the 
limitations of screening tests as outlined above 
(see also §8.10.3). In that respect, written inter-
pretation of results in the laboratory report is 
highly desirable.

For transmissible infection, risk assessment 
has shifted from dichotomous grading to an indi-
vidual risk–benefit assessment taking into account 
all particular donor and recipient factors (see §6.1.1). 
Therefore, in so-called non-standard-risk donors, 
the clinician must determine case by case if post- 
exposure prophylaxis or treatment of the pathogen 
exists and if it is possible to apply it in the recipient 
without harm. Even in standard-risk donors, each 
donor–recipient combination must be assessed indi-
vidually, based on their respective risks for infections 
and the risks related to spending a prolonged time on 
the waiting list.

8.2. Basic screening for infections 
in organ donors

The basic screening for infections in deceased 
organ donors must include the tests shown in 

Table 8.2, with results being provided within the time 
frame specified there.

Based on the regional prevalence of endemic 
infections, mandatory basic screening may be ex-
tended with tests listed in Table 8.3 [26].

Table 8.2. Basic screening for infections in deceased organ donors

Before organ procurement and/or 
transplant (1-3 h)

As soon as possible (not necessarily 
before organ procurement and 
transplant)

Retrospectively after transplant, if 
indicated at the recipient centre

anti-HIV-1/2 (incl. HIV-1-p24-Ag)†
HBsAg and anti-HBc
anti-HCV†
SARS-CoV-2 RNA on nasopharyngeal 
swab or BAL*

anti-CMV IgG
anti-EBV-VCA-IgG, -EBNA1-IgG
anti-Treponema pallidum‡
anti-Toxoplasma IgG

Additional tests can be performed 
according to the recipient profile for 
targeting specific prophylaxis

Note: see also §8.2.1.
* This is a current recommendation that might change in the future according to the evolution of the pandemic.
† In donors at an increased risk for HIV or HCV infection screening should be extended to HIV and/or HCV-NAT (see §8.2.1). Any anti-
HCV reactive result should be verified by HCV-NAT.
‡ Tests used: enzyme-linked immunosorbent assay (ELISA), chemiluminescence immune assay (CLIA), Treponema pallidum 
haemagglutination assay (TPHA)/Treponema pallidum particle agglutination assay (TPPA) or Venereal Disease Research Laboratory 
(VDRL)/rapid plasma reagin (RPR). The preferred tests are ELISA or CLIA, in order to omit high rate of false positive results by use of 
other tests. Results available pre-procurement are preferred, because reactive results might help to identify an increased risk for 
infection caused by other blood-borne pathogens.
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Table 8.3. Additional tests which should be considered for donors with certain geographic connections

Test Central 
& South 
America

North 
Africa

Sub-
Saharan 
Africa

Indian sub-
continent

Southeast 
Asia

Europe

HTLV serology§ always always always always always Romania

NAT* for Plasmodium spp. Central 
America and 
Amazon

no always always always

Stool examination† always always always always always

Urine examination‡ no Egypt always no no

Strongyloides stercoralis serology always always always always always

Schistosoma spp. serology Caribbean, 
Venezuela 
and Brazil

always always no always

Trypanosoma cruzi serology for 
screening; (NAT or Strout test for 
exclusion of parasitaemia)

always (not 
Caribbean)

no no no no

Leishmania see Table 8.8 always always always always always

Paracoccidioides brasiliensis serol-
ogy

Brazil no no no no

Coccidioides immitis serology always no no no no

Histoplasma capsulatum see 
Table 8.8

no no Western 
Africa

no no

Note: The above tests should be considered for screening of donors who have lived in and/or travelled to, and/or have family relations 
in, those geographically restricted areas or are at risk for vertical transmission due to ancestors having lived there. Depending on the 
pathogen, advice after consultation of a transplant infectious disease expert and organ intended to be transplanted, the results of 
some tests are not needed to become available before transplantation: please refer to the section on the pathogen.
Source: modified according to [26].

* NAT is sensitive for ruling out parasitaemia, but limited availability for routine diagnostics may require other tests.
† Entamoeba histolytica, Clonorchis spp., Opisthorchis spp., Schistosoma spp., Strongyloides spp.
‡ Schistosoma haematobium.
§ Spain, France: screen regularly, other countries on indication: see §8.6.2.16.

Serological screening should be complemented 
with NAT for donors with an increased risk of HIV, 
HBV or HCV infection [5]. Such risk factors are dis-
cussed in section 8.3; and 8.2.1 provides information 
about the initial screening algorithm. The results of 
these tests must be made available before organ pro-
curement or transplantation. However, even with 
NAT-negative results, these donors must still be 
considered at increased risk because of the residual 
risk posed by the eclipse period. Accordingly, recip-
ients should be tested as described in Table 8.4 and 
section 8.1. Note that the risk of missing HIV, HBV 
and HCV infection exists in donors not thought 
to be at increased risk by any screening algorithm. 
Therefore, the United States Public Health Service 
(PHS) guidelines recommend that every recipient be 
screened for undetected donor-derived HIV or HBV 
or HCV infection by NAT in the intervals outlined in 
Table 8.4 [27].

In the event of an anti-HCV reactive result, 
HCV-NAT should be performed as a complemen-
tary test to assess current infectious status (sponta-
neous clearance, sustained virological response after 
therapy or falsely reactive antibody result). If NAT 

testing is not available, antigen test should be per-
formed. HCV core antigen in serum or plasma is a 
marker of HCV replication and can be used instead 
of HCV RNA to diagnose acute or chronic infection. 
HCV core antigen assays are less sensitive than HCV 
RNA assays (lower limit of detection equivalent to 
approximately 500 to 3 000 HCV RNA IU/mL, de-
pending on the HCV genotype) [28]. Even if a nega-
tive result for HCV-NAT is obtained, HCV may still 
persist in the liver tissue [29-30]. With wider use of 
direct-acting anti-viral drugs (DAAs) for the treat-
ment of HCV, a large number of HCV-seropositive, 
NAT-negative donors will be available. Recent US 
guidelines [31] as well as other authors [32-33] suggest 
that organs from such donors can be transplanted 
safely if close recipient monitoring is in place. Also, 
several published studies in the United States and 
elsewhere exist, in which HCV-viraemic donor grafts 
are intentionally used for HCV-uninfected recipients 
who receive DAA pre-emptively or without delay 
post-transplant without serious adverse events (see 
§8.6.2.12) [34-40]. Therefore, the severity and conse-
quences of HCV transmission have changed and 
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should be taken into account in considering the use 
of donors at increased risk for HCV infection.

Samples for microbiological investigations, e.g. 
blood cultures, broncho-alveolar lavage (BAL), urine 
cultures, should be taken prior to organ procurement, 
as indicated.

Since 2020 every donor should be screened for 
SARS-CoV-2 infection (see §8.6.2.19) by clinical data 
as well as NAT testing of nasopharyngeal swab and 
BAL (the latter recommended in lung donation).

Donor screening should be performed with 
the latest-generation assay available, according to the 
manufacturer’s instructions and as licensed by the 
national health authorities [8]. Each centre should 
have a plan for how to handle reactive or unexpected 
results (see §8.2.1 and §8.10.1) [8]. For basic screening, 
serologic tests should detect IgG antibodies. Only in 
special cases is IgM detection necessary. The use of 
IgM for donor screening is not advocated on the basis 
of the little information gained and the high rate of 
false positive results. Donor sera or plasma samples 
should be stored for at least 10 years by the OPO, ac-
cording to the methods available and national recom-
mendations [7].

Screening protocols must be reviewed reg-
ularly because of the rapid development in testing 
repertoires. The recommendations of this Guide are 
based on the technology available in 2020 in most 
Council of Europe member states and on the basis of 
24 h a day, 365 days a year availability with regard to 

the needs of deceased organ donation. In some coun-
tries, multiple different techniques are employed for 
NAT and serological testing according to their local 
certifications. In such cases, appropriate sensitivity, 
specificity and turn-round time must be ensured 
when using NAT testing under the specific circum-
stances of organ donation, i.e. as single-specimen 
runs outside standard working hours and without 
routine staff availability.

Multiplex NAT-screening assays for HIV, 
HBV and HCV can be used when individual donor 
screening (ID-NAT) is performed and if sensitivity 
as well as specificity is equivalent to individual NAT. 
Reactive multiplex NAT results must be confirmed 
according to manufacturer’s instructions (usually by 
pathogen-specific NAT).

Reactive anti-Treponema pallidum screening 
should be verified by complementary diagnostics for 
discrimination between past and active infection.

Serologic markers may not be reactive during 
the window period and viraemia may not exist 
during the eclipse period. Further viral infections 
may not be detected by NAT unless a specimen has 
been drawn from the appropriate tissue, e.g. rabies 
from specific areas of the brain, cardiotropic virus 
from the myocardium. Therefore, organs should not 
be transplanted from a donor if there is strong clin-
ical evidence or strong suspicion of an infection in 
the donor, especially when there are no suitable treat-
ment options for organ recipients.

Table 8.4. Minimum screening of all recipients for possible unexpected HIV, HBV, HCV or HEV infection after 
transplantation, to exclude donor-derived infection

Recipient testing during hos-
pital admission for transplant 
procedure before transplant, 
regardless of donor risk cri-
teria

• HIV: according to guidelines
• HBV: anti-HBc, anti-HBs and HBsAg
• HCV: HCV-NAT and anti-HCV
• HEV: HEV-NAT when indicated
• For example: due to the current epidemiological situation in 2020/21, SARS-CoV-2 

investigations according to local hospital admission guidelines must be considered

Recipient testing and vacci-
nation before transplantation 
while on the waiting list

• All organ transplant candidates should receive HBV vaccination
• Screening for HIV, HBV and HCV (also HEV when indicated) should be performed at 

regular intervals because this determines allocation criteria
• For example: due to the current epidemiological situation in 2020/21, SARS-CoV-2 

vaccination according to national guidelines must be considered

Recipient testing after 
transplantation regardless of 
donor risk criteria

• Type of testing: NAT for HIV, HBV and HCV – serological test may fail due to 
false negative results (e.g. inadequate response to produce antibodies under 
immuno suppression) or false positive results (e.g. due to transfer of donor passenger 
lymphocytes temporarily producing antibodies, unspecific reaction by (IgM) antibod-
ies)

• Timing: 4-6 weeks post-transplant (before this time has elapsed, NAT results can be 
false negative)

• In liver recipients, maintain awareness for possible delayed appearance of HBV infec-
tion; consider additional testing for HBV-NAT at 1 year

• Recipients who develop signs or symptoms of liver injury after transplantation should 
be retested for viral hepatitis (NAT) including HEV (In some European regions HEV 
infection is endemic: HEV infection is usually diet-related but transmission through 
blood transfusion and organ transplantation is known to occur; therefore regular 
recipient screening is proposed)
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Note: Determinations about emerging diseases must be considered according to the most recent epidemiological situation [27, 41].

The requirements for testing of donors vary 
between European countries due to the variability 
in specific/endemic prevalence of viral diseases [2, 
6, 8]. Up-to-date information about known, new 
and emerging, seasonally occurring or regionally 
endemic virus infections (e.g. WNV, Usutu, chikun-
gunya, dengue, Zika, Yellow fever, influenza virus, 
SARS-CoV-2) can be obtained from the references 
listed below. The relevance of these data should 
be discussed within each member state for devel-
oping regional strategies in updating local screening 
algorithms.

Websites

For more specific information about infections, see:
◊ ‘Travel and Health’ pages at www.who.int/ith/en
◊ Centers for Disease Control (CDC) in the USA: the 

yellow book at wwwnc.cdc.gov/travel
◊ European Centre for Disease Prevention and Control 

(ECDC) at www.ecdc.europa.eu/en
◊ https://coronavirus.jhu.edu/ for SARS-CoV-2 

pandemic
◊ other reference centres within member states (e.g. 

for Germany, www.rki.de)
◊ disease-specific websites from scientific societies (e.g. 

for SARS-CoV-2, www.tts.org/covid-19)
For each pathogen discussed in the following sections, 
the reader is advised to refer to the websites of the 
above-mentioned organisations, where the most 
current epidemiological information can be obtained.

8.2.1. Initial screening algorithms in organ 
donors for HIV, HCV and HBV

Different screening algorithms are provided 
(see Figures 8.2, 8.3 and 8.4), based on the recognised 
risk of the donor, to be without or with increased 
risk for HIV, HCV or HBV infection as outlined in 
section 8.3.

For HIV, HCV and HBV screening tests, the 
possibility of an initially reactive result must be con-
sidered for any organ donor. As this initial reactive 
result may be a true positive or a false positive, a prag-
matic algorithm for verification of the initial result 
must be used, due to the time constraints in organ 
donation (see Figures 8.2, 8.3 and 8.4 for an algorithm 
at first initial testing). Any initially reactive result in 
tissue or cell donors without time constraints must be 
verified according to local protocols (e.g. proper han-
dling of specimen by high-speed centrifugation and 
repeat double testing in cases of unexpected results).

Initial screening

Initial screening algorithms for donors at standard risk 
for HIV-, HCV- and HBV infection are shown in Figures 
8.2a, 8.3a and 8.4.
Initial screening algorithms for donors at increased risk 
for HIV-, HCV- and HBV infection are shown in Figures 
8.2b, 8.3b and 8.4.

NAT and diagnostic window

The use of simultaneous NAT screening for HCV and 
HIV decreases the diagnostic window period to a 
few days (HIV-1 NAT screening only, unless otherwise 
requested).
NAT for HBV is not necessary, except for occult HBV 
infection.
The utility of NAT screening in donors lacking 
identified risk factors is that it also decreases the 
diagnostic window period. However, access to NAT for 
prospective single donor screening is very limited in 
many European countries and the risk of missing an 
early infection may be very low.

Anti-HBc/anti-HCV results

Donors that do not present elevated risks for infection 
as outlined in §8.3, but are HBsAg non-reactive 
and anti-HBc reactive, should be considered at risk 
for potential HBV transmission for liver grafts (see 
§8.6.2.11).
In donors with anti-HCV reactive results, HCV-NAT 
may clarify whether the donor is viraemic or not, with 
relevant consequences for the use of organs (see 
§8.6.2.12).

8.2.2. Basic screening for infections in living 
organ donors

Basic screening should be performed at initial 
counselling for living organ donors, as well as at final 
counselling and/or before organ procurement, and 
results must be available before an organ is removed 
for transplantation. The repeat testing should be per-
formed as close to the donation procedure as possible, 
the interval not to exceed 4 weeks because greater in-
tervals have been associated with disease transmis-
sion [27, 42]. Counselling of the donor and recipient 
should include the information that infections may 
be acquired during the period from initial to final 
screening and up to the day of transplantation [25]. 
This requires education about avoiding infections 
like HIV, HCV, HBV and regionally endemic infec-
tions (e.g. tick-borne encephalitis), which may help to 
reduce risks. For further details see Chapter 13.

http://www.who.int/ith/en
http://wwwnc.cdc.gov/travel
http://www.ecdc.europa.eu/en
https://coronavirus.jhu.edu/
http://www.rki.de
http://www.tts.org/covid-19
https://freepub.edqm.eu/publications/AUTOPUB_17/detail
https://freepub.edqm.eu/publications/AUTOPUB_17/detail
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8.2.3. Basic screening for infections in 
deceased or living tissue and cell donors

Please refer to the latest edition of the Council 
of Europe Guide to the quality and safety of tissues 
and cells for human application.

8.2.4. Previous vaccinations of the donor

Vaccinations with live attenuated vaccines may 
result in transmission of a vaccine-derived path-
ogen to an immunosuppressed recipient. This may 
give rise to a disseminated life-threatening disease. 
In contrast, inactivated vaccine or passive immuni-
sation of the donor is unlikely to pose harm to the 

recipient, but may confound screening testing in pae-
diatric donors.

Therefore, it is imperative to determine if 
the donor has received live vaccines during the 
previous 4 weeks. Live vaccines include: inhaled, 
attenuated influenza (not injectable, inactivated in-
fluenza), varicella– zoster (VZV; except for recom-
binant subunit VZV vaccine [43]), rotavirus (below 
6 months of age), measles, mumps, rubella, bacillus 
Calmette–Guérin (BCG), smallpox, oral cholera (not 
injectable), oral polio (not injectable), yellow fever or 
oral Salmonella typhi (not injectable). In this case, an 
individual risk assessment of the immune status of 
all prospective recipients is mandatory.

Figure 8.2. Screening algorithms for HIV infection in potential organ donors

8.2.a. Standard-risk donor

Deceased donor with standard risk 
for HIV infection

anti-HIV*

N
R

R

No SOT
except for selected (HIV-infected) recipients 

within an approved study protocol nationally

SOT

SOT*
after consultation of TID for selected 

recipients within proper follow-up protocol
HIV-NAT

R

N
R*

Consider retrospectively HIV-NAT at 
tissue donation

R=reactive, NR=not reactive, SOT=solid organ transplantation, ECD=extended criteria donor, TID=transplant infectious disease expert; anti-
HIV=anti HIV 1/2 incl. HIV-1 p24Ag.

* It must be ensured that donor was not on active treatment for HIV with suppressed HIV (if uncertain proceed as if HIV-NAT is R). Informed 
consent should be obtained in any case.

Note: In the case of an anti-HIV reactive result, confirmation of the result is recommended before a donor is rejected or the organs 
are discarded on the basis of a result obtained through this screening algorithm. The donor hospital, donor co-ordinator and organ 
procurement organisation, as well as the laboratories performing investigations beyond the pathway shown here, should discuss 
all the options and risk-assess the situation based on an agreed protocol. For further consideration about protocols of HIV-to-HIV 
transplantation (D+/R+ and D+/R−), see §8.6.2.15.
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Conclusion

Note that, for the currently available SARS-CoV-2 
vaccines (mRNA, non-replication viral vectors, protein 
subunit and inactivated based vaccines), the 4-week 
time interval prior to donation does not have to be 
respected.
If the donor has been vaccinated in the last 4 weeks 
pre-donation with live vaccines, a risk assessment 
should be carried out and the recipient should be 
monitored post-transplant because there is the risk of 
transmission of an acute infection by a live attenuated 
vaccine.
Live vaccines include vaccination against the following 
pathogens:
◊ Influenza (inhaled = live, injectable = inactivated)
◊ Varicella, including VZV except subunit VZV vaccine
◊ Rotavirus

◊ Measles
◊ Mumps
◊ Rubella
◊ BCG
◊ Smallpox
◊ Vibrio cholerae (oral = live, injectable = inactivated)
◊ Yellow fever
◊ Salmonella typhi (oral = live, injectable = inactivated)
◊ Polio (oral = live; injectable = inactivated)
For some vaccines, the risk of transmission is limited to 
specific organs:
◊ Inhaled influenza vaccine: lung, face
◊ Rotavirus: intestine
◊ Cholera: intestine
◊ Salmonella: intestine
For the currently available vaccines against SARS-
CoV-2 infection based on mRNA, non-replication viral 

8.2.b. Increased-risk donor

Note: In the case of an anti-HIV reactive result, confirmation of the result is recommended before a donor is rejected or the organs 
are discarded on the basis of a result obtained through this screening algorithm. The donor hospital, donor co-ordinator and organ 
procurement organisation, as well as the laboratories performing investigations beyond the pathway shown here, should discuss 
all the options and risk-assess the situation based on an agreed protocol. For further consideration about protocols of HIV-to-HIV 
transplantation (D+/R+ and D+/R−), see §8.6.2.15.
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vectors, protein subunit and inactivated virus, there 
is no risk for the recipients and therefore there is no 
need to respect the pre-donation 4-week time interval. 
As an exception, donors with severe vaccine-induced 
complications should be evaluated on a case-by-case 
basis and with expert advice.

8.3. Medical and behavioural 
history to inform 
consideration of the risks of 
infection and implications for 
screening

Guidelines on risks of transmission of infec-
tions are based on donor history and behaviour 

history. They vary between countries and regions 

due to different local disease prevalence and risk 
assessments. They should be regularly reviewed re-
garding epidemiological changes and diagnostic 
developments.

Data to be obtained for detecting potential in-
fectious disease-transmission risks are outlined in 
section 6.2 as well as appendices 10, 11 and 13.

One major concern is the risk of unintended 
transmission of HIV, HCV or HBV infection [27]. The 
incidence and prevalence of HIV and HCV infection 
varies, depending on different risk factors [44-50]. 
Furthermore, the causes of such de novo infections 
vary between European regions [46]. Unfortunately, 
there are only a few studies based on adequate evi-
dence that define the risks of window-period infec-
tions in organ donors [19, 27]. Where such studies 
exist, data cannot be directly extrapolated from one 

Figure 8.3. Screening algorithms for HCV infection in potential organ donors

8.3.a. Standard-risk donor

Note: In the case of an anti-HCV reactive result, confirmation of the infectious status by NAT is desirable before a donor is rejected or 
the organs are discarded on the basis of a result obtained through this screening algorithm. The donor hospital, donor co-ordinator 
and organ procurement organisation, as well as the laboratories performing investigations beyond the pathway shown here, should 
discuss all the options and risk-assess the situation based on an agreed protocol. For details about HCV infection in donors, see 
§8.6.2.12. Some European countries will perform retrospective HCV-NAT testing.
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population to another because the variables used for 
calculations differ.

In spite of these limitations, the evidence-based 
guidelines issued by the US Public Health Service 
(PHS), as updated in 2020, are recommended for as-
sessing individuals at risk for HIV, HCV or HBV in-
fections [27]. According to these guidelines, donors 
should be considered at risk for HIV, HCV or HBV 
infections if one of the following risk criteria exists 
during the 30 days before organ procurement when 
NAT-screening is performed prospectively [27]:

• Sex (i.e., any method of sexual contact, in-
cluding vaginal, anal or oral) with a person 
known or suspected to have HIV, HBV or HCV 
infection

• Man who has had sex with another man (MSM)

• Sex in exchange for money or drugs
• Sex with a person who had sex in exchange for 

money or drugs
• Drug injection for nonmedical reasons
• Sex with a person who injected drugs for non-

medical reasons
• Incarceration (confinement in jail, prison or ju-

venile correction facility) for ≥ 72 consecutive 
hours

• Child breastfed by a mother with HIV infection
• Child born to a mother with HIV, HBV or HCV 

infection
• Unknown medical or social history

In the US, screening by NAT for HCV has been 
mandatory since 2017, regardless of the risk criteria 

8.3.b. Increased-risk donor

Note: In the case of an anti-HCV reactive result, confirmation of the result is desirable before a donor is rejected or the organs are 
discarded on the basis of a result obtained through this screening algorithm. The donor hospital, donor co-ordinator and organ 
procurement organisation, as well as the laboratories performing investigations beyond the pathway shown here, should discuss all 
the options and risk-assess the situation based on an agreed protocol. For details about HCV infection in donors, see §8.6.2.12.
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identified during screening, to reduce the diagnostic 
window period [5, 27, 51-52].

In the European setting, some considerations 
should be noteds:

a� In the annual epidemiological report of the 
European Centre for Disease Control (ECDC) 

[44], HBV, HCV or HIV infection is reported to 
be transmitted by heterosexual contacts, MSM, 
injecting drug abuse, medical procedures (e.g. 
chronic haemodialysis) or vertically, with a 
substantial variation in each geographic region 
or subpopulation of migrants and ethnic mi-

Figure 8.4. Screening algorithms for HBV infection in potential organ donors

N
R

R

SOT

R = reactive, NR = not reactive, SOT = solid organ transplantation, cccDNA: covalent y closed circular DNA cccDNA of HBV integrated into l
genome.

Obtain result of HBsAg
and anti-HBc

simultaneously
and then follow

the algorithm

Deceased donor

HBsAg

anti-HBcR

N
R

SOT (except liver, non-standard-risk donor): 
with some precautions (e.g. recipients need 
HBV-monitoring, vaccinated against HBV)

Liver SOT (non-standard-risk donor): only to 
recipients either receiving HBV anti-viral 

prophylaxis (due to infection) or properly 
vaccinated against HBV

SOT (non-standard-risk donor): only with 
anti-viral HBV prophylaxis to HBV viraemic 

recipients or selected recipients

Other organs (except liver)

Liver: HBV cccDNA in liver 
cells

Note: In Figure 8.4, the screening algorithm for donors with increased risk for HBV infection is equivalent to the one for donors at 
standard risk for infection. Accurate communication of the risks is required. The possibility should be considered that, depending on 
the prevalence of HBV mutants, the testing algorithms might miss HBsAg reactivity in some populations – depending on the country 
where infection occurred – and hence laboratories should select appropriate testing platforms. Such cases should be discussed with 
a transplant infectious disease expert for proper indication of additional testing (e.g. if HBV-NAT is available, then measurement in 
liver tissue and blood may provide more specific information). In the case of an HBsAg or anti-HBc reactive result, confirmation of the 
result may be preferable before a donor is rejected or the organs are discarded on the basis of a result obtained through this screening 
algorithm. The donor hospital, donor co-ordinator and OPO, as well as the laboratories performing investigations beyond the pathway 
shown here, should discuss all the options and risk-assess the situation based on an agreed protocol. For details of HBV infection in 
donors, see §8.6.2.11. In the case of an HBsAg+ result, exclude HDV infection (see §8.6.2.13).
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norities. Until 2019 a difference between infec-
tion rates and donors with risk factors existed 
in some European countries compared to other 
countries (e.g. [27, 44, 47-50]).

b� In contrast to the US, in most European coun-
tries NAT screening is not performed prospec-
tively in every donor. It is best practice to do 
this in donors who are at increased probability 
for such infections (see §8.2). For pragmatic 
reasons the above-mentioned time range may 
be increased to two window periods for ob-
taining a reactive result after seroconversion 
for HBV, HCV and HIV infection in order to 
find a cut-off for the indication to perform NAT 
prospectively or not. In some countries, retro-
spective testing of every donor by HCV-NAT 
is planned; in some European countries, all 
tissue donors are screened by NAT.

Any recipient, particularly those having re-
ceived organs from increased-risk donors, should 
be screened for early detection of donor-derived in-
fections, with initial serial testing performed as out-
lined in Table 8.4. Frequently, recipients who acquire 
donor-derived infections, particularly HCV, may 
not seroconvert due to immunosuppression; hence, 
screening should always include a direct measure of 
the virus (i.e. NAT or antigen detection). Of note, se-
rologic testing may be temporarily false positive due 
to transient activity of donor passenger lymphocytes.

Beyond basic universal screening as outlined 
in Table 8.2, extended testing for other pathogens 
(e.g. Chagas disease, malaria, Strongyloides stercor-
alis) should be considered according to specific donor 
risks, such as geographically restricted infections, 
some outdoor activities, exposure to zoonosis, insan-
itary living conditions etc. (see Table 8.3). Further-
more, the risk of vertical transmission from mother 
to child should also be considered when evaluating 
such issues.

As part of surveillance, vigilance and epidemi-
ology, the occurrence of epidemic diseases in animals 
should be cross-checked with those of humans by 
public health bodies because this will help to develop 
preventive strategies at an earlier stage (e.g. WNV) 
as well as provide up-to-date information to donor 
co-ordinators.

The history of recent immunisations with live 
vaccines should also be assessed (see §8.2.4). If the 
donor has been previously deferred from blood dona-
tion, then the reason for deferral should be evaluated.

8.4. Bacterial infections
8.4.1. Acute infections

In accordance with standard good clinical 
practice, intensive care units (ICUs) monitor patients 

– regardless of their being a potential organ donor 
or not – for bacterial infections, with special atten-
tion to multidrug-resistant (MDR) micro- organisms 
(see §8.4.5) [53-55]. Before administering antibiotics, 
a culture or smear should be taken from the site of 
infection or target area for identification of the path-
ogen, and a suitably effective antibiotic agent should 
be validated. Antibiotic treatment should be based on 
determination of the pathogen/subtype and resist-
ance pattern. Appropriate follow-up cultures should 
be obtained to demonstrate that the infection is under 
control: urine-, tracheal- and blood-cultures should 
be taken [56] even if final results may not be avail-
able until after transplantation of an organ. In cases 
of an assumed, uncertain infection, micro biological 
work-up of central venous access lines, etc. may be 
helpful. The OPO should have clear policies and pro-
cedures for following up results of any outstanding 
test made prior to procurement and should ensure 
that, when available, results are efficiently communi-
cated to all recipient centres.

Some transplant centres routinely take smears 
from the abdomen or thoracic cavity or from bron-
chial-alveolar lavage (BAL) during organ procure-
ment, as well as from the organ preservation solution 
before transplantation [57]. Investigations should 
cover bacteria and fungi, as well as analysis of resist-
ance patterns.

Most positive bacterial cultures or microbi-
ologic assays lead to a diagnosis [4, 58]. However, 
active infection has to be differentiated from coloni-
sation, which may not require treatment, but could 
influence prophylactic antibiotic selection for the re-
cipient. Knowledge of the local, epidemiologic back-
ground (at hospital level) helps to evaluate risks, to 
select appropriate antibiotics and to detect shifts in 
nosocomial flora and resistance patterns. If there is 
no apparent infection or specific indication, the use 
of prophylactic antibiotics is not recommended. If 
bacterial infection is detected, therapy must be initi-
ated as soon as possible. Therapy should be continued 
until inflammation parameters are indicative of re-
mission or until serial cultures confirm clearance of 
infection. However, it must be remembered that, in 
brain-dead donors, inflammation parameters may 
rise exponentially in relation to the event of terminal 
brain-stem coning.

Donors with bacteraemia may be accepted if 
appropriate antibiotics have been utilised for at least 
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48 h (some countries consider 24 h as sufficient) and 
if recovery from signs and symptoms of infection is 
demonstrated. Nevertheless, antibiotic treatment for 
a longer period may be necessary (e.g. for endocar-
ditis). Treatment of the recipient for an appropriate 
duration post-transplant is strongly recommended, 
with careful attention to evidence of embolic infec-
tion. Organs from bacteraemic donors should be 
accepted on a case-by-case basis, in direct consulta-
tion with the transplantation team for appropriate 
post-transplant care and monitoring. The focus 
(organ) of such infections should not be transplanted. 
Bacterial growth from blood cultures may be due to 
contamination and not true infection (e.g. coagulase- 
negative Staphylococcus).

Localised infections without systemic spread 
do not contraindicate donation [7], but antibiotic 
treatment should be given for more than 24-48 h or 
until full recovery from signs and symptoms of in-
fection has taken place. In these situations, use of a 
previously infected organ may be considered [7], but 
this should be confirmed by sterile cultures. Contin-
uation of antibiotic treatment in the recipient should 
be considered. Note that an organ-specific assess-
ment of the previously infected organ should reveal 
no significant damage (see Chapter 7).

Colonisation by MDR bacteria is not a con-
traindication for organ procurement as long as the 
colonised tissue remains sealed from the rest of the 
body, i.e. trachea or external wounds. In some cases 
(e.g. Pseudomonas or Acinetobacter), infection should 
not be confused with colonisation. Such colonised 
tissues and their adjacent organs may not be used 
for transplantation due to the risk of donor-derived 
pathogen transmission. Transmission of MDR bac-
teria has been demonstrated even when appropriate 
therapy was given to the donor and continued for 
a 2-week course in the recipients. Therefore, recipi-
ents of organs from donors with confirmed MDR 
organism infections require special attention, with 
adequate therapy and close post-therapy monitoring.

When Aggregatibacter aphrophilus (formerly 
Haemophilus aphrophilus and paraphrophilus), 
Aggregatibacter actinomycetemcomitans (formerly 
Actinobacillus actinomycetemcomitans), Cardiobac-
terium hominis, Eikenella corrodens, Kingella kingae, 
Streptococcus viridans or Staphylococcus aureus 
(MRSA) is detected in blood culture, then endocar-
ditis should be ruled out (see §8.4.2).

Translocation of intestinal bacteria may occur 
in patients without enteral nutrition. Feeding via a 
nasogastric/duodenal tube using uncontaminated 
fluids decreases this possibility.

During organ procurement, inappropriate liga-

tion of intestinal vessels may cause translocation of 
bacteria. Opening of the trachea or gastro-intestinal 
tract should be avoided or, if necessary, should take 
place as the very last step during procurement so that 
other organs or tissues are not contaminated.

Bacterial infections are a frequent problem in 
donors and, although there is only a low rate of donor- 
to-recipient transmission, significant morbidity and 
mortality may result when it occurs [59]. This is par-
ticularly true in the case of MDR pathogens.

Organs with active bacterial infections limited to the 
organ should not be used unless adequate antibiotic 
therapy of at least 24-48 h has been initiated in the 
donor and, subsequently, in the recipient. In this 
context, bacteraemia must be considered as an active 
bacterial infection affecting all organs.

8.4.2. Bacterial sepsis, -meningitis, 
-endocarditis and -osteomyelitis

Although organs from bacteraemic donors 
can be transplanted without complications if appro-
priate anti-microbiological agents are applied in the 
post-transplant recipient [4], the following issues 
should be considered:

a� Bacteraemia due to nosocomial pathogens (e.g. 
multidrug-resistant Enterococci, Staphylococci 
(MRSA), S� pneumoniae, Pseudomonas spp., Es-
cherichia coli, Serratia spp., Acinetobacter spp. 
and Klebsiella spp. or other ESBL-producing 
Enterobacterales) is often related to the use of 
intravenous access and other medical support 
systems [1, 4]. Following transplantation, these 
pathogens can cause serious infections, par-
ticularly at anastomotic sites, by colonising 
fluids and by forming abscesses or mycotic 
aneurysms [1, 4]. Despite negative blood cul-
tures, infections may be transmitted in cases 
of unsuspected endocarditis or pneumonia (e.g. 
S� pneumoniae). Even with transmission, most 
patients survive whenever effective specific 
anti bacterial therapy is available and adminis-
tered for a sufficient time.

b� The use of organs from donors with endocar-
ditis remains controversial because of the risk 
of metastatic infection, although they may be 
used at the discretion of the transplant centre. 
Treatment of the recipient is highly recom-
mended [60].

c� Donors with ongoing sepsis (and positive 
blood cultures) should not be accepted, espe-
cially if effective therapy cannot be confirmed. 
However, grafts from donors without sepsis, 
but with incidentally-detected bacteraemia, 
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have rarely resulted in disease transmission 
under correct antibiotic prophylaxis in the re-
cipient.

d� If it is impossible to have the results of blood cul-
tures available, despite treatment in the donor 
having been started 24-48  h before organ do-
nation and when clinical data suggests therapy 
is effective, then the case should be discussed 
with a transplant infectious disease specialist 
before the donor is discarded. In most cases 
a preliminary result becomes available. Some 
specialists consider at least 24 h of appropriate 
treatment based on the antibiogram acceptable. 
It is always recommended that the same treat-
ment be continued in the recipients until the 
final results of the blood cultures collected im-
mediately before organ procurement are avail-
able. In cases of sepsis, organ damage should 
be carefully evaluated.

e� After recovery from septic shock or sepsis, 
some organs can be damaged temporarily or 
irreversibly or a focus of infection may persist 
locally. At this stage the focus of sepsis is identi-
fied and the bacterial spread eradicated, which 
should be confirmed by all data needed anyway 
for donor-specific and organ-specific assess-
ment, including subsequent analysis for organ 
selection (see Chapter 7); localised foci should 
be considered as outlined below.

f� Continuing antibiotic treatment in the recip-
ient according to the microbiological data of 
the donor should be planned for, with con-
sultation of the transplant infectious disease 
expert in charge of the recipient.

There is significant evidence that donors with 
proven bacterial meningitis caused by N� meningitidis, 
S� pneumoniae or Haemophilus influenzae can safely 
be used, even if bacteraemic, as long as the bacteria 
are confirmed to be susceptible to the antibiotics used 
to treat the donor [6-7]. Optimally the donor should 
be treated for 48 h prior to donation [6-7], although 
many experts consider 24 h of active therapy to be 
sufficient to consider donation. Recipients should 
undergo treatment for the infection post-transplant. 
In some cases of bacterial meningitis, successful 
treatment can be confirmed even if bacterial growth 
of liquor cultures fails. When in such cases the path-
ogen can be identified by polymerase chain reaction 
(PCR), this will provide sufficient information about 
the infection. Meningitis caused by Listeria mono-
cytogenes may disseminate systemically. Treatment 
by targeted antibiotics is possible, but management 
of immunosuppressed patients with Listeria mono-

cytogenes infection is troublesome and can lead to 
non-acceptance of such donors by recipient centres.

In the case of an osteomyelitis, systemic spread 
must be ruled out.

In the case of an endocarditis, still ongoing sys-
temic spread must be ruled out.

Generally, organs should only be considered for use 
after 24-48 h of targeted and effective antibiotic 
therapy as well as appropriate evidence of clearance 
of the infection. After evaluation of the case with a 
transplant infectious disease expert regarding the 
option of effective treatment in the recipient, the time 
interval may be shortened.

8.4.3. Pulmonary infections

Most deceased donor candidates require emer-
gency intubation. Aspiration and consequent pneu-
monia must be ruled out and treated [6]. Coincident 
with the amount of time spent in an ICU, the rate of 
confirmed bronchopulmonary infections increases 
from 10 % to 40 % [7]. Following at least 48 h of effec-
tive antibiotic treatment and unimpaired pulmonary 
function, lungs (or at least unaffected lobes) may be 
considered for donation [7]. Transmission of MDR 
bacteria or fungi by colonisation of the lungs should 
be ruled out. Tissue biopsies of transplanted lungs 
may document pathogens not previously detected 
in BAL. If adequate antibiotic therapy according 
to the resistance pattern of the isolates is provided, 
lung recipients should not suffer complications due 
to donor- derived bacteria, as long as the transmitted 
pathogens are not MDR [61].

In the case of pneumonia without bacteraemia, all 
other organs can be used safely for transplant. Lungs 
may be used after adequate and effective antibiotic 
therapy of pulmonary infections.

8.4.4. Urinary tract infections

Urinary tract infections (UTIs) and pyelone-
phritis are common due to bacteria ascending along 
the urethral catheter  [6]. A UTI may be considered 
cured after adequate antibiotic treatment (48 h in 
duration), but a final decision should be taken at the 
time of organ procurement. Post-transplant treat-
ment of the recipient may reduce the risk of donor- 
derived infection. In case of a UTI restricted to the 
lower urinary tract, kidneys may be used as they are 
not infected.

In the case of UTI without bacteraemia, all other 
organs can be safely used for transplant. In most 
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cases, uncomplicated UTI/bacteriuria is not a 
contraindication for the use of kidneys if adequate 
antibiotic treatment is given to the donor and/or 
recipient. Any suspected UTIs in donors should be 
confirmed by urine culture.

8.4.5. Multi-drug-resistant bacteria

An increasing number of patients admitted to 
ICUs are exposed to infections with MDR organ-
isms, in particular ESBL-producing Enterobacter-
ales, carbapenem- resistant Acinetobacter baumannii 
(CRAB), Klebsiella pneumoniae (CR-KP) and other 
carbapenem-resistant Enterobacterales (CRE). 
Carbapenem- resistant Gram-negative bacteria are of 
particular concern because of their difficulty to treat 
which, in turn, results in significant morbidity and 
mortality, particularly among solid-organ transplant 
recipients [62-64]. No specific donor risk factor can 
predict the infection or colonisation by MDR organ-
isms. Prolonged (> 7 days) ICU stay, vasopressor use 
and need for cardiopulmonary resuscitation have all 
been reported as independent risk factors for pre-
dicting potentially infected donors [65]. However, 
others have demonstrated that a period of hospitalisa-
tion as short as 2 days is, unfortunately, long enough 
to acquire an MDR nosocomial pathogen that can be 
transmitted through transplantation [66].

Anecdotal reports suggest that, with prolonged 
treatment after transplantation, recipients of organs 
from donors with MDR infection may have a favour-
able outcome [67]. In addition, the current availa-
bility of new drugs with activity against some MDR 
pathogens might allow in the future a more liberal 
use of organs from donors with CRE, CRAB or Pseu-
domonas aeruginosa [68].

The very limited available experience suggests that, 
in well-defined conditions, organs from donors who 
are CRE- or CRAB-positive, in respiratory secretions or 
rectal swabs, may be considered for transplantation. 
Close recipient follow-up is mandatory in order to 
validate this approach. In this setting, it seems prudent 
that lung transplantation should not be performed if 
the lungs are colonised. Similarly, if the donor has a 
positive urine culture for CRE or CRAB, transplantation 
of the kidneys should be avoided. However, it appears 
that the transplant of all other organs could be 
permitted.
In the presence of MDR bacteraemia, transplant of any 
organ should not be considered, because outcomes 
in such circumstances are still unknown and because 
the accumulated literature deals with different types 
of organism. In any case, consultation of the transplant 
infectious disease expert is strongly recommended 
before discarding the potential donor.

8.4.6. Tuberculosis

Late infections by Mycobacterium tuberculosis 
are troublesome for recipients [1, 4, 7]. Organs from 
donors with active tuberculosis (TB) or disseminated 
TB should not be utilised [69]. Organs from donors 
with a history of TB and with successful treatment 
for at least 6 months have been transplanted with 
success. Then treatment of latent TB infection (LTBI) 
of the recipient should be considered in such cases, 
according to the guidelines [70].

Whereas in living donation evaluation of the 
donor can be performed according to the recom-
mended guidelines, in deceased donation this is 
challenging [70-73]. There are no proven methods 
for screening deceased donors for TB, but interferon- 
gamma release assays (IGRAs) may be helpful, al-
though not validated for this purpose, and they 
may fail because of modified cellular immunity [74] 
due to the event of brain-stem coning. Donors who 
have travelled to, or previously lived in, regions with 
high rates of TB may be at higher risk of transmit-
ting infection or having LTBI. In such cases, moni-
toring or treatment of the recipient for LTBI should 
be considered. Donors suffering from meningitis 
caused by M�  tuberculosis may only be considered 
in exceptional circumstances because dissemination 
of TB must have occurred for infection to be local-
ised to the central nervous system. Donors with re-
sidual pulmonary lesions can donate other organs 
[70-73]. For lung donors, histopathological and mi-
crobiological studies should be performed to rule out 
active infection (e.g. BAL for acid-fast staining smear, 
culture and PCR) [70-73]. Since the global prevalence 
of TB changes annually, in many countries it is rec-
ommended to check the WHO web page for further 
information (see www.who.int/tb/data).

For assessment of the risk of TB transmission in 
detail, refer to the consensus conference report of the 
American Society of Transplantation, the Canadian 
Society of Transplantation and The Transplantation 
Society [71]. In summary, the following considera-
tions are important in deceased donors:
a� Stratify into low, moderate or increased risk of 

LTBI or active TB according to:
i. country of prior residence and/or exposure 

(epidemiological history);
ii. social risk factors (homelessness, incarceration, 

alcohol, known TB-contact, refugee camp);
iii. medical factors (history of untreated or insuf-

ficient treatment, especially for the high risk 
of relapse in the past two years; investigative 
imaging with evidence for prior TB – especially 
chest X-ray and upper lung lobes; lymph nodes; 
cachexia; BMI < 18 kg/m2 in adults; diabetes 

http://www.who.int/tb/data
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mellitus; cigarette smoking; immunocompro-
mised, reactive IGRA or other TB-screening 
test); and

iv. organ (consider extra-pulmonary manifesta-
tion in immunocompromised donors; check 
for unexplained apical fibrosis during lung 
procurement).

b� In donors at moderate risk, be sure not to miss 
active TB or disseminated TB.

c� Obtain a specimen for testing of mycobac-
teria (e.g. BAL, urine in suspected genito-uri-
nary TB for NAT etc.). There are often pending 
results when procurement is performed. There-
fore ensure that all data are forwarded as soon 
as they become available so it can be decided 
whether therapy, chemoprophylaxis or surveil-
lance in the recipient will be appropriate for 
mitigation of risk.

d� Perform risk–benefit assessment according to 
the pathway provided in Figure 8.5. It is helpful 
to distinguish between grafts that are remote 

from the active TB-site and those affected by 
the active TB-site.

e� Targeted imaging studies are recommended in 
cases of suspected or documented past TB.

All recipients documented to have LTBI should 
receive treatment to prevent reactivation pre- or 
post-transplant. The problem of MDR TB may com-
plicate treatment of recipients.

Active, disseminated tuberculosis is a contraindication 
for organ donation. Organs  from donors with a 
history of tuberculosis may be used if successful 
treatment has been carried out for at least 6 months.

8.4.7. Other bacterial infections

Treponema pallidum infection is detectable by 
standard serology [7]. Donors with an initially reac-
tive screening result should have infection confirmed 
or excluded by a Treponema-specific test because 
false positive rates are high; if reverse screening is 

Figure 8.5. Algorithm for management of deceased donors for suspected risk of infection with tuberculosis

Source: adapted from Morris MI, Daly JS, Blumberg E et al. Diagnosis and management of tuberculosis in transplant donors [71].
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utilised, confirmation of positive initial results is also 
recommended [75]. Results available pre-procure-
ment are preferred, because reactive results might 
help to identify an increased risk for infection caused 
by other blood-borne pathogens. Generally, organs 
from donors with newly diagnosed syphilis can be 
safely used if the recipient is treated, because latent 
syphilis appears not to be transmitted in this case [6]. 
Follow-up testing for syphilis transmission should 
be conducted. Any newly diagnosed syphilis should 
raise concerns about an increased risk for HIV, HBV 
or HCV infection in the window period.

For bacteria that cause infections that are com-
monly known as ‘tropical diseases’, many of which 
now exist in Europe (for example, leptospirosis), the 
basic considerations mentioned below for parasites 
(see §8.7) apply.

Intestinal infection by Clostridioides difficile 
has not yet been reported to be an issue in organ do-
nation, although it is an important consideration for 
immunocompromised patients.

Infections by Coxiella burnetti (Q fever) are 
possible in many European regions and may be trans-
mitted by substances of human origin. A case of Q 
fever transmission following bone marrow transplant 
has been reported. Donors presenting with symp-
toms such as fever, pneumonia and/or hepatitis, and 
association with local outbreaks or farming activities, 
should elicit further investigations.

Infections by non-tuberculous mycobacteria 
exist, but no donor-derived transmission has been 
reported yet.

In immunosuppressed patients (e.g. lung 
transplant recipient), fatal hyperammonaemia can 
be caused by disseminated infection of Ureaplasma 
species. Although the pathogen is typically restricted 
to the urinary tract, transmission from donor to recip-
ient has been documented [76]. Whenever hyperam-
monaemia in a lung recipient is detected, infection by 
Ureaplasma species should be considered and tested 
for; alternative causes should also be looked for in 
non-lung recipients because Ureaplasma- associated 
hyperammonaemia is far more rare in non-lung re-
cipients. Since the mollicutes (Ureaplasma and My-
coplasma species) lack a cell wall, special cultures, 
NAT screening and further tests will be required for 
diagnosis [77-80]. Treatment, typically with a com-
bination of a fluoroquinolone, a tetracycline or a 
macrolide antibiotic, should be given with suspected 
infection Ureaplasma or Mycoplasma species.

8.5. Fungal infections

Disseminated fungal infections (or fungaemia), 
confirmed by blood cultures, must be eradicated 

before donation [4, 6]. For localised infections, a case-
by-case consideration is necessary; for example, the 
trachea is often colonised by Candida spp.

Undetected fungal infections are a concern for 
lung transplant, so BAL during bronchoscopy prior 
to donation is recommended. Fluconazole- resistant 
Candida spp. or Aspergillus spp. are particularly 
problematic, especially among lung recipients. Dis-
semination of Aspergillus spp. infections must be 
ruled out.

In certain geographic areas, Histoplasma, Coc-
cidioides, Blastomyces and Scedosporium spp. are 
endemic, and screening may be necessary to rule out 
active infection in at-risk donors [1, 4, 6, 81-83] (see 
Table 8.3 and Table 8.8).

Cryptococcus infection may be associated with 
HIV infections, other immunosuppressive condi-
tions and liver failure.

In persons hospitalised for long periods in 
the ICU, under anti-microbial therapy and invasive 
procedures, the risk of colonisation or infection by 
Candida spp� increases. Candida auris is an emerging, 
often multidrug-resistant pathogen with important 
public health implications. Infections are associated 
with high mortality, and prevention of transmis-
sion requires stringent infection-control measures, 
making Candida auris a potential barrier to dona-
tion. One single case of donor-derived Candida auris 
transmission in a lung transplant recipient has been 
reported [84]. In persons receiving immunosuppres-
sive therapies, there is increased risk of colonisation 
or infection by opportunistic pathogens, e.g. Asper-
gillus spp. or Pneumocystis jirovecii (carinii) [81-85]. 
Another substantial risk factor for acquiring fungal 
infections is renovation work in the home or hospital. 
Unfortunately, fungal infections are becoming less 
and less geographically restricted [86].

In multi-abdominal organ donation, contam-
ination of preservation solution before implantation 
by various Candida spp. has been well described [86]. 
In such cases fatal complications may occur [87-89].

The reported rate of fungal infections trans-
mitted by organs is low, with the exception of the 
lungs, although under-detection or under-reporting 
may occur. In countries with limited medical re-
sources, fungal infections represent a big problem in 
transplantation procedures.

Disseminated fungal infections must be eradicated 
before any organ is considered for use. In the case 
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of lung donations, pulmonary fungal infection/
contamination represents a particular problem that 
must be investigated and properly treated. Proven 
Pneumocystis jirovecii infection of the donor is a 
contraindication for the use of the lungs.

8.6. Viral infections
8.6.1. Basic screening for viral infections in 

organ donors
The basic screening for viral infections in de-

ceased organ donors must include at least the sero-
logic tests recommended in section 8.2.

8.6.2. Specific viral infections

For each pathogen discussed in the following 
sections, the reader is advised to refer to the web-
sites of the organisations mentioned at the end of 
section 8.2, where the most current epidemiological 
information can be obtained.

Some viral infections are arthropod-borne and 
are transmitted by different vectors, e.g. mosquitoes 
or ticks. The ECDC provides helpful surveillance in-
formation on the spread of these vectors in Europe 
and disease activity in humans [90]. Risk of expo-
sure to various geographically restricted pathogens is 
based on donor travel and residence history.

For pathogens not listed below, please check 
Table 8.8 (see §8.11).

8.6.2.1. Chikungunya virus
Chikungunya virus (also known as CHIKV; 

RNA-virus of the Togaviridae family) infection is 
imported from endemic areas; currently these corre-
spond to tropical Africa, parts of Asia, Central and 
South America, islands in the Indian Ocean, Western 
and South Pacific and the Caribbean. Up-to-date in-
formation about affected areas needs to be checked, 
due to possible changes in epidemiology. Transmission 
occurs by bites of infected Aedes species mosquitoes 
(aegypti or albopictus), which are diurnal (day-active). 
If competent mosquito vectors are present, imported 
cases can trigger an outbreak of locally transmitted 
chikungunya infection, as in northern Italy in 2007 
and 2017 and in France in 2010, 2014 and 2017. Since 
Aedes albopictus mosquitoes without infection have 
been detected all over temperate European regions, 
it is important to monitor whether they will become 
infected through movement of infected humans or 
through importation of infected mosquitoes by inter-
national transport. Aedes aegypti has recently been 
re-established in Madeira and around the Black Sea 
in southern Russia, Abkhazia and Georgia. In 2011, 
55 cases of chikungunya fever were reported by 22 

European Union (EU) and European Economic Area 
(EEA) countries; in 2018 and 2019 no autochthonous 
cases of chikungunya virus disease were reported in 
EU/EEA member states, but travel-related cases [44]. 
Infection may manifest through fever, arthralgia 
or exanthema and rarely as meningoencephalitis, 
uveitis, retinitis, myocarditis, hepatitis, nephritis, 
haemorrhage, myelitis or Guillain–Barré syndrome.

Viraemia exists approximately 4 days to 3 weeks 
after the mosquito bite, during which time transmis-
sion by organs can occur. Detection of viraemia by 
NAT is possible.

Chikungunya infection in solid-organ trans-
plant recipients has rarely been reported but clinical 
disease does not appear to be more severe in trans-
plant recipients [91-93]. To date, no donor-derived 
transmission from any SoHO type has been reported. 
Based on current epidemiologic data, the minimum 
recommendation is to rule out acute infection in 
donors living or coming from regions with ongoing 
outbreaks based on NAT test or clinical suspicion; 
donors with positive test or clinical symptoms com-
patible with Chikungunya should be rule out for 28 
days from the positive test of the onset of symptoms. 
These recommendations apply to both living and 
deceased donors. Organs from these donors might 
be used before the results of the tests are available. 
However, in this case, it is recommended to perform 
a close monitoring of the recipients of organs from 
donors with documented infection in order to iden-
tify future risks due to this emerging pathogen.

Organs from donors viraemic for chikungunya virus 
should not be used without consulting a transplant 
infectious disease expert.

8.6.2.2. Dengue virus
Dengue virus (DENV: RNA-virus, Flaviviridae 

family) is transmitted by mosquito bites of various 
Aedes species (aegypti or albopictus). Distribution of 
Aedes aegypti or Aedes albopictus without infection 
in the European region is described in section 8.6.2.1. 
It is important to monitor whether these Aedes spp. 
in Europe are becoming infected by blood meals on 
infected humans who migrate by international trans-
port from areas that are affected by infected mosqui-
toes, in order to identify new risks.

Imported cases of dengue fever in travellers 
returning from endemic countries are frequently re-
ported. Sporadic locally transmitted cases have been 
recorded recently in areas of France and Croatia where 
Aedes albopictus is present. In 2012-13, a dengue out-
break involving Aedes aegypti transmission was re-
ported in Madeira [94]. More recently, transmission 
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of dengue has been reported by Croatia, Spain and 
France [95]. Although environmental conditions are 
favourable throughout the summer season to support 
local outbreaks in areas where the vector is present in 
Europe, a low risk of autochthonous transmission in 
the EU/EEA is assumed until July 2020 [44].

Infection may be asymptomatic or may man-
ifest as febrile disease, haemorrhagic fever or shock 
syndrome due to variable immunological response, 
endothelial failure and vasculitis. After 3-7 days of 
incubation, viraemia persists for up to 21 days with 
a risk of transmission through blood or organs. NAT 
or NS1-antigen-test can confirm viraemia [96].

Transmission of dengue via organ transplan-
tation has rarely been reported [97-100]. Given the 
limited number of transmissions, biology of dengue 
transmission via this mode is unknown. Further data 
are needed to assess the effect of dengue virus on 
graft function and the effect of immunosuppression 
on the presentation of dengue.

Based on current epidemiologic data, the rec-
ommendation is to rule out acute infection in donors 
living in or coming from regions with ongoing 
outbreaks, based on NAT test or clinical suspicion; 
donors with a positive test or clinical symptoms 
compatible with dengue should be ruled out for 28 
days from the positive test or the onset of symptoms. 
These recommendations apply to both living and de-
ceased donors. Organs from these donors might be 
used before the results of the tests are available. It is 
recommended to monitor recipients of organs from 
donors with documented dengue infection in order 
to identify future risks due to this emerging pathogen.

Organs from donors viraemic for dengue virus should 
not be used without consulting a transplant infectious 
disease expert.

8.6.2.3. West Nile virus
West Nile virus (WNV: RNA-virus) is a 

member of the Flavivirus genus and belongs to the 
Japanese encephalitis antigenic complex of the family 
Flaviviridae, which includes Japanese encephalitis 
virus and Usutu virus. It is one example of an arbo-
virus causing sporadic cases and seasonal outbreaks 
of neuro-invasive disease (e.g. meningitis, encepha-
litis, acute flaccid paralysis), combined with febrile 
illness. Infection is asymptomatic in up to 80 % of 
cases.

WNV is transmitted through bites of infected 
mosquitoes (Culex sp�), so the risk of infection trans-
mission correlates with the season with the highest 
probability of mosquito bites, i.e. whole year in 
southern Europe or late summer/early autumn in the 

rest of Europe. In summary of the seasonal autoch-
thonous outbreaks in humans and animals during 
the past decade, WNV is becoming established in 
the following European regions [44]: south-eastern 
EU/EAA member states, with spread into Romania, 
Hungary, Austria, Czech Republic and eastern 
Germany, as well as Italy and spots in Spain and 
France [44]. It is advised to check the most recent 
epidemiological data, as this statement could be 
outdated beyond July 2020. Since WNV has been a 
recurrent seasonal problem in some areas of Italy in 
recent years [101-102], principles in the management 
of deceased donors may be used according to best 
practice in Italy. Whenever locally increased rates 
of WNV infections are detected, either in humans 
or animals, it is appropriate to consider screening 
since many cases of transmission occur from donors 
without febrile neuro-invasive illness.

Viraemia may be detected by NAT, and fatal 
transmission to organ recipients has been described 
when WNV NAT-reactive and NAT-negative donors 
have been utilised [102-105]. Transmissible WNV may 
be present in potential donors in the absence of pos-
itive serology or NAT [104]. There is some evidence 
that WNV viral nucleic acids and infectious virus 
remain associated with blood cells after the clearance 
of virus from plasma [106]. Viraemia may persist after 
incubation for 2-4 weeks or exceptionally for a few 
months [107-109]. Detection of antibodies confirms 
an antecedent infection, but does not clearly iden-
tify the risk of transmission through transplanta-
tion. Furthermore, positive serology may result from 
cross-reacting antibodies from other prior flavivirus 
infections in the donor.

Some data are available on the urinary ex-
cretion of WNV following neuro-invasive disease 
but this issue is completely unexplored in the case 
of asymptomatic or mild infections. The kidney is 
a well-established site of active WNV replication in 
animals [110]. WNV shedding in urine has been re-
ported in humans, not only early post-infection [111], 
but even years later [112]. Because of longer shedding 
and higher viral load, urine samples may be more ap-
propriate than blood for WNV testing in blood and 
organ donors [113]. It was thought that urine might 
become a specimen of choice to identify WNV in 
asymptomatic carriers, but an unpublished study of 
the US-CDC failed to confirm these results [114].

As with other closely related flaviviruses, se-
rological cross-reactivity within the Japanese en-
cephalitis complex is known to occur and results 
must always be interpreted with caution. Genetic 
similarity has also led to cross-reactivity especially 
between WNV and Usutu virus in NAT assays, as ev-
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idenced by the case reported from Germany in 2016 
[115]. WNV NAT-reactive donors should therefore 
undergo virus-specific confirmatory tests to deter-
mine the actual Flavivirus present [116].

Based on current epidemiologic data, the rec-
ommendation is to rule out acute infection in donors 
living or coming from regions with ongoing out-
breaks in humans (e.g. using NAT; consider limita-
tions of screening outlined above). Organs from these 
donors might be used before the results of the tests are 
available. However, in this case, it is recommended 
to perform monitoring of recipients of organs from 
donors with documented infection in order to iden-
tify future risks due to this emerging pathogen.

Organs from donors viraemic for WNV should not 
be used without consulting a transplant infectious 
disease expert.

8.6.2.4. Zika virus
The Zika virus (ZIKV; RNA-virus, Flaviviridae 

family) is transmitted mostly by Aedes aegypti mos-
quitoes. However, Aedes albopictus may also transmit 
the virus and local transmission could occur in con-
tinental Europe during the summer wherever Aedes 
albopictus is present. Mild illness (e.g. fever, rash, 
arthralgia or conjunctivitis) with more than 80 % 
asymptomatic infections may be observed after an 
incubation period of up to a week, with symptoms 
resolving after one week where viraemia may be de-
tected by NAT. In the genito-urinary tract the virus 
may persist for a longer period.

ZIKV infection during pregnancy is linked to 
fetal infection and congenital Zika Syndrome. ZIKV 
infection is also associated with other neurolog-
ical presentations such as Guillain–Barré syndrome 
(GBS). The whole spectrum of disease caused by 
ZIKV remains to be elucidated, but haematological 
abnormalities such as thrombocytopaenia seem to be 
one of the findings.

Outbreaks of primary infection are possible 
in regions with the presence of competent vectors, 
permissive climate and intense movement of people. 
This may explain the emerging endemic character 
of the ZIKV infection (even into temperate regions 
globally).

Few data exist regarding the clinical charac-
teristics of ZIKV infection in immunocompromised 
hosts. Laboratory screening protocols for transplan-
tation, to differentiate ZIKV infections from other 
endemic viral diseases and for the detection of pos-
sible donor-derived infection, have not been stated. 
The diagnosis of ZIKV infection remains a challenge, 
fuelled by the lack of standardised commercially 

available diagnostic tests and validated reference di-
agnostic laboratories, as well as the limited duration 
of ZIKV viraemia [117]. Flavivirus serology is complex, 
as a high degree of cross-reactivity is seen among 
closely related viruses; in the case of ZIKV, separation 
between ZIKV and dengue virus immune responses 
is very difficult. Therefore, serological screening may 
not be helpful in donor characterisation.

The first case series of ZIKV infection in solid- 
organ recipients, with a description of clinical and 
laboratory features and therapeutic management, 
has been recently published [118]. This report did not 
demonstrate more severe disease in transplant re-
cipients. A probable case of transfusion-transmitted 
ZIKV infection in a liver transplant recipient was 
published in 2016 with no indication of a more severe 
course of infection [119]. The risk of transmission by 
solid-organ transplantation at the date of publication 
of this Guide is currently unknown, but it is theoret-
ically possible.

Since Aedes species as vector may transmit 
other viruses too, e.g. dengue or chikungunya viruses, 
considerations about ZIKV overlap with concepts of 
how to minimise the risks associated with possible 
infection by these viruses. In cases of travel to, or 
living in, Zika-endemic areas 28 days prior to dona-
tion in symptomatic donors, targeted NAT screening 
may be helpful to identify the correct pathogen. In 
asymptomatic deceased donors, the risk of donor-de-
rived infection should be balanced with the benefits 
of transplant in each potential recipient. In living 
donation during pre-donation counselling, the risks 
can be discussed with the donor and recipient for 
proper timing of the procedure.

Based on current epidemiologic data, the rec-
ommendation is to rule out acute infection in donors 
living in, or coming from, regions with ongoing 
outbreaks based on NAT test or clinical suspicion; 
donors with positive test or clinical symptoms com-
patible with Zika should be ruled out for 28 days from 
the positive test of the onset of symptoms. These rec-
ommendations apply to both living and deceased 
donors; organs from these donors might be used 
before the results of the tests are available. However, 
in this case, it is recommended to monitor the recip-
ients of organs from donors with documented in-
fection according to updated protocols, in order to 
identify future risks due to this emerging pathogen.

Organs from donors viraemic for Zika virus should not 
be used without consulting a transplant infectious 
disease expert.
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8.6.2.5. Yellow fever virus
Yellow fever (YF) is an African mosquito-borne 

infection of primates. It is caused by a virus of the 
Flavivirus genus of the Flaviviridae family. In its 
natural habitat, it is transmitted between monkeys 
by forest-dwelling primatophilic Aedes mosquitoes. 
Through the slave trade, the virus and its vectors 
(Haemagogus, Sabethes and Aedes aegypti) were in-
troduced to the Americas, where the virus is also en-
zootic in forest habitat. Sylvatic infection of humans 
occurs when they enter the forest to hunt, gather food, 
harvest timber and so on. Forest-infected persons 
can initiate human-to-vector-to-human transmis-
sion if suitable peridomestic vectors are present in 
towns and villages. In the urban environment, Aedes 
(Stegomyia) aegypti (Linn.), a forest species that has 
adopted the human domestic environment, is a 
highly effective vector for yellow fever virus (YFV). 
This mosquito is also the principal urban vector of 
dengue and chikungunya viruses.

YF is distributed in west, central and east Africa 
and in South America, from Panama to the northern 
part of Argentina. It has never been detected in Asia. 
Catastrophic epidemics, with tens of thousands of 
deaths, have been recorded in rural Africa. The vector 
Aedes aegypti was once endemic in Europe, and re-
sponsible for large epidemics of YF and dengue. The 
reason for its disappearance after the Second World 
War has never been explained. It is still present in the 
United States and has been recorded in 21 states. It 
is conceivable that the vector could become re-estab-
lished and widespread in Europe, as has happened 
in recent years with another putative vector, Aedes 
albopictus.

In Brazil, since the end of 2016 a significant in-
crease in the number of YF cases has been observed 
in highly populated areas previously not affected by 
YF, affecting monkeys living in parks and woods near 
urban areas. YF has never previously been reported 
in transplant recipients. The first reported case of 
yellow fever in a kidney transplant recipient in Brazil 
and the re-emergence of arboviruses in many areas of 
the world dictate the need of studies aimed to answer 
multiple unanswered questions [120-121].

There are no specific criteria for the deferral of 
a prospective donor with a history of YF. Therefore, it 
is suggested that the same general recommendation, 
applied in cases of non-specific acute viral illnesses, 
be applied in these cases: donors must have recovered, 
be afebrile and asymptomatic on the day of donation 
and may donate 28 days after full recovery, based on 
clinical observation, e.g. [122-123]. Deferral of living 
donors returning from areas affected by malaria will 
be sufficient to prevent YF infectious donations: pre-

cautionary deferral is suggested for 28 days in the 
case of non-vaccinated living donors returning from 
an area affected by YF but non-endemic for malaria. 
In deceased donation, a case-by-case decision after 
consultation of a transplant infectious disease expert 
is required.

If an organ donor has received YF vaccine 
during the four weeks before donation, an individual 
risk assessment of the immune status of all prospec-
tive recipients is mandatory. There are two possible 
and one probable transfusion-related transmissions 
of YF vaccine virus from a donor who had received 
a YF vaccination 4 days before the donation [124]. 
YF vaccination is contraindicated for immunocom-
promised patients after solid-organ and haemato-
poietic stem-cell transplantation because it is a live 
attenuated preparation. Potential transplant patients 
living in countries endemic for YF or planning travel 
to endemic countries in the future should be immu-
nised before transplantation [125].

8.6.2.6. Cytomegalovirus
Between 20 % and 100 % of the adult popu-

lation (increasing with age) in Europe are latently 
infected with Cytomegalovirus (CMV: DNA virus, 
Herpesviridae family), with significant geographic 
variation. Following primary infection, most immu-
nocompetent individuals remain asymptomatic. No 
contraindications exist for organ donation in the case 
of a donor with latent CMV infection [6].

De novo infection by a graft in naïve recip-
ients, as well as reactivation of a latent infection in 
the recipient should be avoided by specific anti-viral 
prophy laxis or virological monitoring and pre- 
emptive therapy. Most CMV-active anti-viral agents 
are, at least partially, effective in preventing/treating 
other herpes viruses – including Herpes simplex virus 
(HSV) and varicella–zoster virus (VZV) – but not all, 
e.g. letermovir. Recipient morbidity increases in the 
case of donor-seropositive and recipient- seronegative 
(D+/R−) combinations. Consensus guidelines for 
prevention and treatment of CMV infection in solid 
organ transplant recipients were published in 2018-19 
by the Transplantation Society and the American 
Society of Transplantation [126-127].

Organs can be accepted regardless of the anti-CMV 
IgG status of the donor. Suitable prophylaxis or 
virological monitoring with pre-emptive treatment 
should be adopted in recipients, particularly in donor-
positive/recipient-negative (D+/R−) cases.
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8.6.2.7. Epstein–Barr virus
In Europe, more than 90 % of all adults are 

infected with Epstein–Barr virus (EBV: DNA virus, 
Herpesviridae family). After primary infection with 
or without disease, people may remain asymptomatic 
if not immunocompromised.

EBV transmission to immunologically naïve 
transplant recipients increases the risk of post- 
transplant lympho-proliferative disorders (PTLD). 
This risk requires regular follow-up of all transplant 
recipients and consideration of specific therapies if 
viraemia or malignancy is identified.

In the case of EBV D+/R− (for instance, most 
paediatric transplant recipients), protocols for close 
monitoring of such recipients contribute to reducing 
the fatal complications of PTLD by earlier diagnosis. 
It should be noted that there is no prophylactic treat-
ment which can prevent primary EBV infection. Still 
EBV-DNA monitoring and early management should 
be considered for all D+/R− recipients. Reduction of 
immunosuppression is the preferred pre-emptive in-
tervention for EBV DNAemia. Anti-viral therapy as 
a sole pre-emptive intervention is not recommended 
[128]. Adoptive immunotherapy, using either in 
vitro expanded autologous or HLA‐matched banked 
third‐party donor polyclonal EBV‐specific cytotoxic 
T-lymphocytes, has also been used for PTLD preven-
tion, given either to all high‐risk patients or pre-emp-
tively in response to EBV DNAemia. This prevention 
approach has been most extensively evaluated in 
haematopoietic stem-cell transplant recipients and 
is currently most commonly used when rituximab 
pre-emption fails; data in solid organ transplant re-
cipients is limited. Access, cost and lack of definitive 
evidence of effectiveness in the solid organ transplant 
population prohibits widespread implementation of 
this approach [129-130].

In cases of suspected acute mononucleosis, 
EBV infection can be ruled out by an investigation of 
the presence of EBV-DNA and anti-EA in peripheral 
blood.

Organs can be accepted regardless of the anti-EBV 
IgG status of the donor. Proper follow-up and/
or surveillance for PTLD is required, particularly in 
children and D+/R− cases.

8.6.2.8. Kaposi sarcoma-associated herpes virus or 
human herpes virus 8

Kaposi sarcoma-associated herpes virus 
(KSHV) is a double-stranded DNA herpes virus 
belonging to the gamma Herpesviridae subfamily; 
the other human herpes virus in this group is the 
Epstein–Barr virus. Human herpes virus 8 (HHV8) 

has been associated with the development of three 
neoplastic diseases: Kaposi sarcoma, primary effu-
sion lymphoma and multicentric Castleman disease. 
As is the case with all herpes viruses, the KSHV life-
cycle includes both latent and lytic phases.

Unlike most herpes viruses, human infection 
with KSHV is not ubiquitous. Sero-prevalence is es-
timated to be between 0 % and 5 % in North America, 
northern Europe and Asia; between 5 % and 20 % in 
the Mediterranean and Middle East; and > 50 % in 
some parts of Africa.

Transmission of KSHV from organ donor to 
recipient has been documented through assessment 
of sero status before and after transplant and by mo-
lecular epidemiologic studies [131-142]. In immuno-
compromised persons, fever, splenomegaly, lymphoid 
hyperplasia, pancytopaenia and occasionally rapid- 
onset Kaposi sarcoma have all been described in 
association with apparent primary KSHV infection 
[136, 138-141, 143]. However, in immunocompromised 
transplant recipients, KSHV is more often associ-
ated with neoplastic diseases. Early identification of 
primary or reactivated infection offers the possibility 
of careful alteration of immunosuppression, where 
appropriate, or pre-emptive anti-viral treatment; this 
is associated with more favourable outcomes when 
compared to late diagnosis of symptomatic disease.

Various assay formats have been developed to 
detect antibodies against latent and lytic proteins: im-
munofluorescence, Western blot and ELISAs. Some 
of these assays have been used for sero-epidemiologic 
studies, but there are limitations to their usefulness 
in clinical daily practice, such as the lack of stand-
ardised methodologies and international controls. 
Moreover, the sensitivity of serological assays is var-
iable and ranges from approximately 80 % to greater 
than 90 %. The optimal serologic assay technique 
cannot be determined at present, with few commer-
cially available tests and several assays developed in 
house. It has been suggested that a combination of 
whole virion ELISA and lytic immunofluorescence 
assay may be the most sensitive and specific serolog-
ical method for diagnosing KSHV infection.

HHV8 serology is generally unavailable prior 
to deceased donor organ transplantation, and a 
donor screening policy may be adopted almost exclu-
sively for living donors. Many studies have suggested 
the potential utility of the screening of KSHV anti-
bodies among organ donors and recipients. These 
studies have argued in favour of KSHV screening, 
sometimes even in low-KSHV infection-prevalence 
countries. Organs should not be excluded but infor-
mation on the KSHV status provides the opportunity 
to monitor, clinically and biologically, patients at risk 
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for KSHV-related disease development. Therefore, 
targeted antibody screening according to risk could 
be done in the days following transplantation, with 
the results transmitted retrospectively to physicians.

Universal screening of donors for KSHV is generally 
not necessary. However, since donor-derived primary 
KSHV infection may be associated with severe disease, 
screening of donors for KSHV anti-lytic and anti-latent 
antibodies is recommended for donors and recipients 
coming from areas with high prevalence. In cases of 
D+/R− mismatch, close monitoring of the recipient 
for KSHV-DNA in blood is recommended in order to 
identify infection early.

8.6.2.9. Herpes simplex and varicella–zoster viruses
No contraindication to organ donation exists 

for donors presenting with only latent Herpes-family 
viral infections  [6]. No specific donor screening is 
required [6]. However, it is important to be aware of 
fatal de novo infections in naïve recipients by grafts 
procured from latently infected donors, as well as re-
activation in latently infected recipients [144-148]. In 
this context, the sero status of the recipient is much 
more informative in terms of risk assessment and 
management.

Primary infection from the allograft (donor- 
derived infection) has been described in liver, kidney 
and other organ transplant types and can be quite 
severe; in the absence of any intervention, primary 
HSV infection in the early post-transplant period 
is very often fatal. Some transplant centres perform 
retrospective, additional donor tests for HSV or 
VZV antibodies in cases of sero-negative recipients 
in order to decide on specific anti-viral prophylaxis 
or treatments and follow-up. Only a few case reports 
[149-152] exist; therefore HSV‐specific prophylaxis 
should be considered for all HSV‐1 and HSV‐2 sero-
negative recipients who are receiving organs from se-
ropositive donors but who are not receiving anti-viral 
medication for CMV prevention that has activity 
against HSV. Note that universal donor screening is 
not recommended, based on the known high sero- 
prevalence in Europe.

Donors with successfully treated Herpes en-
cephalitis infection can be used with some precau-
tions, particularly if the recipient is HSV seronegative 
(e.g. avoid D+/R− combination, for which see §8.13).

Organs can be accepted from donors with latent 
α-herpes-family viral infections, but not in the case 
of acute Herpes viraemia in the donor without 
effective anti-viral treatment. Therefore HSV-specific 
prophylaxis should be considered for all HSV‐1 and 
HSV‐2 seronegative recipients who are receiving 

organs from seropositive donors but who are not 
receiving anti-viral medication for CMV prevention 
that has activity against HSV.

8.6.2.10. Hepatitis A virus
Hepatitis A virus (HAV: RNA-virus, Picorna-

viridae family) infection is not a risk for transplanta-
tion unless in cases of acute infection in the donor. A 
case of donor-derived transmission through pancreas 
and intestinal transplantation has been described 
[153], but notice that the donor was retrospectively 
found to be viraemic with HAV and the paediatric re-
cipient had very prolonged viraemia and faecal shed-
ding, with diagnosis made due to transmission to two 
healthcare workers. Recovery from HAV infection or 
prophylactic vaccination status is indicated by anti- 
HAV-IgG reactivity. In 2012/13, a HAV outbreak in 
EU member states, linked to frozen berries, was re-
sponsible for an increased number of cases [154].

Since February 2016, growing numbers of con-
firmed hepatitis A cases infected with three distinct 
strains of sub-genotype IA virus have been reported 
in EU countries. Most cases are reported among 
adult men who have sex with men (MSM), with only 
nine women affected [155]. As of June 2017, at least 16 
EU member states had reported 1 434 cases infected 
with one of the three cluster strains. An additional 
2 660 cases probably (or suspected to be) associated 
with this outbreak were reported [156]. In the case of a 
donor belonging to the above risk population or with 
suspected acute infection, consulting a transplant in-
fectious disease expert is suggested. Potential recip-
ients should also have been vaccinated against HAV 
before being put on a waiting list [26].

Organs can be accepted regardless of the anti-HAV 
IgG status of the donor, except in cases of acute HAV 
infection in the donor.

8.6.2.11.  Hepatitis B virus
At least 10 % of the European population, with 

significant geographic variation, have been in contact 
with hepatitis B virus (HBV: DNA virus, Hepadna-
viridae family) [4].

In the case of donors with HBV viraemia (indi-
cated by an HBsAg-reactive result or detectable HBV 
DNA in the blood), HBV will be transmitted by any 
organ or tissue. Such infected donor organs may be 
used in special circumstances, when either the recip-
ient receives HBV prophylaxis by anti-viral therapy 
in addition to hepatitis B hyperimmunoglobulin 
(HBIG), or when the recipient is already immune [58, 
157-159]. Lifelong monitoring for HBV is necessary. 
However, a breakthrough HBV infection may occur 
despite the prophylactic use of anti-virals and HBIG 
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(especially in liver transplantation). For every HBsAg positive donor, HDV coinfection must be excluded 
(see §8.6.2.13).

Table 8.5. Potential risks of organs transplanted from HBV-infected donors

Hepatitis B 
tests

Conclusion Liver: transmission risks to be considered 
and possible recipients to be selected for 
transplant

Non-hepatic organs: transmission risks to 
be considered and possible recipients to 
be selected for transplant

HBsAg+
Anti-HBc−

HBV viraemia
(exceptional 
case)

HBV transmission occurs:
• transplantation of organs in vital cases, HBV-infected recipients or vaccinated recipients 

with HBV prophylaxis*
• may also be used in recipients of other organs with specific consent, prophylaxis and 

lifelong monitoring*
HBsAg+
Anti-HBc+

HBV viraemia

HBsAg−
Anti-HBc+

Hepatocyte 
infected, 
usually no 
viraemia

HBV transmission occurs with liver transplant:
• transplantation of organs in HBV-infected 

recipients or vaccinated recipients with 
HBV prophylaxis*

Transmission unlikely:
• transplantation of organs in vaccinated or 

infected recipients
• may also be used in other recipients with 

(or without) HBV prophylaxis* and with 
lifelong monitoring

+ = reactive; − = non-reactive
* HBV prophylaxis = anti-viral treatment (and HBIG) as well as lifelong monitoring (serology and NAT) required. In recipients with 
appropriate own immunological protection against HBV after vaccination, discontinuation of anti-viral treatment can be considered on 
a case-by-case basis, but evidence is lacking [162-163].
Note: Only in donors with anti-HBc reactivity, anti-HBs might be determined for additional information in case of unreliable anti-HBc 
tests (unless HBV-NAT of blood and liver tissue is available).

Individuals who have controlled and cleared 
their natural infection usually become HBsAg 
non-reactive, anti-HBc reactive and anti-HBs reac-
tive (> 10 IU/L). Except for the liver, the use of organs 
from such individuals rarely results in transmission 
of HBV [157, 160-161]. However, grafts from such 
donors should preferably be used in recipients with 
current or previous HBV infection or successful vac-
cination. Lifelong monitoring is recommended [159]. 
Except for the liver, organs may also be used in HBV-
naïve recipients after informed consent and when 
combined with special monitoring of the recipient, 
including HBV-NAT and HBsAg screening at least 
during the first year after transplantation [162]. In re-
cipients of non-hepatic grafts HBV prophylaxis with 
anti-viral agents may be considered but it is most 
likely unnecessary.

In anti-HBc reactive donors (with non-reac-
tive HBsAg and irrespective of anti-HBs titres), the 
hepatocytes remain latently infected with the virus 

– by viral covalently closed circular DNA (cccDNA) 
located in the nucleus and/or viral DNA integrated 
in the genome of the hepatocyte – and reactivation of 
latent infection can occur in the setting of immuno-
suppression, especially in such liver-graft recipients. 
In such cases, in liver recipients without initial protec-
tion against HBV, lifelong treatment with HBV-spe-
cific anti-viral therapies will be required [163]. Such 
infected liver grafts may also be transplanted into re-
cipients who have their own immunological control 
of HBV infection through previous vaccination or 
infection. Most transplant centres use HBV-specific 

anti-viral agents in recipients with previous HBV 
infection and virus replication [163]. Any recipients 
of HBsAg-reactive or anti-HBc reactive donor livers 
should be monitored throughout life [163] for HBV 
reactivation or rare breakout due to mutation of HBV 
acquired from the donor via the graft. HBV vacci-
nation does not always prevent this due to escape 
mutants [164]. The epidemiology of HBV mutants is 
not well studied in all European countries, but there 
must be awareness of the different HBV variants that 
can pose difficulties in HBsAg screening. Moreover, 
HBIG prophylaxis or previous immunity in the recip-
ient will be ineffective against escape mutant strains.

The clinical relevance of isolated anti-HBc re-
activity, without reactivity of any other HBV sero-
logical marker, is uncertain  [165]. This is suggestive 
of prior, long past, HBV infection in the donor with 
undetectable anti-HBs and anti-HBe, false positive 
serological reactivity or passively acquired anti-HBc.

In the case of an anti-HBc reactive donor, only 
negative HBV-NAT from liver tissue would exclude 
HBV infection. This could be done as a complemen-
tary investigation after transplantation. Unfortu-
nately, such measurements are not yet standardised. 
Thus, further recommendations cannot be provided 
at this stage.

HBV infection with HBV pre-core mutants is 
frequent (> 60 %) in some areas of Europe [166]. These 
mutants lack the genetic information for the produc-
tion of HBeAg. Therefore, determination of HBeAg 
or anti-HBe is of limited informative value. After 
transplantation of organs from donors with isolated 
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anti-HBc reactivity, seroconversion to anti-HBc has 
been documented in recipients. Furthermore, HBV 
escape mutants occur (despite anti-HBs prophylactic 
treatment); these donors are usually HBsAg negative, 
anti-HBs and anti-HBc reactive and HBV DNA reac-
tive [167-169].

It should be considered whether, depending on 
the prevalence of HBV mutants, testing algorithms 
might miss HBsAg reactivity in some populations – 
also depending on the country where infection oc-
curred. Hence, laboratories should select appropriate 
testing platforms.

In the case of a donor with known HBV in-
fection, it will be helpful to provide recipient centres 
with all known data, similar to the form suggested 
for HCV (see §8.6.2.12). Then, even a liver graft from 
a HBsAg-reactive donor may be used with proper 
safety precautions [170]. Still HDV co-infection must 
be excluded (see §8.6.2.13).

In every donor, HBsAg and anti-HBc must be 
determined. In any case of a reactive result for HBsAg 
or anti-HBc, follow the algorithm in Figure 8.4 in 
order to provide all information needed. Table 8.5 
summarises the potential risks of organs used for 
transplantation from HBV-infected donors according 
to their screening results.

8.6.2.12.  Hepatitis C virus
Hepatitis C virus (HCV: RNA-virus, Flavivir-

idae family) infection is transmitted by any donor 
with an HCV-NAT reactive test result, irrespective 
of antibody status. In donors with anti-HCV reac-
tive results and viraemia ruled out definitively by 
HCV-NAT this may not occur [171], with a remaining 
risk due to occult HCV infection or inappropriate 
sensitivity of the HCV-NAT test. Potentially, about 
0.5-18.5 % of all donors are HCV-infected globally, 
with extensive variation according to geographic 
prevalence and occurrence of risk behaviours, e.g. 
intravenous drug abuse, intra-nasal cocaine sniffing, 
medical procedures [44, 172].

Although viral load may fluctuate in chroni-
cally HCV-infected individuals, it generally remains 
above 1 000 IU/mL. Still the detection level of the 
NAT test used should be < 15 IU/mL. The fluctuation 
of viral load can also be caused by acute reinfection 
of people who were able to clear previous infection 
spontaneously [173].

Spontaneous clearance of viraemia can occur 
in up to 25 % of the people with acute HCV infec-
tion. Which factors enhance or restrict this chance 
of clearance is a matter of extensive research. Due 
to improvements in HCV treatment, more people 
will achieve a sustained virological response with no 

viraemia detectable by HCV-NAT after therapy, re-
gardless of the HCV genotype. The issue of potential 
HCV-persistence in such patients with sustained viro-
logical response is controversial and unresolved, with 
no evidence of transmission in such circumstances.

Organs from donors with HCV viraemia 
should only be transplanted into recipients with 
HCV viraemia or recipients with an otherwise 
life-threatening condition, since HCV transmission 
is very likely, or into recipients receiving pre- emptive/
post-exposure treatment definitively within an ap-
proved study protocol until appropriate evidence is 
available [174-175]. In the case of donors with anti- 
HCV reactive results and viraemia ruled out defin-
itively by HCV-NAT due to sustained virological 
response after effective treatment or spontaneous 
clearance after acute infection, transmission is un-
likely to occur [171], but is possible e.g. by liver grafts 
[176]. Such grafts can be used in recipients willing to 
accept the risk after informed consent and compli-
ance with follow-up by HCV-NAT screening, and 
HCV-therapy if infection occurs.

Whatever the benefits of knowing the donor 
HCV genotype (and/or viral load) may be, logistics 
preclude its determination at the time of organ dona-
tion. In addition, mixed HCV infection has not been 
associated with increased mortality [177-178]. One 
study has reported that, in recipients where the donor 
viral strain predominated, HCV recurrence was less 
frequent than in cases where the recipient viral strain 
was predominant [179-180]. With the currently avail-
able pan-genotypic DAAs, the issue of the genotype is 
less relevant [181]. It might be useful for better under-
standing of the prevalent genotype in the recipients, 
but it has no impact on the post-transplant treatment 
because pan-genotypic DAAs are recommended as 
therapy in patients after transplantation according 
to the guidelines of the European Association for the 
Study of the Liver [174, 182] (see Appendix 16).

NAT testing of recipients should be used 
post-transplant to detect donor-derived HCV trans-
mission [27] because most patients with donor- 
derived HCV fail to develop serologic evidence of 
infection despite persistent high-level viral replica-
tion. Testing should be done optimally within the 
first month post-transplant to allow early initiation 
of DAA.

The new DAAs against HCV provide an op-
portunity for reassessment of organ transplantation 
from HCV-positive donors (nonviraemic as well as 
viraemic) to HCV-negative recipients [32-34, 36-40, 
183-193]. In fact, the results of clinical trials to assess 
the safety of this approach in kidney, liver and tho-
racic organ transplantation have been published 
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[34-40, 184-186]. Current guidelines recommend that 
such HCV D+/R− transplants take place in a research 
setting until all of the challenges associated with this 
type of transplant are understood [31, 174-175]. Fur-
thermore, all previous conclusions about the risks as-
sociated with transplantation of grafts procured from 
expanded-criteria donors into HCV-infected recipi-
ents must be revised since effective treatment of HCV 
infection is possible and this should not be withheld 
for such recipients. In addition, due to the current 
availability of pan-genotypic DAA, the issue of geno-
typing at the time of organ procurement becomes 
much less relevant.

The available DAA drugs for interferon-free 
anti-viral treatment should be applied according 
to the established guidelines [174-175, 181-182] 
(see Appendix 16). When using grafts from HCV- 
viraemic donors, a pan-genotypic regimen will have 
to be applied within the pre-emptive therapy of de 
novo HCV-exposure. In end-stage renal disease pa-
tients, impaired renal function (e.g. eGFR < 30/mL/
min/1.73 m2) might raise the question whether to treat 
the recipient before or after transplantation of allo-
grafts from HCV-viraemic donors in case of assumed 
short waiting times. Since waiting times are unpre-
dictable (e.g. due to HLA immunisation) and DAAs 
will be available for use in patients with impaired 
renal function, preference can be given to early eradi-
cation of HCV to avoid further complications.

In every donor, anti-HCV must be determined:
1 In cases of reactive results, follow the algorithm in 

Figure 8.3.
2 In cases of anti-HCV reactive results, HCV-NAT should 

be performed to assess whether viraemia clearance 
exists or not (spontaneous or due to sustained 
virological response after therapy).

Table 8.6 summarises the potential risks of organs 
used for transplantation from HCV-infected donors 
according to their screening results.

For the appropriate selection of transplant re-
cipients, it is helpful to obtain the following informa-
tion in a donor with a HCV infection:

a� Has there been previous HCV infection?
b� Was any HCV treatment given before?

i. If yes: what kind of medication was used? What 
kind of virologic response was achieved or did 
resistance develop? How was effective treat-
ment monitored and what were the results 
of NAT (qualitative)? Was the genotype de-
termined? Was the therapy complied with 
throughout its duration?

ii. If no: what was the reason for not treating the 
infection?

c� Is there any information about the source of in-
fection?

d� Transplant centres that transplant organs from 
HCV-positive donors should develop protocols 
for obtaining informed consent, testing and 
treating recipients for HCV, ensuring reim-
bursement of recipient’s treatment with DAA 
and reporting new infections to public health 
authorities.

8.6.2.13. Hepatitis D virus
Hepatitis D virus (HDV: RNA-virus, the only 

agent of the genus Deltaviridae) infection, as with 
HBV infection, is mostly an issue for countries with a 
high prevalence of HDV.

Defective HDV requires the HBsAg for repli-
cation. Donor-transmitted HDV infections must be 
avoided by adequate screening of HBsAg-reactive 
donors because therapeutic options do not currently 
exist [194-195] (e.g. HDV-NAT, anti-HDV despite 
limited availability).

Table 8.6. Potential risks of organs transplanted from HCV-infected donors

Hepatitis C 
tests

Conclusion Liver: transmission risks to be considered 
and possible recipients to be selected for 
transplant

Non-hepatic organs: transmission risks to 
be considered and possible recipients to 
be selected for transplant

Anti-HCV+
HCV-NAT not 
available

HCV viraemia 
cannot be 
ruled out*

HCV transmission occurs by the graft:
Vital cases or viraemic recipients with mandatory HCV-prophylaxis/pre-emptive treatment, 
also requiring lifelong monitoring by serology and NAT.
In HCV-naïve recipients, grafts from known HCV-viraemic donors should currently only be 
used in an approved study protocol and/or with informed consent in dire recipient conditions.

Anti-HCV+
HCV-NAT+

HCV viraemia

Anti-HCV−
HCV-NAT+

Anti-HCV+
HCV-NAT−

HCV viraemia 
unlikely*

HCV transmission may not occur; transplantation after informed consent of recipient in study 
protocol possible for D+/R−. No restrictions for D+/R+.
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+ = reactive; − = non-reactive.
* HCV viraemia may be below the detection threshold of HCV-NAT. This causes a non-reactive result. Therefore, appropriate data should 
be collected (about the course of HCV treatment or evidence for spontaneous clearance).
Note: prospective HCV-NAT is only recommended for donors with an elevated risk of HCV infection or anti-HCV positive donors.

The therapeutic landscape of HDV therapy is 
changing rapidly because some promising new com-
pounds, given as monotherapies or in combination 
with Peg-IFN, are now under investigation in phase I 
and II clinical trials [196-197]. Short-term administra-
tion of the entry inhibitor myrcludex-B (MyrB) has 
been shown to be safe and effective in phase II studies 
in patients co-infected with hepatitis B virus (HBV) 
and hepatitis delta virus (HDV). However, its effec-
tiveness and safety are unknown during long-term 
and high-dose treatment [198-199]. The availability 
of new anti-viral agents with activity against HDV 
might allow in the future a more liberal use of HBV/
HDV co-infected donors.

Organs from donors with HDV infection are usually not 
accepted because we still lack effective treatment for 
HDV. Organs from HBsAg+ with HDV co-infection can 
be used only in HBsAg+, HDV-RNA+ recipients.

8.6.2.14.  Hepatitis E virus
Currently, the impact of Hepatitis E virus 

(HEV: RNA-virus, Hepeviridae family) infection in 
solid-organ transplant recipients cannot be well as-
sessed because of the variable endemic occurrence in 
European organ or blood donor populations.

At least four genotypes cause infections in 
humans (HEV-1 to 4). HEV-1 and HEV-2 infect only 
humans, transmission is mainly oral-faecal, occur-
ring in tropical endemic areas and causing acute, 
self-limited illness apart from infections in preg-
nancy when morbidity is significantly increased; 
materno- fetal transmission has been described and 
no chronic infection has been reported with these 
types. However, HEV-3 and HEV-4 have animal res-
ervoirs and are responsible for autochthonous cases 
in industrialised countries. The main source of zo-
onotic HEV transmission is the consumption of raw 
or under cooked, infected pork and game meat or 
direct contact with infected animals; transmission 
via blood components has also been documented. 
Genotype 3 is prevalent in some EU member states, 
where it causes mostly asymptomatic and sometimes 
symptomatic, self-limited infection. HEV-3 is known 
to cause persistent infection in immunocompro-
mised individuals and (in particular) in recipients of 
solid organs, where it appears to be linked to progres-
sion to cirrhosis [200-201].

The pathogenesis of hepatitis E is still poorly 
understood. Negative strands of HEV RNA, indi-

cating virus replication, have been detected in the 
small intestine, lymph nodes, colon and liver of pigs, 
indicating extra-hepatic HEV replication [202]. HEV 
then replicates in the cytoplasm of hepatocytes and is 
released into both blood and bile. The liver damage 
induced by HEV infection may be immune-mediated 
by cytotoxic T-cells and natural killer cells since HEV 
is not cytopathic. HEV first infects the intestinal tract 
(with excretion via faeces) and then the blood and the 
liver (with excretion via bile). After an immunological 
response, HEV is cleared from the blood and, after a 
maximum of 120 days, from the intestine. Chronic 
HEV infection (by HEV-3) is usually observed in pa-
tients with profound immunosuppression.

HEV infection has been observed in liver, lung, 
kidney, haematopoietic stem cell, heart and simul-
taneous kidney–pancreas recipients. Reactivation of 
HEV infection has been reported without associa-
tion to the donor [203]. Donor-derived transmissions 
have been reported for various organs from countries 
with predominating HEV genotype 3, e.g. [204-206]. 
Hereby donors can be asymptomatic.

In contrast, in recipients mild elevation of liver 
enzymes, signs of rejection and other complications 
may mimic ongoing HEV infection with viraemia. 
Without treatment this ends up in rapid progression 
to liver fibrosis. The commonest route of infection is 
dietary, even in the transplant recipient. Depending 
on the local epidemiology, transplant centres must 
have protocols for HEV testing recipients. As a 
minimum, HEV must be excluded in the presence 
of any alteration of liver function test results in a re-
cipient, but chronic infection in recipients without 
abnormalities is known. Therefore, recipients should 
be monitored by HEV-NAT regularly. Treatment 
of choice of infection is cautious modulation of 
immunosuppression and oral Ribavirin, which is effi-
cient in controlling HEV replication. Ribavirin is the 
drug of choice and seems to be effective in immuno-
suppressed recipients [207-209].

In cases of acute infection in the donor with 
viraemia, organs should not be transplanted without 
proper risk–benefit assessment and application of 
pre-emptive therapy protocol. After recovery from 
HEV infection, organs can be transplanted. In 
HEV-endemic countries, retrospective screening 
of donors by HEV-NAT should be considered for 
further management of recipients [41, 47]. In non-en-
demic countries this is currently a point of discussion.
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Organs can be accepted regardless of the anti-HEV-
IgG status of the donor, except in cases of acute HEV 
infection in the donor with known viraemia, where 
consultation of a transplant infectious disease expert 
is recommended.
In HEV-endemic countries, retrospective screening 
of donors by HEV-NAT should be considered. In 
cases of HEV-viraemic donors, the treatment option 
with ribavirin should be taken into consideration. 
However, some recipients (especially kidney-
transplanted patients) may have viral rebounds even 
after an aviraemic interval. In such cases, continuous 
monitoring of HEV RNA is recommended.

8.6.2.15.  Human immunodeficiency virus
Organs from donors with HIV (RNA-virus, Ret-

roviridae family) infections have so far been utilised 
intentionally only in a limited number of cases. This 
includes the experimental protocol for HIV-infected 
recipients in South Africa. The protocol requires 
strict adherence of the recipient to highly-active anti- 
retroviral treatment [210]. More recently, liver and 
kidney transplantation from HIV-positive donor to 
HIV-positive recipients has been reported in Switzer-
land [211], UK [212], USA [213], Canada [214] and Italy 
[215]. Further HIV-infected donors have been inad-
vertently used after false negative testing, resulting in 
unintended transmission into previously uninfected 
recipients [216-217].

With the aim of generating evidence-based, re-
search-driven data to produce criteria that would fa-
cilitate the feasibility of HIV-to-HIV transplantation 
in the United States, the US Congress approved the 
HIV Organ Policy Equity Act (HOPE) Act (42 U.S.C. 
§274f-5b) in November 2013, mandating a revision to 
the 1988 National Organ Transplant Act (NOTA) pro-
hibition of transplanting organs from HIV-positive 
donors. The US Department of Health and Human 
Services was charged with developing guidelines for 
clinical research involving HIV-positive organs and, 
on 25 November 2015, the final HOPE Act safeguards 
and research criteria were published [218-219].

Donors who present with evidence of HIV 
infection or ‘HIV-related diseases’ should never be 
used for HIV-uninfected individuals. However, if 
HIV-RNA is undetectable (under anti-retroviral 
treatment) and there are no relevant co-infections, 
organs from HIV-infected donors may be used for 
HIV-infected recipients within an experimental 
context with appropriate results [220]. The specifi-
cally designed protocol has to be approved and per-
mitted by local regulation and national law. However, 
anti-HIV-1/2 reactive status in potential donors is still 
regarded as a contraindication for organ donation in 
most European countries.

Organ transplantation using organs from 
HIV-positive donors poses further challenges. In ad-
dition to the risk of transmitting opportunistic infec-
tions or malignancies, there is the potential risk of 
HIV superinfection in the recipient, i.e. transmission 
of HIV strain with resistance to anti-retrovirals that 
may preclude HIV suppression after transplantation. 
However, in the UK case, despite the transmission of 
a different strain, which was responsible for an HIV 
viral load rebound on day 2 after transplantation, 
resuppression of the recipient’s viral load occurred 
within the first seven postoperative weeks without a 
change in the highly-active anti-retroviral treatment 
(cART regimen). His viral load has subsequently re-
mained undetectable throughout the first five years 
after transplantation. Note that in some populations 
the target organs for HIV infection are the kidneys 
(e.g. HIV-nephropathy in South Africa). Nonetheless, 
transplantation of HIV-infected patients receiving 
highly-active anti-retroviral treatment before and 
after transplantation has demonstrated excellent re-
cipient survival when they were carefully selected 
and monitored by experts, with particular emphasis 
on the complex drug–drug interactions between the 
anti-HIV and anti-rejection medications [221-222].

Although transplantation from HIV-positive 
to HIV-positive is promising, it remains unclear 
whether or not patients may be inadvertently harmed. 
Accordingly, as experience increases, ethical practice 
will demand measures to ensure that risks are identi-
fied and minimised [223].

The serologic HIV test should detect antibodies 
against HIV-1 and HIV-2, as well as group O of HIV-1. 
Fourth-generation assays include the test for the p24 
Antigen of HIV-1, which acts as a marker of early in-
fection during seroconversion. For increased-risk in-
dividuals, NAT is recommended prospectively (see 
§8.2 and §8.3). Although NAT currently focuses on 
HIV-1, NAT screening should be extended to HIV-2 
for specific populations in HIV-2 endemic areas or 
European sub-populations with immigrants coming 
from HIV-2 endemic areas.

Physicians need to be aware of the diagnostic 
challenges posed by the growing use of HIV post-ex-
posure prophylaxis following sexual exposure, 
whereby serological responses are modified and viral 
load measurements are affected. This may need to be 
considered and taken into account when obtaining 
donor history, as and when appropriate with the 
known limitations of obtaining data precisely.

It is probably time to reconsider the possi-
bility of using organs from HIV-infected donors for 
HIV-uninfected individuals for life-saving proce-
dures, as recently reported from South Africa [224]. 
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Given that HIV is currently easily manageable, and 
transplant recipients appear to tolerate ART and im-
munosuppression well, if the immediate benefit out-
weighed the immediate risk it would be reasonable to 
consider this opportunity. A further consideration is 
the possibility of preventing possible HIV transmis-
sion by initiating cART prophylaxis in the recipient 
prior to the procedure, as well as selecting a long-term 
virally suppressed donor. There are many ethical bar-
riers to overcome before this option becomes a reality 
but it is worthwhile opening the debate on this issue. 
An additional question is how to proceed with cases 
on first-line therapy versus cases with second- or 
third-line therapy and not well suppressed viral load. 
Currently this ‘reconsideration’ can only be discussed 
within an appropriate clinical trial and it cannot yet 
be recommended for daily practice in Europe.

Organs from anti-HIV-reactive donors should not be 
used for HIV-naïve recipients. Such organs may be 
offered, under careful surveillance, to selected HIV 
recipients under a specifically designed protocol.
With the currently available anti-retroviral agents for 
life-saving transplantation, the use of organs from HIV-
infected donors would be reasonable if the recipient 
were treated accordingly within an appropriate study 
protocol from a scientific point of view.

8.6.2.16. Human T-lymphotropic virus
Retrovirus infection by human T-lympho-

tropic virus-1 (HTLV-1: RNA-virus, Retroviridae 
family) results in insertion of the viral genome into 
T-lymphocytes. HTLV-1 is transmitted through 
similar routes to those for HIV. HTLV-1-associated 
T-cell leukaemia develops in 2-5 % of cases, usually 
20-30 years after infection. HTLV-1 may also cause 
spastic tropical paraparesis (also called HTLV- 
associated myelopathy or HAM) in 0.25-4 % of cases, 
with onset of disease following soon after the initial 
infection. No proven treatment for HTLV-1 infection 
exists, although chemotherapy may treat associated 
leukaemia [22].

Human T-lymphotropic virus-2 (HTLV-2) has 
not been definitively associated with human disease 
[22].

In Spain, the general prevalence of HTLV-1/2 
was reported to be below 1 % and, in blood donors, 
below 0.1 %. In an unpublished series from Germany 
in the early 1990s, HTLV prevalence was essentially 
0 % in organ donors. In first-time blood donors in 
Europe it is only in Romania that a higher preva-
lence of 5.3/10 000 exists [225]. For the Middle East 
region (Asia) the same must be assumed. However, 
transmission of HTLV by blood or organs has been 
reported in a few cases globally.

Unfortunately, current screening methods 
cannot differentiate between HTLV-1 and HTLV-2 
infections. Furthermore, many screening methods 
have a high rate of false positive results and confirma-
tory tests are usually only available through reference 
laboratories [22].

HTLV screening can only be recommended 
for endemic areas and in endemic populations [226] 
since a risk of infection may exist [148, 227]. The re-
cently reported cases in the UK, of two recipients 
of kidneys from a common HTLV-1-infected donor, 
demonstrated infection in both individuals; inci-
dentally, no risk factors were identified for the donor 
[228]. A group in Japan reported 100 % transmis-
sion rate in D+/R− living-donor kidney transplants 
(16/16), with 62 % incidence of HAM [229]. Because of 
further limited follow-up on recipients of HTLV-in-
fected organs, no conclusive recommendations are 
possible  [22]. In donor populations where HTLV 
is endemic – the Caribbean, most parts of South 
America, Africa, Asia (particularly the southern 
islands of Japan and Oceania, and also Iran) and 
Romania, as well as some higher-prevalence spots in 
some Chinese provinces, native populations in north 
Australia and some US states [230] – the risk as-
sessment for donor-derived HTLV-infection should 
balance the following considerations: the likelihood 
of true HTLV-1 infection; the low likelihood of subse-
quent disease in recipients of such organs; the general 
shortage of organs; and the specific needs and wishes 
of patients.

In 2010, the US ceased mandatory testing 
for HTLV-1/2 [22]. Japanese experts suggest that 
HTLV-infected organs can be transplanted into pre-
viously infected HTLV recipients [231]. In Europe, 
HTLV-1/2 screening is mandatory only in France 

– despite a mere 0.0056 % sero-prevalence in new 
French blood donors [232] – and it is advised in Por-
tugal. In the UK it is recommended in donors at in-
creased risk for infection [50]. In Spain, it had been 
recommended for donors at higher risk for HTLV-1 
infection (i.e. immigrants or sexual partners of im-
migrants from endemic areas, children at risk of ma-
ternal vertical transmission) [226, 229, 232] but more 
recent Spanish guidelines recommend to screen 
universally [89, 233]. An ECDC ad hoc expert panel 
recently suggested that if HTLV-1/2 screening is im-
plemented in a member state or its regions for blood 
donations (e.g. due to high prevalence of HTLV-1/2 
infections, exceeding 1 % in the general population or 
0.01 % in first-time blood donors), it should also be 
implemented for tissue and cell donations [232].

Any initial reactive test result must be con-
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firmed as a true positive for HTLV-1 before further 
conclusions can be drawn [232].

Anti-HTLV-1/2 screening should be attempted 
in donors coming from geographic regions with 
a high prevalence of HTLV-1/2 infections. D+/R− 
combinations are usually not accepted.
Caveat: a high rate of false positives has been 
documented with this test and should not be allowed 
to result in organ wastage.

8.6.2.17. Human polyoma viruses
The Polyomaviridae are a family of DNA 

viruses that infect a variety of hosts. BK polyomavirus 
(BKPyV) and JC polyomavirus (JCPyV) are human 
polyomaviruses that cause severe disease in immuno-
compromised patients. In cases of JCPyV and BKPyV, 
primary asymptomatic infection occurs early in life 
and persists as latent infection in the kidneys with 
occasional virus shedding in urine. When immunity 
is decreased, these viruses can reactivate, posing a 
threat to solid-organ transplant recipients.

BKPyV-associated nephropathy is a leading 
cause of renal allograft dysfunction and loss after 
kidney transplant [234-235]. However, it is still unclear 
whether BKPyV replication is a result of reactivation 
in the recipient’s native kidneys or whether the virus 
originates from the allograft [236]. Though BKPyV 
sero-prevalence is too high to exclude seropositive 
donors from kidney donation, the potential high-risk 
constellation (BKPyV shedding in donors) should be 
analysed for clinical outcome in comparison with 
other risk factors for reduced transplant survival in 
future. Donor-derived BKPyV infection has been re-
cently reported. Currently this issue is under investi-
gation [237-239].

The issue of progressive multifocal leuko- 
encephalopathy is addressed in section 8.9.

8.6.2.18. Other viruses
Donor-derived infections caused by rabies [1, 

4] and lymphocytic choriomeningitis virus (LCMV, 
RNA-virus) [1, 4] have been reported. These rare in-
fections cause life-threatening or fatal complications 
in recipients, without any possibility of curative treat-
ment. Typical childhood infections may still occur in 
adulthood and can be transmitted through organ 
donation. Transmission of Parvovirus B-19 infection 
has been documented through bone marrow, blood 
and organ donation.

In many cases, no appropriate tests are avail-
able for screening. Some specialised laboratories can 
provide useful investigations, but only after a po-
tential virus has been identified. The risk can only 

be assessed by careful donor evaluation, including 
the careful examination of travel and social history. 
Special attention must be paid to any unexplained 
behavioural or disease patterns (e.g. recent mental 
changes, unexplained fever, myalgia). This may be in-
dicative of a rare or endemic infection restricted to a 
specific geographic area or population. In these cases, 
an awareness of unusual or rare infections is more 
important than the introduction of further screening 
assays without any benefits for recipients.

Please refer to section 8.11 on additional infec-
tious diseases that can be transmitted by solid-organ 
transplantation.

8.6.2.18.1. Bornavirus
Germany has reported four human cases of 

acute encephalitis or encephalopathy caused by in-
fection with Bornavirus 1 (Borna Disease Virus 
1, BoDV-1; species Mammalian 1 Bornavirus [240]. 
This virus is clearly distinct from VSBV-1, Variegated 
Squirrel Borna Virus 1; species Mammalian 2 Bor-
navirus). The first investigations started at the end 
of 2016, and official notification of human cases was 
started in March 2018. Three of the cases belong to a 
cluster of solid organ recipients. The donor was from 
southern Germany and his cause of death was un-
related to neurological disease. At present, BoDV-1 
disease among humans seems to be a rare event. 
However, further investigations into the frequency 
of such events are needed. In the transplant recipi-
ents, immunosuppression therapy likely has enabled 
and/or enhanced infection. The routes of transmis-
sion pertaining to the organ donor and the additional 
case remain unknown at this time. This is the first 
time that a possible BoDV-1 transmission through 
organ transplantation has been reported [241-243].

The risks are too low to justify uniform testing for 
rare or exceptional viral diseases. On the basis of 
information about the donor’s recent behavioural/
disease patterns and the present endemic situation 
in relevant regions, as well as the possibility of recent 
exposure, targeted testing and individual exclusion of 
donors should be considered.
Donors with encephalitis of unknown cause – 
especially when febrile – represent an exceptionally 
high risk of disease transmission and should be 
excluded until the cause of encephalitis has been 
identified for sure (e.g. see §8.9).
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8.6.2.19.  Handling of acute emerging new viruses: 
influenza, Ebola, MERS-CoV and SARS-CoV-2

8.6.2.19.1. Influenza
In 2009, pandemic A/H1N1-influenza virus 

infection occurred. This required a rapid action 
plan for an approach to potential organ donors pos-
sibly infected with the virus. Firstly, all available in-
formation was collected. Secondly, a guideline was 
issued. This initially occurred at a national level. 
Without proper testing methods, it was difficult to 
determine with enough sensitivity and specificity 
whether donors were not viraemic as in any case of 
influenza, and if a target organ was infected (e.g. lung 
or intestine). Therefore, it was assumed that, in the 
case of flu-like symptoms, this condition might have 
existed. Persons in contact with symptomatic people 
were considered at risk. Clinical symptoms guided 
the use of organs, as well as prophylactic anti-viral 
treatment, in donors and recipients, with oseltamivir 
(depending on resistance patterns).

When reliable screening methods became 
available, an appropriate diagnostic pathway was de-
veloped, which was still limited by the capacity for 
further investigations. Ultimately, donor inclusion 
or exclusion had to be done according to the newly 
developed pathway [12-13]. The next influenza virus 
pandemic may require new or adapted pathways. 
Such pandemic influenza infections will have to be 
distinguished from seasonal influenza.

For seasonal influenza in Europe, viraemia is unlikely. 
Therefore, organs from donors with seasonal influenza 
can be used, with the exception of lungs and intestine.
For non-novel viruses (i.e. all RNA-respiratory viruses 
currently circulating) in immunocompetent patients, 
no appreciable risk of transmission exists via the blood 
compartment. Respiratory viruses are only a reason for 
excluding the transplant of lungs. Screening of donors 
for respiratory viruses is only recommended if there is 
clinical concern.
For novel viruses, i.e. in the setting of the next 
pandemic influenza, organ donation should be 
excluded until information is available on the tissues 
where the virus replicates and on the prevalence of 
extra-pulmonary dissemination.

8.6.2.19.2. Ebola
In 2014 the Ebola virus emerged as a pathogen 

which has become endemic in some regions of Africa, 
raising concerns for the healthcare systems in other 
continents. Again, proper surveillance and obtaining 
of appropriate information were the key issues for 
avoiding infection spread, as well as the safety pre-
cautions of hygiene and deferral intervals including 

the time of incubation in persons at risk of acquired 
infection [244-246]. The minimum recommendation 
is to defer donors at risk due to exposure in the coun-
tries where Ebola is endemic, or related to other con-
tacts, for two incubation periods (21-25 days doubled 
to 60 days). Donors who recover from Ebola virus 
infection should be deferred for one year to 1.5 years 
due to lack of proper evidence on viral persistence in 
the body.

8.6.2.19.3. MERS
The Middle East respiratory symptom corona-

virus (MERS-CoV) is on the watch list as another po-
tential risk [246]. Despite the ongoing transmission of 
MERS in Middle East [247], no case of transmission 
from organ donor has been reported thus far. There 
are only two reported cases of MERS infection in 
kidney recipients from Saudi Arabia [248].

8.6.2.19.4. SARS-CoV-2
Coronavirus disease 2019 (Covid-19) emerged 

in December 2019 in Wuhan, the capital of Hubei 
province, China. This highly contagious disease has 
spread across the world and throughout EU/EEA 
member states, with a daily increase in the number 
of affected people, confirmed cases and infection-re-
lated deaths as well as increasing numbers of pro-
tected people due to vaccination. Updated data are 
published daily on the ECDC [15] and World Health 
Organization (WHO) [16] websites. Covid-19 is an 
acute respiratory disease caused by a newly emerged 
zoonotic coronavirus. A positive-sense enveloped 
single-stranded RNA-virus, named Severe Acute 
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), 
was isolated from a patient with pneumonia and con-
nected to the cluster of acute respiratory illness cases 
from Wuhan. Genetic analysis has revealed that it is 
closely related to SARS-CoV and genetically clusters 
within the genus Betacoronavirus, subgenus Sarbeco-
virus [249]. Guidance regarding treatment and diag-
nostics in the general population overall is updated 
regularly by, inter alia, the Infectious Diseases Society 
of America [250]. Asymptomatic or pre symptomatic 
viral shedding is well described with SARS-CoV-2 
infection.

Transmission via droplet spread can occur 
from both symptomatic and asymptomatic individ-
uals who are infected with Covid-19 [251]. In addi-
tion, it appears that patients with Covid-19 have the 
highest viral loads early in the course of their infec-
tion. Thus, a reliance on symptom-based screening 
strategies alone is not sufficient to prevent or diag-
nose infection; therefore consideration of symptoms 
and exposure history, with testing, is imperative. 
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While stool has tested positive for SARS-CoV-2 by 
nucleic acid testing (NAT), including PCR, it is not 
known whether this is replicative virus.

Since the beginning of the pandemic, the risk 
of transmitting SARS-CoV-2 from the donor to the 
recipient has been considered as a theoretical pos-
sibility. This has prompted ECDC and national and 
international professional societies and authorities to 
release guidelines for donor and recipient testing for 
SARS-CoV-2. All of them recommend that donors 
should be screened for suspected Covid-19 both ep-
idemiologically and by clinical history; in addition, 
viral testing of at least one sample from the respira-
tory tract by NAT for SARS-CoV-2 must be per-
formed before procurement. Especially when lung 
and/or intestinal donation is intended, viral testing 
by NAT is recommended on samples of the lower 
respiratory tract for SARS-CoV-2 (e.g. bronchial as-
pirate or BAL). At the time of writing, donor-derived 
transmission of SARS-CoV-2 has been reported in 
only three lung recipients from donors who had not 
been screened for SARS-CoV-2 RNA in respiratory 
tract samples [252].

Data regarding the safety of organ donation 
from donors with previous Covid-19 are extremely 
limited at this time. In this context, decisions whether 
to proceed with transplantation must include discus-
sions with the transplant candidate and their proxy, 
as well as consideration of the risk associated with not 
proceeding with transplantation. There is broad con-
sensus that organs from donors who have recovered 
from previous SARS-CoV-2 infection can be safely 
used for transplantation when the donor tests neg-
ative on NAT-based assays [253-257]. In Italy, organs 
from donors with previous Covid-19 can be used 14 
days after the last negative PCR for SARS-CoV-2 with 
a negative BAL for deceased donors or nasopharyn-
geal swab for living donors prior to procurement. 
In Spain, for donors with a previous diagnosis of 
Covid-19, donation will proceed in cases with more 
than 14 days since the start of symptoms, more than 
72 hours without symptomatology and a negative 
PCR. However, in cases where PCR is persistently 
positive, donation will be considered on a case-by-
case basis, attending to severity of the disease, time 
since symptom onset, cycle threshold (Ct) values and 
anti-SARS-CoV-2 serology. At the time of writing 
(2020) it is not known how long-term sequelae after 
donor recovery from Covid-19 (e.g. heart, lung and 
kidney disease) might impact graft quality and recip-
ient outcome.

Romagnoli et al� [258] have shown recently in 
a small series from Italy that livers from donors with 
SARS-CoV-2 NAT-reactive results from lower and/

or upper airway specimens, but with no symptoms 
or only mild symptoms of Covid-19, can be trans-
planted into selected recipients with appropriate im-
munological protection and in dire conditions after 
informed consent. Hearts and kidneys have also 
been transplanted [258]. From this report, as well as 
ongoing research, the exclusion criteria for donors 
with SARS-CoV-2 NAT-reactive results obtained 
from the airways and without significant Covid-19 
disease must be revised on the basis of accumulating 
evidence about the associated existing risk.

Current data show that organ transplant re-
cipients are a high-risk population for infection with 
SARS-CoV-2 that may affect their morbidity and 
mortality [254-257]. The management of Covid-19 in 
the post-transplant setting presents complex chal-
lenges, emphasising the importance of strict preven-
tion strategies.

Organs from deceased donors can be used for 
transplantation when clinical data indicate that the 
donor is not at significant risk of being infected 
and that NAT for SARS-CoV-2 is not reactive in 
nasopharyngeal swabs and/or samples from lower 
respiratory tract (in lung and intestine donors NAT 
from lower respiratory tract airways is mandatory). 
Research is ongoing to better define the risks 
associated with the use of organs (except lung) 
from donors with a reactive SARS-Cov-2 NAT result 
without significant symptomatic infection (recently), 
particularly in recipients with immunological 
protection.

8.7. Parasites, protozoans, 
nematodes

Active parasitic disease of the donor is a contra-
indication for organ donation. Exceptions may 

be possible if unacceptable risks for the recipients 
have been ruled out by transplant infectious disease 
specialists.

Prophylactic use of trimethoprim- 
sulfamethoxazole, atovaquone or combined anti- 
microbial therapy (including pyrimethamine dapsone 
and folinic acid, or pyrimethamine- sulfadiazine and 
other combinations) is known to be effective against 
Toxoplasma gondii as well as Pneumocystis jirovecii 
(carinii). It should be provided to organ recipients 
who are at risk of infection (generally, recipients of 
heart and vascularised composite allografts, which 
include muscle transplants) [34, 259]. Serology for 
toxoplasma is included in the standard screening 
of heart donors in order to avoid de novo infection 
through dissemination in a seronegative recipient 



214

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

[259]. More than 70 % of the adult population in 
Europe has had contact with Toxoplasma gondii.

Persistent diarrhoea, colitis, etc., in donors 
– in combination with risk factors, for example 
recent foreign travel – should lead to investigations 
to exclude intestinal parasites. Usually, symptoma-
tology is absent.

Donor-derived parasitic infections are rare in 
Europe, but must be considered for donors having 
contact with (i.e. through travel), or coming from, 
other areas. Details of tropical and geographically 
restricted infections during solid-organ transplanta-
tion have been previously published [260], and they 
are summarised in Table 8.8. For the most recent data 
about tropical and geographically restricted infec-
tions, especially in the case of donors with a history 
of foreign travel or a background of migration, trans-
plant personnel are referred to the websites listed in 
section 8.2, where the most current epidemiological 
information can be obtained.

Detailed discussions of toxoplasmosis (§8.7.1), 
malaria (§8.7.2), Chagas disease (§8.7.3) and echino-
coccosis (§8.7.4) are provided below. In many parts 
of the world, endemic parasites such as Strongyloides 
spp. (e.g. Indian subcontinent, Africa) or Schisto-
soma spp. exist, with an elevated risk for donor-de-
rived infection [261-262]. Due to migration and global 
travel or employment, there are sizeable populations 
at risk living in Europe. Screening of donors and/or 
empiric treatment of recipients and/or donors should 
be considered in all at-risk cases (see Table 8.8). Un-
fortunately, donors are often asymptomatic for such 
parasitic diseases.

Active parasitic disease in the donor is a 
contraindication for the use of organs. The possibility 
of parasitic infections should be considered in donors 
coming from, or having travelled to, endemic areas 
(see above-mentioned references and box entitled 
‘Websites’, as well as Table 8.8) and in the case of 
persistent diarrhoea or other unexplained signs of 
illness.

For other infections by protozoans and nem-
atodes, the risk-assessment approach for poten-
tial donors is equivalent to that applied to parasitic 
infections.

8.7.1. Toxoplasmosis

Toxoplasmosis is a worldwide parasitic zoon-
osis transmitted to humans by ingestion of raw or 
undercooked meat containing Toxoplasma gondii 
cysts or by ingestion of oocysts from faecally con-
taminated foods. Sero-prevalence of Toxoplasma 

varies geographically, with lower rates in the United 
States (3 %-35 %) and higher rates reported in western 
Europe, Africa, and South and Central America. The 
acute infection is followed by a latent chronic phase 
with persistence of the cysts in tissues, especially in 
the muscles, brain, eye and, more rarely, other organs 
[263].

Toxoplasmosis prophylaxis is standard fol-
lowing heart and heart-lung transplantation, where 
an increased risk of allograft-transmitted Toxo-
plasma is well recognised. In contrast, prophylaxis 
and routine serologic evaluation of donors and re-
cipients for Toxoplasma in noncardiac solid organ 
transplantation (SOT) is generally not recommended. 
However, Toxoplasma IgG donor screening is now 
mandated by UNOS/OPTN policy [264]. In the 
absence of prophylaxis, the rate of transmission from 
a seropositive donor to a seronegative recipient (D+ 
/R−) is maximal after cardiac transplantation, but 
cases have also been reported after liver and kidney 
and small bowel transplantation. Transmission of 
toxoplasmosis via liver transplantation is extremely 
uncommon but, in most cases, results in a fatal 
outcome [265-267]. The rarity of the disease and the 
non-specificity of the symptoms have led to a general 
lack of awareness among clinicians and, hence, a high 
mortality rate among transplanted patients due to 
the delayed initiation of therapy.

Toxoplasmosis is transmitted via an infected 
allograft from an IgG seropositive donor to a seron-
egative recipient. The high mortality rate is generally 
due to a delay in diagnosis and initiation of therapy. 
The classic diagnosis of toxoplasmosis based on se-
rological tests can be unreliable in transplant pa-
tients. Therefore, the diagnosis is usually based on 
the direct demonstration of the parasite in tissues 
or biological fluids. However, these techniques are 
time-consuming and lack sensitivity. The PCR tech-
nique allows a simple, rapid and highly sensitive de-
tection of T� gondii DNA in various specimens and 
represents a valuable diagnostic tool for assessing dis-
seminated toxoplasmosis [268-269]. In a multicentre 
case-control study from Spain, a negative serostatus 
prior to transplantation was the only independent 
risk factor for toxoplasmosis [270]. In fact it has been 
documented that the liver is a frequent site of cyst 
carriage, confirming that transplantation of an organ 
from a seropositive donor to seronegative recipient is 
at high risk for transmitting toxoplasmosis. Seron-
egative solid organ transplant recipients receiving a 
graft from a seropositive donor are at high risk for de-
veloping toxoplasmosis and should be given prophy-
laxis and receive careful follow-up [271-272].
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8.7.2. Malaria

Malaria is an acute febrile infection caused by 
five species of Plasmodium: P� falciparum, P� vivax, P� 
malariae, P� ovale and P� knowlesi. The disease causes 
about 200 million cases and 400 000 deaths each 
year, mainly in the African region (responsible for 
93 % of malaria cases reported in 2018) [273].

Systematic monitoring of donors and recipi-
ents from endemic areas is mandatory because of the 
high incidence of asymptomatic low parasitaemia 
in semi-immune individuals, the risk of occult 
liver stage of the hypnozoite (related to P� ovale and 
P� vivax) for liver donors and recipients, and the fact 
that, with no treatment, the parasites can persist for 
long periods – usually 2 years for P� falciparum, 3 
years for P� vivax and P� ovale, and up to 40 years for 
P� malariae [274-277].

Parasitaemia may be detected by blood smears, 
liver biopsy, PCR or antigen assays. In some donors, 
symptoms may not be detectable. There should be no 
delay in the initiation of anti-malarial treatment if 
malaria is suspected in either a donor or a recipient. 
Donors at risk of malaria infection include residents 
of, immigrants from and travellers to endemic areas.

According to the UK SaBTO guidelines [50] 
asymptomatic deceased donors with residence in or 
travel to endemic areas more than one year ago can 
be accepted as donors; febrile donors with a recent 
travel history to a malaria-endemic country require 
a parasitaemia screening test before donation. If a 
donor was born or has lived in a malarious area for 
more than 6 months, at any time of life, a validated 
anti-malarial antibody test should be performed, but, 
in the case of deceased organ donors, donation may 
proceed pending the results. If the test is reactive, a 
NAT test should be performed. If there is a history of 
travel within the last 4 months, living donors should 
be deferred and deceased donors should be screened 
through serological and NAT tests. If the history of 
travel is between 4 months and one year, a validated 
anti-malarial antibody test should be performed; if 
the test is reactive, a NAT test should be done. The 
results should be available within 24 h post-trans-
plant in order to initiate further measurements.

Other guidelines suggest also [26] that PCR 
should be performed, as it is the most sensitive test 
to detect parasitaemia compared to Giemsa-stained 
thick blood smear and rapid diagnostic test (RDT). If 
PCR is unavailable, microscopy (visualisation of par-
asites in stained blood smears) and RDT can be per-
formed with the known significant limitations. RDTs 
have lower sensitivity, especially for non-Plasmodium 
falciparum malaria, and their use as a screening test 
cannot be recommended [278]. In consideration of 

South American recommendations [279], it should be 
noted that the parasite can persist for longer periods 
in semi-immune individuals from malaria-endemic 
areas in the absence of symptoms (e.g. P� malariae). 
This requires consultation of transplant infectious 
disease experts. Also infection by different Plasmo-
dium species may exist.

Parasitaemic donors are usually rejected by 
transplant centres. Grafts can be used after successful 
treatment and recovery of the donor, but it must be 
remembered that some species (P� vivax and P� ovale) 
may survive in the liver. In such situations, the re-
cipients must be followed up to promptly detect low 
parasitaemia and provide early treatment. If there 
is not enough time to treat the parasitaemic donor 
before the donation, treatment of the recipient is 
recommended.

Differential diagnosis of any fever in the re-
cipient within the first six months after transplant 
should include the possibility of reactivation of 
malaria in recipients of grafts from donors at risk of 
acquired malaria. Proper treatment of the recipient 
must be initiated immediately [280]. Treatment rec-
ommendations are dependent on the Plasmodium 
species and the geographic region where malaria was 
acquired. Consultation of a transplant and malaria/
tropical medicine specialist is recommended.

If parasitaemia in the donor or recipient is detected, 
prompt treatment must be initiated according to the 
Plasmodium species. Treatment of the donor should 
be continued in the recipient.
In donors at risk for asymptomatic malaria infection 
(see text above), NAT for detection of low-level 
parasitaemia and antibody test should be performed 
within 24-48 h post-transplant in order to initiate 
further measurements.
Although it is rare, donor-derived malaria may 
occur, irrespective of donor history, and should be 
considered in patients with persistent fever and if 
other infections have been ruled out.
Consultation of a transplant infectious disease expert 
is recommended.

8.7.3. Chagas disease

Chagas disease (or American trypanosomiasis) 
is a vector-borne infection caused by the protozoan 
Trypanosoma cruzi. Although the disease is endemic 
in Latin America, its geographic distribution has 
changed due to immigration of asymptomatic in-
fected individuals from endemic to non-endemic 
regions.

Chagas disease is characterised by an acute 
and a chronic phase. During the acute phase the 
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patient usually presents with an asymptomatic high 
parasitaemia that is progressively controlled after a 
few months without treatment; untreated infection 
can progress to a chronic form of the disease char-
acterised by low parasitaemia, which may remain 
asymptomatic for life or progress to cause irrevers-
ible cardiac, gastro-intestinal or peripheral nervous 
system disease due to the parasite predilection for 
muscle, heart and neurological cells.

In the transplant scenario, Chagas disease can 
occur as an acute infection among sero-negative or 
uninfected recipients receiving an organ from a sero- 
positive or previously infected donor, or can occur as 
a reactivation parasitaemia among positive recipients 
due to post-transplant immunosuppression.

T� cruzi antibody screening should be under-
taken in donors who meet any of the following cri-
teria: born in Latin America; have received blood 
components or products while resident in Latin 
America; lived in rural subsistent farming commu-
nities for a continuous period of 4 weeks or more in 
Latin America; or whose mothers were born in Latin 
America [50].

Asymptomatic parasitaemia is more common 
than symptomatic disease in potential donors [259, 
281-282]. Antibodies against Trypanosoma cruzi indi-
cate previous exposure and current infection, unless 
treated. Due to significant variability in sensitivity 
and specificity, appropriately validated tests must 
be used. Serological tests are based on conventional 
(enzyme-linked immunosorbent assay, ELISA; in-
direct immunofluorescence assay, IFA; or indirect 
haemagglutination assay, IHA) and nonconven-
tional methods (such as recombinant antigen ELISA 
and Western blot with trypomastigote excretory- 
secretory antigen, TESA-Blot). Due to the limited 
sensitivity and specificity of conventional tests, the 
serological diagnosis should be based on different 
tests performed in parallel [283].

Acute parasitaemia may be detected by PCR and 
Strout test (microscopy of blood after blood concen-
tration), but these tests are generally not sufficiently 
sensitive for screening of organ donors because of 
intermittent parasitaemia. For screening purposes, 
serology with validated antibody assays must be used.

The use of kidney, liver, lung and pancreas 
from donors with chronic Chagas disease is possible. 
Cardiac or intestinal grafts should not be used from 
donors with a history of Trypanosoma cruzi infection, 
whereas other organs can be considered [72-75, 81-83, 
85-86, 259-262, 280-284]. The risk of T� cruzi trans-
mission is about 10 % to 20 %.

Prophylactic treatment (benznidazole) in D+/
R− combinations is considered controversial but it 

has had some success [285]. All recipients of organs 
from Chagas disease-positive donors should be 
closely monitored for disease transmission by PCR or 
microscopy of blood [284], independently of use of 
prophylaxis. Treatment (benznidazole, nifurtimox) 
should be initiated promptly upon recognition of 
parasitaemia as a pre-emptive therapy. Some experts 
recommend avoiding certain immunosuppressive 
therapies (e.g. thymoglobulin or mycophenolate) 
in recipients of organs from Chagas disease-posi-
tive donors [72]. After treatment of acute infection 
acquired from the donor, the patient should restart 
monitoring with clinical and parasitological period-
ical evaluation for an indefinite period because there 
is no consensus for cure.

8.7.4. Echinococcosis

Echinococcosis (critical in liver or lung do-
nations) requires an individual-based decision [7]. 
If there is evidence of disseminated echinococcosis 
in the donor, then organs should not be considered 
for transplant. Even if previous surgery and therapy 
has been successful, some transplant centres do not 
recommend the use of affected organs (e.g. an af-
fected liver lobe), while other organs may generally 
be used with a low risk of transmission. Echinococcus 
has been detected in rural areas throughout Europe, 
with donors being unaware of antecedent infection. 
Extra-hepatic manifestation of hydatid cysts should 
be ruled out [7].

8.7.5. Helminths: nematodes, trematodes, 
cestodes

Intestinal nematodes either stay in the intes-
tine (e.g. Trichinella) or, during their life-cycle, they 
can disseminate via the blood from the intestine to 
the lungs or other tissues (e.g. Ancylostoma, Ascaris, 
Strongyloides or Schistosoma) with an increasing 
number of donor-transmitted cases [286]. In addi-
tion, some nematodes can be transmitted by Culex 
or Anopheles mosquitoes (e.g. lymphatic filariasis 
through Wuchereria bancrofti and Brugia spp., Man-
sonella), black fly (e.g. Onchocerca) or tabanids (e.g. 
Loa loa) and may persist in the body for months 
(e.g. filariae) [287]. Nematode infections are endemic 
in tropical countries, so a history of travelling to or 
coming from such areas, plus reported visual impair-
ment and itching, may suggest infection. As long as 
the life-cycle can be interrupted by preventing the 
transmission of microfilariae via the blood from 
donors to non-immunosuppressed recipients, no 
disease development may be expected. Active infec-
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tion should preclude donation, although evidence 
on how to manage donors with these infections is 
limited.

There should be a high index of suspicion for 
parasitic infections not only in donors and recipients 
coming from endemic regions in the world but also 
in Europe. Therefore, screening should be considered 
in potential donors at elevated risk (antibodies). Oth-
erwise serious unexpected donor-derived infections 
may be missed [288-289] whereas pre-emptive ad-
ministration of ivermectin may prevent such a com-
plication when the screening result becomes available. 
The prevalence of Strongyloides infection of 12.4 % 
has been reported among farm workers in a Medi-
terranean region in Spain [290]. Infections by one of 
the multiple trematode species (e.g. Schistosoma) are 
most common in Asia, Africa, South America or the 
Middle East. In 2014, 11 cases (6 from France and 5 
from Germany) of uro-genital schistosomiasis were 
reported. All cases were exposed to fresh water in a 
natural swimming area in southern Corsica (Cavu 
River) [291]. There have been isolated cases of Schis-
tosoma mansoni transmission through infected liver 
transplantation and a possible reactivation of schis-
tosomiasis in patients with chronic infection origi-
nating from endemic areas, who received uninfected 
liver transplants [292]. In both situations, transplant 
recipients were successfully treated with praziquantel.

Infections by cestodes (e.g. Cysticercosis, 
Echinococcus) or other tapeworms are common in 
underdeveloped countries, or those having poor san-
itary conditions, or endemic in specific geographical 
regions (see §8.11).

Recently, in the UK, a rare case of fatal do-
nor-derived nematode transmission (Halicephalobus 
gingivalis) to kidney recipients was the subject of 
a lay press release [293]. Also, parasitic infection by 
pathogens unknown in Europe may occur in donors 
coming from distant countries or having lived there 
(e.g. clonorchiasis in a donor having migrated from 
Kazakhstan to Europe [294].

Target organs of active infection by helminths should 
not be used for transplantation. Since knowledge 
is limited, it is recommended to consult transplant 
infectious disease experts.

8.8. Prion-related diseases

Transmissible spongiform encephalopathies are 
rare, but exclusively lethal, degenerative diseases 

of the central nervous system [7]. Creutzfeldt–Jakob 
Disease (CJD) and variant Creutzfeldt–Jakob Disease 
(vCJD) are transmitted by prions. Prions result from 

abnormally-folded proteins, so there are no NAT 
assays available, nor are there sensitive Western blot 
or ELISA assays for the detection of prion proteins 
in the blood. Diagnosis can only be made, if at all, 
post mortem on autopsy material. It is suggested that 
transplant teams should adhere to CDC recommen-
dations (www.cdc.gov/prions/) and consider the risk 
of transmissible spongiform encephalopathies being 
transmitted in cases where:

a� CJD or vCJD has been observed frequently 
within the family;

b� treatment has occurred with pituitary gland 
hormones or growth hormone of human 
origin;

c� dura mater has been used during an operative 
procedure.

Currently, there are no definitive conclusions about 
the risk of people being infected in Europe. Living 
in or having travelled to the UK is associated with 
this risk, but evidence is lacking about the extent. It 
is recommended to obtain informed consent of the 
recipient about this when such at-risk grafts have 
to be used. Future monitoring of this issue will be 
required for further evidence.
Dura mater should not be procured and used as 
graft material due to an unpredictable risk of prion 
transmission.

8.9. Cerebral infections 
(meningitis/encephalitis) by 
various pathogens

Any meningitis or encephalitis caused by an 
unknown pathogen is an absolute contraindica-

tion for organ donation. A brain abscess is not per se 
a contraindication. Nevertheless, the potential causes 
of the brain abscess should be evaluated before ac-
cepting the organs.

Extreme precaution should be taken in cases of 
donors with presumed bacterial meningitis when no 
pathogen can be identified in cerebrospinal fluid or 
blood by culture or PCR. All data on the ‘safety’ of 
donors with meningitis are in the context of positive 
cultures as outlined in section  8.4.2. Further, there 
have been transmissions of malignancies and infec-
tion (e.g. TB, fungi) when donors with culture-neg-
ative, presumed bacterial meningitis were used. 
Therefore, donors with presumed bacterial menin-
gitis should only be used when there is a proven bac-
terial origin or possible Naegleria fowleri infection.

In the case of a non-reactive culture but where 
the bacteria are confirmed by PCR as the pathogen 
causing the meningitis (e.g. Liquor-PCR), it can be 

http://www.cdc.gov/prions/
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assumed that, after 24-48 h of antibiotic treatment, 
infection will not be transmitted – as long as all other 
clinical data fit. Still a residual risk of unconfirmed 
disease exists.

If there is no pathogen identification, including 
by PCR, organs should not be used for transplanta-
tion. Before the donor is rejected, the particular case 
should be discussed with a transplant infectious 
disease expert.

As already outlined in the section about spe-
cific virus infections (see §8.6.2), donors with enceph-
alitis, particularly febrile encephalitis, present an 
exceptionally high risk for disease transmission and 
should generally be excluded unless the pathogen is 
identified and viraemia can be excluded, and treat-
ment options in the recipient exist.

In the case of a potential donor who dies of 
confirmed herpes encephalitis and received initial 
treatment, the use of the organs can be recommended, 
provided that the donor is not viraemic (viraemia 
is rarely found in HSV encephalitis) and provided 
that the recipient is HSV-seropositive pre-transplant. 
If the recipient is seronegative, specific anti-viral 
prophy laxis is recommended for 6 months.

Progressive multifocal leukoencephalopathy 
(PML), caused by JC virus and its mutants, is typi-
cally observed in immunocompromised patients and 
is associated with high viral load in the cerebrospinal 
fluid (and urine) but in general without viraemia. 
Currently there are not enough data to endorse ac-
ceptance of organs from a donor with PML. The 
number of potential donors with PML is very limited 
and they should be excluded from donation until 
more reliable data become available.

Acute disseminated encephalomyelitis is 
always diagnosed by exclusion of other causes. But 
unfortunately, it has been associated with donor 
transmissions, including rare pathogens, e.g. Bala-
muthia mandrillaris [295].

A special donor population is represented by 
those with unrecognised central nervous system 
(CNS) infection. Unrecognised CNS infection 
in donors has been associated with high rates of 
transmission to organ recipients, with subsequent 
morbidity and mortality. These events are of great 
concern due to the absence of effective treatments for 
most of these pathogens. To help OPOs and trans-
plant centres to differentiate CNS infections from 
stroke in potential donors, the Donor Transmitted 
Advisory Committee created a document to outline 
indicators of possible meningo-encephalitis in po-
tential deceased organ donors. Concerted efforts 
to improve screening of donors with suspected en-
cephalitis, to carefully consider risks and benefits of 

transplanting organs from these donors and to better 
monitor transplant recipients for rapid recognition 
of infection may improve patient management and 
prevent further transmission [296].

The key questions summarised in Table 8.7 
should be asked about any potential donor [296] in 
order to mitigate the risk of missing an unsuspected 
CNS infection.

There is still a considerable overlap between 
findings in donors with and without CNS infection 
(e.g. fever), but one upshot in most cases of donor- 
derived transmission of CNS infection was that 
suspicion of it was missed. Most reports about un-
intended transmissions of CNS infection result from 
cases where either the diagnosis had been missed or 
where the pathogen was not identified for further 
risk assessment. In cases of a known pathogen with 
curative treatment performed, either in the donor or 
recipient, a low rate of adverse outcomes can be pos-
tulated, as data from a UK Transplant registry study 
show [297].

Any meningitis or encephalitis caused by an unknown 
pathogen is an absolute contraindication for organ 
donation. Before the donor is discarded, the particular 
case should be discussed with a transplant infectious 
disease expert.

8.10. Pitfalls of serologic screening
8.10.1. Unexpected results

In the case of an unexpected result (e.g. reac-
tive anti-HIV-1/2 testing), the appropriate response 
depends on the risks for the patients (both donor and 
recipient) and staff involved:

• the donation procedure must be interrupted 
and no organ or tissue should be procured 
until confirmatory test results are available (e.g. 
reactive anti-HIV-1/2 testing); or

• the donation procedure may be continued 
under the assumption that the donor is in-
fected and will transmit the virus with accept-
able harm to other patients after appropriate 
recipient selection (e.g. D+/R+ combinations). 
This requires time for a new organ-allocation 
procedure, but without the need to wait for 
confirmative tests; or

• the donation procedure may be continued, in-
cluding procurement, under the assumption 
that an infection can be managed at the recip-
ient transplant centre (e.g. reactive anti-CMV 
testing).

• However, if a donor has recently received trans-
fusions of blood, blood components or intra-
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venous immunoglobulin preparations, then 
antibodies may be acquired passively, which 
may cause false positive results. If no pre-ex-
posure specimen is available, it is impossible 
to provide an unbiased result. Then reactivity 
might be assumed without knowledge whether 
this is associated with the donor or a blood 
product.

8.10.2. Haemodilution and quality of specimen 
investigated

Whenever possible, a donor blood sample 
collected before administration of any transfusions 
and infusions should be used for testing purposes. 
However, it is recommended to collect such blood 
samples within the 96 h before procurement (or even 
closer provided that results are available before pro-
curement); donor samples should also be taken < 24 h 
before procurement and archived [27]. This latter 
statement may help to reduce the risk of missing 
window-period infections – but the conflict of issues 
becomes obvious.

If a donor has recently received significant 
amounts of transfusions of blood components, or in-
fusions of colloids or crystalloids due to substantial 
loss of own blood, testing of donor blood collected 
post-transfusion or post-infusion may not be valid 
due to dilution. When, for example, low-level viraemia 
exists, which is about the lower threshold for specific 
NAT diagnostics, then measurement may become in-
fluenced. In contrast to this consideration, the recent 
PHS guideline excluded donor haemodilution as a 
risk factor, because only one case of disease transmis-
sion in 1986 (HIV) could be attributed to this issue 
and nowadays the methods used – especially NAT – 
have a higher and sufficient sensitivity [27]. Further, 
50-60 % of human IgG is distributed throughout the 
tissues outside blood vessels and is recycled back into 
the bloodstream within 48 h [298]; therefore serologic 
tests become possible again without major concerns 
about significant haemodilution.

Careful assessment of the extent of the donor’s 
dilution that might render a test result invalid in-
cludes the use of a formula to calculate dilution of the 
donor’s original circulating blood volume (and circu-
lating levels of antigen and/or antibody, if present) as 
well as knowledge of the limitations of the test used 
and the results expected. Examples of when a hae-
modilution calculation may need to be carried out 
include:

• ante mortem blood sample collection: if blood, 
blood components and/or colloids were ad-
ministered in the 48 h preceding blood sam-
pling, or if crystalloids were infused in the hour 
preceding blood sampling;

• post mortem blood sample collection: if blood, 
blood components and/or colloids were ad-
ministered in the 48 h preceding death (circu-
latory arrest), or if crystalloids were infused in 
the hour preceding death (circulatory arrest).

Refer to Figure 8.6 for an example of a com-
monly used formula to assess the donor’s potential 
haemodilution or plasma dilution that can be applied 
when the donor has lost blood [299-303]. Adapta-
tions of the algorithms may be needed for body sizes 
outside the normal adult range. Allowances may need 
to be made for very large or very small adult donors, 
or for paediatric donors.

Ultimately, it is important to consider that 
calculating the degree of dilution only by one of 
the currently used formulas [300-301] does not take 
into account pathophysiological changes due to 
blood and volume replacement in organ donors. In 
deceased organ donors, maintenance protocols en-
courage replacement of the blood volume by fluids, 
which results in a lower haematocrit than in healthy 
adults according to the standards of intensive care 
medicine accepting haemodilution (see Chapter 5). 
Therefore, the recipient team should perform a proper 
risk–benefit assessment to evaluate the risk of a false 
negative result due to haemodilution judged against 
the potential benefit to the recipient [302] after being 
properly informed about which assays have been 
used to determine the results.

Finally, the quality of the specimen sent for 
testing is important (no haemolysis, proper storage, 
no dilution when sample is drawn from donor) [303].

8.10.3. False negative and false positive results

A false negative result means that a test does not 
detect infection where an infection exists, because of 
haemodilution, a window-period infection, incorrect 
sampling or inappropriate test quality.

A false positive result means that a test wrongly 
indicates reactivity to infection where an infection 
does not exist and may arise due to contamination, 
quality control issues, cross-reactivity or inappro-
priate test quality.
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Figure 8.6. Recommended steps for the calculation of haemodilution

Donor transfused/infused Test blood sample

Donor is an adult (≥ 12 years old) Recent pre-transfusion/infusion 
sample available

Test pre-transfusion/infusion 
sample

Apply algorithm (Step 2)

Recent pre-transfusion/infusion 
sample available

Test pre-transfusion/infusion 
sample

Blood loss occurred Test blood sample

Test blood sampleAre the following conditions 
exceeded?

• 2000 mL of combination of the 
above

• 2000 mL of crystalloids within 1 h or

• 2000 mL of blood or colloids 
within 48 h or

Apply algorithm (Step 2)

Is either of these conditions 
exceeded?

• Colloid/48 h + crystalloid/1 h > 1 
plasma volume = plasma dilution; 

or
• Blood/48 h + colloid/48 h + 

crystalloid/1 h > blood volume = 
blood dilution

Test blood sample

Reject donor for tissue donation

YesYes

YesYes

NoNo

YesYes

YesYes

YesYes

NoNo

YesYes

NoNo

NoNo

YesYes

NoNo

NoNo

NoNo

YesYes

Step 1. Donor evaluation pathway

Step 2. Algorithm for calculation of haemodilution in a donor if necessary

Calculation plasma dilution Sum B + Sum C > Plasma volume

Calculation blood dilution Sum A + Sum B + Sum C > Blood volume

Plasma volume Donor weight in kg ______ /.  ______ mL

Blood volume Donor weight in kg ______ /.  ______ mL

Total volume of
crystalloid infused/1 h

C.  ______ mL
 ______ mL
Sum C

Total volume of
colloid infused/48 h

B. ______ mL Plasma/ h
______ mL Platelets/ h
______ mL Albumin/ h
______ mL HAES or other colloids/ h  ______ mL

Sum B

Total volume of
blood transfusion/48 h

A.  ______ mL of RBCs transfused/ h
 ______ mL whole blood transfused/ h
 ______ mL reconstituted blood/ h  ______ mL

Sum A

If either yes:
haemodilution

Source: Based on the algorithm developed by the Food and Drug Administration, USA [297].
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Table 8.7. Key questions to be asked of any potential donor to mitigate the risk of missing an unsuspected central 
nervous system infection

Donor characteristic Comments
Cerebrovascular accident in a 
patient without risk factors

Especially in young adults or paediatric patients without known risk factors for severe 
complications due to cerebrovascular damage, CNS infection may be associated with a 
cerebrovascular accident

Fever at presentation of illness or 
at admission without clear expla-
nation

Early fever with changes in mental status would be higher-risk; fever is common after 
hospitalisation and non-specific in critically ill patients

Altered mental status/seizure at 
presentation illness/admission

Higher risk would include potential donors with new and otherwise unexplained sei-
zures or mental status changes

CNS Imaging characteristics There may be significant overlap with non-infectious causes of CNS disease

Cerebrospinal fluid abnormalities Higher-risk findings include unexplained CSF pleocytosis, low glucose and elevated 
protein; low cellularity in CSF does not exclude an infectious process and can be often 
seen in viral encephalitis, particularly in the early stages

Immunosuppressed host Examples include treated autoimmune disease, cirrhosis (risk factor for cryptococcosis)

Environmental exposures Examples include exposures to bats or other potentially rabid animals, significant expo-
sure to mosquito or significant exposure to TB infection (with/without MDR TB)

CNS: central nervous system; CSF: cerebrospinal fluid.
Source: Kaul, Covington, Taranto et al. Solid organ transplant donors with central nervous system infection [296].

8.10.4. Blood samples drawn after cardiac arrest

Blood samples taken for screening before cessa-
tion of circulation, in donors after circulatory death, 
are always preferable to those obtained afterwards 
(see Chapter 12). A procedure should be in place to 
ensure identification of, and easy access to, stored 
donor samples at each hospital. If such blood samples 
are not available, samples should be taken as soon as 
possible after the cessation of circulation, i.e. within 
24 h. To avoid further haemolysis, the samples should 
be centrifuged and the serum or plasma separated 
as soon as possible after collection. Whenever such 
blood samples are investigated, the test employed has 
to be validated for such samples and the laboratory 
must be informed of the nature of sample collection.

8.10.5. Procurement from newborns

In infants younger than 6  months old, sero-
logic screening may be unreliable due to the transfer 
of maternal IgG. Maternal IgG may persist up to 
18 months after birth. Complementary serologic 
screening of the mother or NAT of the infant donor 
will clarify the risk of vertically transmitted diseases. 
If this is impossible, the donor should be used with 
caution, or infection should be ruled out by NAT. IgG 
antibodies may also be transferred from mother to 
child by breastfeeding. Due to the limited amount 
of blood specimen available for testing in newborns, 
each centre should have a protocol on how to handle 
such situations.

8.10.6. Donor sample archive

Samples of relevant donor material (e.g. serum, 
remains from HLA-typing) should be stored for a 
period of at least 10 years for retrospective studies 
if indicated (see chapters 6, 11, 15 and 16). The 2020 
PHS guideline recommends storage of serum and 
ethylene diaminetetraacetic acid (EDTA) specimens 
for serologic and NAT testing [27].

8.11. Geographic restrictions

Table 8.8 is a non-exhaustive overview of geo-
graphically restricted, rare or critical infectious 

diseases that can be transmitted by solid-organ trans-
plantation; the table is modified from the original 
sources [5, 260]. As therapies for infections change, it 
is recommended to discuss with an infectious disease 
specialist the status of each donor presenting with 
a suspected infection. The ‘Remarks’ column pro-
vides information on what risks are known to exist, 
whether donors may be used in cases of infection, 
what to do in case of transmission and comments on 
the relevance in Europe.

Beyond these geographic considerations, risks 
for infections should also be evaluated according 
to lifestyle, living and sanitary conditions, vertical 
transmission, vaccination record, etc. (see tables 8.8, 
8.9). Other viruses with oncogenic potential are sum-
marised in §9.8 (Table 9.5). Finally, surveillance of 
disease-transmission vectors contributes to detecting 
new transmission risks.



222

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

Table 8.8. Geographically restricted, rare or critical infectious diseases

Disease (pathogen) Geographic distribution, 
endemic zones and risks

Remarks Transmission 
reported*

Aspergillosis (Aspergillus 
spp.)

Worldwide
Risk factors: prolonged 
stays in hospital (ICU), 
immunocompromised, 
building renovation, damp 
conditions

Donors with invasive and disseminated Asper-
gillosis should not be used

Yes

Bacterial infections (vari-
ous):
a) Staphylococcus aureus, 
Pseudomonas spp.
b) E. coli, Yersinia enterocolit-
ica, Brucella spp., Bartonella 
spp., Enterobacter spp., 
Acinetobacter spp.
c) Bacteroides fragilis, Kleb-
siella spp.
d) other species

Worldwide a) Risk of mycotic aneurysm
a) to d) Pulmonary and other infections
d) See specific pathogen
See also §8.4.1, §8.4.2, §8.4.3, §8.4.5, §8.4.7

Yes

Babesiosis (Babesia spp.) Worldwide,including east-
ern and western USA; espe-
cially subtropical climates

Transmission from infected blood and organ 
donors described
No precise exclusion criteria for organ dona-
tion

Yes

Blastomycosis (Blastomyces 
dermatitidis)

North America (Mississippi 
and Ohio river, Great 
Lakes), Central America and 
Mexico

Serologic tests and urine antigen assays may 
distinguish between acute or reactivated in-
fection in donors and recipients from endemic 
areas. Probably no risk for previously infected 
recipients.
No precise exclusion criteria for organ do-
nation described. Prophylactic use of azole 
anti-fungal drugs may reduce the incidence of 
donor-derived disease if infected donors are 
used

Yes [304]

Bornavirus Ongoing research (see §8.6.2.18) Yes

Lyme disease (Borrelia spp.) Endemic in areas with ticks 
(northern hemisphere); 
various species of Borrelia 
in Europe

Check donor history: tick bites, erythema 
migrans, neurologic failures, neuroborelliosis, 
arthropathy. After successful treatment, dona-
tion may be possible

Candidiasis (Candida spp.) Worldwide Donors with disseminated or invasive disease 
should not be used

Yes

Chikungunya fever (Chikun-
gunya virus)

Africa, India, Southeast Asia, 
America; emerging in many 
European regions with 
warm climates

Transmission via diurnal Aedes spp. mosqui-
toes. Monitor recipients of grafts from donors 
with reactive serology. Donors with positive 
NAT test (viraemic donor) or clinical symptoms 
compatible with Chikungunya should be ex-
cluded for 28 days from the positive test or the 
onset of symptoms

Theoretically 
possible; not 
described yet

CMV infection (Cytomegal-
ovirus)

Worldwide, contact with 
virus varies from country 
to country (60-100 % prev-
alence)

Virological monitoring and pre-emptive 
treatment or anti-viral prophylaxis should be 
considered in all patients (new infection of 
naïve recipients must be avoided).
Donors without active CMV disease (viraemia) 
can be used

Yes

Coccidioidomycosis (Coccid-
ioides immitis)

Southern USA, Mexico, 
Guatemala, Honduras, Nica-
ragua, Venezuela, Colombia, 
Argentina, Paraguay

Serologic tests and urine antigen assays may 
distinguish between acute or reactivated in-
fection in donors and recipients from endemic 
areas. Probably no risk for previously infected 
recipients, but provide azole prophylaxis.
Lung transplant: if donor comes from endemic 
areas, initiate azole prophylaxis in recipients 
for 6 months unless infection excluded

Yes

* Transmission reported by solid-organ transplantation: Yes = reported, No = not reported, but high probability of transmission 
without documented cases or where data are lacking for robust conclusions.
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Disease (pathogen) Geographic distribution, 
endemic zones and risks

Remarks Transmission 
reported*

Coronavirus Disease 2019 
(Covid-19): Severe Acute 
Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2)

Global pandemic since 2020 Test nasopharyngeal swab and BAL donors by 
NAT for SARS-CoV-2. If not reactive and if clini-
cal data are not indicative for infection, donors 
can be used (August 2020).
Ongoing research for further conclusions.

Yes

Coronavirus family SARS-CoV: Asia, China
MERS-CoV: Middle East

Further harmful viruses exist: SARS-CoV, MERS-
CoV (see §8.6).
Beyond this, other harmless coronaviruses 
exist, causing minor respiratory infections

Q fever (Coxiella burnetii) Worldwide, with regional 
variation in Europe: local-
ised occurrences around 
farms with infected animals 
(e.g. sheep, goats). Migrat-
ing herds contribute to 
further spread

Targeted antibiotic therapy might prevent 
outbreak.
Spread occurs by aerosol over many kilo-
metres or after preservation in any medium 
over months.
PCR (polymerase chain reaction) and serology 
at specified laboratories

No reported 
cases yet

Cryptococcosis (Cryptococ-
cus neoformans)

Worldwide Donors who died with meningo-encephalitis 
caused by Cryptococcus should not be used. 
Cryptococcus antigen tested in blood or by 
ligase chain-reaction assays.
No precise exclusion criteria for organ dona-
tion described in other cases

Yes

Cryptosporidiosis (Crypto-
sporidium sp.)

In slums: 65 % prevalence 
in developing countries, 
20-30 % in developed 
countries

Faecal-oral infection; suspected if profuse, 
watery diarrhoea occurs. No known effective 
therapy. Indirect immunofluorescence, 
antibody- ELISA assays

No

Cystoisosporiasis (Cystoisos-
pora belli syn. Isospora belli)

(Sub)-tropical South Ameri-
ca, Africa, Southeast Asia

Causes diarrhoea. Trimethoprim-sulfameth-
oxazole and reduced immunosuppression 
resolve infections in recipients

No

Dengue virus infection Temperate areas of Asia, 
Africa and America; may 
spread to ‘warmer’ regions 
in Europe

Transmission by Aedes mosquitoes. NAT or 
NS1-antigen test for detection of viraemia. 
Transmitted infection may results in fatal 
complications. Donors with positive NAT test 
(viraemic donor) or clinical symptoms compat-
ible with Dengue fever should be excluded for 
28 days from the positive test or the onset of 
symptoms

Yes

Ebola virus Tropical Africa Significant risk of transmission in persons at 
risk for acquired infection during incubation 
period (21-25 days)

EBV infection (Epstein–Barr 
virus)

Worldwide, > 90 % of all 
adults latently harbour the 
virus

PTLD is a major risk; PCR monitoring of 
recipients, de novo infection of naïve recipient 
requires critical follow-up.
Donors without active EBV disease (infectious 
mononucleosis) can be used.

Yes

Echinococcosis (Echinococ-
cus spp. e.g. Echinococcus 
granulosus)

Worldwide, Mediterranean 
and rural areas of Europe, 
South America, southern 
Russia, central Asia, China, 
Australia, Africa

No precise exclusion criteria described. With-
out active infection and dissemination beyond 
the liver (calcified cysts), organs can be used. 
Therapy possible. People are often unaware of 
antecedent infection

Yes

Amoebiasis (Entamoeba 
histolytica)

Insanitary conditions (food, 
water) especially in Central 
and South America, Asia, 
Africa

No precise exclusion criteria for organ dona-
tion described. Check donors living in insan-
itary conditions (food, water) and/or coming 
from areas of risk and/or with a history of dys-
entery or diarrhoea or colitis (serology, faecal 
PCR, microscopy; parasite mostly limited to 
intestines, but liver abscess or dissemination 
possible). Critical organs: liver, intestine

No

* Transmission reported by solid-organ transplantation: Yes = reported, No = not reported, but high probability of transmission 
without documented cases or where data are lacking for robust conclusions.
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Disease (pathogen) Geographic distribution, 
endemic zones and risks

Remarks Transmission 
reported*

Hantaviral diseases (Hanta-
virus spp.)
Worldwide: the different 
species are grouped as old-
world (causing hantavirus 
haemorrhagic fever with 
renal syndrome: HFRS) and 
new-world (causing han-
tavirus cardiopulmonary 
syndrome: HCPS)

Europe: (Puumala-, Dobra-
va-Belgrade-, Saaremaa-, 
Seoul- and Tula-virus) 
endemic in many regions. 
Rodent faeces contain the 
virus (aerosol transmission), 
infection causes HFRS of 
variable degree [305-306].
Europe/Asia: Hantavirus 
species often associated 
with HFRS;
Other regions: Hantavirus 
species often associated 
with HCPS

Europe: Consider specific diagnostics in cases 
of acute renal damage (reversible) associated 
with fever, pain, thrombocytopaenia and/
or capillary leak (± nonrenal organ failure) 
[305-306]. After recovery from acute infection, 
organ transplant should be possible.
Worldwide: Depending on the virus species, 
different organ systems are affected with risk 
of human-to-human transmission in a few 
species

HAV infection (hepatitis A 
virus)

Worldwide, poor sanitary 
conditions. Recurrent 
ongoing outbreak (in MSM 
population) due to sexual 
transmission

After recovery from acute infection no trans-
mission reported. One report of transmission 
(see §8.6.2.10)

Yes [153]

HBV infection (hepatitis B 
virus)

Worldwide
Prevalence of anti-HBc re-
active > 50 % in Asia, South 
Pacific, sub-Saharan Africa, 
Middle East;
Prevalence of anti-HBc 
reactive > 10 % in eastern 
Europe, Mediterranean, 
Inuit.
People HBsAg-reactive are 
infected with:
Genotype A (which is the 
reference of the WHO 
Standard for HBV-testing): 
North America, northern 
Europe, South Africa 
(≈ 3 million people);
Genotype B/C: Japan, east 
Asia, Australia (≈ 240 million 
people);
Genotype D: Russia, India, 
West Africa, Middle East, 
Mediterranean (≈ 40 million 
people);
Genotype E: West Africa 
(≈ 1 million people);
Genotype F: South America 
(≈ 3 million people)

Avoid new infection of naïve recipients. If 
transplantation is done, anti-viral therapy and 
HBIG prophylaxis is mandatory plus follow-up. 
HBV-infected recipients require anti-viral 
therapy anyway. Check for latest therapy rec-
ommendations and development of mutants. 
Genotype not relevant for risk of infection and 
therapeutic responses, but may alter serologic 
results (HBeAg and/or anti-HBe-negative 
HBV infections). Use donors according to 
case-based decisions. In emergency situations, 
organs from viraemic donors have been used 
with anti-viral therapy and anti-HBs-hyperim-
mune globulin prophylaxis in the recipient.
In HBV-viraemic donors, transmission can 
occur with any graft. In non-viraemic donors, 
transmission is only likely to occur with liver 
transplants

Yes

HCV infection (hepatitis C 
virus)

Worldwide
Prevalence > 3 % in many 
countries of Africa (Egypt 
> 15 %), genotype 4b, Asia 
and local regions of other 
countries worldwide 
(Europe, e.g. Italy; America; 
Australia)

Transplantation of organs to recipients with 
HCV viraemia possible; in all other cases avoid 
de novo infections by prophylactic treatment 
by direct-acting anti-viral agents (DAAs). 
Check for latest therapy recommendations. 
Use donors according to case-based decisions

Yes

Hepatitis D virus infection Relevant in countries with 
high HBsAg and HDV prev-
alence

De novo infection of naïve recipients may be 
lethal. HDV needs HBsAg for replication. Use of 
donors not recommended

* Transmission reported by solid-organ transplantation: Yes = reported, No = not reported, but high probability of transmission 
without documented cases or where data are lacking for robust conclusions.
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Disease (pathogen) Geographic distribution, 
endemic zones and risks

Remarks Transmission 
reported*

Hepatitis E virus infection Insanitary water in devel-
oping countries (genotype 
HEV1 and HEV2), zoonosis in 
developed countries (con-
sumption of undercooked 
infected meat – genotypes 
HEV3 and HEV4).
Infection can be acquired 
by food and rarely via the 
graft

Risk of acquired HEV infection after transplan-
tation requires recipient monitoring (HEV-NAT) 
and early treatment to prevent rapid pro-
gression to liver cirrhosis. In some countries 
retrospective testing of donors by HEV-NAT is 
done and it is accepted practice to transplant 
HEV-viraemic grafts because treatment is 
possible by Ribavirin

Yes

Herpes virus infections 
(HSV-1 and 2, VZV, HHV6)

Worldwide Avoid de novo infection of naïve recipients. 
Frequent reactivation in recipients. Anti-viral 
prophylaxis is recommended if D+/R−.
Donors with successfully treated Herpes en-
cephalitis can be used (see §8.6.2.9)

Yes

Kaposi sarcoma-associated 
herpes virus/human herpes 
virus 8 (KSHV/HHV8)

Prevalence in Mediterrane-
an Basin or Africa generally 
very high

Serology generally unavailable prior to 
transplant. Consider NAT monitoring if D+/
R− (or R+) because of oncogenic potential 
(e.g. Kaposi sarcoma, lymphoma, Castleman 
disease) after primary infection or reactivation

Yes

Histoplasmosis (Histoplas-
ma capsulatum)

North America (Ohio and 
Mississippi rivers), Central 
and South America, Indone-
sia, Africa

Test immigrants from endemic areas (≈ 20 % of 
people infected, most asymptomatic) by serol-
ogy, antigen tests or PCR. In endemic areas, no 
screening of recipients is done and anti-fungal 
prophylaxis is recommended only if donors 
are infected, and is used in naïve recipients or 
lung transplants.
Reactivation or dissemination under immuno-
suppression in previously infected recipients 
may occur and may require treatment

Yes

HIV infection (human im-
munodeficiency virus I/II)

HIV-1: Estimated adult 
prevalence >1-5 % in 
sub-Saharan Africa, Russia, 
Ukraine, Estonia, Thailand, 
Papua-New Guinea, Belize, 
Surinam, Guyana, some 
Caribbean regions;
HIV-2: especially western 
Africa and countries histori-
cally linked to this region

Currently donors with HIV disease (or typi-
cally HIV seropositive) are not used. Testing 
should detect HIV-1, HIV-2 and all subtypes. 
Donors with HIV infection can be used for 
(HIV-positive) recipients within an experimen-
tal protocol

Yes

HTLV-1/2 infection (human 
T-leukaemia virus 1/2)

HTLV-1: Romania; southern 
Japan; Melanesia, Middle 
East, some Chinese provinc-
es; Caribbean (2-5 %); some 
US states, parts of South 
America, Africa
HTLV-2: intravenous drug 
abusers in USA, Europe; 
South America (Brazil); 
native Americans; south-
east Asia (Vietnam)

Screen at-risk donors (migration), their sexual 
partners and children (maternal vertical trans-
mission). If infection is confirmed, then organs 
should not be transplanted into an elective 
naïve recipient

Yes

Human polyomavirus 
Family

High infection rate world-
wide, so most donors are 
infected

In cases of suspected progressive multifocal 
leuko-encephalopathy, refer to §8.9; For all 
other issues refer to §8.6.2.17

Yes

Influenza (influenza viruses) Worldwide: annual preva-
lence and subtypes change. 
Latest national recommen-
dations must be regularly 
checked

Prophylactic treatment of recipients should 
be considered. Donors at high risk of viraemia 
must be carefully evaluated. Check national 
recommendations for latest updates before 
further decisions. Specific recommendations 
cannot be given due to rapid changes in epi-
demiology and the virus itself

Yes

LCMV infection (lymphocyt-
ic choriomeningitis virus)

North and South America, 
Europe, Australia, Japan

Difficult to establish diagnosis; check for con-
tact with rodents. Donors with acute infections 
should not be used

Yes

* Transmission reported by solid-organ transplantation: Yes = reported, No = not reported, but high probability of transmission 
without documented cases or where data are lacking for robust conclusions.
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Disease (pathogen) Geographic distribution, 
endemic zones and risks

Remarks Transmission 
reported*

Legionellosis (Legionella 
spp.)

Worldwide Water, air-conditioning, etc.

Leishmaniasis (cutaneous 
and visceral) (Leishmania 
spp.)

All countries with certain 
sand-fly species: all around 
the Mediterranean Sea, 
Middle East, Afghanistan, 
Asia, southern USA, Central 
and South America, sub-Sa-
haran Africa

No precise exclusion criteria for organ dona-
tion described. Universal donor screening is 
not recommended [259-260, 272, 307]. If donor 
serology [259] or NAT as sensitive method [307-
308] is positive, strict monitoring of the recip-
ient post-transplant is recommended, rather 
than organ exclusion. Check donors coming 
from endemic areas since there is delayed 
breakthrough in visceral (months) and cutane-
ous (decades) forms. If reactive to serology or 
antigen test or NAT, or suspected, take biopsy 
from liver, spleen, intestine and skin lesions. 
Curative chemotherapy of infected persons 
possible, but outcome is very poor in visceral 
form (contraindicative)

Leptospirosis (Leptospira 
spp.)

Standing water in (sub)
tropical areas

Acute infection affects all organs

Malaria (Plasmodium spp.) Any (sub)tropical country is 
a risk area.
P. falciparum: sub-Saharan 
Africa, Southeast Asia, 
Indian subcontinent, South 
America (Amazon Basin), 
Haiti, Dominican Republic, 
Oceania;
P. malariae, P. ovale: sub- 
Saharan Africa;
P. vivax: Southeast Asia, 
Indian subcontinent, Brazil 
(Amazon Basin)

Check travellers and immigrants from endemic 
countries for infection (symptoms: fever, 
disseminated intravascular coagulation, multi- 
organ failure; diagnostics: blood drop, PCR if 
indicated). Most centres reject parasitaemic 
donors. Successfully treated and recovered 
donors may be used, with some exceptions, 
e.g. liver. Consider prophylactic treatment of 
recipients

Yes

Microsporidiosis (Micro-
sporidia spp.)

Contaminated water Transmitted via contaminated water. Spore 
with thick wall in intestine. Contagious and 
disseminates (brain, kidney). No effective 
therapy known

Multi-drug resistant bacte-
ria (e.g. MRSA, VRE, ESBL)

Worldwide: prolonged 
hospital stays or any stay in 
nursing homes or exposure 
to antibiotics

Important risk factor. Check screening on 
admission to, and during stay at, ICU. Organs 
without contamination/infection can be used 
under prophylactic recipient care; all other 
cases need an individualised decision

Yes

Non-tuberculous mycobac-
teria infection
(non-tuberculous mycobac-
teria)

Worldwide Clinical relevance under investiga-
tion

Parvovirus B19 infection 
(human parvovirus B19)

Worldwide Yes

South American Blasto- 
mycosis (Paracoccidioides 
brasiliensis)

Soil in (sub-)tropical Central 
and South America (rural 
areas or working there; 
especially Brazil [309])

Trimethoprim-sulfamethoxazole prophy-
laxis for Pneumocystis jiroveci pneumonia is 

‘cross-effective’. In endemic regions, donors 
with a history of exposure (living in rural 
area in endemic regions, particularly those 
working in agricultural occupations) should be 
screened prior to transplant to rule out asymp-
tomatic paracoccidioidomycosis infections. 
Diagnostic methods for screening include ra-
diographic studies searching for calcifications 
(albeit a non-specific finding) in sites such as 
adrenal glands, prostate, thyroid, lymph nodes, 
and spleen, along with serology and skin tests.
Donors with active disease are not accepted; 
living donors should be treated before dona-
tion

No

* Transmission reported by solid-organ transplantation: Yes = reported, No = not reported, but high probability of transmission 
without documented cases or where data are lacking for robust conclusions.
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Disease (pathogen) Geographic distribution, 
endemic zones and risks

Remarks Transmission 
reported*

Pneumocystis pneumonia 
(Pneumocystis jirovecii 
(carinii))

Worldwide: infection risk 
in long-term patients in 
ICU, immunosuppressed or 
immunodeficient patients

Partly avoidable problem with specific prophy-
laxis in recipients. Disseminated infection in 
donors contraindicated

Yes

Prion disease (prions) Worldwide No treatment available. No screening assay. 
Risk evaluation for CJD/vCJD. Individualised 
decisions for at-risk donors. Confirmed infec-
tion is an absolute contraindication

Algemia (Prototheca spp.) Worldwide Yes

Rabies (Rabies virus) Animal bites or salivary 
contact (dogs, bats, other 
mammals: household and 
wildlife)
Worldwide, though some 
island territories are low-
risk (Japan, Taiwan, UK, 
Iceland, Australia (where 
other Lyssavirus exist), New 
Zealand, Norway, Sweden, 
Finland).
No restriction can be 
provided for specific animal 
population in a particular 
country due to the variabili-
ty of species infected

Transmission lethal unless previously vacci-
nated. Only NAT of brain tissue after autopsy 
is confirmative, but not exclusive. History of 
animal contact (bites) and any kind of current 
neurologic disorder is suspicious. Long inter-
vals can occur between bites/animal contact 
and onset of symptoms (months to years). 
Donors with recent exposure should not be 
accepted

Yes

Salmonellosis (Salmonella 
non-typhoid spp.)

Food and poor sanitary 
conditions, warm or (sub)
tropical countries

Scedosporium apiosper-
mum infection (Scedo-
sporium apiospermum)

Worldwide in immuno-
compromised people

Yes

Bilharziosis (Schistosoma 
spp.)

Contaminated water (Africa, 
Middle East, Japan, China, 
Caribbean, South America)

Praziquantel is used for treatment in 
non-transplant conditions. If previous infec-
tion is suspected (liver, intestine, urinary tract), 
based on serological screening testing or 
clinical signs, urine or faeces should be tested 
for eggs

Yes [310]

Strongyloidiasis (Strongyloi-
des spp.)

Warm areas with poor san-
itary conditions: Southeast 
Asia, sub-Saharan Africa, 
Central America, Brazil, 
southern USA, tropical 
Australia, Spain

Check faeces for larvae (or tracheal secretions 
if dissemination can be assumed) in donors 
from (or having travelled to) endemic areas 
with the known limited sensitivity. Serology 
is the most useful screening assay. Auto- 
infection via faeces from the intestines 
of asymptomatic carriers occurs. Suspect 
infection if symptoms of gastro-intestinal 
infection with urticaria, oeosinophilia and 
Gram- negative meningitis or pulmonary com-
plications exist. Consider empiric ivermectin 
in recipients of unscreened, at-risk donors. 
Immunosuppressed patients have a hyper- 
infective status, which requires pre-emptive 
treatment by, e.g. ivermectin. Otherwise lethal

Yes

Cysticercosis (Taenia solium) Worldwide. Frequent in un-
derdeveloped countries or 
in poor sanitary conditions 
(Asia, Africa, Latin America)

No precise exclusion criteria for organ dona-
tion are described.
Typical CT/MRI lesions of neurocysticercosis. 
Inspection of meat and avoidance of raw 
meat consumption are the best prevention. 
Contagious only if tapeworm eggs are in the 
intestine

Yes

* Transmission reported by solid-organ transplantation: Yes = reported, No = not reported, but high probability of transmission 
without documented cases or where data are lacking for robust conclusions.
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Disease (pathogen) Geographic distribution, 
endemic zones and risks

Remarks Transmission 
reported*

Tick-borne encephalitis by 
various viral species

Worldwide. Seasonally and 
locally endemic (e.g. Euro-
pean and far-Eastern types 
of encephalitis occur from 
April to November, below 
1 400 m altitude)

Check worldwide: any tick bites, seasonal as-
sociation with neurologic disorders. Viraemic 
donors should not be used

Yes [311]

Toxoplasmosis (Toxoplasma 
gondii)

Worldwide (animal contact) Risk for naïve recipients of muscle tissue (e.g. 
heart and/or VCAs). Specific prophylaxis man-
datory in any recipient

Yes

Trematode species infec-
tion
Paragonimus: lung
Clonorchis: liver
Fasciola: liver
Schistosoma: liver

Middle East, Africa, South 
America, Caribbean islands, 
east Asia, or anywhere in 
waste or water or meat

A risk if skin lesions, travel history and water 
contact in prevalent countries are all present. 
In donors from endemic areas or at risk after 
travelling: check faeces, urine, tracheal secre-
tions, blood (in case of oeosinophilia) for eggs. 
Schistosoma serology is available for screen-
ing donors at risk. Parasites can be treated by 
specific medication

Yes

Syphilis (Treponema pal-
lidum)

Worldwide Treatment by antibiotics successful Yes

Sleeping sickness (Trypano-
soma brucei spp.)

Sub-Saharan Africa, differ-
ent sub-species

African Sleeping Sickness: different sub-spe-
cies cause variants with progressive symptoms. 
Lethal

Chagas disease (Trypanoso-
ma cruzi)

Central and South America 
(and the Mexican and Latin 
American immigrant popu-
lations of USA)

Check donors from endemic areas (serology, 
echocardiography, CT of brain for chronic 
infection, buffy coat from blood in acute 
infection).
No donation from donors with acute infection. 
The heart and intestine should not be used 
from donors with chronic infection, while 
other organs may be used. Recipients having 
previous contact with the parasite should 
receive therapy if parasitaemia re-occurs, 
e.g. benznidazole. Recipients of organs from 
Chagas-infected donors should be monitored 
closely for parasitaemia (PCR is the preferred 
method) and treated as soon as it is detected

Yes [312]

Tuberculosis (Mycobacteri-
um tuberculosis)

Worldwide (Asia, Africa, 
Central and South America, 
Europe), poor sanitary and/
or economic conditions, 
extra-pulmonal manifes-
tations (Southeast Asia, 
Middle East)

Therapy in recipients is difficult. Donors with 
active/disseminated tuberculosis should not 
be used. It is advisable to initiate pre-trans-
plant prophylaxis (e.g. INH/B6) in recipients for 
latent TB or transmission risk

Yes

Ureaplasma When hyperammonaemia is detected in 
(lung-)recipients, targeted screening for my-
coplasma / ureaplasma in BAL (not detected in 
standard microbiological testing)

Yes

Varicella (varicella–zoster 
virus)

Worldwide Naïve adults can still become infected by this 
childhood disease. Anti-viral prophylaxis may 
reduce the risk of zoster in seropositive recipi-
ents (anti-CMV therapy/prophylaxis also active 
against VZV)

Yes

WNV infection (West Nile 
virus)

Epidemic breakouts during 
late summer (Africa, Asia, 
Middle East, Europe, USA), 
other Arbo-virus worldwide

Transmission of acute infection often lethal. 
Screening helpful in regions with reported 
infections or epidemics within previous 
2 weeks. Seasonal retrospective NAT screening 
in donors (Italy)

Yes

Yellow Fever (Yellow fever 
virus)

Africa, South America No specific criteria exist (see §8.6.2.5).
Donors with positive NAT test or clinical symp-
toms compatible with Yellow Fever should 
be excluded for 28 days from the positive 
test or the onset of symptoms; or donor with 
previous history of YF vaccine within the last 
28 days.

* Transmission reported by solid-organ transplantation: Yes = reported, No = not reported, but high probability of transmission 
without documented cases or where data are lacking for robust conclusions.
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Disease (pathogen) Geographic distribution, 
endemic zones and risks

Remarks Transmission 
reported*

Zika virus infection (Zika 
virus)

Outbreaks of primary 
infection are possible in 
regions with presence of 
competent vectors, per-
missive climate and where 
there is intense movement 
of people

The Zika virus (RNA-virus, Flaviviridae family) 
is transmitted mostly by Aedes aegypti mos-
quitoes. Mild illness (e.g. fever, rash, arthralgia 
or conjunctivitis) with more than 80 % asymp-
tomatic infections may be observed after 
an incubation period of up to a week, with 
symptoms resolving after one week. Viraemia 
may be detected by NAT.
Donors with positive NAT test or clinical symp-
toms compatible with Zika should be excluded 
for 28 days from the positive test or the onset 
of symptoms

* Transmission reported by solid-organ transplantation: Yes = reported, No = not reported, but high probability of transmission 
without documented cases or where data are lacking for robust conclusions.

Table 8.9. General considerations for infections and vaccines

In general Geographic distribution, 
considerable risks

Remarks Transmission 
reported*

Respiratory tract infection Worldwide Problem for lung transplantation Yes

Urinary tract infection, pye-
lonephritis

Worldwide in countries 
with poor sanitary and eco-
nomic conditions (a prob-
lem for living donations)

Results in sepsis if overlooked; generally only a 
risk for recipients of kidney transplants

Yes

Vaccinations during past 
4-6 weeks of the donor by 
live vaccines

Consider live vaccine in:
• Influenza (inhaled = live)
• Varicella
• Rotavirus
• Measles
• Mumps
• Rubella
• BCG
• Smallpox
• V. cholera (oral = live)
• Yellow fever
• Salmonella typhi 

(oral = live)
• Polio (oral = live)

Live vaccines are equivalent to transmission of 
acute viral infection: individual risk assessment 
of potential recipient for 28 days after vaccina-
tion of the donor.
For some vaccines, limitations exist only for 
specific organs:
• Inhaled influenza vaccine – lung, face
• Rotavirus – intestine
• Cholera – intestine
• Salmonella – intestine

Yes

Vaccinations during past 
4-6 weeks of the donor by 
inactivated vaccines or 
passive immunisation

Consider inactivated vac-
cine in:
• Influenza (injecta-

ble = inactivated)
• V. cholera (injecta-

ble = inactivated)
• Salmonella typhi (injecta-

ble = inactivated)
• Polio (injectable = inac-

tivated)

Other vaccines or passive immunisation of 
donors may not harm the recipient, but may 
confound diagnostic

No

For SARS-CoV-2 vaccine see 
§8.2.4

* Transmission reported by solid-organ transplantation: Yes = reported, No = not reported.

8.12.  Vigilance methods and 
tracking

Extensive communication, in both directions 
between the OPO and the transplant centres, 

before, during and after transplantation, is crucial 
[1, 4]. If a recipient develops any unexpected signs 
and/or symptoms, including unexplained fever, leu-
kocytosis, altered mental status or other signs of 
hidden infection [2, 313], or if donor-derived disease 

is suspected, screening of all other graft recipients 
should be carried out to detect a donor-to-recipient 
infection and facilitate early initiation of therapy [1, 
313]. Any documented infection early post-transplant 
should also warrant careful review of donor cul-
tures and consideration of the donor as the potential 
source. Some donor-derived infections may become 
apparent up to several months after the transplant, 
and suspicion of imputability requires a high index 
of suspicion (e.g. HHV8).
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It is mandatory for the health authority of 
each EU member state, and strongly recommended 
to Council of Europe member states, to establish a 
national vigilance system for monitoring serious 
adverse reactions and events of transplantation (see 
Chapter 16). Free and rapid exchange of data between 
the vigilance systems of all member states must 
occur in order to facilitate safe international organ 
exchange.

Especially in the case of assumed or confirmed 
post-transplant infections, the exchange of proper 
and correct information must be done without delay 
to ensure that proper diagnostics, preventive and 
therapeutic interventions (if indicated) are put in 
place for other recipients.

8.13. Preventive strategies in organ 
recipients

Preventive strategies that can minimise the risk of 
donor-derived diseases among potential recipi-

ents include:
a� For some infectious diseases, recipient vacci-

nation may reduce the risk of disease trans-
mission by a graft. Therefore, patients at risk 
of end-stage organ failure should complete 
their vaccination programme as early as pos-
sible. This should include vaccination against 
hepatitis A, hepatitis B, diphtheria, tetanus, 
pertussis, S�  pneumonia and influenza, as 
well as prior exposure to immunosuppression, 
measles, mumps, rubella and varicella [26-27, 
153, 314]. Their clinical response to vaccination, 
and antibody status thereafter, should be mon-
itored and, if required, vaccination should be 
repeated. It is important to check the complete 
vaccination history of a recipient prior to trans-
plantation [315].

b� Recipient vaccination should be checked and 
completed as recommended, and extended to 
the relevant infections prevalent if travel or 
contact with persons from foreign countries 
exists or is planned [316], and may also be nec-
essary due to local endemic or pandemic dis-
eases.

c� Prophylactic vaccination may not be effective 
for some end-stage organ diseases [315].

d� Treatments with antibiotic, anti-viral and/or 
anti-parasitic prophylaxis during transplan-
tation vary from centre to centre for CMV, 
Toxoplasmosis, HSV, VZV and Pneumocystis 
jiroveci (carinii) etc. These protocols should be 
updated to mitigate against expected transmis-
sible infections. After transplantation, close 

and regular follow-up of recipients helps to 
rule out infections. This includes screening for 
latent viruses. Chemoprophylaxis with (val)
ganciclovir may mitigate the complications of 
EBV infection (PTLD) in paediatric D+/R− re-
cipients [317]. Such strategies should be evalu-
ated for improved effectiveness.

e� An antibody response to an infection ac-
quired through the transplanted organ may 
not develop [218]. It is recommended that cli-
nicians rely on NAT or other direct pathogen- 
detecting assays (e.g. HBsAg) to screen organ 
recipients for transmitted infections [1, 27]. 
Because late manifestation of latent infections, 
e.g. CMV, may occur in recipients, long-term 
follow-up should include targeted screening for 
such risks.

f� Pan-genotypic hepatitis C treatment by new 
DAAs allows treatment before transplantation 
or after transplantation with the risk associ-
ated with interaction with immunosuppressive 
drugs (see Appendix 16).

g� Recipient testing after transplantation should 
be done at a minimum as outlined in Table 8.4 
(see section 8.2).

h� Recipients should be informed about the risks 
associated with not receiving an organ versus 
the risks of receiving an organ from a donor 
with increased risk for infections. [49]

8.14. Conclusion

This chapter provides an overview of infectious 
disease transmission risks. The chapter does not 

repeat basics in the care of ICU patients for infection 
prevention, diagnostics and treatment, which are 
part of best practice in standard intensive care medi-
cine. Although the contents are up to date for most of 
the important pathogens causing problems in trans-
mission risks, it is impossible to cover all pathogens 
that may exist. New advances in therapy as well as 
newly emerging pathogens require the user to col-
laborate closely with transplant infectious disease 
experts. Whenever in doubt, before discarding a 
donor or an organ, it is best practice to discuss the 
issue with transplant infectious disease experts for 
final decisions. Internationally when reviewing lit-
erature and guidelines a global consensus exists for 
most questions, and independent research comes to 
equivalent solutions. Therefore, the experts working 
on this chapter decided to keep discussions here as 
short as possible.
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Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research should focus on the following research 
gaps:
1 Monitoring for new pathogens, their associated 

donor-derived disease-transmission risks and their 
impact on organ viability (e.g. SARS-CoV-2).

2 Monitoring the associated donor-derived disease-
transmission risks of known pathogens.

3 Monitoring changes in vectors responsible for 
geographic spread of emerging pathogens.

4 Trends in multidrug-resistant bacteria and their 
associated donor-derived disease-transmission risks.

5 Changes in treatment options for HIV, HBV, HCV and 
HEV, with the implications for associated donor-
derived disease-transmission risks.
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Chapter 9. Risk of transmission of cancer

9.1. Introduction

Throughout this chapter, in order to simplify the 
wording, ‘malignancy’ describes malignant solid 

tumours as well as haematopoietic malignancies.
Malignancy can be transmitted to immuno-

suppressed recipients when organs from donors with 
known or unknown malignancies are transplanted 
[1-5]. With careful donor selection the chance of 
that happening is small, with approximately 0.05 % 
of organ recipients developing a donor-transmitted 
cancer [6-9]. The increasing use of older donors, in 
whom malignancy is more likely, might further in-
crease the risk of transmission of occult cancer. The 
risk of transmission needs to be considered in the 
context of the important, life-enhancing and life-
saving benefits afforded by organ transplantation. 
Nevertheless, due to the potentially serious conse-
quences for the individuals affected and for dona-
tion and transplantation in general, potential donors 
must be carefully selected with the intention of mini-
mising the risk of transmission of malignancy.

The increasing number of patients on waiting 
lists, along with the shortage of organs available for 
transplantation, has encouraged reconsideration of 
the criteria for acceptance of organs from donors 
with a past or current history of malignancy [8, 10, 
11], acknowledging the key role of the medical teams 
in performing a risk–benefit assessment for each par-
ticular case (see Chapter 19) [12]. Proper characteri-
sation of the donor and the organs is essential and 
is also a legal requirement for EU member states 

under Directive 2010/53/EU on standards of quality 
and safety of human organs intended for transplanta-
tion, and should include information on any previous 
cancer history and on the incidental finding of any 
malignancy in the donor.

This chapter provides professionals with rec-
ommendations for the screening of potential donors 
with regard to malignancies, and for the selection of 
organs from donors with a past or present history of 
malignancy. This chapter also provides professional 
guidance on identifying, reporting and assessing 
cases of potential and actual malignancy transmis-
sion. Meticulous assessment to confirm transmission 
of a donor  cancer, rapid notification to appropriate 
agencies to alert those involved in the care of other 
potentially affected recipients, and careful manage-
ment of the transplant recipient not only constitute 
responsible medical care but also provide the infor-
mation upon which an evidence-based surveillance 
system can be built and applied.

Preventive measures recommended in all donor 
cases are discussed in section 9.2. Section 9.3 provides 
general recommendations for assessing the risk of 
malignancy transmission. Individual tumour types 
are analysed in sections  9.4 to 9.7. Donor transmis-
sion of oncogenic viruses is discussed in section 9.8, 
and donors with an underlying genetic predisposi-
tion to cancer are considered in section 9.9. For vig-
ilance and surveillance regarding the detection and 
management of potentially transmitted tumours, see 
section 9.10.
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9.2. General recommendations 
on detecting and assessing 
donor malignancy

9.2.1. Clinical history of the donor and physical 
examination

During donor evaluation, the complete clinical 
history of the donor should be reviewed. If possible, 
the donor’s general practitioner and family members 
should be contacted to provide detailed information 
(see Chapter 6). The following basic points should be 
taken into consideration, though it may not always 
be possible to get exhaustive information about all of 
them during the process: 

a� Lifestyle habits (e.g. smoking behaviour); 
b� Recent suspicious features possibly related to 

malignancy, such as: 

i. unintentional weight loss; 
ii. special attention should be paid to potential 

hepatocellular carcinoma in HCV and/or HBV 
positive donors (even without cirrhosis), in 
donors with an alcoholic or non-alcoholic fatty 
liver disease or genetic haemochromatosis and 
in all donors with cirrhosis; 

iii. a history of menstrual irregularities after 
pregnancies and/or miscarriages in women of 
child-bearing age may be clinical features of 
choriocarcinoma.

c� History of malignancy:  records of any previ-
ously diagnosed malignancy (or tumours re-
sected without documentation of the definite 
diagnosis) should be checked, with informa-
tion obtained on: 

i. date of first diagnosis; 
ii. detailed histology (tumour type, stage, grade); 

iii. previous imaging (staging, metastases); 
iv. treatment received (surgery, chemotherapy 

and/or radiotherapy) including dates; 
v. follow-up conducted, including imaging and 

last follow-up (dates, results, complete remis-
sion and/or tumour recurrence at any time); 

vi.  in cases of long-term survivors of cancers, 
special attention should be paid to possible 
second malignancies (e.g. metachronous colon 
cancer, years after primary colon cancer;  new 
cancers after aggressive cancer therapies like 
radiotherapy-induced pleural mesothelioma 
and breast cancer;  see §9.2.7).

d� Where donors present with a non-traumatic 
intracranial haemorrhage, an intracranial 

tumour or metastasis should always be ex-
cluded, especially if there was no history of 
arterial hypertension or arterio-venous mal-
formations. In case of doubt, a pre- or intra- 
operative brain biopsy may be performed (see 
§9.2.5).

e� A family history should be taken to determine 
if there is a genetic predisposition to cancer in 
the donor (see §9.9).

A careful physical examination of the donor 
should be conducted, paying particular attention 
to the skin, looking for potential malignancy and 
scars of previous surgical procedures. Any suspi-
cious finding requires clarification:  e.g. any previous 
surgery should be checked for type and indication;  
any new suspicious naevus should be excised and sent 
for histopathological examination (before procure-
ment if possible, but otherwise during procurement).

9.2.2. Laboratory determinations, tumour 
markers

Standard laboratory tests should be conducted 
in all potential donors with the objective of detecting 
specific diseases (including haematological malig-
nancies) that may contraindicate organ donation.

Routine screening of tumour markers is not 
recommended, since false positive results may lead to 
unnecessary discard of suitable donors and organs. If 
requested as part of an individual centre’s protocol, 
positive tumour markers should always be inter-
preted with other clinical findings and should never 
be the only factor leading to discarding an organ. If 
there is a confirmed malignancy in the donor history 
and previous tumour marker results are available, 
appropriate tumour markers should be tested to eval-
uate the current situation. These results should be 
compared with those from the time of first diagnosis 
and any results after subsequent treatment.

In women of child-bearing age with a history 
of menstrual irregularities, miscarriages or unex-
plained intracranial bleeding, levels of beta human 
chorionic gonadotropin (βHCG) may be determined 
to detect a choriocarcinoma.

9.2.3. Radiological tests and imaging studies

All radiological studies performed as part of 
the patient’s hospital treatment should be reviewed 
along with the complete medical history and physical 
examination. Up-to-date studies at the time of dona-
tion should include, at minimum, chest radiographs 
(see Chapter 6). Further radiological investigations 



247

9. RISK OF TRANSMISSION OF CANCER

(e.g. ultrasound and/or CT scans) may be required 
for thorough donor evaluation, especially in patients 
with suspected malignancy or in donors in whom it 
is thought that appropriate intra-operative examina-
tion of the thoraco-abdominal cavities cannot be ad-
equately carried out. Existing imaging, including any 
trauma CT scans taken on admission, should be re-
viewed for evidence of malignancy, as well as to give 
a pre-operative indication of anatomical anomalies. 

In patients with a history of cancer and where 
there is a possibility of tumour recurrence, whole-
body CT scans of thorax, abdomen and pelvis should 
be carried out where possible to evaluate the current 
disease status and to ensure the highest possible safety 
for organ recipients [13]. Indeed, in many countries 
such as France and in Scandinavia, CT imaging is a 
routine part of donor work-up, and significant find-
ings during screening are common [13-16]. Any suspi-
cious finding on imaging should be further evaluated 
for its significance. Close communication with the 
radiologists is essential to assess the degree of suspi-
cion for metastases or recurrent tumour. If there are 
explicit features of active malignancy, consideration 
should be given to stopping organ donation without 
further examinations. Where there is doubt about a 
radiological diagnosis of malignancy, histopatholog-
ical examination should be performed during organ 
procurement. The organ donation process should not 
be abandoned hastily due to non-specific findings. 
Clarification of findings should always be sought 
in a reasonable timeframe wherever possible. Each 
case has to be evaluated and discussed very carefully, 
with a resulting joint decision. If the organ donation 
process is continued, the results have to be communi-
cated to the accepting transplant centres.

9.2.4. Donor and organ examination during 
procurement

During organ procurement, surgeons should 
examine all intrathoracic and intra-abdominal 
organs (including the entire intestine and genitals), 
regardless of whether these organs are being con-
sidered for transplantation or not, in order to detect 
possible hidden tumours or pathological lympha-
denopathy (see Chapter 11). Any suspicious lesion 
should be subject to immediate histological exami-
nation, preferably by a pathologist experienced in the 
organ in which the lesion was detected (see Figure 9.1 
and Table 9.1) [13]. As recommended in section 6.2.5, 
this can be done through a regional network of pa-
thologists who are within an acceptable range of 
transportation time.

Particular care should be taken when exam-

ining the kidneys, considering the relatively high 
number of benign and malignant tumours that 
have been found in kidneys following procurement. 
Removal of Gerota’s fascia and of the peri-renal fat 
is essential, and this must be done at the time of pro-
curement to ensure detailed inspection of the kidneys 
is completed before the kidneys leave the donor hos-
pital. Recipient centres should be informed of any 
suspicious findings as a matter of urgency.

In spite of these measures small metastases or 
micrometastases may still be missed.

9.2.5. Histopathological examination

When a mass in any organ, or lymphadenop-
athy suspicious of malignancy, is found during the 
organ-procurement process, a histopathological ex-
amination must be performed using a cytological 
smear and/or histological section before any organ 
is transplanted (see Figure 9.1 and Table 9.1). The way 
the sample is taken and stored should be discussed 
with the examining pathologist;  although frozen 
section biopsies are useful, more accurate opinions 
can often be gained from paraffin sections, which 
require the sample to be first placed in formalin. For 
example, accurate determination of the Fuhrman/
nucleolar grade of a renal cancer is not usually pos-
sible on frozen section. However, paraffin section 
evaluation takes longer, and will not be appropriate 
where a decision on the safety of using the heart is 
needed, since it takes too long. 

The mass should be resected completely to in-
vestigate potential malignancy properly, if possible 
without sacrificing an organ that is otherwise suit-
able for transplantation. The pathologist should be 
informed about all donor data and the macroscopic 
findings surrounding the suspicious mass, ideally 
with a photograph (see Chapter 6). It is preferable 
to send the whole tumour mass with a surrounding 
margin free of disease (e.g. R0 resection in space- 
occupying lesions in a kidney) to the pathologist.

Wherever possible, full histological charac-
terisation of an intracranial space-occupying lesion 
should be performed before any organ is transplanted. 
Accurate neuroradiological diagnosis maybe possible 
for some types of brain tumour, but there remains 
the potential that the tumour may be of a different/
higher grade than first thought. Post-donation 
autopsy may confirm the diagnosis and characterise 
the tumour exactly, but not in a timescale to inform 
use of organs with a shorter ischaemic time tolerance, 
such as the heart and lungs. Where no histological 
diagnosis exists, organs from a donor with an intra-
cranial space-occupying lesion should only be used 
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in recipients whose probable waiting-list mortality 
justifies the extra risk, and only after fully informed 
consent has been given by the recipient or their next 
of kin. If there is a possibility that the space-occu-
pying lesion is a metastasis then it is usually not safe 
to use any organ.

When a donor malignancy (primary tumour or 
metastasis) is identified shortly after organ procure-
ment, such as during the implantation procedure, all 
recipient centres involved must be alerted immedi-
ately. In cases where organs have already been trans-
planted and subsequent histology reveals a 
malignancy (e.g. incidental cancer in a lung lobe dis-

carded due to size reduction), a full donor autopsy 
should be requested whenever possible to obtain de-
tailed information about tumour origin and 
dissemination. 

Eccher et al� [13] describe their experience 
with 400 donors evaluated by the donor malignancy- 
screening protocol used in Verona, Italy. This detailed 
two-step protocol (ALERT  1:  pre-operative evalua-
tion;  ALERT 2:  intra-operative evaluation – both in-
cluding histopathology if needed) led to identification 
of 73 malignancies, with 41 donors excluded early due 
to unacceptable transmission risk whereas the other 
32 were confirmed by histopathology during ALERT 

Table 9.1. Confirmed diagnosis of donor malignancy

When How What to do 

Before donor 
assessment

Malignancy diagnosed from the patient’s 
medical history

If donor organs are accepted despite a history of malignancy: 
• detailed histological reports, with staging and imaging 

studies as well as all information and actual diagnostic 
findings, must be documented on the donor information 
form; 

• transplant centres may take the decision to accept the 
organs; 

• oncologist advice can be sought; 
• informed consent should be obtained from the recipient/

their family prior to transplantation; 
• careful follow-up should be undertaken, bearing in mind 

the possibility of transmission; 
• any possible transmission should be reported to the 

Health Authority in charge of serious adverse reactions or 
events (SAREs).

During donor 
assessment/ 
procurement 
and before 
transplantation

Malignancy found incidentally during 
clinical donor assessment or surgical 
inspection

If donor organs are transplanted despite malignancy being 
found during assessment: 
• urgent histological assessment (e.g. frozen section) should 

be performed immediately for preliminary diagnosis;  sub-
sequent work-up should be done for definitive diagnosis; 

• all recipient centres should be alerted immediately; 
• oncologist advice can be sought; 
• informed consent from the recipient should be sought 

prior to transplantation; 
• careful follow-up should be carried out, bearing in mind 

the possibility of transmission: 
• any possible transmission should be reported to the 

Health Authority in charge of SARE.

After transplan-
tation of at least 
one organ

a. Frozen section misinterpreted as benign, 
final diagnosis malignant (e.g. initial 
interpretation oncocytoma, definitive 
interpretation RCC)
or
b. malignancy incidentally found during 
pre-transplant preparation of the organ in 
the recipient centre (other organs already 
transplanted)
or
c. donor autopsy results (available only 
after procurement and transplantation of 
organs) indicated malignancy 
or
d. diagnosis in recipient within a few years 
of transplantation, e.g.: 
• histological finding of RCC; 
• suspicious mass on plain radiograph, 

ultrasound or CT scan; 
• symptomatic malignancy.

If donor organs are accepted and malignancy is found after-
wards: 
• immediately alert organ procurement organisation and 

national Health Authority in charge of SARE; 
• Health Authority will alert all recipient centres and tissue 

establishments involved; 
• in situation b), especially in cases where metastases are 

detected, consider donor autopsy to identify origin and 
extent of the primary tumour (not necessary in case of 
solitary, completely resected small RCC pT1a); 

• joint decision of physician and recipient about further ac-
tion (removal of transplanted organ, therapy) on the basis 
of a risk–benefit analysis; 

• carry out strict follow-up.
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1 or ALERT 2:  the 32 were 12 prostate cancers, 7 renal 
cell carcinoma (RCC) and 13 others. Of these malig-
nancies, 15 precluded donation due to unacceptable 
transmission risk, whereas 17 donors with acceptable 
malignancies proceeded to donation and transplan-
tation. Three small donor cancers were missed by 
the protocol (8  mm hepatocellular carcinoma, and 
3 mm and 5 mm breast cancers). They were diagnosed 
during donor autopsy after procurement, which was 
routinely performed in Verona until 2012.

Whenever only preliminary donor autopsy 
or biopsy results are available and final results are 
pending, all professionals involved should be advised 
on the importance of timely notification of the final 
results. Since autopsy findings are usually reported 
some time after the transplantation event, urgent 
requests for results may be helpful in these cases. 
Prompt communication is essential for the benefit of 
the recipients [17].

If no precise histological diagnosis of a suspicious 
mass can be obtained, the donor should be excluded 
unless the recipient is sufficiently sick and unlikely 
to get another offer, in which case the risk–benefit 
analysis may favour transplantation. It must be 
emphasised that the need to accept such risks would 
be exceptional, and should only be undertaken with 
the fully informed consent of the recipient or their 
family.
If a donor tumour is diagnosed after organs have 
already been transplanted, the recipients must be 
informed and should be involved in the decision 
whether removal of the graft and/or retransplantation 
may be appropriate. Initial results of frozen section 
must be interpreted with care (due to the technical 
limitations of the method) because final results might 
be different after paraffin embedding and special 
staining. See also Table 9.1.

Figure 9.1. Workflow:  actions for detection/assessment of malignancy in potential organ donors

Procedure in every potential donor Additional actions where conrmed cancer
is present in donor history

Intensive care unit

Imaging – chest radiograph; abdominal ultrasound
or CT scan where permitted

Laboratory – routine screening tests, plus betaHCG
in cases of menstrual irregularities

Detailed medical history of potential donor (family, family
physician, previous hospital records). In women of fertile age

whether any history of menstrual irregularities following pregnancy
or miscarriage (signs of possible choriocarcinoma) 

In cases of any suspicious ndings, further investigations
must be performed

Physical examination of scars, evidence of previous surgery,
suspect skin masses, palpable or visible tumours

Imaging: CT-scan of chest and abdomen

Laboratory: disease-specic tumour markers

Intensive care unit

Case history: date of rst diagnosis; histological report
(including stage and grade); type and date of treatment
(surgery, chemotherapy, radiotherapy); proof of regular

follow-up; date and results of most recent follow-up;
documentation of disease-free interval and/or tumour recurrences

Patient accepted as donor

Immediately inform recipient centres of suspect lesions

Operating room
Careful examination of all thoracic and abdominal organs (even if not

being considered for transplantation), including intestines and genitals

Immediate frozen section of suspected malignant lesions

Inform pathology that autopsy ndings of transmissible diseases
require immediate communication

Autopsy/post-mortem in selected cases

a. done for legal reasons
b. due to donor malignancy nding

after one organ of the donor has been transplanted
c. any other indication 

Removal of Gerota’s fascia and peri-renal fat for kidney inspection
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9.2.6. Changes in the cancer staging system 
and classification of tumours

The classification of tumours is constantly 
being reviewed and updated, particularly following 
advances in molecular phenotyping, many of which 
are being incorporated into tumour classification. 
At the time of writing, the 8th edition (2016) is the 
most recent TNM staging system of the American 
Joint Committee on Cancer (AJCC) and the Union 
for International Cancer Control (UICC) [18]. The 
World Health Organization (WHO) also revised its 
classification of brain tumours in 2016 (see Table 9.4) 
[19], and this now incorporates both histologic and 
molecular features (e.g. glioblastoma, isocitrate dehy-
drogenase (IDH) mutant). 

Therefore, in potential organ donors who are 
long-term survivors after cancer (e.g. > 5 years after 
tumour diagnosis and treatment) a different staging 
and classification system might have been in place at 
the time of first tumour diagnosis. Careful consider-
ation should be given to the nomenclature used for 
staging and grading historically and currently.

Tumour staging and grading has evolved with time. 
Reassess the initial histopathological staging and 
grading of any cancer in light of the most recent 
knowledge.

9.2.7. Risk of second malignancy or 
complication in long-term survivors of 
previous malignancies

Frequently, in long-term survivors of aggres-
sively treated malignancies, there is an increased 
risk of other de novo ‘second’ malignancies [20] 
(e.g. metachronous colon carcinoma;  see §9.4.9) and 
malignancy in organs occurring as a consequence 
of treatment of the initial cancer with radiation or 
chemotherapy. This latter risk may include malig-
nancies originating in an organ different to the one 
in which the primary tumour developed, e.g. pleural 
mesothelioma after thoracic radiotherapy for breast 
cancer, and breast cancer arising in females treated 
previously with mantle radiotherapy for lymphoma 
[21, 22].

In potential donors who are long-term survivors 
after a previous malignancy, diagnostic work-up 
should include consideration of the increased risk of 
developing a second malignancy.

9.3. General considerations to 
minimise the transmission 
of malignancy

9.3.1. Transmission risk and registry data

Although neither the exact frequency of donor 
malignancy nor the risk of malignancy transmission 
through organ transplantation is accurately known, 
there is some information based on the data available 
in the registries mentioned below. Additional data, 
from the many published case reports regarding all 
kinds of malignancy transmission, can serve as sup-
porting information but cannot contribute to an ac-
curate risk estimation.

When reviewing registry reports, caution is 
required as some historic reports cluster different 
tumour entities in one group (e.g. skin tumours, 
brain tumours) instead of describing definite diag-
nosis and staging information for individual donor 
tumour types, detail of which is mostly not available.

9.3.1.1. The United Network for Organ Sharing 
Registry (United States)

The first United Network for Organ Sharing 
(UNOS) report (1994-96) [23, 24] documented a 
1.7 % incidence of donors with a history of cancer;  
650 organs were transplanted from these 257 donors, 
with 85 % of organs from donors with cancers of skin 
(32 %), brain (29 %) or genito-urinary tract (24 %), 
but precise histological diagnosis and stage were not 
available in most cases. Of 188 transplants performed 
from donors with a history of central nervous system 
(CNS) cancer, primary diagnoses were available for 
only 42 cases, including 22 transplants from donors 
with a history of astrocytomas, 7 with glioblastomas, 
6 with medulloblastomas, 4 with neuroblastomas and 
3 from donors with a history of angioblastoma. It was 
noted that a number of cases without a histologic di-
agnosis probably included examples of benign men-
ingiomas. In the case of donors reported to have skin 
cancer, only 4 of the 211 donors had melanomas while 
the remaining 207 had a history of non- melanoma 
skin cancer. The remaining donors had other speci-
fied types of cancer, including 38 with breast cancer, 11 
thyroid and 9 lymphoma. Most had a recurrence-free 
interval of > 5 years before donation, and recipients 
had a post-transplant follow-up of 30 to 61 months. 
No transmission was reported.

A further UNOS report (1994-2001) [25] de-
scribed 11 non-CNS malignancies transmitted into 
15 (0.017 %) of 108 062 recipients of transplants during 
this period. The tumours transmitted were one 
melanoma (four recipients), one small-cell neuro- 
endocrine tumour (two recipients), one adenocarci-
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noma, one pancreatic cancer, one undifferentiated 
squamous cell carcinoma, two lung cancers, one 
renal tumour reported as oncocytoma, one papil-
lary tumour of unknown origin, one breast cancer 
and one prostate cancer (from a donor with prostate 
adenocarcinoma with lymph node metastases found 
on organ procurement, with transmission to the 
heart recipient). They were diagnosed in the recipi-
ents between 3 and 40 months after transplantation 
(mean 14 months).

A more recent UNOS report (2000-05) [26] 
analysed 1 069 donors with a history of cancer and 
showed transmission of two donor tumours:  one 
glioblastoma (with extracranial metastasis detected 
in the perioperative period) was transmitted to three 
recipients [27], and one malignant melanoma (re-
sected 32 years before donation) was transmitted to 
one of six recipients. All affected recipients died of 
the transmitted tumours.

Two UNOS reports have looked specifically 
at donors with brain tumours. In the first (1992-
99), UNOS reported no tumour transmission from 
397 donors with CNS tumours (either confirmed in 
the history or listed as cause of death) from whom 
1 220 recipients were transplanted (mean follow-up 
36 months) [28]. Histology was recorded in only 7.5 %, 
but included 2 donors with medulloblastoma and 17 
with glioblastoma, from whom 56 organs were trans-
planted with no transmission. 

The most recent UNOS report (1987-2014) 
focuses on 337 recipients of thoracic organs from 
donors with brain tumours [29]. Histological tumour 
type was known in 89 cases, including 5 glioblas-
tomas and one gliomatosis cerebri;  there was no case 
of transmission.

9.3.1.2. Organ Procurement and Transplantation 
Network Disease Transmission Advisory 
Committee (United States)

Ison and Nalesnik [5] reported 28 confirmed 
donor-transmitted malignancies (seven RCCs, four 
lung carcinomas, two melanomas, one liver cancer, 
three pancreatic cancers, two ovarian cancers, two 
neuro-endocrine malignancies, six lymphomas and 
one glioblastoma) from 2005 to 2009. Nine recipients 
died of the transmitted tumours.

Green et al� [30] reported Disease Transmis-
sion Advisory Committee (DTAC) data for the year 
2013 and showed five additional donor malignancies 
transmitted into eight recipients (three melanoma, 
two adenocarcinoma, three other malignancies) with 
two tumour-related deaths.

In 2011 Nalesnik et al� [8] suggested a new clas-

sification for assessing the clinical risk of donor ma-
lignancies (see §9.3.2).

9.3.1.3. The Israel Penn International Transplant 
Tumor Registry

The Israel Penn International Transplant Tumor 
Registry (IPITTR) [31] reported higher frequencies of 
malignancy transmission than other registries men-
tioned in this section. The discrepancy is explained 
by the fact that, due to the voluntary reporting of 
cases to IPITTR, only a small, selected cohort of pa-
tients are included in this registry and they are more 
likely to be reported if they suffered a transmission 
event. IPITTR does not cover the outcome of all re-
cipients transplanted from donors with malignancy 
in the analysed time period. Donor malignancies 
would have escaped any documentation if none of the 
respective recipients suffered from transmission or if 
their follow-up data were incomplete.

Therefore the IPITTR data are generally con-
sidered to overestimate the malignancy transmission 
risk. According to the data up to 2001, of 68 recipi-
ents of organs from donors with RCC, tumour trans-
mission was reported in 43. Of 30 recipients of grafts 
from donors with melanomas, tumour transmission 
occurred in 23 and, of the 14 recipients of grafts from 
organ donors with choriocarcinoma, there were 13 
cases of tumour transmission. Over this same time 
period, other tumours were also transmitted, in-
cluding lung, colon, breast, prostate and Kaposi 
sarcoma, as well as nine transmissions from 53 donors 
with CNS tumours. No transmission of thyroid, head 
and neck, hepato-biliary or testicular cancer or lym-
phoma/leukaemia was reported. Further extracted 
data, such as tumour transmission into cardiotho-
racic recipients [32, 33] or transplantation of kidneys 
with small renal cancers [34], have been published.

9.3.1.4. United Kingdom Transplant Registry
From a 10-year period (2001-10) with a total of 

14  986 donors, Desai et al� [6] reported 15 transmis-
sions (0.06 % of all recipients) of 13 occult donor ma-
lignancies (six renal cell cancers, four lung cancers, 
one lymphoma, one neuro-endocrine carcinoma, one 
colon carcinoma) with three subsequent recipient 
deaths.

In a second study, Desai et al [35] analysed 202 
donors (1.1 % of all donors) from 1990 to 2008 with a 
history of cancer, including 61 donors with cancers 
classified as Unacceptable or High transmission 
risk according to international recommendations 
(25 glioblastomas, six medulloblastomas, 10 breast 
cancers, five lymphomas, four sarcomas, three mel-
anomas, eight other malignancies). No transmission 
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was reported in 133 recipients of organs from these 61 
donors.

Watson et al� [36] found no transmission from 
177 donors with primary CNS malignancies in the 
years 1985-2001. Of these tumours, 33 were high-
grade malignancies (24 WHO grade IV gliomas, nine 
medulloblastomas).

In 2014 the UK Advisory Committee for the 
Safety of Blood, Tissues and Organs (SaBTO) set out 
recommendations for the transplantation of organs 
from deceased donors with cancer or a history of 
cancer [11].

9.3.1.5. The Organización Nacional de Trasplantes 
Registry (Spain)

From 1990 to 2006, 117 donors with malignancy 
were reported (5.8 per thousand donors), all with 
tumours diagnosed after organ procurement [7]. Of 
these donors, five (0.29 per thousand donors) trans-
mitted their malignancy into 10 recipients (0.06 % of 
all recipients in this period):  one soft tissue sarcoma 
(three recipients), one germinal cell cancer (three re-
cipients), one undifferentiated carcinoma (two recipi-
ents) and two RCC. These latter two cases were kidney 
recipients who were transplanted and later presented 
with a renal adenocarcinoma and a papillary carci-
noma, respectively. In both cases the diagnosis was 
made through a biopsy after transplantation.

In 1996 the Organización Nacional de 
Trasplantes (ONT) issued recommendations about 
the use of organs from donors with malignancy. 
These recommendations inspired the first Council 
of Europe recommendations on risk levels for donor 
malignancy transmission.

9.3.1.6. The Centro Nazionale Trapianti Registry 
(Italy)

Since 2001, the Centro Nazionale Trapianti 
(CNT) has had a new strategy for evaluating the 
safety and acceptability of donors [37]. This strategy 
analyses donors with infections and tumours and 
has established some donor risk levels. Analysis of 
the years 2001-2002 showed a frequency of 2.9 % of 
potential donors with tumours. Approximately half 
of these were rejected as donors before procure-
ment;  in a quarter of cases the tumour was detected 
between organ procurement and transplantation;  in 
the remainder, a malignancy was detected following 
transplantation. New data showed an improvement 
in diagnostic capabilities before and during organ 
procurement. Between 2006 and 2008, no cancers 
were transmitted following this risk-estimation ap-
proach [38].

Taioli et al� [39] analysed the outcome of 108 

recipients who received organs from 59 donors with 
suspected or confirmed malignancy from 2002 to 
2004, mostly non-CNS tumours. There was no evi-
dence of tumour transmission after an average of 28 
months.

Equivalent results were obtained in a subse-
quent analysis including 131 donors with malignancy 
from 2002 to 2005 (mostly prostate and RCC) by Zuc-
chini et al� [15] and for 28 donors from 2003 to 2010 in 
southern Italy [40].

The latest update (2006-15) of 11  271 donors 
reports 415 with either a past or current history of 
cancer [41]. The most common cancers were:  prostate 
in 112 cases, clear cell RCC in 46 cases and papillary 
RCC in 17. Five donors transmitted malignancy to 10 
of the 29 858 recipients (0.03 %) in the study;  none of 
the donors were known to have a cancer at the time 
of donation. Two donors transmitted lymphoma, and 
one each transmitted acute myeloid leukaemia, a 
primary intestinal tumour and an anaplastic tumour 
of unknown origin;  nine of the 10 recipients died.

9.3.1.7. MALORY – MALignancy in Organ donors 
and Recipient safetY (Germany)

The MALORY study analysed data from a six-
year period, 2006-11, of 248 organ donors with 254 
malignancies (702 organs transplanted into 648 re-
cipients) [9]. Follow-up information was collected in 
2012 from 589 (91 %) recipients. There was no con-
firmed tumour transmission from donors whose ma-
lignancies were known before organ acceptance and 
transplantation (median recipient follow-up 576 days). 
The most frequent non-CNS malignancies were RCC 
(n = 35), breast cancer (n = 15), colorectal carcinoma 
(n = 11), prostate carcinoma (n = 12) and thyroid carci-
noma (n = 9). They presented in different stages, with 
different grades and ranged from ‘minimal risk’ to 
‘unacceptable risk’ according to international recom-
mendations. The most frequent CNS malignancies 
were glioblastoma (n = 16) and anaplastic astrocy-
toma (n = 12). During the follow-up, 127 recipients 
(19.6 %) died of tumour-unrelated causes, and 135 re-
cipients (23 %) were lost to follow-up (no follow-up 
data available after January 2011).

Nevertheless, tumour transmissions did occur 
in the cohort:  seven donors without any suspected 
malignant disease transmitted their occult carci-
noma (three RCCs, two neuro-endocrine tumours, 
one breast cancer, one colorectal cancer) into 13 re-
cipients. As of October 2015, seven of these recipients 
had died as a result of the transmitted tumour (four 
liver, two kidney, one lung recipient). Three kidney 
recipients (neuro-endocrine and breast cancer) 
were disease-free after metastatic disease treated by 
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transplant nephrectomy, withdrawal of immunosup-
pression and chemotherapy. The three kidney recip-
ients from donors with undetected RCC have never 
shown any clinical symptoms of the malignancy 
(all three kidney recipients had undergone trans-
plant nephrectomy for either thrombosis or rejection 
post- transplant;  pathological examination revealed 
incidental RCC).

The follow-up period is too short and the 
number of patients lost to follow-up is too high for 
final conclusions about transmission risk.

9.3.1.8. Danish Registry Data
Birkeland and Storm [42] linked all organ 

donors in a single transplant centre over a 27-year 
period to the Danish tumour registry. They identified 
13 malignancies among 626 donors (2 %), of which 
eight were detected after the organs had been trans-
planted (1.3 %). Of those eight donors, only one trans-
mitted the malignancy to the recipient, a melanoma 
(stage unknown at procurement) (0.2 %).

Cancer transmission through organ transplantation 
does occur. The number of organs accepted 
from donors with a previous or current history of 
malignancy seems to be increasing, but the frequency 
of documented cancer transmission is low. Under-
reporting of transmission cases due to previous lack 
of mandatory reporting cannot be ruled out. Within 
the EU legal framework [12], and with mandatory 
reporting to national Health Authorities of SARs 
(including suspected/confirmed cases of malignancy 
transmission), it should be possible in future to 
assess more precisely the frequency of malignancy 
transmission through organ transplantation.

9.3.2. Assessment of transmission risk

In cases where donor malignancy is diagnosed 
prior to or during organ procurement, a number of 
issues should be considered (see Table 9.2). In par-
ticular, it should be noted that: 

a� Tumours that are newly diagnosed at pro-
curement have to be evaluated very carefully. 
Organ donation is unlikely to proceed because 
very few types of active malignancy will be 
considered an acceptable risk. Testing for exact 
histological type and grade of the tumour is 
absolutely necessary as is accurate staging 
prior to acceptance and must be performed 
according to the latest international criteria:  
AJCC Cancer Staging Manual, 8th edition [18], 
and the 2016 WHO Classification of Tumors of 
the Central Nervous System [19].

b� In cases of treated malignancy in the pa-

tient’s medical history, complete remission of 
5 to 10 years (depending on tumour type, stage 
and grade) should have been achieved before 
the person is accepted for organ donation, al-
though some exceptions exist. Careful assess-
ment of the prognosis is recommended, taking 
into account the changes in tumour classifica-
tions that occurred in 2016, since the staging 
and grading of tumours diagnosed before then 
might differ slightly from current practice.

c� Patients with metastatic tumours (lymph node 
or distant metastases) should not be accepted 
as organ donors. Exceptions might be made 
in selected cases of tumours diagnosed > 5 
years before procurement with an initial pN1 
staging, full treatment and unsuspicious, re-
currence-free follow-up with presumed cure.

d� Lack of surgical intervention, absent or incom-
plete follow-up or palliative therapy of ma-
lignancy in the patient’s medical history are 
contraindications for organ donation (except 
for low-grade prostate cancer under active sur-
veillance and certain brain tumours).

e� A donor with a previous malignancy must be 
evaluated carefully, both for evidence of recur-
rence of the malignancy and for the increased 
risk of a de novo malignancy. For example, a 
donor with a previous colon adenocarcinoma 
is at increased risk of developing a new colonic 
adenocarcinoma [43]. Therefore it is important 
to determine in the donor work-up the results 
and timing of any surveillance colonosco-
pies. Similarly, some cancer treatments predis-
pose to new cancers, e.g. mantle radiotherapy 
for lymphoma and subsequent occurrence of 
breast cancer.

f� For a second opinion, advice from specialists 
in the relevant oncological field and/or from 
experienced pathologists may be sought to 
further assess the individual transmission risk. 

g� Potential recipients of organs from donors with 
a history of cancer should be fully informed 
before consent for transplantation is obtained 
by the transplant centre. The extent of this 
informed consent should be based on a risk–
benefit analysis and should enable the recipient 
to generate a realistic perception of the situa-
tion, but without provoking undue concern in 
cases of very low transmission risk.

Table 9.3 shows the current transmission-risk 
categorisations published by DTAC/USA [8], SaBTO/
UK [11] and CNT/Italy [41]. The Council of Europe 
classification proposes a risk classification that con-
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sciously omits any numerical estimation because 
of the limited evidence currently available. Details 
of the risk classification of specific tumours will be 
found in the subsections of 9.4 that follow.

The clinicians in charge of accepting and 
transplanting a graft have the overall responsibility 
for its use in a particular recipient, regardless of the 
estimated risks according to the classifications in 
Table 9.3.

9.3.3. Circulating tumour cells

Circulating tumour cells (CTCs) have been 
detected in the blood of many cancer patients – 
e.g. breast [45], colorectal [46], prostate [47] and glio-
blastoma [48, 49] – including early-stage cancers. 
Their existence has clinical impact on recurrence and 
survival in metastatic cancers. However, their rele-
vance for the course of disease or the development 
of metastases in early stages is still under investiga-
tion. To be clinically relevant and cause metastases, 
CTCs need additional properties such as the ability 
to implant into favourable sites, protection from 
host-specific and non-specific immune responses 
(decreased in transplant patients) and the abilities to 
induce a blood supply and initiate growth. Accord-
ingly, the fact that brain tumours rarely metastasise 
might in part be explained by the limited capacity 
of glioblastoma cells to exist outside the brain, even 
though 20-40 % of sufferers have CTCs [48, 49].

The probability of detecting CTCs in any 
kind of cancer correlates with the size of the sam-
pling volume:  in the case of large sample volumes 
(e.g. enrichment of cells by leukapheresis with 25 L 
of blood processed), CTCs might be detected with 
a high sensitivity. If only 10 mL of blood is tested in 
the setting of organ donation it is possible to obtain 
a false negative result due to the unrepresentative 
nature of the specimen [50, 51]. In addition to these 
technical difficulties and the limited experience in 
assessing the results, testing for CTCs is expensive 
and time-consuming, and the reliable detection of 
CTCs is dependent on the availability of an experi-
enced laboratory. Therefore, searching for CTCs in 
organ donors is currently not appropriate, though it 
might become a valuable method in the future.

9.4. Solid organ tumours

Acceptance of donors with a history of malig-
nancy varies among European countries as well 

as worldwide. Published recommendations [5, 11, 41, 
52] classify the different tumour entities according to 
their estimated transmission risk. This is based on 

the available literature, national data, expert opinions 
and data on tumour behaviour in non-transplant pa-
tients. In general, it is supposed that donors with 
tumours that are presumed to have been cured – after 
full treatment, adequate strict follow-up and without 
suspicion of disease recurrence or metastases – can 
be accepted for selected recipients, with an awareness 
of a remaining transmission risk. 

Probability of cure and the risk of metastases 
differ among the various tumours depending on their 
histological type, stage, grade and treatment, and 
these have to be taken into account. For example, an 
oesophageal cancer pT1N0M0 will be assessed differ-
ently after a recurrence-free survival of 2 years versus 
25 years. Thus, the below-mentioned risk criteria 
may decrease for presumed cured donor cancers, but 
current literature does not provide sufficient data for 
definitive statements. There is no international con-
sensus on a required time of recurrence-free follow- 
up, and national recommendations may vary from 
> 5 or >10 years to never, for the same tumour type 
and stage.

An individual risk–benefit assessment must be 
performed for every potential recipient. The 
permissive environment for growth of transmitted 
tumours in an immunosuppressed recipient should 
also be taken into account.
Informed consent should be obtained from the 
recipient or their legal representative. 
Every recipient who receives an organ from a donor 
with a history of malignancy should be offered 
additional testing, monitoring and treatment as 
appropriate, in addition to routine follow-up care 
(UNOS/OPTN policy 15.5.A) [53].

This Guide provides recommendations to 
assist in assessing different types of malignancy. To 
apply these recommendations in clinical practice, 
donor evaluation should be as complete as possible 
in accordance with Chapter 6 and also section  9.2, 
Table 9.1 and Table 9.2. In cases of doubt, the relevant 
national and individual strategy should be discussed 
with national experts.

The following alphabetical listing (§9.4.1 to 
§9.4.31) covers the most common cancers in terms 
of incidence and mortality in Europe [54], as well as 
other frequently reported donor malignancies. Con-
siderations about transmission risk and acceptability 
are also included for malignancies that are not men-
tioned in any literature on organ donation but that 
are increasingly referred to in requests regarding the 
acceptance of potential organ donors.
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Table 9.2. Items to consider for a potential organ donor with a current or past history of cancer 

Donor-related Active 
tumour

What is the specific type of tumour?
What is the extent of tumour, i.e. tumour stage?
What is the risk of tumour transmission based on current available evidence?

Historical 
tumour

All of the above, and also: 
How long ago did the tumour occur? 
What is the tumour-free interval?
Is this tumour associated with late recurrence? 
What is the expected 5-year disease-free survival?
Did the donor receive curative treatment for the tumour?
Has there been adequate follow-up following treatment?

Recipient- 
related

What is the desire of the potential recipient? 
Is there a clear understanding of the risks involved?
What type of post-transplant screening would be appropriate in this circumstance? For how long?
What treatment options are available if tumour is transferred?
What are the alternatives for this patient if transplantation is deferred because of concerns about tumour 
transmission?

Source:  modified after Nalesnik and Ison [44]

Table 9.3. International recommendations for the assessment of transmission risk of donor malignancies

CNT/Italy 2015 DTAC/USA 2011 SaBTO/UK 2014 Council of Europe 2020
Standard risk No significant risk — —

Non-standard – 
negligible risk

Minimal risk (< 0.1 %) Minimal risk (< 0.1 %) Minimal risk
Donor acceptable for all organs and all recip-
ients

Non-standard – 
acceptable risk

Low risk (0.1-1 %) Low risk (0.1-2 %) Low to intermediate risk
Donor acceptable, justified by the specific 
health situation of the recipient or the severity 
of their clinical condition, based on a risk–ben-
efit analysis

Intermediate risk 
(1-10 %)

Intermediate risk 
(2-10 %) 

High risk (> 10 %) High risk (> 10 %) High risk
Acceptance may be discussed in exceptional 
cases and for some life-saving transplantation 
procedures in the absence of any other ther-
apeutic options on a case-by-case basis, after 
careful and reasonable risk–benefit assess-
ment and informed consent of the patient

Non-standard – 
unacceptable risk

— Absolute contraindica-
tion

Unacceptable risk
Absolute contraindication due to active malig-
nancy and/or metastatic disease

— Unknown risk (not 
equivalent to absolute 
contraindication)

— —

9.4.1. Adrenal tumours

Adrenal (suprarenal) tumours are occasional 
findings on examination of the kidneys. Histologi-
cally, it is not possible to determine whether a primary 
adrenal tumour, either medullary or cortical, is ma-
lignant or benign;  the adrenal gland is, however, a 
common site for metastases, so frozen section exam-
ination to rule out a secondary cancer is worthwhile.

Medullary phaeochromocytomas are dis-
cussed in detail in section 9.4.16.

There are no reports of transplantation of 
organs from donors with adrenocortical tumours.

9.4.2. Appendiceal tumours

Tumours of the appendix are commonly neuro- 
endocrine tumours (see §9.4.16), but adenocarci-
nomas and cystadenomas also occur. Appendiceal 
carcinoids less than 2 cm (pT1) rarely metastasise, 
with none reported in a series of 127 subjects [55, 56]. 

Adenocarcinomas are frankly malignant but 
cystadenomas, which present with appendiceal mu-
coceles, are on a spectrum from benign to malignant. 

There are no reports of donors with appen-
diceal carcinomas or neuro-endocrine tumours.
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Appendiceal tumour diagnosed during donor 
procurement

The presence of an appendiceal tumour is a 
contraindication to donation.

Appendiceal non-neuroendocrine tumour in 
donor history

Organs from donors with non-neuroendocrine 
appendiceal tumours in the donor history may be 
used in selected cases if fully treated and a recurrence 
free period of >5 years with the probability of a cure.

Appendiceal neuroendocrine tumour in donor 
history

A well-differentiated carcinoid tumour < 2 cm (pT1) 
without lymph node or distant metastases is assumed 
to have a low transmission risk after adequate excision 
and disease-free survival of > 5 years. Risk increases 
with size/stage, and probability of presumed cure has 
to be taken into account.

9.4.3. Basal cell carcinoma

See section 9.4.15.

9.4.4. Biliary cancer 

See section 9.4.17.

9.4.5. Bladder cancer (non-urothelial)

There are no reports of donors with current or 
historical, non-urothelial bladder cancer from which 
to draw evidence. For urothelial (transitional cell) 
cancer of the ureter, see section 9.4.30.

Approximately 5 % of bladder cancers are squa-
mous cancers, although it is more common where 
schistosomiasis is prevalent. It is also associated with 
indwelling catheterisation and other chronic inflam-
matory processes. It has a poorer prognosis than 
urothelial bladder cancers. There are no reports of 
donors with squamous bladder cancers.

9.4.6. Breast cancer

Since breast cancer has high potential for late 
and aggressive recurrence and metastasis, even after 
many years of complete remission, patients with this 
cancer should only be accepted as organ donors for 
very selected recipients and with the highest caution.

Friedman et al� reported 9 patients receiving 
organs from 8 female donors with a history of breast 
cancer (two were diagnosed 0.3 and 16 months fol-
lowing living donation);  there were two cases of 
breast cancer transmission in kidney recipients at 4 
and 12 months after transplantation [57]. One male 

recipient died, and the other was disease-free for 36 
months after withdrawal of immune-suppression 
and anti-oestrogen therapy. Buell et al� referred to 
a 29 % rate of transmission of invasive breast cancer 
in cases reported to the voluntary IPITTR, with no 
transmission in donors with a history of duct or 
lobular carcinoma in situ [58];  the actual number of 
cases is not reported, but may have included the cases 
reported by Friedman et al� [57]. A case of transmis-
sion of an occult ductal breast adenocarcinoma from 
a living kidney donor was also reported by Kauffman 
et al� [25]. The kidney recipient rejected graft and 
tumour after cessation of immunosuppression and 
was relisted for transplant after a recurrence-free sur-
vival of 4 years. The cancer was diagnosed 6 months 
post-transplant, making it unlikely that this is one of 
the cases reported previously. 

Transmission of an occult metastatic donor 
breast cancer into four recipients was reported 
by Moench et al� [9] and Matser et al� [59], first di-
agnosed in the double-lung recipient 2 years after 
transplantation. The lung and the liver recipient as 
well as one kidney recipient died of the transmitted 
tumour. The other kidney recipient showed complete 
remission of the transmitted metastatic disease after 
transplant nephrectomy, withdrawal of immunosup-
pression and chemotherapy. 

Donor breast cancer transmission confined 
to a keratolimbal allograft has been reported, man-
ifesting 4 years after transplantation [60].

As in malignant melanoma, tumour cell dor-
mancy is a well-recognised phenomenon with breast 
cancer. Tumour cells spread to distant sites early 
during cancer progression. They can stay dormant 
and clinically undetectable after resection of the 
primary tumour for many years. Metastasis in breast 
cancer usually manifests asynchronously with the 
primary tumour and shows variable time to become 
clinically detectable [61, 62]. Therefore, an extended 
cancer-free period before accepting a donor with 
breast cancer is recommended, reliably performed 
follow-up should be ascertained and current donor 
examination for metastases including imaging are 
necessary, even after a long disease-free survival.

The original histology report should be re-
viewed for details of receptor expression of oestrogen/
progesterone (E/P) and HER2/neu. E+/P+ is associ-
ated with a favourable prognosis, but expression 
of HER2/neu+ results in a poorer outcome in the 
general oncological setting [63, 64].

Carcinoma in situ is a non-invasive tumour that 
has not crossed the basement membrane (see §9.4.7). 
Lobular carcinoma in situ is now considered a benign 
disease and has been removed from TNM staging in 
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the last AJCC revision [18], although its presence is 
associated with a risk of developing invasive breast 
cancer in the future. High nuclear grade in situ breast 
cancer is thought to be more aggressive than breast 
cancer in situ without high-risk features because it 
entails the possibility of undetected micro-invasive 
carcinoma as well as carrying a higher risk of de-
veloping invasive disease [65-67]. Duct carcinoma in 
situ (DCIS) is considered low to intermediate risk of 
transmission.

Breast cancer diagnosed during donor 
procurement

Newly diagnosed invasive breast cancer is an 
unacceptable risk for organ donation.

Breast cancer in the donor history

Organs from donors with invasive breast cancer might 
be accepted in selected cases after full treatment, 
complete remission and stringent follow-up for > 5 
years, depending on the initial stage and E/P and 
HER2/neu receptor expression, always bearing in 
mind the risk of transmission due to possible late 
metastases.
Breast cancer stage 1A (T1, N0;  AJCC, 8th edition) 
[18] with curative surgery and cancer-free period > 5 
years seems to be associated with low to intermediate 
risk for transmission. All other invasive breast cancer 
stages are considered high-risk for transmission, 
independent of the presumed recurrence-free survival 
and treatment.
High nuclear grade DCIS is considered low to 
intermediate risk for transmission.

9.4.7. Carcinoma in situ, pancreatic and biliary 
intra-epithelial neoplasia

Carcinoma in situ is a non-invasive epithelial 
tumour that has not crossed the basal lamina. There-
fore, it has no potential for metastases, but can trans-
form into an invasive tumour after some time.

Historical recommendations contraindicated 
transplants from potential donors with very aggres-
sive malignancies, such as melanoma or lung cancer, 
for any stage of the disease, even in cases of in situ 
tumours [68]. Since carcinoma in situ is a very early, 
non-invasive tumour stage [69], patients with these 
diagnoses might be acceptable as organ donors with 
increased caution.

Carcinoma in situ, PanIN and BilIN diagnosed 
during donor procurement or in donor history

Many in situ carcinomas – e.g. uterine cervix, colon, 
breast (only low-grade), non-melanoma skin and 
vocal cord, together with pancreatic intra-epithelial 
neoplasia (PanIN) or biliary intra-epithelial neoplasia 

(BilIN) in the absence of invasive cancer, may be 
considered minimal risk. Transplantation of a pancreas 
with PanIN or a liver with BilIN is not recommended.
Regarding the non-muscle-invasive urinary bladder 
cancers, in situ urothelial cancer (pTis) and intra-
epithelial papillary urothelial carcinoma (pTa/G1-2) 

– see AJCC, 8th edition [18] – are considered minimal 
risk for non-renal transplants. Renal transplants from 
these donors should be considered as a higher risk for 
transmission due to the often multifocal character of 
transitional cell cancers and the higher risk of cancer in 
the renal pelvis.
High-grade in situ breast cancer, in situ lung cancer 
and in situ melanoma/lentigo maligna are considered 
low to intermediate risk for transmission.

9.4.8. Choriocarcinoma

Choriocarcinoma is a highly aggressive cancer 
originating from trophoblastic tissue after hydatidi-
form mole, miscarriage or ectopic/intra-uterine preg-
nancy. IPITTR reports a high (93 %) transmission 
rate and a high (64 %) recipient mortality rate [58], al-
though these incidences are likely to be overestimates. 
Nevertheless occasional cases of unrecognised donor 
choriocarcinoma resulting in multiple transmissions 
continue to be reported [70]. In a review of donor 
cancer transmission in renal transplant recipients, 
five cases of choriocarcinoma were described that 
presented a median one month post-transplant [71]. 

In cases where choriocarcinoma is suspected 
(e.g.  menstrual irregularities, cerebral haemorrhage 
in a woman without risk factors), assays for βHCG in 
the urine or blood (e.g. in cases of renal impairment 
of the donor) should be carried out, since βHCG 
levels are increased in females with choriocarcinoma. 
Due to the rare occurrence of this tumour, no exten-
sive donor data for a modified risk classification are 
to be expected in the future.

Choriocarcinoma diagnosed during donor 
procurement

Due to the high transmission and mortality rates, it is 
considered an unacceptable risk for organ donation in 
any stage of disease.

Choriocarcinoma in the donor history

Due to the reported high transmission and mortality 
rates, it is considered to be associated with a high 
or unacceptable risk for transmission through organ 
donation, depending on the recurrence-free period 
prior to donor death.

9.4.9. Colorectal cancer

There are two case reports describing metastatic 
transmission of occult colorectal carcinoma of the 
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donor into liver recipients [72, 73]. In one case, liver 
metastases of donor origin were diagnosed 18 months 
after transplantation. Retransplantation was not con-
sidered because of the patient’s reduced health con-
dition. The recipient died a few months later. In the 
second report, colorectal metastases were detected 
in the allograft 13 months after transplant. Following 
transplant hepatectomy and retransplantation, the 
patient remained tumour-free, dying three years later 
from recurrent hepatitis C. Kidney, cornea and heart-
valve recipients from the same donor did not develop 
tumours post-transplant. The two donors were 69 
and 68 years old respectively.

Clearly, these rare but potentially devastating 
cases should remind procurement surgeons to care-
fully examine all intra-abdominal and intra-thoracic 
structures for suspicious lesions, particularly in older 
donors.

In donors with a past history of colorectal 
cancer, the higher chance of a new colorectal cancer 

– a metachronous tumour, incidence of around 3 % 
at 10 years [43, 74] – should be borne in mind when 
examining the abdominal contents during organ 
procurement.

Buell et al� [58] describe a 19 % transmission 
risk for organs from donors with a history of colon 
cancer but reported the risk to be under 1 % for T1 
tumours;  full details were not reported. Several reg-
istries have reported donors with a history of colon 
cancer without subsequent disease transmission [5, 9, 
26, 35, 39-42] (see §9.3.1), while the IPITTR reported 
two transmissions from five living kidney donors 
with colon cancer (possibly the same cases as Buell et 
al�) [4]. A separate Brazilian report details two renal 
recipients developing a donor-transmitted cancer of 
intestinal origin, possibly large bowel [75].

Colorectal cancer diagnosed during donor 
procurement

Donors with pT1 tumours (where pT1 is defined in 
AJCC 8th edition [18]) should only be accepted for 
organ donation with the utmost caution, and a high 
transmission risk must be assumed. Patients with 
higher stages of newly diagnosed, active colorectal 
cancer should not be accepted for organ donation 
(unacceptable risk).

Colorectal cancer in donor history

The presence of pT1/pT2 (Dukes’ A or B) colorectal 
carcinoma (infiltration of submucosa/ muscularis 
propria) in the donor without lymph node or distant 
metastases is assumed to have a low transmission risk 
after adequate treatment and disease-free survival of 
> 5 years. Risk increases with stage, and probability of 
presumed cure has to be taken into account.

In the past there has been discussion as to 
whether donors with early stages of colorectal cancer 
(pT1, infiltration of submucosa) might be acceptable, 
even in cases of a newly diagnosed, unresected tumour. 
However, submucosal infiltration depth (sm1-3), lym-
phovascular invasion (L0-1), tumour budding and 
microsatellite instability also have significant influ-
ence on the risk of lymph node and distant metas-
tases in pT1 tumours [76-78]. This suggests caution 
should be exercised in considering organs from a 
donor with recently diagnosed pT1 colorectal cancer. 
In these cases, thorough diagnostics should be pro-
vided but will not be available in time when a tumour 
is detected during organ procurement.

9.4.10. Gastric cancer

See section 9.4.17.

9.4.11. Gastrointestinal stromal tumour

Gastrointestinal stromal tumours (GIST) 
are the most common mesenchymal tumours and 
account for 5 % of all sarcomas. They are mostly de-
tected as very small lesions in the walls of the stomach 
and/or small intestine, but can also be found in colon 
or rectum.

The risk of progression and metastases is cor-
related to four main prognostic factors [79]:  tumour 
localisation, mitotic count (tumour cell proliferation), 
tumour size and tumour rupture before or during 
surgery.

Gastric or duodenal GIST < 2 cm, with mitotic 
index < 5 per 50 high power fields, have a low risk of 
metastases. Complete excision is accepted as the only 
treatment. These GISTs do not necessarily contrain-
dicate organ donation. Rectal or jejunal GIST, size 
≥ 2 cm or mitotic index ≥ 5 per 50 high power fields, 
are associated with higher risk of metastases and 
thus transmission [80].

Fiaschetti et al� [40] reported a single donor 
with confirmed gastric GIST without evidence of 
transmission to the recipients. Subsequently Novelli 
et al� [81] summarised five cases of GIST diagnosed 
in a single centre during donor procurement (three 
stomach, one ileum, one colon). After the suspicion 
of GIST on the frozen section, all five were confirmed 
to be low-grade (due to very few or no mitoses) GIST 
on permanent section and immunohistochemistry. 
Three organs (two kidneys from donor 1 and the 
liver from donor 2) were transplanted with no sign of 
tumour transmission after 18 and 46 months.

Frozen section histology may help to identify 
GISTs with a very low potential risk of transmission. 
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Mitotic count evaluation as well as the search for 
presence of c-kit (CD117) or DOG1 are performed on 
permanent sections but are typically not available as 
a frozen section assessment.

GIST diagnosed during donor procurement

Small (< 2 cm) GIST of the stomach or duodenum 
may be acceptable for organ donation with a low-
to-intermediate risk for transmission. Mitotic index 
should be determined, though results are only likely 
to be available after transplantation of the organs. 
GIST from other primary sites, of larger size or high 
mitotic count, are associated with an increased risk of 
metastases and a high risk of transmission.

GIST in the donor history

Small (< 2 cm) GIST of the stomach or duodenum 
and mitotic count < 5 % may be acceptable for organ 
donation with a low-to-intermediate or even minimal 
risk of transmission, depending on therapy, follow-up 
time and recurrence-free survival. GIST from other 
primary sites, of larger size or high mitotic count, are 
associated with an increased risk of metastases and a 
high risk of transmission. No detailed information or 
recommendations are available from the literature.

9.4.12. Liver cancer

See section 9.4.17.

9.4.13. Lung cancer

Several registries [5, 6, 25, 58] and case reports 
[82-86] have described transmission of an occult 
donor lung cancer (including some small-cell carci-
nomas), mostly resulting in the death of the recipient. 
This suggests that transmitted lung cancers behave 
very aggressively in organ recipients. The transplant 
clinician should be especially aware of this possibility 
in the case of a donor with a heavy smoking history.

Jaillard et al� [87] report a case of small-cell 
lung cancer detected in the donor 7 months after 
living kidney donation. Transmission was confirmed 
in the asymptomatic recipient, who underwent trans-
plant nephrectomy and three cycles of chemotherapy. 
Complete metabolic response could be demonstrated 
by FDG PET/CT 12 months thereafter but long-term 
outcome has not yet been reported.

A recent systematic review [71] of tumour trans-
mission after renal transplantation showed nine cases 
of lung cancer with a median onset time of 13 months 
post-transplant and with metastatic disease at pres-
entation in seven of nine patients. Among patients 
with donor-transmitted cancers, those with either 
lung cancer or melanoma had the worst prognosis. 
(See also §9.4.14.)

Two separate reports of lung cancer transmis-
sion to liver recipients attest to a poor outcome in this 
recipient group. In one case an autopsy performed the 
day after donation on a 63-year-old ex-smoker with a 
10 pack year history revealed a lung mass with meta-
static nodal involvement. Liver retransplantation was 
undertaken on day 7, with no tumour identified in 
the explanted donor liver. Eleven months later the re-
cipient developed metastatic adenocarcinoma of the 
lung confirmed to be from the first donor;  he died 
four weeks later [88]. In a separate case, four months 
after transplantation, a liver recipient developed met-
astatic deposits of a poorly differentiated tumour 
with mixed features of small-cell and non-small-cell 
carcinoma, identified to be of donor origin. Retrans-
plantation was not undertaken and he died shortly 
afterwards with evidence of extra-hepatic disease 
[86].

For recommendations regarding in situ lung 
cancer go to section 9.4.7.

Lung cancer diagnosed during donor procurement

Any histotype of newly diagnosed lung cancer is an 
unacceptable risk for organ donation.

Lung cancer in the donor history

Treated lung cancer is considered to be associated 
with a high transmission risk. Risk may decrease after 
curative therapy, with recurrence-free time and with 
increasing probability of cure.

9.4.14. Malignant melanoma
Malignant melanoma transmission rates of 

74 % have been reported from the IPITTR with a 
60 % recipient mortality rate [58]. This is likely to be 
an overestimate, but transmission events continue 
to be described in case reports and in recent registry 
data [5, 26, 30, 42, 89, 90]. Most cases of reported do-
nor-transmitted melanoma were cases where tumour 
diagnosis was missed in the donor [58, 91, 92]. In a 
review of case reports in 2010, Strauss et al [93] de-
scribed 13 donors of 30 transplanted organs, with 10 
being disease-free, 6 of whom had undergone graft 
nephrectomy .

The IPITTR data [58], compiled from voluntary 
reports of transmissions, conflict with those reported 
in the 2007 UNOS review [26]:  in 140 transplants 
with grafts from donors with a past history of  mel-
anoma, only one transmission was reported (via a 
single lung). That donor had a melanoma resection 32 
years before lung procurement and no transmission 
was reported from the other five recipients of grafts 
from the same donor. The analysed group of con-
firmed donor melanomas without transmission may 
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contain a mixture of melanoma stages, including 
cases of lentigo maligna/in situ melanoma. This might 
explain the low transmission rate in this analysis. The 
report does not preclude the existence of risks, but 
it concludes that improved data collection, with a 
description of the different stages of the donor mela-
nomas, may help to clarify the issue. Lentigo maligna, 
as an in situ melanoma, must be distinguished from 
invasive melanoma for each individual case in order 
to determine whether this early stage should be con-
sidered separately from invasive melanoma.

In most published reports of donors with a 
known history of melanoma, the precise data about 
staging, therapy and follow-up are missing [26, 42, 
58]. It has to be kept in mind that in non-transplanted 
patients malignant melanoma often recurs, even after 
many years of disease-free survival.

Alsara and Rafi [94] and Sepsakos et al� [95] re-
ported the same donor-transmitted melanoma after 
ocular limbal stem-cell transplantation from a donor 
with a history of metastatic melanoma. Non-ocular 
malignancy had not been a contraindication for 
ocular tissue procurement in the USA in the past, 
except for leukaemia and lymphoma. After this case, 
the Eye Bank Association of America updated their 
donor criteria to exclude donors with any history of 
melanoma or other solid organ metastatic tumours 
from vascular ocular tissue donation (scleral tissue 
and keratolimbal allografts). Donors with known 
metastatic melanoma are excluded from any ocular 
tissue donation [96, 97]. The European Eye Bank 
Minimal Medical Standards also differentiate vas-
cular from avascular tissue donation and have re-
strictions on donors with a history of malignancy for 
vascularised tissue donation [98].

Evidence increasingly indicates that single 
malignant melanoma cells spread to distant sites 
quite early during cancer progression. They can stay 
dormant and clinically undetectable after resection 
of the primary tumour for decades. To keep them 
dormant, a complex and fluctuating interaction 
between cells and environment is assumed. A change 
of this environment, e.g. transplantation of an organ 
with dormant melanoma micrometastases into a new 
and immunosuppressed host, can lead to metastatic 
growth in the recipient [99-101].

Late recurrences have been reported in 
non-transplanted patients with small melanomas 
< 1 mm in thickness [102], but are uncommon. Some 
yet unpublished cases, in which organs have been 
transplanted from donors with melanoma (mostly 
superficial spreading melanoma, SSM) stage pT1a 
N0 M0 (< 1 mm thick, non-ulcerated), resected (R0), 

with recurrence-free survival > 5 years, are currently 
under evaluation. 

Non-cutaneous, uveal melanoma tends to mi-
crometastasise very early (before enucleation), and 
often to the liver [103, 104], where it may stay clini-
cally undetected for years.

Because of the lack of data on tumour stage 
where donors with a history of melanoma have been 
used, and the tendency for melanoma metastases 
to lie dormant in an immunocompetent host, the 
utmost caution is recommended when considering 
donors with a history of melanoma [93], unless 
the tumour can definitely be confirmed as lentigo 
maligna or in situ tumour and curative therapy has 
been adequate [69]. For invasive cutaneous mela-
noma, Stage 1a (Breslow depth < 1.0 mm) tumours 
are associated with a melanoma-specific survival of 
around 95 % at 10 years [105], and around 98 % for 
tumours with a Breslow depth less than 0.8 mm (T1a) 
[106]. In all cases of melanoma, it is essential to obtain 
complete data about staging (including depth of inva-
sion and ulceration), therapy, type of follow-up and 
recurrence-free duration, and then evaluate risk of 
metastasis with a dermato-oncologist before consid-
ering the case for donation.

Although transmission is often fatal, treatment 
options are emerging. Checkpoint inhibitors have 
been described in three cases, ideally following with-
drawal of immunosuppression, graft rejection and 
then graft nephrectomy. In one case nephrectomy was 
undertaken before immunosuppression withdrawal 
following identification of melanoma in the liver re-
cipient;  widespread metastatic disease was found 3 
months later, which was treated by resection of brain 
metastases followed by cranial irradiation and ipili-
mumab [89]. In the second report a metastatic mel-
anoma exhibiting the BRAF-V600E mutation was 
found in a kidney recipient 6 months post-transplant. 
Following nephrectomy they were treated with tra-
metinib and dabrafenib, followed by nivolumab with 
continuing tumour regression 14 months later [107]. 
The third report was also of a kidney transmitting 
metastatic melanoma (also BRAF-V600E mutation) 
treated successfully with vemurafenib, followed by 
ipilimumab, with complete remission at five years 
[92]. Successful treatment has also been reported 
using donor targeted immunotherapy [108].

Malignant melanoma diagnosed during donor 
procurement

Due to the very aggressive behaviour of this tumour, it 
is considered an unacceptable risk for organ donation.
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Malignant melanoma in the donor history

Due to the lack of exhaustive data, transplanting 
organs from donors with treated malignant melanoma 
must still be considered to be associated with a high 
transmission risk. If precise donor data about staging, 
therapy, follow-up and recurrence-free survival are 
available, and evaluation by the dermato-oncologist 
concludes there is a low probability of recurrence and 
metastasis, organ donation might be considered for 
selected recipients.
In situ melanoma and lentigo maligna are considered 
low-to-intermediate risk for transmission.

9.4.15. Non-melanoma skin cancer

Basal cell carcinoma and squamous cell car-
cinoma of the skin usually do not metastasise and 
their existence in the donor history or diagnosis at 
procurement should therefore confer only minimal 
risk of transmission to the recipient. No reports 
exist of transmission of these tumours via organ 
transplantation.

In contrast, Kaposi sarcoma, Merkel cell car-
cinoma and skin sarcomas are very aggressive skin 
tumours. Patients with these diagnoses, whether at 
procurement or in their history, are not acceptable as 
organ donors.

For recommendations regarding non-mela-
noma in situ skin cancer, refer to section 9.4.7.

Non-melanoma skin cancer diagnosed during 
donor procurement or in donor history

Basal cell and squamous cell carcinoma of the skin are 
considered minimal risk due to very rare metastases.
Kaposi sarcoma, Merkel cell carcinoma and skin 
sarcoma are considered an unacceptable risk.

9.4.16. Neuro-endocrine tumours 

This section refers to high-grade neuro-endo-
crine carcinoma (NEC), low-grade neuro-endocrine 
tumours (NETs), phaeochromocytoma (PCC) and 
paraganglioma (PGL).

NEC and NETs most commonly arise in intes-
tinal, lung or pancreatic tissue, but can be detected 
anywhere.

Transmission of previously unknown donor 
NEC has been reported [83, 84, 109-114]. All these 
tumours were high-grade (small-cell) NEC, two of 
which exhibited paraneoplastic adrenocorticotropic 
hormone (ACTH) production [84, 109], with kidney 
recipients typically presenting at around 12 months, 
while liver recipients presented around 4 months 
post-transplant. All these tumours showed aggres-
sive behaviour that frequently led to death. One liver 
recipient underwent successful retransplantation 5 

years post-transplant, having had the NEC followed 
since day 11;  he was alive 12 months later [114]. Re-
transplant was attempted in two other liver recip-
ients, but both died from extra-hepatic metastases 
[111, 112]. Five kidney recipients are alive after graft 
nephrectomy and chemotherapy [84, 109], with two 
still receiving chemotherapy at the time of reporting 
[83, 110]. Therefore, in cases of confirmed NEC trans-
mission, all recipients of organs from the same donor 
should be considered for immediate retransplanta-
tion of the liver or transplant nephrectomy after im-
munosuppression reduction.

No data exist on the risk of transmission of 
well-differentiated NET (e.g. carcinoid tumours) fol-
lowing transplant.

Because of the impossibility of definitely ex-
cluding micrometastases during organ procurement, 
newly detected high-grade NEC should be a con-
traindication for organ donation.

PCC and PGL are catecholamine-secreting 
tumours of the adrenal medulla and extra-adrenal 
regions, respectively. Approximately 10 % of PCC 
and 15-35 % of PGL behave in a malignant fashion. At 
present the only accepted criterion for malignancy is 
the presence of metastases. Late metastases have been 
reported up to 20 years after initial tumour resection 
[115]. In the absence of lymph node or distant metas-
tases (lungs, bone, liver) at the time of the diagnosis, 
it is not possible to determine whether the tumour 
is benign or malignant. Factors associated with ma-
lignant behaviour include male gender, extra-adrenal 
location, greater tumour weight (average 383 g for 
malignant v� 73 g for benign), confluent tumour ne-
crosis, vascular invasion and extensive local invasion 
[116]. Thompson [117] developed a system for assessing 
malignancy of PCC, the PASS score (Phaeochromo-
cytomas of the Adrenal gland Scaled Score), which 
analyses and scores vascular invasion, mitotic index 
(> 3), diffuse growth, diffuse necrosis, local invasion 
and nuclear atypia. Although all these features are 
possibly correlated with a potential malignant be-
haviour, the high inter- and intra-observer variations 
limit the clinical use of this score.

It is extremely difficult to predict the biolog-
ical behaviour of these tumours when first detected 
during organ procurement. Criteria such as size and 
weight of the tumour mass, presence of necrosis, 
high mitotic rate and infiltrative margins can help 
to identify the risk profile for transmission, but the 
mitotic index in particular may not be assessable by 
frozen section. Elevated metanephrine levels in urine 
or plasma in a potential organ donor with a history 
of PCC/PGL require further evaluation to exclude 
metastasis.
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PCCs and PGLs are rarer in the paediatric pop-
ulation than in adults, but the chance of malignancy 
is higher among children with these tumours, with a 
reported incidence of 47 % [118].

One single case report describes a kidney 
transplant from a donor with a PCC found intra- 
operatively. Due to the suspected non-malignant be-
haviour of the tumour, kidney transplantation was 
performed and the recipient of the ipsilateral kidney 
was well 2  years thereafter [119]. The contralateral 
kidney recipient died of tumour-unrelated causes 
shortly after transplantation.

One case of transmission of PGL has been re-
ported, with donor tumour discovered in a trans-
planted liver 6 years post-transplant following 
presentation with signs attributable to excess produc-
tion of catecholamines;  the donor had been noted to 
have a 3 cm necrotic mass near the aortic bifurcation, 
the histology of which was of PGL [120, 121].

Careful risk–benefit consideration is necessary 
in individual cases of PCC and PGL.

Neuro-endocrine tumours diagnosed during 
donor procurement

Due to their potential for undetected metastasis, 
high-grade neuro-endocrine carcinomas are an 
unacceptable risk for organ donation.
Insufficient information exists to guide practice for 
neuro-endocrine tumours, carcinoid tumours, PCCs 
and PGLs. In the case of critically ill recipients, these 
tumours might be acceptable after a careful individual 
risk–benefit analysis.

Neuro-endocrine tumours in the donor history

No data are available from the literature. Due to this 
and their potential for undetected metastasis, treated 
high-grade neuro-endocrine tumours in the donor 
history are classified as high risk for organ donation.
In the case of a previous history (> 5 years) of neuro-
endocrine tumours (carcinoid tumours, PCCs and 
PGLs) without any kind of disease recurrence or 
progression, donors should be considered high risk in 
the absence of sufficient information to guide practice.

9.4.17. Oesophageal, gastric, intestinal, 
pancreatic, liver and biliary cancers

For the majority of these tumours, only scarce 
data are available. There are two reported liver trans-
plants from donors with confirmed oesophageal car-
cinoma without transmission [39], but no information 
about initial stage and recurrence-free survival of the 
donor is provided. No transmission of oesophageal 
cancer has been described in the published literature 
so far. This might be a reporting bias and should not 

lead clinicians to freely accept organs from donors 
with such aggressive tumours.

Regarding gastric cancer, there is one case 
report [122], in which pre-donation evaluation of a 
living liver donor revealed early gastric signet cell 
cancer (pT1N0M0, sm1). The designated recipient 
was the 9-month-old child of the living donor and 
there was no other living or deceased donor avail-
able;  meanwhile the child’s health was deteriorating 
rapidly. One month after gastrectomy in the donor, 
liver donation and transplantation were performed. 
Donor and recipient were well and without malig-
nant disease one year thereafter. This example il-
lustrates an extraordinary situation and should not 
justify such procedures as a good or routine practice.

In a donor screening programme in Italy, 0.7 % 
of donors were found to have a pancreatic adenocar-
cinoma [41]. Transmission of an undetected pancre-
atic adenocarcinoma through kidney transplantation 
has been reported in one case [123]. The tumour was 
diagnosed after the kidney had been transplanted 
(in the adrenal tissue that was removed during 
bench preparation). The recipient developed pulmo-
nary lymphangitis carcinomatosa nine months after 
transplantation and died six months later. Another 
transmission of pancreatic carcinoma was detected 
12 months after transplant in a liver recipient who un-
derwent retransplantation and was alive at the time 
of the report [25]. Three further recipients have suf-
fered from transmitted pancreatic cancer, details of 
which have not been reported [5]. One recipient has 
been reported with transmitted hepatocellular carci-
noma [5].

One renal transplant patient in the series re-
ported by Georgieva et al� [124] developed a donor-de-
rived cancer that was found 4 months after transplant 
and suspected to be of biliary origin. Two other re-
cipients of the contralateral kidney and the liver from 
the same donor, who had an unremarkable medical 
history, also developed metastatic adenocarcinoma, 
whereas no tumour was found in the heart or pancre-
atic islet recipients. No other reports of suspected or 
proven transmission of biliary cancer are available in 
the literature. For recommendations regarding in situ 
pancreatic cancers go to section 9.4.7.

Pancreatic intra-epithelial neoplasia (PanIN), 
grades 1-3, represents a non-invasive precursor lesion 
to pancreatic adenocarcinoma with cellular atypia, 
but without risk for metastases. PanIN do not form 
a mass, and are frequently associated with chronic 
pancreatitis. In the context of organ donation, PanIN 
will be found in three circumstances. First, they may 
occur in a donor who has previously had an abnormal 
lesion biopsied. These are often at the edge of frankly 
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malignant tumours, so full histological examination 
of the lesion will be necessary. Second, they may be 
detected during organ procurement as part of a pal-
pable abnormality, and third, PanIN may be detected 
incidentally in the histopathological examination of 
a non-transplanted pancreas. In the absence of any 
data, transplantation of the pancreas with known 
PanIN is not recommended.

An analogous situation of preneoplastic change 
occurring in the larger intrahepatic bile ducts is 
known as biliary intra-epithelial neoplasia (BilIN) 
and is graded similarly [125]. In the absence of any 
data, transplantation of a liver with known BilIN is 
not recommended.

Yamacake et al� [75] reported the transmission 
of a metastatic intestinal adenocarcinoma, unde-
tected in the donor, into both kidney recipients. This 
indicates the existing risk of tumour transmission 
through organs which are not considered to be the 
primary target of metastases. 

Oesophageal, gastric, pancreatic, liver and biliary 
cancers diagnosed during donor procurement

These tumours are classified as unacceptable risk.

Oesophageal, gastric, pancreatic, liver and biliary 
cancers in the donor history

Treated tumours of these kinds in the donor history 
are classified as high risk due to their aggressive 
behaviour. Risk may decrease for early stages after 
curative therapy, with recurrence-free time > 5 years 
and with increasing probability of cure, especially in 
cases of long-term survivors.

9.4.18. Oropharyngeal cancer

A pyriform sinus carcinoma which mani-
fested in the kidney recipient as liver metastases 
was reported by Murray et al� in 1965 [1]. No further 
reports of transmission are available from the lit-
erature. There is a report of 11 organs transplanted 
from donors with a history of tongue/throat cancer, 
without transmission. The initial tumour stage was 
not reported but all recipients had a recurrence-free 
survival of > 5 years [26]. However, the aggressiveness 
of these tumours should be kept in mind.

Oropharyngeal cancer diagnosed during donor 
procurement

The presence of oropharyngeal cancer is considered 
an unacceptable risk for organ donation.

Oropharyngeal cancer in the donor history

Treated oropharyngeal cancer is considered high-risk 
for organ donation. Depending on initial stage, grade, 

therapy and time of recurrence-free survival (> 5 years), 
the risk category might decrease individually.

9.4.19. Ovarian cancer
There is one published case report [126] about 

transmission of ovarian cancer into two kidney re-
cipients, with fulminant metastatic disease leading to 
recipient death.

Nickkholgh et al� [127] reported a potential 
donor with a past history of well-differentiated serous 
ovarian carcinoma. The tumour had been treated 
surgically and there was no evidence of disease for a 
10-year period. At the time of organ procurement, a 
pelvic recurrence of the tumour was identified and 
the organs were not used. This highlights the need 
for meticulous inspection in the setting of a positive 
cancer history. 

UNOS reported three donors with possible but 
not proven transmission of ovarian cancer, the details 
of which are not reported [30]. Beyond these reports, 
there are no further data available in the literature.

In contrast, Desai et al� [35] reported two 
donors with mucinous cystadenomas treated 11 and 
14 years previously, from which organs were trans-
planted with no cancer transmission

Ovarian cancer diagnosed during donor 
procurement

Ovarian cancer is considered an unacceptable risk for 
organ donation.

Ovarian cancer in the donor history

Treated ovarian cancer is considered high-risk for 
organ donation. Depending on initial stage, grade, 
therapy and time of recurrence-free survival (> 5 years), 
the risk category might decrease individually.

9.4.20. Pancreatic cancer

See section 9.4.17.

9.4.21. Pancreatic intra-epithelial neoplasia

See section 9.4.7.

9.4.22. Paraganglioma

See section 9.4.16.

9.4.23. Phaeochromocytoma

See section 9.4.16.
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9.4.24. Prostate cancer

Given the increased incidence of prostate 
cancer with advanced age and the increasing age 
profile of donors, it is certain that organs from donors 
with undiagnosed prostate cancer are currently being 
utilised.

Sánchez-Chapado et al� [128] evaluated prostate 
cancer in a consecutive series of prostate glands col-
lected at post mortem examination from 162 Spanish 
males who died from trauma. They reported prostate 
cancer in 23.8 % of individuals aged 50-59 years, 31.7 % 
aged 60-69 years and 33.3 % aged 70-79 years.

Yin et al� [129] found incidental prostate adeno-
carcinomas in 12 % (41/340) of presumed healthy 
organ donors over a 13-year period with a similar 
frequency (23.4 % aged 50-59 years, 34.7 % aged 60-69 
years, 45.5 % aged 70-81 years).

In Italy, digital rectal examination (DRE) of 
male donors over 50 years is mandatory [13], and is 
combined with assay of prostate-specific antigen 
(PSA) in order to assess the need for histological ex-
amination of the prostate: 

•  negative DRE with PSA < 10 ng/mL:  histolog-
ical examination of the prostate is not required; 

• negative DRE but PSA values > 10 ng/mL:  histo-
logical evaluation preferred but not mandatory; 

• positive DRE:  histological examination is 
mandatory.

There is broad consensus that single PSA testing 
alone is not of high prognostic value [130];  moreover, 
there is no agreement as to what PSA levels should 
be considered suspicious or even normal. PSA should 
be measured on the first blood sample after admis-
sion, if available, because its value is influenced by 
catheterisation.

Pabisiak et al� [131] reported that the applica-
tion of PSA screening to the Polish donor popula-
tion resulted in a 10 % disqualification rate for male 
donors when a cut-off of > 10 ng/mL was used. They 
performed follow-up analysis by routine pathologic 
evaluation of prostates from all male donors over a 
4-year period and were unable to find any correlation 
between elevated (> 4 ng/mL) PSA and either prostate 
carcinoma or high-grade prostatic intra-epithelial 
neoplasia. During this study, 12 kidneys and three 
livers from donors with prostate cancers that were 
histologically confirmed and confined to the prostate 
were transplanted with no evidence of disease trans-
mission during 9-52 months of follow-up. A second 
report from another Polish centre made similar ob-
servations that potential liver donors were being dis-
qualified unnecessarily [132].

For confirmed prostate cancer, the Gleason 

score [133] and the corresponding grading group ac-
cording to the ISUP WHO 2014 system [134] in con-
junction with staging are the strongest predictors for 
clinical recurrence and overall survival. For practical 
purposes, prostate cancers are generally classified by 
grade groups according to Gleason’s score, each with 
significant differences in outcome (higher scores/
groups result in poorer outcomes). The score repre-
sents tumour grade, with 1 being well differentiated 
and 5 the most poorly differentiated. The first number 
represents the predominant pattern, and the second 
number the second most predominant pattern. The 
following overview is describing the recurrence risk 
in non-transplant patients with prostate cancer: 

• Grade Group 1 Gleason ≤6 (e.g. 3 + 3, or 3 + 2, etc.)

• Grade Group 2 Gleason 3 + 4

• Grade Group 3 Gleason 4 + 3

• Grade Group 4 Gleason 4 + 4

• Grade Group 5 Gleason 4 + 5, 5 + 4, 5 + 5

Group 1 tumours are associated with low risk 
of biochemical recurrence, groups 2 and 3 with inter-
mediate risk and group 4 and 5 with high risk. The 
presence and the amount of Gleason patterns 4 and 
5 are the strongest histological predictors of prostate 
cancer aggressiveness and local or distant relapse [18].

In the non-transplant setting, carefully se-
lected, very low-risk patients with localised small 
prostate carcinomas T1/2 and Gleason score 3 + 3 may 
be followed with an ‘active surveillance’ approach 
[135], meaning that they will not undergo surgery but 
are surveyed at short intervals for further disease 
progression, since the rate of disease progression is 
slow and the morbidity from treatment (surgery, ra-
diotherapy or hormonal treatment) is significant. In 
the ProtecT study of different treatment strategies, 
920 patients in Grade Group 1 underwent active mon-
itoring of whom 31 (3.4 %) developed meta stases or 
died from prostate cancer during the 10 years of fol-
low-up;  24 (14.3 %) of 168 in Group 2 and nine (19.1 %) 
of 47 in Group 3 also developed metastases or died 
from prostate cancer during follow-up [136].

The importance of Grade Group is acknowl-
edged in the study of Pabisiak et al� [131], who con-
cluded that donors with tumours confined to the 
prostate and with Gleason scores of 7 or less could 
be considered as standard-risk donors, although the 
data from ProtecT would suggest a score of 7 entails a 
slightly higher risk.

In 2010, the Emilia-Romagna Region and the 
Italian CNT published the results of a 4-year experi-
ence in donors with suspected prostate cancer, eval-
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uating the entire gland with frozen sections [137]. 
According to the initial risk classification, donors 
were classified for transmission risk into three 
categories:  

• no prostate cancer or intra-prostatic tumour 
with a Gleason score ≤ 6 – standard risk (2015 
classification:  Non-standard – negligible risk);  

• intra-prostatic tumour with a Gleason score 
7 – non-standard risk (2015:  Non-standard – ac-
ceptable risk);  

• pT3a/b extra-prostatic cancer or lymph nodes 
and/or distant metastases – unacceptable risk 
(2015:  Unacceptable risk). 

The Italian guidance also required an expert 
second opinion.

Overall, 94 % of the donors with suspected 
prostate cancer were classified as standard-risk, com-
pared to 63 % in the period before implementation of 
this protocol. A significant increase in the number of 
transplanted organs was achieved by expanding the 
criteria for standard-risk donors. 

An updated report from Italy in 2019 covering 
the period 2006 to 2015 described 112 (26.5 %) donors 
with prostate cancer out of 422 donors with malig-
nancy [41]. No transmission has been reported from 
previously known tumours after a mean follow-up 
time of 4.5 years of all transplanted recipients (97 % 
return rate).

OPTN/DTAC reported five autopsy-proven 
cases of donor prostate adenocarcinoma without ev-
idence of transmission [5]. A review by Doerfler et al� 
[138] documented 120 organ transplants from donors 
with confirmed prostate cancer with no evidence of 
disease transmission.

Additionally, a meta-analysis of the literature 
on kidney transplantation from donors with prostate 
cancer by Dholakia et al� [139] states that the risk of 
transmitting prostate cancer is lower than the risk of 
remaining on the waiting list. Acceptance of these 
donors requires careful donor characterisation and 
selection.

While most donors with prostate cancer have 
low Gleason grade disease, with minimal transmis-
sion risk, two cases of prostate cancer transmission 
have been published, one in the context of heart 
transplantation in 1997 [140] and one with liver trans-
plantation in 2019 [141]. 

The heart donor was found to have prostate ad-
enocarcinoma metastatic to lymph node and adrenal 
gland at the time of donation [140], but only after 
the donor heart had been procured and the recipient 
heart explanted. This case is referred to in various 
registry reports [4, 25, 32].

In the second case, three nodular lesions were 
detected in the hepatic allograft two months after 
transplantation [141]. The biopsy showed a well- 
differentiated adenocarcinoma of probable pros-
tatic origin. In the absence of any prostatic tumour 
pathology of the recipient, hormone- and chemo-
therapy initially stabilised the patient. Donor origin 
of the prostate cancer metastases was finally proven 
by molecular testing after hemi-hepatectomy three 
years later. Shortly after, additional peri-oesophageal 
lymph node metastases were found.

Prostate cancer diagnosed during donor 
procurement

If Gleason score is available, e.g. prostate diagnostics 
have been initiated a few days before organ 
procurement, then small intra-prostatic, low-grade 
(Gleason score ≤ 6) tumours are considered minimal-
risk;  intra-prostatic tumours with Gleason score 7 
are considered low-to-intermediate risk;  and intra-
prostatic (pT2) tumours with Gleason score > 7 are 
considered high-risk.
Histological examination of the entire prostate with 
a valid grading of the tumour is time-consuming and 
the results might not always be available before an 
organ is transplanted.
Donors with extra-prostatic tumour extension should 
be unequivocally excluded from the donation process 
as an unacceptable risk.

Prostate cancer in the donor history

The acceptable time intervals for complete remission 
of prostate cancer are strongly correlated with stage 
and Gleason grade of the tumour.
Donors with a history of curatively treated prostate 
cancer ≤  pT2 (tumour confined to prostate) and 
Gleason 3 + 3, as well as donors with very small 
prostate cancers and Gleason 3 + 3 under ‘active 
surveillance’, can be accepted for organ donation as 
minimal transmission risk at any time after diagnosis 
with the prerequisite of a frequently performed and 
non-suspicious follow-up.
Prostate cancer ≤ pT2 (confined to the prostate) and 
Gleason grade < 7 after curative treatment and cancer-
free period > 5 years is considered minimal-risk.
Higher stages/grades and/or shorter cancer-free 
periods require an individual risk assessment. A history 
of extra-prostatic tumour extension poses a high risk 
for transmission.
In these cases of past prostate cancer, current PSA 
values should be obtained to compare to former ones 
in order to assess the likelihood of dissemination.

9.4.25. Renal cell carcinoma

RCC is the most common cancer encountered 
in deceased donors. The literature on RCC and trans-
plantation covers four general topics:  
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• inadvertent transplantation of kidneys that 
contain RCC not recognised at the time of 
operation;  

• resection of a small RCC at time of procure-
ment with subsequent transplantation of the 
kidney;  

• transplantation of contralateral non-cancerous 
kidneys or other organs from donors with soli-
tary renal cancers and 

• donors with a history of RCC.

9.4.25.1. Renal carcinoma not recognised at the time 
of transplantation 

In 1995, Penn [3] published the first report on 
donors with RCC, describing the use of two kidneys 
with RCC at the time of transplant, eight where the 
RCC was widely excised before implantation, 14 
where the contralateral kidney was used and 17 where 
RCC became apparent in the kidney soon after trans-
plant. Both recipients who received kidneys with 
unresected active tumour died with evidence of met-
astatic disease. Of those 17 recipients where RCC was 
not recognised at the time of transplant, nine had the 
kidney removed early post-transplant due to other 
complications (8 RCC, 1 urothelial tumour) or fol-
lowing donor autopsy findings of disseminated RCC 
(n = 2). In a further case the kidney was removed 2 
years later for urothelial cancer with no recurrence 
at least 13 months post-nephrectomy. The seven re-
maining patients died from metastatic disease an 
average of 12 (range 3-47) months post-transplant. 

OPTN/DTAC [5] described seven recipients 
with confirmed transmissions from 64 donors with 
RCCs, while Desai et al� [6] described six transmitted 
RCCs incidentally detected in protocol biopsies or bi-
opsies to assess graft dysfunction. The recipients of 
other organs of those donors were tumour-free. In a 
recent systematic review of donor cancer transmis-
sion by renal transplantation, Xiao et al� [71] found 
20 examples of RCC transmission. In each case the 
presence of tumour was not known by the surgeons 
at the time of transplantation. 

9.4.25.2. Resection of a small RCC at time 
of procurement, with subsequent 
transplantation of the kidney 

Nephron-sparing surgery is an established 
curative approach for the oncological treatment of 
RCCs ≤ 4 cm (pT1a) in the non-transplant popula-
tion [142] with cancer-specific survival rates com-
parable to radical nephrectomy [143]. However, it 
should be remembered that, in the oncology setting, 
pre- operative imaging would have staged the cancer, 

something that is possible in a living donor setting 
but not in a deceased donor.

A number of reports demonstrate successful 
outcomes when small (pT1a, ≤ 4 cm), solitary and 
well-differentiated (Fuhrman grade I-II) RCCs have 
been resected at time of procurement followed by 
transplantation of the treated kidney [3, 6, 8, 9]. In 
a recent systematic review of such cases, Hevia et 
al� [144] reported 88 kidneys with RCC that had un-
dergone resection before transplantation, including 
51 clear cell, eight papillary and three chromo-
phobe carcinomas;  in 26 cases the type of RCC was 
not reported. The mean tumour size was 2 cm and 
Fuhrman grade was I or II in 93 % of cases. There 
was one recurrence of cancer at nine years remote 
from the cancer resection site which was more likely 
a donor-derived than donor-transmitted cancer. The 
majority of donors in this review were living donors. 
In 2014, a systematic review by Yu et al� [145] found 
20 examples of kidneys transplanted after resection 
of well-differentiated (and one Fuhrman grade III) 
RCC at the time of procurement, with some overlap 
with cases later reported by Hevia et al� Tumour sizes 
ranged from 0.5 to 4 cm in size with follow-up times 
up to 200 months. No tumour transmission occurred. 

In 2019 Pavlakis et al� [146] reviewed all RCC 
cases reported to OPTN/DTAC between 2008 and 
2016. Of the 26 cases where tumour was resected 
before transplantation, five were in living donors, 
most were Fuhrman I or II with one grade III, and 
all were ≤ 2.1 cm (pT1a);  the reported tumour types 
included 14 clear cell, seven papillary and one com-
bined clear cell/papillary carcinoma. There was no 
recurrence.

Following a review of the literature in 2011, the 
UNOS DTAC [8] concluded that solitary well-differ-
entiated (Fuhrman grade I or II) RCCs less than 1 cm 
and completely resected prior to transplant were as-
sociated with a minimal residual risk of transmission, 
while those of 1-2.5 cm carried a low risk and those of 
2.5-7 cm carried an intermediate risk of transmission. 
Large tumours ≥ 7 cm were considered high-risk. 
However, in spite of their recommendations, there 
is absence of data to support the safe use of kidneys 
with resected tumours over 4 cm.

Many of the reports of resected tumours are in 
a live donor setting, some during planned live donor 
operations [147] and others as part of a therapeutic 
nephrectomy for cancer [148, 149]. Ethical considera-
tions have been raised regarding donation after ther-
apeutic nephrectomy in such circumstances [150];  
indeed the American Society of Clinical Oncology 
guidelines recommend offering partial nephrectomy 



267

9. RISK OF TRANSMISSION OF CANCER

as treatment for patients with small renal cancers 
that are amenable to this approach [151].

9.4.25.3. Transplantation of contralateral non-
cancerous kidneys or other organs from 
donors with solitary renal cancers

The tendency of renal cancers to metastasise is 
a function of size and grade. In a study of 1 671 pa-
tients undergoing therapeutic radical nephrectomy 
for a primary clear cell renal cancer, Leibovich et al� 
[152] showed that the 5-year recurrence-free survival 
of a patient with a pTa (< 4 cm) tumour of Fuhrman 
grade III or less was 98.7 %. For a pT1a grade IV it fell 
to 78.6 %, while a pT1b (4-7 cm) grade I or II tumour 
had a 5-year recurrence-free survival of 95.3 %, falling 
to 78.6 % for a grade III cancer. 

In 1995 Penn [3] reported 14 cases where the 
contralateral kidney was transplanted, with tumour- 
free survival at an average of 55 months (range 0.5 
to 153), but with one transmission found in a kidney 
explanted for rejection at 3 months. No details of 
tumour type were reported. 

In the recent OPTN registry report there were 
47 donors from whom the contralateral kidney was 
transplanted, together with 198 non-renal organs 
with no report of transmission [146]. 

Between them, Serralta et al� [153] and Carver 
et al� [154] reported five donors with RCC from whom 
five livers and one contralateral kidney were trans-
planted with no recurrence at a median 55 (range 14 
to 68) months.

The ONT Registry did not detect any tumour 
transmission among 56 recipients transplanted with 
grafts from 47 donors registered with RCC (15 kidneys, 
29 livers, seven hearts and five lungs). Prophylactic 
removal of the graft was performed in nine of these 
kidneys, two livers and one heart. After 3  years of 
follow-up, tumour transmission had not appeared in 
any of the cases. As mentioned in section 9.3.1.5, in 
two of the cases a kidney with an occult tumour had 
been transplanted. Here, the incidental diagnosis was 
made by biopsy after transplant and was followed by 
transplant nephrectomy;  no symptomatic malig-
nancy was observed.

The MALORY initiative [9] described a 6-year 
experience with the transplantation of organs from 
35 donors with RCC (three in donor history, 20 found 
at organ procurement, 12 diagnosed before implanta-
tion). From these donors 28 livers, 18 kidneys, 13 hearts 
and 13 lungs were transplanted, though the affected 
kidneys were not accepted. No tumour transmission 
was reported after 2 years. In parallel, three further 
donors had an occult RCC at the time of transplan-
tation. These RCCs were diagnosed incidentally after 

transplant nephrectomy for tumour-unrelated causes 
6-46 days after transplantation. The recipients did not 
show any symptomatic malignancy.

In contrast to the favourable reports above, 
Meyding-Lamade et al� [155] and Sack et al� [156] re-
ported separate cases of transmission of a donor RCC 
which had been detected at the time of procurement 
during the ongoing transplantation of the heart;  both 
recipients presented one year post-transplant with 
focal neurology secondary to intracranial metastases;  
they subsequently died. Details of the type and grade 
of renal tumour in each case are not known. 

Barrou et al� [157] described transmission of an 
RCC to recipients of a heart and contralateral kidney. 
A 17 mm tubulo-papillary adenoma Fuhrman grade 
I-II (classified as carcinoma according to current 
standards) had been detected under the peri-nephric 
fat after transplantation of the other organs. The con-
tralateral kidney recipient underwent a transplant 
nephrectomy 4 months later due to tumour infiltra-
tion of the kidney, while the heart recipient died 7 
months after transplantation due to metastatic renal 
cancer. At that time the tumour was described as 
being undifferentiated, raising the possibility that it 
may have been unrelated to the original small, well- 
differentiated tumour. Furthermore, the tumour 
grew in an infiltrative pattern, which is unusual for 
RCC. 

Yu et al� [145] reviewed reports of 21 contra-
lateral healthy kidneys from donors with RCC. 
Except for the transmission case of Barrou et al� [157] 
described above, there were no reported transmis-
sions from those kidneys.

Buell et al� [32] reported two donor RCCs that 
were metastatic at the time of procurement (detected 
after transplantation of organs) that were transmitted 
in lung and heart/lung recipients who both died of 
metastatic disease. Organs from three further donors 
with RCCs, detected during procurement and con-
fined to the kidney, were transplanted without trans-
mission, with a follow-up of 30, 36 and 70 months.

9.4.25.4. Donors with a history of renal cancer, 
including Wilms tumours

In contrast to the reports of cancers found at 
the time of donation, there are few reports of donors 
with a past history of renal cancer. In particular, there 
are no reports of donors who have previously had a 
Wilms tumour (nephroblastoma) as a child. Wilms 
tumours are bilateral in 10 % of cases, and usually 
present before the age of 5. Following nephrectomy 
and chemotherapy 90 % of children survive 5 years, 
with recurrence usually occurring in the first two 
years [158].
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9.4.25.5. Assessment and interpretation of renal 
masses

Assessment of renal masses at time of pro-
curement should include histological analysis since 
in some cases benign conditions (e.g. oncocytoma, 
adrenal rest, angiomyolipoma) can mimic RCC. In 
addition to providing a diagnosis, the histology 
report in the case of RCC should comment upon the 
size of the resected lesion (if only a biopsy is taken, 
the surgeon should provide the size of the lesion), 
estimate of WHO/ISUP grade (which superseded 
Fuhrman grade) and adequacy of resection margin. 
Typing of renal tumours is difficult on frozen sections, 
unless obviously a clear cell or papillary RCC, so a 
rapid paraffin section is preferable where possible. A 
rapid paraffin section is also necessary for grading a 
clear cell RCC.

The 2016 WHO/ISUP grading system for RCCs 
[159, 160] is based on the assessment of the nucleolar 
grade (grades 1-4) and has been shown to be superior 
to Fuhrman grade for both clear cell and papillary 
RCCs [161, 162]. 

According to the 2016 WHO/ISUP classifica-
tion of genito-urinary tumours, papillary renal neo-
plasms < 1.5 cm in size must be considered as benign 
papillary adenomas by definition [163] unless the 
analysing pathologist finds evidence for malignant 
behaviour. Borderline cases should be discussed 
thoroughly.

RCCs can be multifocal and have a bilateral 
incidence in 5 % of cases [164]. Careful examination 
and the use of ultrasound analysis are desirable for 
the identification of this tumour in both kidneys after 
removal, especially in the case of papillary RCC. 

9.4.25.5.1. Oncocytic tumours
Oncocytic tumours are particularly prob-

lematic, even on standard histological assessment, 
as they usually require immunohistochemistry for 
typing [160]. On frozen section or rapid paraffin 
they would most likely be diagnosed as an ‘oncocytic 
renal cell neoplasm’. This would include a range of 
neoplasms:  benign oncocytomas, hybrid tumours, 
chromophobe RCCs. It is very difficult to give a con-
fident diagnosis of a benign oncocytoma without 
immunohistochemistry.

9.4.25.5.2. Sarcomatoid and rhabdoid RCC
Llamas et al� [165] reported the transmission 

of sarcomatoid RCC in two kidney recipients after 
transplant without any evidence of tumour in the 
organs at the time of transplantation. Sarcomatoid 
morphology may occur in different types of RCC and 

confers a worse prognosis. This component, when 
present, is regarded as WHO/ISUP Grade 4 [160]. The 
rare purely sarcomatoid tumours are included in the 
‘unclassified’ RCC category of the WHO 2016 clas-
sification. These are more aggressive than clear cell 
RCCs and typically are found to have metastasised 
at diagnosis. Rhabdoid morphology is also associated 
with poor prognosis, and its presence is classified as 
WHO/ISUP grade 4 [160]. Presence of rhabdoid or 
sarcomatoid features on a procurement biopsy would 
contraindicate the use of organs from such donors.

RCC diagnosed during donor procurement

To provide valid histological staging, complete tumour 
resection (R0) is required for acceptance of all organs;  
additionally, tumour-free margins are a prerequisite for 
transplantation of the affected kidney. Paraffin section 
is superior to frozen section for assessment of such 
biopsies. The contralateral kidney should always be 
examined for synchronous RCC (5 % of patients).
◊ RCC < 1 cm (stage T1a AJCC 8th edn) and WHO/ISUP 

grade 1/2 (Fuhrman grade I/II) can be considered 
minimal-risk for transmission; 

◊ RCC 1-4 cm (stage T1a AJCC 8th edn) and WHO/ISUP 
grade 1/2I (Fuhrman grade I/II) are considered low-
risk; 

◊ RCC > 4-7 cm (stage T1b AJCC 8th edn) and WHO/
ISUP grade 1/2 (Fuhrman grade I/II) are considered 
intermediate-risk; 

◊ RCC > 7 cm (stage T2 AJCC 8th edn) and WHO/ISUP 
grade 1/2 (Fuhrman grade I/II) are considered high-
risk; 

◊ RCC with extension beyond the kidney (stages T3/
T4 AJCC 8th edn) is considered a contraindication to 
transplant; 

◊ All RCC with WHO/ISUP grade 3/4 (Fuhrman grade III/
IV) are considered high-risk for transmission; 

◊ Contralateral kidneys and other organs that are 
uninvolved in carcinoma are considered to represent 
minimal risk for transplantation when the RCC in the 
involved kidney is 4 cm or less and WHO/ISUP grade 
1/2; 

◊ The presence of sarcomatoid or rhabdoid features 
on histology is a contraindication to use any organs 
from the donor.

In all cases, follow-up surveillance is desirable.

RCC in the donor history

The transmission risk of treated RCC depends on the 
histological type of tumour [163] and its recurrence-
free follow-up period. In general, in the first 5 years 
after initial diagnosis, risk categories correspond to 
those stated above (RCC diagnosed during donor 
procurement) if there is no suspicion of tumour 
recurrence in the donor. After this time, the risk of 
advanced stages may decrease.
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9.4.26. Sarcoma

Despite a bewildering variety of sarcomas, guid-
ance in most cases (with a few exceptions, e.g. GIST:  
see §9.4.1) is based on the fact that these tumours as a 
group tend to behave aggressively, with a propensity 
to recur and spread. Sporadic case reports document 
extended survival following early transplantectomy 
[32, 166, 167], but the usual outcome after transmis-
sion is fatal [7, 168, 169]. For this reason, sarcoma or 
a history of sarcoma is at present considered a con-
traindication to organ or tissue donation.

Kaposi sarcoma, related to transmission of 
HHV8, is discussed elsewhere. There are no reports 
of osteosarcoma and organ transplantation.

Sarcoma diagnosed during procurement

Due to the very aggressive behaviour of sarcomas, 
they are considered an unacceptable risk for organ 
donation at any stage of disease.

Sarcoma in donor history

Because of the very aggressive behaviour of sarcoma, 
it is mostly considered an unacceptable risk for organ 
donation. After curative treatment and a recurrence-
free survival of > 5 years, sarcoma is still assumed to be 
associated with a high risk for transmission.

9.4.27. Squamous cell carcinoma of the skin

See section 9.4.15.

9.4.28. Testicular cancer

The UNOS registry report for the period 1994 
to 1996 [23, 24] cited two kidney transplants from a 
donor who had testicular cancer treated within the 
preceding 5 years, with no recurrence;  no further 
details were presented. In a follow-up publication 
from the same registry covering 2000 to 2005, 28 
transplants were reported from donors with testicular 
cancer, including 14 kidney, nine liver, three heart 
and two lung transplants [26]. Most of the donors 
had been cancer-free for over 10 years, with just one 
donor within 5 years of treatment. Oerlemans et al� 
[170] report one case of a testicular teratoma diag-
nosed at retrieval during which it was found to have 
spread into the retroperitoneum. The heart explant 
had already progressed beyond the point of no return 
when the cancer was identified so the transplant pro-
ceeded;  the recipient died from cancer transmission 
three months later.

Almost all non-transplant men with stage  1 
testicular cancers (disease confined to testis) are ul-
timately cured, but clinical management may involve 
orchidectomy and surveillance, with treatment of 

relapse as opposed to prophylactic chemotherapy;  
around 15 % of patients with stage 1 seminoma and 
20 % of non-seminoma testicular cancers will relapse 
[171], with alpha-fetoprotein (AFP) and beta human 
chorionic gonadotrophin (βHCG) tumour markers 
being used to assess disease status;  these should be 
repeated before donation. Potential donors in the 
surveillance stage of follow-up need careful assess-
ment and consideration.

Testicular tumour diagnosed during procurement

 Testicular cancer diagnosed at retrieval is considered 
an absolute contraindication to donation.

Testicular tumour in donor history

Given the good treatment response of testicular 
tumours in general and stage 1 tumours in particular, 
a stage 1 tumour with at least 5 years recurrence-free 
follow-up is likely to be associated with minimal risk.
For other stages a higher transmission risk should be 
assumed, but risk will decrease with recurrence-free 
time and increasing probability of cure.

9.4.29. Thyroid cancer

Although there is a greater understanding of 
the genetics and prognosis of differentiated thyroid 
cancer (follicular and papillary cancers) [172, 173], its 
relevance to transplantation is not clear. Vascular in-
vasion on histological examination is associated with 
metastatic spread, and conversely small tumours 
confined to the thyroid without vascular invasion or 
capsular invasion tend to behave in a benign manner. 
Nondifferentiated thyroid cancers, such as medullary 
carcinoma and anaplastic carcinoma, behave much 
more aggressively and probably contraindicate organ 
donation.

Not all palpable thyroid nodules are cancer, 
and in the Italian Emilia-Romagna screening report, 
of 15 potential donors with thyroid nodules only two 
were thyroid cancers, neither of whom became organ 
donors [14]. In a follow-up from Italy five of 7 608 
(0.07 %) potential donors were excluded because 
thyroid cancer was detected [15]. 

Penn [4] described the only case of proven 
thyroid cancer transmission, with the tumour con-
fined to the kidney at the time of nephrectomy;  
the nature of the tumour and outcome are not de-
scribed. In the 2011 OPTN report of potential malig-
nancy transmissions between 2005 and 2009, there 
were seven donors cited with possible, but not con-
firmed, transmission of thyroid cancer [5]. The same 
database report for 2013 noted a further six possible 
thyroid cancer transmissions [30]. In contrast, Fi-
ascheti et al� [40] reported three donors with an un-
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specified thyroid cancer donating to five recipients 
without report of transmission, and Benko et al� [174] 
reported two liver donors with thyroid cancer, both 
with a tumour-free interval over five years, donating 
without transmission. A 2019 report from Italy cov-
ering the period 2006 to 2015 noted 28 donors with 
thyroid cancer, with no transmission [41].

The below-mentioned recommendations [8, 11] 
have been based on knowledge of the behaviour of 
differentiated thyroid cancers based on histological 
appearance (follicular v� papillary), size and grade.

Thyroid cancer diagnosed during donor 
procurement

Solitary papillary thyroid carcinoma < 0.5 cm is 
considered minimal risk and 0.5-2 cm is considered 
low to intermediate risk. 
Minimally invasive follicular carcinoma < 1 cm is 
considered minimal risk and 1-2 cm is considered low 
to intermediate risk.
Newly diagnosed medullary and anaplastic thyroid 
cancers are an unacceptable risk for organ donation.

Thyroid cancer in the donor history

Treated, small, differentiated thyroid cancers (papillary 
and follicular) are acceptable, analogous to the above 
recommendations for newly diagnosed thyroid 
cancers. Curative therapy and adequate follow-up are 
assumed.
No recommendations exist for medullary and 
anaplastic thyroid cancer but, because of their 
aggressive clinical behaviour, they should only be 
accepted for organ donation, if at all, with the highest 
caution and after a long-term recurrence-free follow-
up.

9.4.30. Urothelial carcinoma

Reports of transmission of urothelial carci-
noma are uncommon, and such tumours usually 
arise from the renal pelvis/ureter accompanying the 
allograft kidney.

Huurman et al� [175] documented ureteric ob-
struction as the first symptom in their recipient, and 
a separate patient reported by Ferreira et al� [176] de-
veloped gross haematuria three months after trans-
plant as the first indication of tumour. In this latter 
case, the patient died with metastatic disease, and a 
liver recipient from the same donor required retrans-
plantation for a metastatic donor urothelial cancer 
that arose in the allograft and is separately reported 
by Backes et al� [177];  the liver recipient was still well 
four years post-retransplant.

One of two patients reported by Hevia et al� 

[178] was found to have a high-grade urothelial car-
cinoma of the renal pelvis with fat infiltration on 
routine sonography 14 months post-transplant. The 
patient underwent allograft nephrectomy and was 
free of tumour at 14 months follow-up.

Penn [3] reported metastatic transmission of 
two undetected donor transitional cell carcinomas 
into two kidney recipients, both of whom died of the 
tumour.

Mannami et al� [179] reported the transplanta-
tion of eight kidneys from living donors undergoing 
therapeutic nephrectomy for transitional cell carci-
noma of stages pTa (n = 3), pT1 (n = 1), pT2 (n = 3), pT3 
(n = 1);  three were papillary and four non-papillary, 
but the eighth was not sub-classified. The tumours 
were resected back-table before implantation, and 
negative margins were confirmed in permanent 
section. One recipient (pT3) developed local recur-
rence after 15 months (tumour resection performed) 
and died of presumed primary lung cancer (with liver 
metastases), but metastatic urothelial cancer could 
not be ruled out. An update in 2012 noted that two 
additional recipients had died from causes unrelated 
to the cancer, and 10-year graft survival was 50 % 
[180]. This practice and the published reports were 
subsequently criticised on both ethical and technical 
grounds, with a suggestion that the resections were 
performed in the operating field and not on the back-
table, without informed donor consent, and with fal-
sification of operative records [181]. 

Urothelial cancer guidelines and prognosis 
scores distinguish non-muscle-invasive cancer (pTa, 
pTis, pT1) from muscle-invasive stages (> pT2).

In Italy, the recommendations for the suitability 
of organ donors consider newly diagnosed single low-
grade and low-stage (G1-2, pTa/pT1) papillary urothe-
lial cancers as well as high-grade in situ urothelial 
carcinoma (pTis) as negligible risk for transmission 
(corresponding to minimal risk in the Council of 
Europe recommendations). Conversely, multiple 
tumours (including pT1), high-grade, muscle-inva-
sive urothelial cancer of the bladder, the ureters and 
the renal pelvis infiltrating kidney parenchyma are 
considered as an unacceptable risk for organ dona-
tion in Italy. However, other evidence suggests that 
high-grade pTis may be associated with more inva-
sive tumour foci, may be multifocal, and represents 
a higher risk, certainly for renal transplants if not for 
other organs [182]. 

In general, the highly aggressive behaviour and 
potential multicentricity of these tumours has to be 
respected in any risk–benefit assessment.
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Urothelial cancer diagnosed during donor 
procurement

No literature exists regarding newly diagnosed 
urothelial cancer and organ donation. Therefore, the 
highest caution is recommended, and the advice 
of an urologist may be sought in assessing the 
individual donor tumour transmission risk. National 
recommendations should be followed since they vary 
in accepting these tumours.

Urothelial cancer in the donor history

Strict follow-up must have been provided after 
primary diagnosis because these tumours may 
be multicentric and tend to recur, with a need for 
repeated cystoscopy and TUR-B, and for restaging.
Kidney transplantation will be associated with 
increased risk, but this has not been classified in the 
literature yet.
After a disease-free interval > 5 years, the transmission 
risk of invasive urothelial cancer will depend on the 
probability of cure and has to be assessed individually 
before accepting a potential organ donor. No specific 
recommendations are available from the literature.
The non-muscle-invasive urothelial cancers, in situ 
urothelial cancer (pTis) and intra-epithelial papillary 
urothelial carcinoma (pTa/G1-2) – see AJCC, 8th 
edition [18] – are considered minimal risk for non-
renal transplants. Renal transplants from these donors 
should be considered as a higher risk for transmission 
due to the often multifocal character of transitional 
cell cancers and the higher risk of cancer in the renal 
pelvis.

9.4.31. Uterus and uterine cervix cancer

With the exception of cervical dysplasia/car-
cinoma in situ, which is not associated with tumour 
transmission [42], no data are available from the liter-
ature regarding transmission of uterine and cervical 
cancer.

In situ carcinoma of the cervix is also known 
as cervical intra-epithelial neoplasia (CIN) grade III. 
Less severe forms such as mild or moderate cervical 
dysplasia are referred to as CIN grades I and II, re-
spectively. Cytologic preparations use the terms low-
grade squamous intra-epithelial lesion to correspond 
to CIN I and high-grade squamous intra-epithelial 
lesion to correspond to CIN II or III. Tumour trans-
mission risk seems to be negligible for all forms of 
dysplasia and in situ carcinoma of the uterine cervix 
and many other sites, with no transmissions being 
reported. 

Uterus or uterine cervix cancer diagnosed during 
donor procurement

The presence of invasive uterine or cervical cancers is 
considered an unacceptable risk for organ donation.

Uterus or uterine cervix cancer in the donor 
history

After a disease-free interval > 5 years, the transmission 
risk of invasive uterine or cervical cancers will depend 
on the probability of cure, and has to be assessed 
individually before accepting the potential donor;  
no specific recommendations are available from the 
literature.
Cervical carcinoma in situ (CINIII) is considered to be 
minimal risk for transmission.

9.5. Haematopoietic malignancies
9.5.1. Leukaemia, lymphoma, plasmacytoma 

and monoclonal gammopathies of 
undetermined significance

There are case reports about inadvertent trans-
mission of lymphomas [183-186]. In a systematic 
review of donor-transmitted cancer in renal trans-
plant recipients, Xiao et al� [71] found 15 examples of 
lymphoma transmission with a median presentation 
of 4 months after transplant. One of the 15 had met-
astatic disease at presentation and later died of the 
disease.

Rarely, unsuspected donor T-cell lymphoblastic 
lymphoma has manifested as acute lymphoblastic 
leukaemia (ALL) in the recipient [187] and, conversely, 
donor leukaemia has presented as a solid tumour 
(promyelocytic sarcoma) in an organ recipient [188]. 
Haematopoietic diseases should be handled with the 
greatest caution in the organ donation process and 
donors presenting with them should typically not be 
accepted due to the systemic spread of such diseases.

One patient with a high-grade lymphoma and 
successful stem-cell transplantation 4 years before 
organ donation was accepted as a liver donor in 
Germany. The liver recipient was without signs of 
malignancy 3 years after transplantation [9].

Currently, no further data are available on 
organ donors after human stem-cell transplanta-
tion in short- and long-term survival cases without 
relapse. In patients who are in remission and being 
treated with advanced protocols (without stem-cell 
transplantation), transmission of malignant clones 
cannot be excluded.

Sosin et al� [189] reported a donor-related peri-
toneal plasmacytoma 3 years after transplantation in 
the liver recipient, showing chimeric donor and re-
cipient origin. No further literature exists regarding 
plasmacytoma in organ donors.

Leukaemia, lymphoma and plasmacytoma 
diagnosed during donor procurement

These cancers are classified as an unacceptable risk for 
organ donation.
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Leukaemia, lymphoma and plasmacytoma in the 
donor history

Active (acute or chronic) leukaemia, lymphoma and 
plasmacytoma are an unacceptable risk for organ 
donation. Treated acute leukaemia and lymphoma 
after a definite disease-free interval of > 10 years may 
be considered for organ donation with an assumed 
high risk for transmission.

9.5.1.1. Monoclonal gammopathies
Monoclonal gammopathies of undetermined 

significance (MGUS) should be considered in the 
growing population of aged donors [190]. In par-
ticular, the risk of progression to multiple myeloma 
or related disorders (1%/year) should be evaluated. 
Risk factors for malignant progression are a non-IgG 
M-protein, M-protein concentration > 15 g/L, altered 
serum ratio of free light chains (κ/λ) and light chain 
proteinuria. In this context, electrophoretic ana-
lysis is helpful in suspected cases [190]. Cases should 
also be discussed with a haematologist and possibly 
be investigated further with a bone-marrow biopsy 
where possible. Donors with MGUS may cause donor- 
transmitted malignancies via passenger lympho-
cytes/plasma cells in solid organ recipients [191]. On 
the other hand, there are reports in the literature of 
kidney living donors with known MGUS at donation 
without evidence of progression in the recipients 36 
and 42 months post-transplantation, respectively 
[192].

Monoclonal gammopathies of undetermined 
significance (MGUS) in the donor history

MGUS with accurate diagnosis and appropriate 
follow-up without progression to multiple myeloma 
or related disorders after a definite disease-free 
interval of 5-10 years may be considered for organ 
donation and may be assumed to pose a low risk for 
transmission.
It might be reasonable to accept an organ donor 
with a pre-diagnosed MGUS, especially in cases of 
confirmed MGUS without progression where the 
diagnosis has been confirmed years before.

9.5.2. Myeloproliferative neoplasms
Myeloproliferative neoplasms (MPN) [193, 194] 

are a group of chronic malignant diseases caused by 
dysregulated multipotent haematopoietic stem cells, 
mostly diagnosed beyond the age of 50 although 
around 20 % of cases are in patients below the age of 
40.

In the following three MPN diseases, the clono-
genic stem cells produce increased numbers of blood 
cells in the peripheral blood, which can cause (e.g. 
thrombo-embolic or haemorrhagic) complications: 

• polycythaemia vera (PV) – all cell lines can be 

increased (mainly erythrocytes, but also leuko-
cytes and platelets); 

• essential thrombocythaemia (ET) – increased 
platelets; 

• chronic myeloid leukaemia (CML) – increased 
leukocytes (functioning granulocytes) and 
platelets.

In the fourth disease of the group, the clono-
genic stem cells cause a fibrosis of the bone marrow 
with consecutively decreased blood cells: 

• primary myelofibrosis (PMF) – initially leuko-/
thrombocytosis and immature blood cells 
in the peripheral blood, then anaemia, later 
pancytopaenia.

All of these diseases frequently present with 
spleno-/hepatomegaly. They can transform into 
an acute myeloid leukaemia (blast crisis) or myelo-
fibrosis, which leads to the death of the patient. The 
symptomatic therapy is primarily intended to control 
disease symptoms and to avoid thrombo-embolic 
complications [195]. The only curative therapy is allo-
genic stem-cell transplantation (mainly for PMF but 
rarely also for selected patients with polycythaemia 
vera and essential thrombocythaemia).

MPNs are treated symptomatically and gener-
ally have a good prognosis. Nevertheless it should be 
kept in mind that these are chronic diseases, which 
are normally not curatively treated, and therefore 
they bear a risk for transmission by organ transplan-
tation. Literature has not addressed this topic yet, so 
there is no evidence available for a valid estimation 
of the transmission risk. Clonogenic stem cells are 
mainly located in the bone marrow, but they also 
circulate in the blood and can accumulate in spleen 
and liver (and might be transmitted by liver dona-
tion). It is possible that the stem cells may adhere to 
vessel walls even after perfusion of the organs during 
procurement and may therefore be released in the re-
cipient’s blood during reperfusion. Due to the lack of 
reports and evidence, the transmission risk cannot be 
assessed and it is not known how a transmitted MPN 
would behave in an immunosuppressed recipient.

Myeloproliferative neoplasms diagnosed during 
donor procurement

Due to the current lack of literature on MPN and organ 
donation, the transmission risk cannot be assessed. 
Organs from these patients should only be accepted 
with the highest caution and only after consultation 
with an experienced haemato-oncologist. Results 
of the bone-marrow biopsy should be carefully 
evaluated.
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A patient admitted with nonspecific but suspect 
symptoms like extensive thrombo-/erythro-/
leukocytosis should be tested for specific oncogenes 
in blood and bone marrow (CD34+ cells, BCR-ABL, 
JAK-2, V617F-mutation, MPL-mutation, Calretikulin-
mutation) to distinguish an MPN from a simply 
reactive situation. Since this will take 2-3 working 
days, it might not be suitable in the context of organ 
donation.

Myeloproliferative neoplasms in the donor history

Due to the systemic and chronic character of these 
diseases and the lack of evidence on their behaviour 
in the setting of organ transplantation (and in the 
immunosuppressed recipient), their transmission 
risk cannot currently be assessed. Organs from these 
patients should only be accepted with the highest 
caution.
The following laboratory tests might be obtained to 
assess the actual situation of the pre-diagnosed MPN:  
complete and differential blood count, liver enzymes 
including LDH. Bone-marrow biopsy can help to rule 
out blasts at the time of donation.
Patients with spleno-/hepatomegaly need particular 
attention. An experienced haematologist should 
always be asked for an assessment.
It might be reasonable to accept an organ donor 
with a pre-diagnosed MPN for selected recipients, 
especially in cases of confirmed MPN without need for 
treatment or in cases where the diagnosis has been 
confirmed years ago and good therapy results were 
obtained. PMF seems to be more risky, due to a higher 
proportion of circulating blasts, and might bear an 
even higher risk for transmission.

9.6. Primary tumours of the 
central nervous system

Primary malignant tumours of the CNS represent 
up to 1.5 % of the causes of death in organ donors 

[36, 196]. Extraneural metastases from CNS tumours 
are rare but have been described, the most common 
sites being the cervical lymph nodes, bone, lungs, 
pleura, liver and lymph nodes in the thoracic and ab-
dominal cavities [197, 198].

Extraneural dissemination of CNS malignan-
cies implies that tumour cells have accessed the blood 
vessels once they have infiltrated the tissues outside 
the leptomeninges. Several factors have been related 
to the risk of extraneural dissemination of CNS ma-
lignancy [199]: 

a� specific histological types and grade of malig-
nancy; 

b� peripheral intracranial location; 
c� previous history of craniotomy or stereotactic 

surgery; 

d� ventriculo-systemic or ventriculo-peritoneal 
shunts; 

e� previous history of chemotherapy or radio-
therapy; 

f� duration of the disease and length of survival 
after surgical treatment.

There are examples of spontaneous dissemi-
nation to the cranial and cervical lymph nodes, and 
even distant metastases [200]. It is estimated that 10 % 
of tumour metastases occur without prior surgical 
intervention and even within 3-6 months of tumour 
diagnosis [200].

With respect to the histological type, the neuro- 
ectodermal tumours that metastasise with greatest 
frequency outside the cranial cavity are glioblastoma 
and medulloblastoma. Extracranial metastases have 
also been described for several types of glioma other 
than glioblastoma (i.e. various grades of astro cytoma, 
ependymoma and oligodendroglioma) as well as 
benign and malignant meningioma and germ cell 
tumours. In a series of 116 cases of extracranial me-
tastases of CNS tumours, the most common primary 
tumour was glioblastoma (41.4 %), followed by me-
dulloblastoma (26.7 %), ependymoma (16.4 %), lower- 
grade astrocytoma (10.3 %) and oligodendroglioma 
(5.3 %) [198].

9.6.1. Classification of central nervous system 
tumours

The World Health Organization (WHO) pro-
vides a comprehensive classification of CNS neo-
plasia (see Table 9.4), based on the specific cell type 
involved. Revised in 2016, the WHO classification 
provides a grading system (I to IV) for each type of 
tumour, depending on its biological behaviour. This 
WHO grade dictates the choice of therapy and pre-
dicts prognosis [19, 201]. The 2016 classification also 
includes genotypic information that correlates with 
tumour behaviour;  however, most case reports of 
intracranial tumours and transplantation relate to 
the previous classification without genotypic infor-
mation. In the 2016 revision the term glioblastoma 
multiforme was changed to simply glioblastoma, but 
information on different genotypes of glioblastoma 
was added. The transmission risks of different geno-
types in organ donation remain to be established.

9.6.1.1. Characteristics of the WHO grades of CNS 
tumours

The main characteristics of WHO grades of 
CNS tumours are as follows.

• WHO grade I applies to lesions with low pro-
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liferative potential and the possibility of cure 
following surgical resection alone.

• WHO grade  II tumours are generally infiltra-
tive in nature and, despite low-level prolifera-
tive activity, often recur and progress to higher 
grades of malignancy, e.g. low-grade diffuse 
astrocytomas can transform to anaplastic as-
trocytoma and glioblastoma. Similar transfor-
mation occurs over time in oligodendroglioma. 

• WHO grade III is generally reserved for lesions 
with histological evidence of malignancy, in-
cluding nuclear atypia and brisk mitotic ac-
tivity. In most settings, patients with WHO 
grade  III tumours receive adjuvant radiation 
and/or chemotherapy.

• WHO grade IV is assigned to cytologically 
malignant, mitotically active, necrosis-prone 
tumours typically associated with rapid 
pre- and post-operative disease evolution 
and a fatal outcome. Widespread infiltration 
of surrounding tissue and a propensity for 
cranio- spinal dissemination characterise some 
WHO grade  IV malignancies, such as medul-
loblastoma, but is rare in others, including 
glioblastoma.

9.6.1.2. Assessing CNS tumour transmission risk
To date, the two most important factors in 

assessing CNS tumour transmission risk via organ 
transplant are: 
1. the histologically determined WHO grade of a 

CNS tumour,
2. any interventions performed on the tumour 

(surgery, shunting, chemo- and radiotherapy).

A higher grade of tumour (WHO grade III or 
IV) and more interventions will lead to increased 
transmission risk. The specific tumour diagnosis 
adds important detail and will be used as supporting 
information.

9.6.2. Registry data on central nervous system 
tumours

Several clinical cases of transmission of CNS 
malignancies through organ transplantation have 
been reported in the literature [5, 27, 32, 202-216]. 
Most of the reported cases are related to high-grade 
CNS tumours, usually in association with other risk 
factors for extracranial metastases, and hence for 
transmission from donor to recipient. However, cases 
of transmission have been reported in which no other 
risk factors, except for the high grade of the tumour, 
were involved [217].

Follow-up registries containing information 
on organs transplanted from donors with a CNS 
malignancy have shown a low risk of disease trans-
mission, placing the above-mentioned cases in per-
spective. In 1999 the Australian and New Zealand 
Organ Donation Registry published details of a series 
of 46 donors with a primary CNS tumour, of which 
28 tumours were classified as malignant including 
four gliomas, four glioblastomas, 10 astrocytomas, 
five medulloblastomas, one high-grade meningioma 
and four histologically unspecified tumours. Seven 
donors had undergone a craniotomy, of whom three 
had ventriculo-peritoneal shunts;  three others had 
ventriculo-peritoneal shunts without craniotomy. 
None of the 96 recipients of organs from these donors 
developed a transmitted tumour [218].

The Czech Republic has reported no cases of 
transmission among 89 patients receiving organs (79 
kidneys, five livers, four hearts and one lung) from 
41 donors with CNS malignancies (13 meningiomas, 
nine glioblastomas, three astrocytomas, two medul-
loblastomas, one craniopharyngioma, one acoustic 
neuroma, two pituitary adenomas, one lymphoma 
and eight histologically unspecified tumours) [219].

Similarly, in 2002, the UNOS registry pub-
lished details of a series of 397 donors with a history 
of a primary CNS tumour who donated organs to 
1 220 recipients, including 574 kidneys, 293 livers, 192 
hearts, 76 lungs, 60 kidney-pancreas, 16 pancreas, 
six heart-lungs and three intestinal transplants [28]. 
CNS tumour type was not routinely reported to the 
UNOS registry before 1999, so the histological type of 
most tumours was not known. However, two donors 
were reported to have a medulloblastoma and 17 had 
a glioblastoma. These 19 donors with known high-
grade tumours supplied a total of 56 transplanted 
organs:  26 kidneys, two kidney-pancreas, 15 livers, 10 
hearts and three lungs. After an average follow-up 
of 36 months, no tumour transmission had been de-
tected among the recipients.

In a later publication, based on a review of 
donors from the years 2000 to 2005 with a previous 
history of malignancy (as reported to the UNOS 
registry), 642 recipients had received transplanted 
organs from donors with a previous history of CNS 
malignancy, including 175 transplants from donors 
with a history of glioblastoma [26]. Three recipients 
(kidney, liver, lung) died following the transmission 
of a glioblastoma from the same donor, a donor noted 
to have an enlarged hilar lymph node at organ re-
trieval which was later shown to contain metastatic 
glioblastoma [26, 27].

In line with the low rate of transmission re-
ported from the above-mentioned registries, a series 
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of 448 recipients (495 organs) transplanted between 
1985 and 2001 with organs from 177 donors with CNS 
tumours was reviewed in the UK [36]. The types of 
CNS tumour included (according to the 2007 WHO 
classification) astrocytoma (astrocytoma unspeci-
fied, pilocytic, gemistocytic, fibrillary), gliomatosis 
cerebri, glioblastoma, giant cell glioblastoma, oligo-
dendroglioma, ependymoma, malignant glioma 
not otherwise specified, mixed malignant glioma 
meningioma, medulloblastoma, Ewing’s sarcoma, 
primitive neuro-ectodermal tumour, pineoblastoma, 
malignant neoplasm (without any specific, identified 
morphology), dermoid cyst with malignant transfor-
mation and haemangioblastoma. There was a wide 
range in the time-span of tumour diagnoses in donors 
prior to their deaths:  119 donors were diagnosed in 
the last 30 days before death, 23 donors between 
31 days and 1 year before death, 16 between 1 and 3 
years before, and 19 over 3 years prior to their death. 
Organs transplanted from these donors included 279 
kidneys, one double kidney, 72 livers, one combined 
liver-kidney, 12 heart-lungs, 13 double lungs, 51 hearts, 
10 single lungs, eight combined pancreas-kidney and 
one isolated pancreas. None of the 448 recipients de-
veloped a donor-transmitted malignancy within the 
minimum follow-up of 5 years.

Based on this experience and a review of the 
available literature, SaBTO in the UK estimated the 
risk of extraneural spread of all histological types of 
CNS malignancies (metastases and lymphoma ex-
cluded) as being 1.5 % (upper-95 % confidence interval 
limit). For WHO grade IV tumours the risk was es-
timated as 2.2 %, with a 6.4 % upper-95 % confidence 
limit [11, 220]. The risk of extraneural metastases 
related to the presence of ventricular shunts was esti-
mated to be an additional 1 %, and doubts were raised 
about the risk related to prior surgery, chemotherapy 
and/or radiotherapy. This committee recommended 
providing these estimates when advising recipients 
undergoing transplantation with organs from donors 
with CNS malignancies, along with information on 
the survival benefits compared to remaining on the 
waiting list.

The most recent registry report is from South 
Korea, in which 91 recipients of organs from 28 
donors with CNS tumours are described. These 
included three grade IV tumours (one each of me-
dullobastoma, glioblastoma and mixed germ cell 
tumour), three grade III tumours (two astrocytomas, 
one pineal parenchymal tumour of intermediate dif-
ferentiation) and 11 grade II tumours. There was no 
transmission reported. 

The registry reports above need to be consid-
ered with a degree of circumspection since it is likely 

that most donors with high-grade tumours from 
whom organs had been used would not have had 
ventriculo-peritoneal or ventriculo-atrial shunts, and 
might not have had extensive resections. Data on the 
treatment of the donors prior to donation are lacking 
in most registry and case reports.

In contrast to those studies reporting a low 
transmission risk, the IPITTR published data sug-
gesting that the risk of transmission of primary 
CNS tumours is high [33]. The IPITTR assessed a 
number of risk factors for transmission of primary 
CNS malignancies:  high-grade tumour, presence 
of ventriculo- peritoneal or ventriculo-atrial shunts, 
prior craniotomy, systemic chemotherapy and radia-
tion therapy. The registry received voluntary reports 
of 62 recipients who were transplanted between 1970 
and 2002 with organs from 36 donors diagnosed 
with primary CNS malignancy (16 astrocytomas, 15 
gliomas or glioblastomas, three medulloblastomas 
and two cerebellar tumours). Of the 36 donors, 
24 received some form of cancer therapy before 
organ donation, including ventriculoperitoneal or 
ventriculo- atrial shunts (12), craniotomy (six), radi-
ation therapy (four) and chemotherapy (two), and 
62 organs were transplanted from the 36 donors, in-
cluding 35 kidneys, 12 hearts, 10 livers, two pancreas 
and three lungs.

Based on the data in its registry, the IPITTR 
estimated a 7 % transmission rate of CNS tumours in 
the absence of the aforementioned risk factors, 36 % if 
at least one was present, and 43 % if two were present. 
A high-grade (WHO III or IV) malignancy alone was 
associated with a 43 % transmission rate. The high 
estimated risk of CNS malignancy transmission de-
scribed by the IPITTR, in contrast with other regis-
tries, has to be interpreted with caution. Since cases 
of cancer in recipients are reported to the IPITTR on 
a voluntary basis, it is subject to reporting bias;  cases 
of non-transmission may not be reported and the 
registry does not record the numbers of patients at 
risk from which the reported cases occur [221].

In 2011, based on information available at the 
time of their report, the DTAC Malignancy Sub-
committee in the USA assigned WHO III-IV CNS 
tumours to the high-risk category of transmission 
(> 10 %), along with any CNS tumour (regardless of 
grade) that had other risk factors for disease trans-
mission [8]. However, the DTAC Malignancy Sub-
committee noted that some WHO grade IV tumours 
might present only an intermediate risk of trans-
mission and that this issue needed to be addressed 
in a comprehensive, evidence-based fashion. Their 
quantitative approach to risk estimates suggested 
that future revisions may take more recent data 
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into account and in some cases revise risk estimates 
downward. Corresponding data have been published 
by SaBTO [11], where WHO grade IV tumours have 
been categorised in the intermediate risk group ac-
cording to the national data.

9.6.3. Classification of risk for central nervous 
system tumours

Drawing on the available information and the 
variable estimates of disease transmission derived 
from the previously described registries, there is a 
widely accepted qualitative classification of CNS ma-

Table 9.4. Grading of selected central nervous system tumours (WHO 2016 classification)

Diffuse astrocytic and oligodendroglial 
tumours

I II III IV

Diffuse astrocytoma, IDH-mutant •

Anaplastic astrocytoma, IDH-mutant •

Glioblastoma, IDH-wildtype •

Glioblastoma, IDH-mutant •

Diffuse midline glioma, H3K27 M-mutant •

Oligodendroglioma, IDH-mutant and 
1p/19q-codeleted

•

Anaplastic oligodendroglioma, IDH- 
mutant and 1p/19q-codeleted

•

Other astrocytic tumours I II III IV
Pilocytic astrocytoma •

Subependymal giant cell astrocytoma •

Pleomorphic xanthoastrocytoma •

Anaplastic pleomorphic xanthoastro-
cytoma

•

Ependymal tumours I II III IV
Subependymoma •

Myxopapillary ependymoma •

Ependymoma •

Ependymoma, RELA fusion-positive • •

Anaplastic ependymoma •

Other gliomas I II III IV
Angiocentric glioma •

Chordoid glioma of third ventricle •

Choroid plexus tumours I II III IV
Choroid plexus papilloma •

Atypical choroid plexus papilloma •

Choroid plexus carcinoma •

Pineal tumours I II III IV
Pineocytoma •

Pineal parenchymal tumour of intermedi-
ate differentiation

• •

Pineoblastoma •

Papillary tumour of the pineal region • •

Meningiomas I II III IV
Meningioma •

Atypical meningioma •

Anaplastic (malignant) meningioma •

Embryonal tumours I II III IV
Medulloblastoma (all subtypes) •

Embryonal tumour with multi-layered 
rosettes, C19MC-altered

•

Medulloepithelioma •

CNS embryonal tumour, not otherwise 
specified

•

Atypical teratoid/rhabdoid tumour •

CNS embryonal tumour with rhabdoid 
features

•

Neuronal and mixed neuronal-glial 
tumours

I II III IV

Dysembryoplastic neuroepithelial tumour •

Gangliocytoma •

Ganglioglioma •

Anaplastic ganglioglioma •

Dysplastic gangliocytoma of cerebellum 
(Lhermitte–Duclos)

•

Desmoplastic infantile astrocytoma and 
ganglioglioma

•

Papillary glioneuronal tumour •

Rosette-forming glioneuronal tumour •

Central neurocytoma •

Extraventricular neurocytoma •

Cerebellar liponeurocytoma •

Tumours of the cranial and paraspinal 
nerves

I II III IV

Schwannoma •

Neurofibroma •

Perineurioma •

Malignant peripheral nerve sheath 
tumour (MPNST)

• • •

Mesenchymal, non-meningothelial 
tumours

I II III IV

Solitary fibrous tumour/haemangioperi-
cytoma

• • •

Haemangioblastoma •

Tumours of the sellar region I II III IV
Craniopharyngioma •

Granular cell tumour •

Pituicytoma •

Spindle cell oncocytoma •

Source:  adapted from:  [184]. Louis DN, Perry A, Reifenberger G et al. The 2016 WHO Classification of Tumors of the Central Nervous 
System:  a summary. Acta Neuropathologica 2016; 131(6): 803-20.
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lignancies, based on the risk of tumour transmission, 
as shown below.

• WHO grade I and II tumours – minimal risk of 
tumour transmission.

• WHO grade III tumours – previous classifica-
tions have categorised these malignancies as 
high-risk. Recent analyses indicate that this 
may overestimate the risk, and SaBTO/UK as-
sesses them as a low risk for tumour transmis-
sion. Until this is supported by larger evidence 
in the literature, these malignancies should be 
accepted as low to intermediate risk if no risk 
factors are present (resection, ventriculo-peri-
toneal or ventriculo-atrial shunt, chemo-/radi-
otherapy). The risk is increased to high risk in 
the presence of any risk factors.

• WHO grade IV tumours – former classifica-
tions have categorised these tumours as an un-
acceptable risk. Recent analyses indicate that 
this may overestimate the risk, since several 
transplants without transmission have been re-
ported. SaBTO/UK assesses them as an inter-
mediate risk of tumour transmission. Until this 
is supported by larger evidence in the literature, 
these malignancies should only be accepted 
with some caution on a case-by-case basis as 
intermediate to high risk. The risk is increased 
particularly in the presence of ventriculo- 
peritoneal or ventriculo-atrial shunts, as well 
as previous resection or chemo-/radiotherapy.

• Primary cerebral lymphoma – unacceptable 
risk of tumour transmission.

Beyond WHO grading, the risk factors out-
lined above should be taken as additional elements 
for assessing the risk of extracranial spread of a 
primary malignant cerebral tumour. This assessment 
should include exact documentation of all interven-
tions (resection/shunting, chemo- and radiotherapy). 
At organ procurement, it is recommended that a thor-
ough laparotomy and thoracotomy is performed, as 
well as inspection of cervical lymph nodes, the scalp 
over any resection site, and any shunt that may be 
present to exclude extracranial growth.

9.7. Review of specific tumours of 
the central nervous system

9.7.1. Neuro-ectodermal tumours

9.7.1.1. Medulloblastoma
Medulloblastoma (WHO grade IV) is the most 

common primitive neuro-ectodermal tumour and 
represents 6 % of all intracranial gliomas and 44 % 

of gliomas in children. Normally, these tumours 
originate in the fourth ventricle, cerebellar vermis 
or hemispheres, and often cause hydrocephalus re-
quiring shunts. Medulloblastomas that occur during 
childhood are the ones that most frequently metasta-
sise outside the cerebrospinal axis. Extraneural meta-
stases have been observed in 7 % of cases and some 
authors suggest that this prevalence could be even 
higher. In one old series of 77 children with medullo-
blastomas, eight (10 %) developed metastases;  there 
was no significant difference in incidence whether 
they had previously had a ventriculo-peritoneal 
shunt (3 of 40) or not (5 of 37) [222]. All patients with 
metastatic disease had undergone complete or sub-
total resection and cranial irradiation.

In another series, 1 % of 1 011 patients with CNS 
tumours developed extraneural metastases, of which 
six were children with medulloblastomas [223]. In a 
third series, 3.6 % of children with medulloblastoma 
developed extraneural metastases [224]. A more 
recent series reports 14 (4.8 %) of 292 patients with 
medulloblastoma who developed extracranial metas-
tases [225]. All four series report bone, bone marrow 
and cervical lymphatic glands as common sites for 
metastatic medulloblastoma, with intra-abdominal 
and intra-thoracic metastases less common.

Cancer transmission from organ donors with 
medulloblastomas to recipients has been described. 
Lefrançois et al� [202] documented tumour transmis-
sion from a donor with a medulloblastoma to three re-
cipients (heart, renal and kidney-pancreas) 5 months 
after the transplant. The donor had a ventriculo-atrial 
shunt and had undergone surgery, radiotherapy and 
chemotherapy. The IPITTR has registered seven 
organ recipients from three donors with medullo-
blastomas, all with a prior ventriculo-peritoneal 
shunt [33]. Three of the seven recipients presented 
with tumour transmission within 5-7 months of the 
transplant. Of these three recipients, two died of met-
astatic disease and the third had diffuse metastatic 
disease at the time of reporting. Based on this expe-
rience, the IPITTR contraindicates the use of organs 
from donors with these types of malignancy because 
of the high risk of transmission to recipients. Cur-
rently, patients with medulloblastoma are accepted as 
organ donors in exceptional cases. Valid data for a 
reasonable risk estimation are pending.

So-called neuro-ectodermal tumours should 
be considered like medulloblastomas.

Assessing risk from medulloblastomas in 
transplants

Childhood medulloblastomas are the CNS primitive 
tumours that metastasise most frequently outside 
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the CNS. The risk may be increased if prior ventriculo-
peritoneal or ventricular-atrial shunts, tumour 
resection or cranial chemo-/radiotherapy have been 
performed.
Organs from potential donors with medulloblastomas 
(WHO grade IV) are considered intermediate to high 
risk for tumour transmission, depending on different 
international recommendations, which will be 
adjusted with increasing evidence. They should be 
used exclusively for transplants where the recipient’s 
risk of dying while on the waiting list is greater than 
the risk of tumour transmission.

9.7.1.2. Gliomas
Gliomas comprise astrocytomas, oligoden-

drogliomas and ependymomas. The incidence of 
extracranial glioma dissemination is calculated to 
be 0.4-2.3 %, mostly from glioblastoma and predom-
inantly to the lung, pleura, lymph nodes, bone and 
liver [197]. One confounding factor in interpreting 
published data on the behaviour of gliomas is the se-
curity of the histological diagnosis. In one large na-
tional study where histology was reviewed, only 59 % 
of 258 patients believed to have an ependymoma were 
confirmed to have one, with other tumours ranging 
from meningiomas (n = 2) to glioblastomas (n = 34, 
13 %) being misdiagnosed [226].

9.7.1.2.1. Astrocytomas
Astrocytomas are divided into: 

a� low-grade astrocytomas:  pilocytic astrocy-
toma (WHO grade I) and diffuse astrocytoma 
(WHO grade II) represent 20 % and 55 % of all 
low-grade intracranial gliomas respectively; 

b� malignant astrocytomas:  anaplastic astro-
cytoma (WHO grade  III) and glioblastoma 
(WHO grade IV);  glioblastoma being the most 
common intracranial glioma.

Pilocytic astrocytoma (WHO grade I) and low-grade 
astrocytomas (WHO grade II)

Low-grade astrocytomas are normally found 
in children and young adults. They rarely metasta-
sise through the cerebrospinal axis, although they 
may invade the leptomeninges. Metastases occur 
with greater frequency if tumour growth reaches 
the ventricular ependyma or if there is progression 
to anaplastic (malignant) glioma. Pollack et al� [227] 
described one of 76 patients with low-grade astro-
cytomas who developed peritoneal metastases and 
ascites two months after tumour resection and place-
ment of a ventriculo-peritoneal shunt. Arulrajah et al� 
[228] described a child with a pilomyxoid astrocytoma 
of the cervical cord with leptomeningeal metastases 
who developed peritoneal metastases 2 years after 
resection and placement of a ventriculo- peritoneal 

shunt. Schroder et al� [229] described a female who 
had had a pilocytic astrocytoma of the spinal cord 
treated in infancy with surgery and radiotherapy, 
which presented 26 years later as metastases.

Up to 30 % of low-grade astrocytomas may be 
associated with more aggressive histological grades. 
These tumours have a tendency to relapse and fre-
quently present as a higher grade of tumour.

Assessing risk from astrocytomas in transplants

Potential donors with pilocytic astrocytoma (WHO 
grade I) may be considered for organ donation with 
minimal risk of transmission.
Extraneural metastases from low-grade astrocytomas 
(WHO grade II) are rare, and have been associated 
with resection and ventriculo-peritoneal shunts. In 
the absence of these risk factors, the donor may be 
considered minimal-risk. Risk may increase with the 
extent of performed interventions.
A complete histological examination of the tumour 
should be performed so that areas of transformation 
into a more aggressive malignancy can be ruled out. 
Since astrocytomas have a tendency to relapse with 
a histologically higher grade of malignancy, new 
histological examinations to regrade the tumour 
should be performed where relapse occurs.
If the tumour co-exists with histological areas of 
greater malignancy or is very invasive locally, it should 
be considered high-grade and will be associated with 
an increased risk of transmission.

Anaplastic astrocytomas (WHO grade III) and 
glioblastoma (WHO grade IV)

At least 80 % of malignant gliomas are glioblas-
toma, representing the most biologically aggressive 
type of primary CNS tumour in adults. They can be 
located in any part of the brain, but normally affect 
the cerebral hemispheres. Anaplastic astrocytomas 
appear more frequently in adults aged in their thirties 
and forties, while glioblastoma more often presents 
in adults aged in their fifties and sixties. Although 
direct dissemination rarely occurs through the dura 
mater without prior surgical intervention, transgres-
sion of the dura mater can occur with greater ease 
when ventriculo-peritoneal shunts or radiotherapy 
have been performed.

Dissemination of a glioblastoma through the 
cerebrospinal fluid is not uncommon, and generally 
occurs because of invasion or rupture within the ven-
tricular cavity. Extracranial metastases of anaplastic 
astrocytomas and glioblastoma have been observed 
in the absence of prior surgery [198, 206], although 
they occur with greater frequency following surgery 
or ventriculo-peritoneal drainage [230]. When ex-
traneural metastases do occur from anaplastic astro-
cytomas and glioblastomas, they are most commonly 
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found in bone (especially vertebrae), liver, lungs and 
cervical lymph nodes [231].

Transmission of cancer from donors with glio-
blastoma has been documented in individual reports 
[5, 26, 27, 204-206, 208, 209]. The reported cases 
usually occurred where donors had undergone prior 
surgery and/or received some form of cancer therapy. 
Recipients affected were kidney, liver and lung trans-
plant patients. Glioblastoma transmission to heart 
recipients has not been reported [32, 232].

Fecteau et al� [233] described the case of a 
patient with peritoneal metastases 9 months after a 
ventriculo-peritoneal shunt, which was discovered 
during an organ-procurement procedure and pre-
vented transplantation from taking place.

The IPITTR has described a series of 25 organ 
transplants from 16 donors with astrocytomas, during 
the period 1970-2002, in which 14 of those organs 
had risk factors for tumour transmission:  four WHO 
grade III/IV astrocytomas, five prior craniotomies, 
four prior radiotherapy and four prior chemotherapy 
[33]. There was one case of tumour transmission 
20 months after transplantation, in which the donor 
presented a single risk factor (astrocytoma WHO 
grade III/IV). Of 26 organ transplants from 15 donors 
with gliomas or glioblastomas, eight were associated 
with high WHO grade III/IV glioblastomas and 18 
with other gliomas. Of these, 15 had some risk factors 
(10 prior craniotomies and nine had high WHO grade 
III/IV gliomas), and eight tumour transmissions oc-
curred 2-15 months after transplantation. It has been 
suggested that 70 % of glioblastomas exhibit elevated 
levels of certain growth factors (Akt and mTOR). 
This would favour the development of extraneural 
metastases and suggests the possible utility of mTOR 
inhibitors as immunosuppressant drugs for organ re-
cipients in such donor cases [209].

Gliosarcoma, a subtype of glioblastoma, has 
also been described to cause extracranial metastases 
[234].

Assessing risk from anaplastic astrocytomas and 
glioblastomas in transplants

Spontaneous extraneural metastases of anaplastic 
astrocytomas and glioblastoma are rare, but such 
metastases have been observed, and seem to occur 
more frequently when associated with prior surgical 
treatment and/or ventriculo-peritoneal drainage, or 
chemo-/radiotherapy.
Potential donors with anaplastic astrocytomas 
(WHO grade III) can be accepted as organ donors. 
Transmission risk is considered low to intermediate for 
tumours without any risk factors.
Potential donors with glioblastoma (WHO grade 
IV) are considered intermediate to high risk for 

transmission, depending on different national 
recommendations, which are expected to be adjusted 
with increasing evidence.
The transmission risk is increased (high risk) in all cases 
with previous interventions such as tumour resection, 
ventriculo-peritoneal/-atrial drainage and/or cranial 
chemo-/radiotherapy.

9.7.1.2.2. Oligodendrogliomas
Oligodendrogliomas represent 5 % of primary 

brain tumours [235]. There are two main types:  low-
grade oligodendrogliomas (WHO grade II) and ana-
plastic oligodendrogliomas (WHO grade III). Recent 
advances in molecular genetics, incorporated into 
the WHO-2016 revised classification of CNS tumours, 
have made the diagnosis of oligodendroglioma de-
pendent on the demonstration of IDH mutations and 
co-deletion of chromosomes 1p and 19q. They are 
more sensitive to chemotherapy than the equivalent 
grade of astrocytoma [236].

Low-grade oligodendrogliomas (WHO grade 
II) are the most frequent form. They typically appear 
in adults aged in their twenties and thirties. They grow 
slowly, diffusely infiltrate the white matter, cortex 
and even the leptomeninges, and often progress 
over time to become anaplastic oligodendrogliomas 
(WHO grade III). They are extensively vascularised 
and may occasionally present as spontaneous cere-
bral haemorrhage. 

Anaplastic oligodendrogliomas are very aggres-
sive tumours that behave like glioblastoma. Extrac-
ranial metastases of anaplastic oligodendrogliomas 
have been observed after multiple craniotomies [237], 
with typical sites being scalp, lymph nodes, bone and 
bone marrow [238]. To date, no cases of oligodendro-
glioma transmission to organ recipients have been 
published.

Assessing risk from oligodendrogliomas in 
transplants

Low-grade oligodendrogliomas (WHO grade II) 
represent a minimal risk of tumour transmission.
Anaplastic oligodendrogliomas (WHO grade III) 
without any risk factors are considered low to 
intermediate risk.
Donors with anaplastic oligodendrogliomas 
(WHO grade III) who have previously undergone 
interventions such as tumour resection, ventriculo-
peritoneal/-atrial drainage and/or cranial chemo-/
radiotherapy, are associated with an increased risk 
(high risk) of tumour transmission.

9.7.1.2.3. Mixed gliomas
These gliomas are WHO grade II/III and have 

the characteristics of oligodendrogliomas and astro-
cytomas [209]. Genotypic analysis (IDH mutation 
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and 1p/19q co-deletion status) combined with pheno-
type should in future be able to assign such tumours 
as either oligodendrogliomas or astrocytomas.

Assessing risk from mixed gliomas in transplants

The transmission risk of mixed gliomas is equivalent to 
other gliomas and is classified according to the WHO 
grade of the tumour (see above, quick reference box 
in §9.6.3).

9.7.1.2.4. Ependymomas
Ependymomas derive from the ependymal cells 

that line the ventricles and central canal of the spinal 
cord. They represent 6 % of all intracranial gliomas 
and are the third most common brain tumour in 
children. In fact, 50-70 % of ependymomas are in-
fratentorial, are located in the IVth ventricle, and 
manifest in the first two decades of life. Supra tentorial 
ependymomas can appear at any age and grow in the 
ventricular cavities or invade the nervous system pa-
renchyma, especially in the parieto- occipital region. 
They rarely metastasise outside the CNS, although 
extraneural metastases of the intracranial and spinal 
ependymoma have been observed, but the majority 
were recurrent neoplasms in which the extraneural 
dissemination followed tumour invasion of the adja-
cent soft tissues or resulted from seeding at surgery 
[239-241].

In a series of 81 ependymomas, Newton et al� 
[242] reported five cases (6.2 %) with extracranial 
dissemination. Two of these tumours were histolog-
ically anaplastic and three were benign. Three of the 
patients had undergone previous resection and one 
a biopsy but, in the fifth patient, extraneural me-
tastases were present at initial diagnosis. There was 
no correlation between development of extraneural 
metastases and prior radiotherapy or chemotherapy. 
Tumours metastasised into the lungs, thoracic lym-
phatic nodes, pleura, peritoneum and liver. Both 
patients with peritoneal metastases had had ventricu-
lo-peritoneal shunts. Extraneural metastases did not 
correlate with histologic grade or degree of surgical 
resection. Another case of extracranial spread (bone 
metastases) of an anaplastic ependymoma present at 
initial tumour diagnosis has been described [243], but 
most reports have followed multiple surgical resec-
tions, radiotherapy and chemotherapy [244-248].

To date, no case of transmission of ependy-
momas to an organ recipient has been reported.

Assessing risk from ependymomas in transplants

Extraneural ependymoma metastases occur, and the 
cases observed correspond to recurrent neoplasms or 
those treated with radiotherapy and/or chemotherapy.

The transmission risk of organs from donors with 
ependymomas is considered to depend upon the 
histological WHO grade of the tumour, so a low-
grade (WHO grade I or II) ependymoma represents 
minimal risk of transmission, whereas an anaplastic 
ependymoma (WHO III) will be associated with low to 
intermediate risk.
The transmission risk is increased (high risk) in cases 
with previous interventions such as tumour resection, 
ventriculo-peritoneal/-atrial drainage and/or cranial 
chemo-/radiotherapy.

9.7.1.3. Choroid plexus tumours
Choroid plexus tumours represent less than 1 % 

of all neuro-epithelial tumours [235]. They are more 
often supratentorial in children, but in adults they are 
more frequent in the IVth ventricle and in the cer-
ebello-pontine angle. Those located in the cerebello- 
pontine angle are more often benign.

Choroid plexus papillomas are the most fre-
quent tumours and are histologically benign.

Choroid plexus carcinomas are aggressive, ma-
lignant tumours (WHO grade III) that can metasta-
sise outside the CNS [249].

To date, no cases of transmission of choroid 
plexus tumours to organ recipients have been re-
ported, but that may reflect the rarity of the tumour.

Assessing risk from choroid plexus tumours in 
transplants

Organs from potential donors with choroid plexus 
papillomas may be considered minimal risk for 
transmission.
Organs from potential donors with choroid plexus 
carcinomas (WHO grade III) without any risk factors 
are considered low to intermediate risk.
The transmission risk of choroid carcinomas 
is increased (high risk) in cases with previous 
interventions such as tumour resection, ventriculo-
peritoneal/-atrial drainage and/or cranial chemo-/
radiotherapy.

9.7.1.4. Pineocytomas and pineoblastomas
Parenchymal tumours of the pineal gland are 

rare;  they include pineocytomas (WHO grade  I), 
pineoblastomas (WHO grade IV) and pineal pa-
renchymal tumours of indeterminate differenti-
ation (WHO grade II or III). Little is known about 
the behaviour of pineocytomas since some remain 
well- delimited without exhibiting any aggressive be-
haviour, while others metastasise through the cere-
brospinal fluid and behave like pineoblastomas.

Pineoblastomas are rare tumours that cor-
respond to a more primitive form of pineocytoma. 
These tumours are highly malignant and, biologically, 
they behave similarly to medulloblastomas, showing 
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a clear tendency to disseminate in the cerebral-spinal 
cord. Extraneural metastases have been reported, 
including bone metastases and tumour spread in 
association with a ventriculo-peritoneal shunt [250] 
[251-253].

There has been a single report of transmission 
of a pineoblastoma to a multivisceral transplant re-
cipient. The donor was a 14-month-old infant who 
presented in a coma with severe brain injury and was 
thought to be a victim of shaking;  autopsy demon-
strated a pineal tumour with meningeal spread, but 
no other visible spread [210].

Assessing the risk from pineocytomas and 
pineoblastomas in transplants

Organs from potential donors with pineocytomas 
(WHO grade I) may be considered minimal risk for 
transmission.
Organs from potential donors with pineoblastomas 
(WHO grade IV) are considered intermediate to 
high risk, depending on the different international 
recommendations, which will be adjusted with 
increasing evidence.
Parenchymal tumours of indeterminate differentiation 
(WHO grade II or III) without any risk factors should be 
accepted according to WHO grade III if differentiation 
cannot definitely be assigned.
The transmission risk is increased (high risk) in cases 
with previous interventions such as tumour resection, 
ventriculo-peritoneal/-atrial drainage and/or cranial 
chemo-/radiotherapy.

9.7.2. Other intracranial tumours

9.7.2.1. Benign meningiomas, atypical 
meningiomas, anaplastic (or malignant) 
meningiomas

Meningiomas represent 20 % of all intracra-
nial tumours and can manifest at any age. Typically 
they occur in adults, and more frequently in women. 
Fewer than 10 % of them are multiple meningiomas, 
which can appear sporadically or be associated with 
type 2 neurofibromatosis.

Meningiomas are usually benign. Although 
invasion of the adjacent tissues is frequent, dissem-
ination outside the affected organ is less so. Never-
theless they can occasionally behave in an invasive 
manner with a significantly worse prognosis. Ap-
proximately 5 % of meningiomas are atypical and 2 % 
are malignant.

Anaplastic or malignant meningiomas are ag-
gressive meningeal tumours that are frequently as-
sociated with multiple recurrences and extracranial 
metastases. Younis et al� [254] presented a series of 
18 patients with aggressive meningeal tumours, of 
which 12 were malignant (anaplastic) meningiomas 

(WHO III) and six atypical meningiomas (WHO II). 
Three (16 %) developed extracranial metastases (two 
malignant meningiomas and one atypical menin-
gioma). In these three cases, pulmonary and bone 
metastases were the most frequent. All three patients 
had undergone total surgical excision, radiotherapy 
and chemotherapy, and metastases developed 26, 96 
and 108 months after initial diagnosis. Other authors 
have reported cases of extraneural metastases, with 
local scalp recurrence, as well as metastases to lung, 
liver and bone [255-262]. One study suggested that 
meningiomas expressing high levels of CD90 were 
atypical and more likely to metastasise [259].

The transmission of a malignant meningioma 
(originally diagnosed as a grade II astrocytoma) 
through a kidney transplant with peritoneal invasion 
and liver metastases was described by Bosmans et 
al� [207]. The tumour regressed following transplant 
nephrec tomy and interferon alpha treatment.

Assessing the risk from meningiomas in 
transplants

Extraneural metastases by histologically benign 
meningiomas are very rare. Organs from potential 
donors with these types of tumour have a minimal risk 
of transmission.
Anaplastic or malignant meningiomas (WHO grade 
III) are more aggressive meningeal tumours that 
can occasionally be associated with extraneural 
metastases. Organs from potential donors with these 
tumours are considered low to intermediate risk if no 
risk factors are present.
The transmission risk of anaplastic or malignant 
meningiomas is increased (high risk) in cases with 
previous interventions such as tumour resection, 
ventriculo-peritoneal/-atrial drainage and/or cranial 
chemo-/radiotherapy.

9.7.2.2. Malignant mesenchymal tumours:  
anaplastic haemangiopericytomas

Anaplastic haemangiopericytomas (WHO III) 
are locally aggressive meningeal tumours that are 
frequently associated with multiple recurrences and 
extraneural metastases [263]. Younis et al� [254] de-
scribed four cases of haemangiopericytoma and three 
meningeal sarcomas (now reclassified as either ana-
plastic haemangiopericytoma or anaplastic menin-
gioma) in a review of aggressive meningeal tumours. 
Three of these seven cases developed extracranial 
metastases;  two haemangiopericytomas metasta-
sised within 96 and 102 months while the meningeal 
sarcoma had metastasised in multiple organs within 
3 months of the initial diagnosis. Kaneko et al� [264] 
reviewed 20 cases of haemangiopericytoma with ex-
traneural metastases, commonly to bone, liver, lung 
and lymph nodes. Late pancreatic and bone occur-
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rence of extracranial metastases, 22 years after appar-
ently curative craniectomy, has also been described 
[265]. Note that even non-anaplastic haemangiop-
ericytoma (WHO II) is prone to haematogenous 
metastases.

No cases of transmission of meningeal/ ana-
plastic haemangiopericytoma from organ donor to 
recipient have been reported in the literature so far, 
but this should not give a false sense of security.

Assessing the risk from anaplastic 
haemangiopericytomas in transplants

Organs from potential donors with anaplastic 
haemangiopericytomas (WHO grade III) are 
considered intermediate to high risk for tumour 
transmission, depending on the different international 
recommendations, which will be adjusted with 
increasing evidence.
Organs from potential donors with haemangio-
pericytomas (WHO grade II) without any risk factors 
represent a minimal to intermediate risk for tumour 
transmission.
The transmission risk for donors with any kind of 
haemangiopericytoma is further increased in cases 
with previous interventions such as tumour resection, 
ventriculo-peritoneal/-atrial drainage and/or cranial 
chemo-/radiotherapy.

9.7.2.3. Haemangioblastomas
Haemangioblastomas are benign tumours of 

the blood vessels that occur with greatest frequency 
in the cerebellum. Dissemination of haemangioblas-
toma is rare, although Hoffman et al� [266] observed 
two spontaneous cases of extraneural metastases.

In 20 % of cases, haemangioblastomas appear 
to be associated with other tumours as part of Von 
Hippel–Lindau syndrome, which is also associated 
with a high incidence of RCC.

Assessing the risk from haemangioblastomas in 
transplants

Due to the usually benign behaviour of 
haemangioblastomas, organs from potential donors 
with this diagnosis may be considered minimal risk 
for tumour transmission, provided that coincidental 
neoplasms and the existence of Von Hippel–Lindau 
syndrome are ruled out.
Any recommendation for a particular tumour must 
be considered in the context of any coincidental 
neoplasms. In the case of Von Hippel–Lindau 
syndrome, particular attention must be paid to 
possible coincidental neoplasms.

9.7.2.4. Germ-cell tumours
Intracranial germ-cell tumours most frequently 

arise in the pineal gland, and approximately half of all 
pineal tumours are germ-cell tumours. These include 

germinoma, embryonal carcinoma, yolk sac tumour, 
choriocarcinoma, mature and immature teratoma, 
and teratocarcinoma;  many are of mixed cell type 
with different elements of germ cell tumour. They 
are histologically malignant, infiltrating tumours 
that usually disseminate through the third ventricle. 
Non-germinomatous germ-cell tumours may be asso-
ciated with increased levels of human choriogonado-
tropin (HCG), alpha- fetoprotein (AFP) and placental 
alkaline phosphatase in serum and cerebro spinal 
fluid. Extra-gland metastases have been observed fol-
lowing craniotomies, cranial-spinal radiotherapy or 
ventriculo-peritoneal shunts [266].

Extragonadal choriocarcinoma is a type of 
teratoma that occurs in the pineal region. They are 
highly malignant tumours with a tendency to invade 
adjacent structures. Extracranial metastases have 
been reported in the lungs [267].

Assessing the risk from germ-cell tumours in 
transplants

Organs from potential donors with mature teratomas 
represent a minimal risk of tumour transmission.
Organs from donors with other germ-cell tumours 
should be considered intermediate to high risk for 
tumour transmission, depending on the different 
international recommendations, which will be 
adjusted with increasing evidence.
The transmission risk is further increased in cases with 
previous interventions, such as tumour resection, 
ventriculo-peritoneal/-atrial drainage and/or cranial 
chemo-/radiotherapy.

9.7.2.5. Chordomas
Chordomas arise from remnants of the embry-

onic notochord and are slow-growing, locally inva-
sive tumours that can lead to extracranial metastases 
[268].

Assessing the risk from chordomas in transplants

Organs from potential donors with chordomas 
should probably be considered high-risk for tumour 
transmission, but there are no recommendations 
available in the current literature.

9.7.2.6. Primary cerebral lymphomas
Primary intracranial lymphomas appear with 

greater frequency in immunosuppressed patients, 
such as those diagnosed with AIDS. Their prognosis is 
bad and they progress to extracranial dissemination.

There is a reported transmission of a primary 
intracranial non-Hodgkin’s lymphoma into both 
kidney recipients [17]. It was detected in the donor 
autopsy but not reported to the transplant centres 
because no distant metastases were found. Both re-
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cipients underwent transplant nephrectomy and 
withdrawal of immunosuppression after the inci-
dental diagnosis of transmitted lymphoma. One 
recipient had only localised graft disease and was 
free of recurrence after 10 months. The other recip-
ient, who was found to have diffuse infiltration of the 
tissue surrounding the kidney, received radiotherapy 
and, due to lymphoblastic ascites, additional chemo-
therapy. He was in complete remission but died of 
pneumonia and pericarditis a few weeks later without 
signs of recurrent disease in autopsy.

A separate report documented transmission of 
an intracerebral anaplastic T-cell lymphoma from a 
donor suspected of having bacterial meningitis into 
four recipients, who received the liver, pancreas and 
kidneys [269]. The kidney and pancreas recipients 
survived following removal of the allografts and 
chemotherapy, but the liver recipient succumbed to 
tumour despite treatment.

Assessing the risk from primary cerebral 
lymphomas in transplants

Organs from donors with primary cerebral lymphomas 
have an unacceptable risk for tumour transmission 
and should not be considered for transplantation.

9.8. Recipient malignancy caused 
by donor oncogenic viruses

Some viruses that are either contracted from the 
donor or reactivated in the recipient as a conse-

quence of immunosuppression can cause cancer 
in the transplant recipient. These are Epstein–Barr 
virus (EBV or HHV4), human herpes type 8 virus 
or Kaposi sarcoma virus (HHV8), hepatitis B virus 
(HBV), hepatitis C virus (HCV), human lympho-
tropic type 1 virus (human T-cell leukaemia virus, 
HTLV1), Merkel cell polyoma virus (MCPyV) and 
human papilloma virus (HPV) [270]. In populations 
without immunosuppression, especially in devel-
oping countries, 15-20 % of all cancers are related to 
infection with these oncogenic viruses [270, 271]. 

Intensified cancer surveillance is important in 
any organ recipient who may have acquired one of 
these oncogenic virus infections before and/or after 
transplantation. The likelihood of developing a cancer 
by contracting one of these viruses is unknown, but 
when it occurs it is often soon after transplantation in 
response to the higher immunosuppressive burden. 
The therapeutic options are often limited and/or pre-

ventive measurements should be considered, such as 
immunisation against the virus where vaccines are 
available (e.g. human papilloma virus if considering 
uterine transplantation). 

Table 9.5 provides an overview of the currently 
known viruses with oncogenic potential and the 
implications for organ donation. The donor cancer 
screening protocol should identify such malignan-
cies where they exist. In cases where such a malig-
nancy is detected, please refer to the corresponding 
subsection of this chapter. 

Note that exhaustive research into the issue 
of transmission risks associated with viral infection 
and cancer in the context of organ donation is still 
under way. Describing the detailed patho-mecha-
nism of viral oncology is beyond the scope of this 
Guide. It is worthwhile to know that, in cancer, viral 
replication may be missing as this would lyse the host 
cell and prevent tumorigenesis. The virus may exist 
intracellularly as naked nucleic acid in the form of 
a plasmid or an episome, or as integrated into the 
genome. DNA-virus genome can integrate directly 
into the host genome whereas RNA-virus genome 
must undergo reverse transcription in advance. Spe-
cific intra- and intercellular signalling pathways are 
down- or upregulated for cancer growth. Currently 
undefined is the issue of co-infection viruses with on-
cogenic potential and other viruses interacting with 
up- and down-regulation of host defence mechanism, 
e.g. any combination of BK-virus, JK-virus, HPV, 
CMV, EBV, HSV etc. Some of these viruses infect 
people globally whereas for others regional or local 
different rates or subpopulations at risk are observed 
[272], which has implications for screening strategies 
and for strategies to reduce harm in recipients.

9.9. Donors with a genetic 
predisposition to cancer 

Several genetic conditions predispose to cancer 
(Table 9.6). In a donor with a known genetic pre-

disposition there are two considerations:  first, careful 
examination of organs known to be at risk of devel-
oping malignancy, to ensure no active malignancy 
is present;  second, transplanting an organ with a 
genetic risk of malignancy is unlikely to remove that 
genetic tendency, so is not advised. Where possible a 
local expert in cancer genetics should be consulted.
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Table 9.6. Risk of developing cancer and site of manifestation for common genes predisposing to cancer

Affected 
gene

Genetic disorder Sites of cancer and incidence/ relative risk (where known)

BAP1 BAP1 tumour predisposition 
syndrome

Melanoma;  mesothelioma;  uveal melanoma;  renal cell carcinoma (RCC)

BRCA1 Breast (50-80 %);  ovary (30-50 %);  pancreas;  colorectal;  prostate

BRCA2 Melanoma;  breast (50-80 %);  pancreas (3-6 %);  prostate (15 % by 65 years);  ovary 
10-25 %

Carney complex Myxoma in breast;  malignant psammomatous melanocytic schwannoma;  
benign pituitary & adrenal tumours

Carney triad Gastric GIST;  oesophageal leiomyoma;  pulmonary chondroma;  adrenocortical 
adenoma;  paraganglionoma

Carney-Stratakis syndrome Gastric GST;  paraganglionoma

CDH1 Breast (55 %, lobular);  gastric (50-80 %);  colorectal

CDKN2A Melanoma (50-80 %);  stomach;  lung

Cowden syndrome Melanoma;  breast (70-95 %);  colorectal;  follicular thyroid, uterus, RCC (17-50 %)

DICER1 DICER1 syndrome Cervical PNET;  sarcoma botryoides;  Sertoli-Leydig ovarian tumour;  pleuropul-
monary blastoma (10-20 %);  multinodular goitre;  pituitary blastoma;  embryonal 
rhabdomyosarcoma;  Wilms tumour

FAP Familial adenomatous 
polyposis

Colorectal (100 %);  hepatoblastoma;  duodenal polyps and cancer;  papillary 
thyroid (1-12 %);  desmoids

FLCN Birt-Hogg-Dubé syndrome Benign lung cysts;  oncocytomas & RCC

Gorlin Nevoid basal cell carcinoma 
syndrome

Basal cell carcinoma;  medulloblastoma in children

HLRCC Hereditary leiomyomatosis 
and renal cell cancer;  Reed 
syndrome

Leiomyoma of skin;  benign uterine fibroids;  papillary carcinoma kidney (10-16 %)

Hyperparathyroidism-jaw 
tumour syndrome

Parathyroid carcinoma (10-15 %);  Wilms tumour;  renal cysts & hamartomas

JPS Juvenile polyposis syn-
drome

Melanoma (2-9 %);  gastric cancer (21 %)

MAX Phaeochomocytoma;  paraganglionoma

MEN1 Multiple endocrine neopla-
sia type 1

Pancreatic endocrine (gastrinoma, VIPoma;  glucagonoma);  lung carcinoid;  
adrenocortical cancer (1 %);  benign pituitary, parathyroid & meningioma

MEN2 Multiple endocrine neopla-
sia type 2

Medullary carcinoma thyroid (95-100 %);  parathyroid adenoma;  adrenal phaeo-
chromocytoma (50 %)

MLH1/MSH2 Lynch syndrome Sebaceous carcinomas of skin;  colorectal, gastric, pancreatic, hepatobiliary, small 
bowel, uterus and ovary, adrenocortical, CNS, urothelial;  leukaemia/lymphoma

MSH6 Lynch syndrome As above

MUTYH MUTYH associated poly-
posis

Stomach;  polyposis/colorectal cancer (43-100 %);  duodenal polyps and cancer 
(3-4 %)

NF1 Neurofibromatosis type 1 Breast (8 % by 50 years);  malignant nerve sheath tumours;  brain gliomas;  leukae-
mia

NF2 Neurofibromatosis type 2 Benign fibroids;  vestibular schwanomas;  meningiomas;  ependymomas

PALB2 Breast (33-58 %);  pancreas (exocrine or endocrine);  ovary

Peutz-Jeghers GI tract, pancreas, uterus, cervix, ovary, breast, testicular (Sertoli cell tumour)

PMS2 Lynch syndrome Sebaceous carcinomas of skin;  colorectal, gastric, pancreatic, hepatobiliary, small 
bowel, uterus and ovary, adrenocortical, CNS, urothelial;  leukaemia/lymphoma

RAD51C BROVCA3 Breast;  ovary (10 %)

RAD51D Ovary (10 %)

RB1 Melanoma;  lung;  retinoblastoma (90 %);  osteosarcoma

SDHA Succinate dehydrogenase 
complex subunit A

Phaeochromocytoma;  paraganglionoma

SDHB Succinate dehydrogenase 
complex subunit B 

GIST;  thyroid;  phaeochomocytoma;  paraganglionoma;  RCC (14 % by 70 years)

SDHC Succinate dehydrogenase 
complex subunit C

Phaeochomocytoma;  paraganglionoma
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Affected 
gene

Genetic disorder Sites of cancer and incidence/ relative risk (where known)

SDHD Succinate dehydrogenase 
complex subunit D

Phaeochomocytoma (71 % by 60 years);  paraganglionoma (29 % by 60 years);  
RCC (8 % by 70 years)

TP53 Melanoma;  squamous skin cancer;  breast (50 %);  pancreas;  uterus;  ovary;  lung, 
adrenal cortex;  bone & soft tissue sarcoma;  RCC;  leukaemia & lymphoma

VHL Von Hippel–Lindau syn-
drome

Pancreatic neuro-endocrine tumours (5-17 %);  phaeochromocytoma (10-20 %);  
benign retinal haemangioblastoma & haemangioblastoma in brain & spinal cord;  
RCC

Adapted, with permission, from the Oxford Desk Reference publication by HV Firth and JA Hurst, Clinical Genetics and Genomics, 2nd 
edn, Oxford University Press 2017. 

9.10. Tumour transmission in an 
organ recipient

9.10.1. Features suggesting tumour 
transmission 

For the safety of other recipients of organs 
from the same donor, it is important to distin-
guish between donor-transmitted tumours, which 
are already present in the donor (detected or un-
detected) and transmitted to the recipient with the 
transplanted organ, and donor-derived tumours, 
which can develop from donor cells at any time after 
transplantation but were not present in the donor 
at the time of organ procurement (e.g. RCC in graft 
kidney 8 years after transplantation, some examples 
of post-transplant lympho-proliferative disorders/
PTLD). In some cases this distinction might be arbi-
trary (e.g. RCC arising 2 years after transplant). 

Attention should be paid in cases of a lym-
phoma in a recipient after transplantation. Catego-
rised simply as lymphoma, it can cover a lymphoid 
tumour arising in the recipient de novo (e.g.  asso-
ciated with Epstein–Barr virus) or represent a do-
nor-transmitted lymphoma. Clarification should be 
attempted for the above-mentioned reasons.

Several events in the post-transplant period 
can raise the concern of a potentially transmitted 
donor tumour (see Table 9.1). These events may 
include donor malignancies diagnosed after trans-
plantation, either by final pathologic examination 
or donor autopsy, signs or symptoms suspected of 
indicating malignancy transmission in the recipient, 
organ transplantation from a donor known or sus-
pected to have transmitted malignancy to a separate 
recipient, or a new tumour diagnosis in a living donor 
shortly after donation.

Additional scenarios [273] that would raise rea-
sonable suspicion of a possible donor-transmitted 
tumour include: 

a� cancer (other than PTLD) arising within the 
first two years after transplant; 

b� cancer arising in the allograft organ in a patient 

with no history of carcinoma in the corre-
sponding native organ; 

c� metastatic carcinoma arising in an allograft 
recipient, particularly when a primary site 
cannot be identified; 

d� metastatic carcinoma of allograft type (e.g. 
RCC in a renal transplant recipient) in a re-
cipient with no known history of that type of 
cancer; 

e� CNS malignancy occurring outside the CNS, 
particularly in a transplant patient with no 
known CNS involvement; 

f� sex-specific cancer (e.g. choriocarcinoma) 
arising in a male transplant patient [126]; 

g� age-discordant cancer (e.g. paediatric cancer 
arising in an adult transplant recipient, or vice 
versa); 

h� cancer in which there is specific suspicion of 
donor origin (e.g. use of organs from a donor 
with a known history of cancer). 

While most transmitted tumours appear 
within 24  months of transplantation, this is de-
pendent on the unique doubling time of the specific 
tumour. There are case reports of aggressive tumours 
being diagnosed in the recipient > 5 years after trans-
plantation [120, 121].

Clinical symptoms and signs of malignancy 
transmission are heterogeneous, depending on the 
type of tumour and organ transplanted. Usually, the 
transmitted malignancy is identifiable in the trans-
planted organ with or without extra-graft metastases, 
reflecting a tumour borne by the allograft. In other 
cases, the graft does not show evidence of malignant 
infiltration, which suggests that isolated tumour cells 
might be transmitted through the organ.

If recurrence of the recipient’s primary disease 
(e.g. hepatocellular carcinoma) is suspected, be aware 
that such findings might also be a manifestation of 
metastases from a donor tumour [274]. In such cases, 
the possibility of a donor-transmitted tumour should 
be specifically raised with the pathologist.

A review of existing literature can often provide 
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insight into the expected frequency, most frequent 
manifestations and typical outcomes following treat-
ment for many different transmitted tumour types. A 
curated collection of the literature is maintained by 
the Centro Nazionale Trapianti in association with 
OCATT/ONT and WHO, and is accessible at www.
notifylibrary.org.

9.10.2. Managing recipients of organs from 
donors with tumours 

Recipients who received organs from donors 
with a confirmed malignancy should be strictly fol-
lowed to detect any transmission as early as possible. 
Investigation of graft dysfunction should also con-
sider the possibility of transmission. No evidence- 
based guidance exists for post-transplant monitoring, 
which requires a difficult balance between the benefit 
of early detection and the harm of causing undue 
stress to the recipient as a result of over- investigation, 
particularly with tumours carrying a low transmis-
sion risk. That balance changes when there is diag-
nosis of a transmission event in the recipient of 
another organ from the same donor, or the diagnosis 
of tumour in a living donor.

No evidence-based policies currently exist to 
support amending the recipient’s immunosuppres-
sive protocol following transplantation of an organ 
from a donor with history of malignancy, in par-
ticular to an mTOR-based protocol. A number of 
clinical trials and epidemiologic studies have found 
the use of mTOR inhibitor-based immunosuppres-
sant regimens in the recipient to be associated with 
reduced incidence of mainly de novo non-melanoma 
skin cancers [275-277], while the effects on other 
cancers are less well defined [278-280]. No long-term 
benefit of prophylactic mTOR treatment was found 
in reducing the incidence of hepatocellular carci-
noma recurrence after liver transplantation in the 
large international prospective randomised SiLVER 
trial [281].

9.10.3. Managing suspected malignancy 
transmission

Transmission of a malignant tumour is consid-
ered a serious adverse reaction (SAR) in the recipient, 
and suspected transmission events require reporting 
to the assigned national Health Authority, together 
with investigation of such cases. These actions are 
mandatory in EU states according to Directive 
2010/53/EU [12] (see Chapter 16).

In cases of suspected malignancy transmission 
from donor to recipient: 

a� The Health Authority in charge of co-ordi-
nating vigilance must be informed immediately, 
before further investigation or confirmation, 
to allow initiation of the appropriate precau-
tionary actions to prevent harm to other re-
cipients of organs from the same donor (see 
Chapter 16).

b� The recipient centres of organs from the same 
donor, as well as tissue organisations and the 
organ procurement organisation, should be 
alerted by the Health Authority in charge of 
co-ordinating vigilance, and the examination 
and a review process for this case started (e.g. 
ad hoc or standing expert committee). In the 
absence of such a Health Authority, an alter-
native procedure should be established to alert 
the recipient centres concerned.

c� Histologic examination of the recipient tumour 
and comparison of tumour tissue and re-
cipient sex chromosomes (in the case of a 
sex-mismatched transplant) or other genetic 
or molecular features that would allow distinc-
tion of donor tissue from recipient tissue would 
be desirable to prove or exclude transmission 
of a donor malignancy. National law should be 
checked (e.g. consent requirements) prior to 
performing any DNA analysis of human tissue.

Close communication between centres and 
co-ordinating agencies/authorities (according to the 
administrative organisation of each setting) is neces-
sary, not only for alerting other teams to a potential 
risk that should be carefully monitored, but also for 
determining the level of transmission in a lineage of 
recipients.

9.10.4. Tumour histology and genetic testing of 
donor and recipient

When a malignancy is detected, histology can 
provide the histotype of the tumour. Immunohisto-
chemistry can help to identify a possible histogen-
esis, and molecular analysis can give information 
of donor or recipient origin. In the case of a tumour 
in one or more recipients transplanted with organs 
from a single donor, a morphological/immunohisto-
chemical analysis of the tumour in the donor and the 
tumour arising in the recipients, or even comparison 
of the tumours arising in the separate recipients, can 
strongly imply donor origin if they are equivalent, 
even in the absence of molecular studies.

Different molecular cytogenetic methods are 
available for determining if a donor is the origin 
of a recipient tumour. They all work by comparing 

http://www.notifylibrary.org
http://www.notifylibrary.org
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tumour biopsy material with regular allograft ma-
terial (containing donor DNA) against a sample of 
tumour-free recipient DNA [110]. In cases of a posi-
tive match between donor and tumour material (or 
mismatch between recipient and tumour material), 
donor origin is confirmed. Molecular cytogenetic 
methods include but are not limited to: 

• Fluorescence in situ hybridisation (FISH). 
In cases of sex-mismatched recipients, this 
method indicates the presence of the XX or XY 
chromosome pair in a biopsy of the malignant 
tissue. Routinely processed paraffin-embedded 
tissue can be used.

• Microsatellite allelic analysis. This analysis 
permits distinction between individuals based 
on the genetic polymorphisms of repetitive 
DNA sequences. Routinely processed paraffin- 
embedded tissue can be used.

• Comparative genomic hybridisation (CGH). 
This method allows simultaneous compar-
ison of all chromosomes in the genome, and 
can also be performed on routinely processed 
tissue.

9.10.5. Management of confirmed tumour 
transmission

When tumour transmission has been con-
firmed, physicians must discuss and decide on the 
options for intervention, taking into account the 
wishes of the recipient. 

For recipients of heterotopic transplants like 
kidney and pancreas, withdrawal of immunosuppres-
sion followed by removal of the rejecting organ, with 
a return to dialysis and/or re-substitution of insulin 
has been successful in some cases in promoting rejec-
tion of residual tumour cells [9, 57, 89, 207, 282].

For recipients of orthotopic transplants such as 
liver, heart and lung, retransplantation has been con-
sidered when tumour-free survival of the recipient is 
likely [167, 283, 284], albeit knowing that this might 
not eliminate the transmitted tumour [112, 113], even 
when performed within a few days of realisation that 
a donor cancer may be present [88]. 

After lowering or completely withdrawing im-
munosuppression, it takes time until the immune 
system recovers and can potentially reject allogenic 
tumour cells. Other forms of immunomodulation 
have been shown to be effective. Repeated therapy 
with interferon, allogeneic cells in tuberculin- purified 
protein derivative, and finally cytotoxic lymphocytes 
(CTLs) primed against donor HLA, were used to clear 
residual metastatic melanoma which was resistant to 
graft nephrectomy and immunosuppression with-
drawal in one report [108]. Such observations suggest 

that chimeric antigen receptor (CAR)-T cells, and 
other novel immunomodulatory agents, may have a 
role in treating donor cancers resistant to immuno-
suppression withdrawal, or in heterotopic transplants 
following retransplantation where immunosup-
pression cannot be completely withdrawn. Systemic 
spread of a transmitted tumour could be treated by 
chemotherapy or appropriate targeted therapy ac-
cording to the tumour type if immunotherapy is not 
possible.

All other recipients of grafts from the same 
donor, as well as the organ procurement organisation, 
allocation agencies and tissue establishments in-
volved, have to be informed immediately so that they 
can initiate diagnostics and consider the possibility 
of prophylactic transplant removal, retransplantation 
or other intervention. Whether or not other grafts 
from the same donor that are currently not affected 
by the tumour should be removed requires careful as-
sessment and will depend on the kind of malignancy 
and the clinical condition of the recipient. 

9.10.6. Perspectives for data reporting and 
recording

National expert committees should be put in 
place to review reports of suspected transmission 
cases [5]. In the countries of the EU, a final report of 
each case has to be prepared after a defined period 
of 3 months [12] (see Chapter 16). Since this is a very 
short period for malignancy follow-up, long-term 
surveillance of the respective recipients at risk is pre-
ferred for at least 5 years.

In order to better inform decisions in the use 
of organs from donors with a history of cancer, and 
to inform treatment strategies for recipients who 
develop transmitted cancers, it is important to record 
all cases of tumour transmission. Transplant tumour 
registries should be established in every country or 
allocation network (e.g. Eurotransplant) as part of 
the governance of transplantation, and international 
consensus should be sought on the data to be re-
corded, with a view to eventually facilitating inter-
linked registries.

9.11. Conclusions

A history of malignancy or, in some cases, an 
active malignant disease in the potential donor 

should not automatically be a veto to organ donation. 
The estimated risk of tumour transmission should be 
balanced against the benefit of the transplant for the 
designated recipients. The available literature con-
sists of retrospective series with limited background 
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information and many case reports. Taken as a whole, 
the reported transmission rates are low (though high 
for some aggressive and advanced tumours) and the 
overall results are encouraging, although this may 
reflect a high degree of selection. Nevertheless, to 
allow a more evidence-based decision process, it will 
be necessary to collect detailed international data 
including reliable reporting of transmission events. 
A comprehensive traceability system with details of 
management of adverse events is essential.

Prerequisites for the individual acceptance of 
such organs should be a review of the detailed history 
of the donor malignancy and its management, and 
the informed consent of the organ recipients. The 
frequently urgent nature of organ transplantation 
often precludes the possibility of obtaining all of the 
desired information, and the physician must weigh 
available clinical data and published experience along 
with the medical condition and desires of the patient 
in arriving at the best possible decision. Although a 
certain transmission risk will remain in many cases, 
selected patients on the waiting lists will benefit from 
these organs in times of organ shortage.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
randomised clinical trials, should focus on the 
following research gaps: 
1 Standardised reporting to national health services 

of transmission events, treatments and outcomes, 
to enable collation of incidences and outcomes for 
different cancer types.

2 Evaluation of modifying immunosuppression to 
include an mTOR inhibitor when transplanting an 
organ from a donor with a history of malignancy.

3 Evaluation of policy of watchful waiting versus 
aggressive follow-up monitoring of patients who 
have received an organ from a donor with a history 
of malignancy. 

4 Exploration of immune therapies such as CAR-T cells 
in the treatment of transmitted tumours.
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Chapter 10. Risks related to the use of organs from donors 
with other conditions and diseases

10.1. Introduction

Besides infections (see Chapter 8) and malignan-
cies (see Chapter 9), some pre-existing condi-

tions and diseases in the donor can compromise 
organ function or can be transmitted by the organ 
to a transplant recipient. After donor evaluation 
and characterisation, a risk–benefit assessment for a 
particular recipient can be performed. This chapter 
provides general recommendations on the approach 
to follow when assessing donors with poisoning and 
donors diagnosed with different inherited diseases 
and other disorders. Reviewing the endless list of 
rare diseases in a single chapter is an impossible task. 
More than 3 500 rare diseases are described currently, 
and any rapid change in genetic research and ana-
lysis will change our knowledge about rare diseases. 
Therefore, it is recommended to consult specific up-
to-date portals such as Orphanet (www.orpha.net). 
This French organisation has also translated guide-
lines into other international languages.

This portal includes a brief section about organ 
donation in the emergency guidelines adapted for 
some but not all rare diseases. Helpful contact details 
for experts and basic information can also be found 
at Orphanet.

10.2. Poisoning

There are more than 3 000 deaths by poisoning 
or intoxication per year reported in the United 

Kingdom. There is a large variation in rate and 

circumstances between countries, but most poi-
soning cases arrive in the hospital still alive and 
they represent a group of patients in whom organ 
donation should be considered [1]. An opioid epi-
demic is also a specific problem in the US. Published 
data are not sufficient to determine whether these 
deaths occur under circumstances that would easily 
allow diagnosis of brain death and the subsequent 
recovery of organs, and this is a major legal limita-
tion, depending on the timing between poisoning, 
cerebral anoxia and death. Toxin uptake may occur 
by accident, through suicide or as a result of wilful 
poisoning by a third party. Established best practice 
is collaboration with legal investigating authorities 
(police, prosecution and forensics) in order to fulfil 
legal requirements and to await detoxification in 
order to perform proper brain-death diagnostics.

The number of cases where poisoning is the 
direct cause of brain death varies among regis-
tries, but the incidence is low. This rate is increasing 
in US, up to 6 % in 2014 [2] and 13 % in 2016 due to 
drug intoxication. Evolution to brain death mainly 
results from anoxia or brain oedema. Anoxic brain 
damage can occur as a result of a cardiac arrest due 
to myocardial ischaemia and fatal arrhythmias (e.g. 
cocaine) or a respiratory depression (e.g. barbitu-
rates). Brain oedema might derive from an acute liver 
failure (e.g. paracetamol), hyponatremia (e.g. ecstasy) 
or unknown mechanisms (e.g. methanol). Haemor-
rhagic and ischaemic brain lesions are less frequent 
causes of brain death in intoxicated patients.

http://www.orpha.net


304

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

Table 10.1. Reported cases of toxins and poisons leading to successful organ transplantation following brain death 
and considerations for assessment of the donor

Substance Heart Lung Liver Pancreas Kidney Remarks

barbiturates yes, careful 
assessment yes yes yes yes

benzodiazepines yes yes yes yes yes

tricyclic 
antidepressants

yes, careful 
assessment yes yes yes yes

neuroleptics yes, careful 
assessment

yes, 
careful 
assess-
ment

yes, 
careful 
assess-
ment

yes, 
careful 
assess-
ment

yes, careful 
assessment

Exclude multi-organ failure; wait for 
recovery from neuroleptic syndrome

cocaine yes, careful 
assessment yes yes yes yes

Exclude multi-organ failure or sepsis; 
check for chronic abuse; check for 
elevated risk of HCV, HIV transmission; 
check for abuse of other substances
Methadone can accumulate in the liver 
in long-term users

ecstasy yes yes yes yes yes

opioids yes

yes, 
careful 
assess-
ment

yes yes yes

methadone yes yes yes yes yes

ethanol yes yes yes yes yes Chronic abuse: liver/pancreas damage

methanol yes, careful 
assessment yes yes

yes, 
careful 
assess-
ment

risk of rhab-
domyolysis Correct acidosis, wait until 0.0 mg/L

ethylene glycol yes, careful 
assessment yes yes yes risk for 

oxalate Correct acidosis

calcium inhibitors yes, careful 
assessment yes yes yes

risk of acute 
kidney 
injury

venlafaxine yes yes yes yes yes  wait for recovery from serotonin syn-
drome

acetylsalicylic acid yes yes yes yes yes

paracetamol yes yes
acute 
liver 
failure

yes yes, careful 
assessment

insulin yes yes yes yes yes

cyanide yes yes yes yes yes

colchicine yes, careful 
assessment

ARDS: 
unsuita-
ble

yes, 
careful 
assess-
ment

yes, 
careful 
assess-
ment

yes, careful 
assessment Multi-organ failure

brodifacoum 
(rodenticide) yes yes yes yes yes

pesticide yes, careful 
assessment

ARDS: 
unsuita-
ble

yes, 
careful 
assess-
ment

yes, 
careful 
assess-
ment

yes, careful 
assessment Multi-organ failure

malathion yes yes

carbon monoxide yes, careful 
assessment yes yes yes yes

yes: donation of organ possible after proper assessment taking into account data from the literature.
yes, careful assessment: in these donors the poisoning might compromise the organ function irreversibly; otherwise the risk factors are 
listed in the table which may limit donation of a graft.
blank: currently no data available – donation can be considered after proper assessment.
ARDS: acute respiratory distress syndrome.

Opioids, carbon monoxide (CO), analgesics 
and antidepressants are the leading causes of fatal 
poisoning [3]. There is a great variety of reports on 

successful transplantation using multiple organs 
from brain-dead donors having suffered from various 
kinds of poisoning. However, there is no systematic 
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overview and it can be expected that only positive 
outcomes are being reported.

Hantson summarised case reports, expert 
opinions and other knowledge in this field exhaus-
tively already in 1999, as did more recent reviews [4, 
5]. In addition, there is one consensus document from 
the International Society for Heart and Lung Trans-
plantation regarding drug toxicities and the use of 
cardiac allografts [6, 7]. The overall conclusions of 
these documents are as follows.

a� Patients who die due to or with intoxica-
tion by drugs or other substances should be 
considered as potential organ donors. Over-
dose-death donors (ODDs) have increased 
along with the worsening opioid epidemic. The 
risk of graft failure at 5 years is now considered 
similar for recipients of anoxic drug overdose 
donor grafts and recipients of other grafts [3]. 
Organs should be considered for transplanta-
tion following the routine biological and mor-
phological assessment of the graft. Unless 
irreversible organ damage is confirmed, poi-
soning is not an absolute exclusion criterion 
for organ transplant. Heart transplantation 
outcomes in the UNOS database from donors 
dying of drug intoxication are similar to those 
from donors dying from other mechanisms [4].

b� Discussion with experts in toxicology or phar-
macology is helpful or necessary to evaluate the 
suitability of different organs for transplant, but 
may be difficult in emergency or during the night. 
As these professionals may not be experts in 
the field of transplantation, case-by-case deci-
sions have to be made collaboratively, taking 
into account the risk of organ dysfunction and 
the specific situation of a patient on the trans-
plant waiting list. Collaborative experiences 
and cumulative data should be developed.

c� A list of websites and telephone numbers with 
24 h services for intoxication advice should be 
available to donor co-ordinators locally.

d� The diagnosis of brain death may be compli-
cated in cases where a given drug or poison has 
a direct or temporary influence on brain cells 
and their functioning (see Chapter 3). In addi-
tion, some sedative drugs used during inten-
sive care management can also interfere with 
brain activity. Proper determination of brain 
death is still possible in poisoned patients when 
the injury responsible for irreversible brain 
damage has been identified (e.g. hypoxic brain 
damage in the case of opiate intoxication). 
Primary hypothermia due to secondary com-
plications after poisoning must be corrected 

before undertaking brain death testing. Ancil-
lary tests to prove the cessation of cerebral per-
fusion (e.g. transcranial Doppler sono graphy, 
cerebral angiography, cerebral perfusion scin-
tigraphy or cerebral CT-angiography) are rec-
ommended. The reason is that some poisons 
interfere with the interpretation of certain 
electro-physiological tests (e.g. barbiturates 
can affect electro-encephalogram results). 
Usually, in patients admitted to an intensive 
care unit, most (or all) of the toxin can be elim-
inated before brain death diagnosis is initi-
ated. Metabolites or delayed action should also 
be considered, and specific dosage or pharma-
cokinetics recommended. If complete detox-
ification cannot be confirmed or the toxin is 
still able to influence central nervous system 
cell function, then interference with electro- 
physiological measurements could be a major 
issue, whereas confirmed cessation of cerebral 
perfusion is a measurement independent of 
such interactions.

e� The risk of toxin transmission to a recipient can 
be further limited by continued detoxification 
during evaluation of organ function in the de-
ceased donor.

f� In this context, information about the period 
of ingestion of drugs (either in chronic use or 
as single event) is valuable, in order to identify 
co-existing behavioural risk factors concerning 
the acquisition of a potentially transmissible in-
fection (e.g. chronic intravenous drug abuse is 
associated with a higher probability for recent 
hepatitis C infection; see §8.2).

10.2.1. Basic considerations
Generally, organ donation is considered pos-

sible if there is no evidence of functional or struc-
tural damage of the organs in question. Organs from 
donors with poisoning that leads to brain death 
need to be evaluated according to case history and 
information about the specific toxin involved. The 
following points should be considered for potential 
donors with poisoning:

• Identification of agent (s) causing the poi-
soning. Multi-agent poisoning should not be 
overlooked.

• Acute poisoning should be differentiated from 
chronic poisoning or substance abuse with an 
acute overdose.

• The type and effectiveness of elimination 
therapy should be taken into account. Obser-
vation of the patient’s medical status during 
this elimination period helps to exclude irre-
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versible organ damage or risk of toxin trans-
mission. Possible redistribution from fatty 
tissue and the extra-vascular space following 
clearance from the blood should not be over-
looked. Experts in toxicology can provide data 
about tissue concentrations and elimination 
methods and times.

• Irreversible damage of specific organs should 
be excluded, and the extent of organ recovery 
after poisoning should be evaluated.

• Toxins not completely eliminated from spe-
cific organs may be transmitted to the recip-
ient during transplantation with consequent 
adverse effects (e.g. solvents) or without any 
serious consequence (e.g. some narcotics). After 
a proper assessment of the preconditions for 
brain-death certification, which includes ade-
quate detoxification, this risk can be assumed 
to be negligible.

• Appropriate recipients should be selected on 
the basis of acceptable risk levels.

• For the certification of death by neurologic 
criteria, intoxication by sedative or narcotic 
medications/substances must be ruled out and 
the cessation of cerebral circulation must be 
confirmed.

• In some poisoning cases, it may be impossible 
to identify the toxic agent because of inappro-
priate samples, rapid toxin elimination before 
sampling could take place or suitable measure-
ment techniques not being available (e.g. blood 
or urine testing may be inconclusive for short-
acting recreational designer drugs). In such 
cases, even though the process is time-con-
suming (days) or not available, as far as pos-
sible the most common toxic agents should be 
ruled out by chromatography screening. If any 
suspicions remain, organs should only be used 
at an increased risk level.

• Intoxication is not a natural cause of death. 
Therefore, any donation procedure should 
ensure that interference with criminal inves-
tigations is ruled out by proper prospective 
collaboration with the authorities performing 
forensic investigations.

• In cases of chronic substance abuse, consider-
ation should be given to the risks discussed in 
Chapter 8 and Chapter 9.

• In cases where poisons were inhaled, acute or 
chronic lung injury must be properly assessed. 
Lungs without damage should be considered 
for transplantation.

• Organ viability must be checked against other 
existing pathologies and co-morbidities, espe-

cially after resuscitation events, extracorporeal 
membrane oxygenation (ECMO) support or 
hypoxia arising from the poisoning [2-9].

10.2.2. Poisoning agents
The following is a non-exhaustive list of toxic 

agents potentially causing brain death, and being the 
underlying cause of death of potential organ donors. 
The prevalence of toxic agents may vary between 
countries and over time [2].

a. Amanita phalloides
Liver donation is obviously not considered, as 
the liver is the direct target organ of poisoning 
by Amanita phalloides and other mushrooms. 
Acute renal failure is a frequent complication 
due to dehydration, but not directly due to the 
toxin. Other organs may be also considered for 
donation after normal routine biological and 
morphological assessment of the graft.

b. Antidepressants/tricyclic antidepressants (TCA, 
e.g. amitryptyline)
Fatalities after acute TCA overdose are be-
coming less frequent since the introduction of 
newer generation antidepressants, i.e. selective 
serotonin re-uptake inhibitors (SSRI). Death 
is mainly caused by fatal cardiac arrhythmias, 
shock or status epilepticus.
Hearts for donation should be evaluated crit-
ically, particularly in patients with abnormal 
electrocardiographic findings or high serum 
concentrations of TCA (> 2000 ng/mL). Liver, 
kidney or lung donation remains possible, 
based on the results of routine laboratory tests. 
The recommendation is to determine the con-
centration of TCA in the recipient, although 
there is no definite evidence in the literature 
of a significant risk of transmission to organ 
recipients.

c. Chemical solvents
This requires an individualised decision. Most 
solvents lead to cardiac arrest due to arrhyth-
mias, and there is an endless range of such sol-
vents. Adherence of solvents to lipids or their 
hydrophilic effects and the possibility of de-
struction of tissues and secondary lesions (e.g. 
accumulation of a substance in hepatic tissue, 
rupture of intestine leading to peritonitis) 
should be considered.
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d. Cocaine
This narcotic causes early atherosclerotic 
lesions and also dilated cardiomyopathy in 
cases of chronic abuse. Atherosclerotic lesions 
are most likely to occur in the coronary arteries 
at an early stage. Therefore, special attention 
should be paid to atherosclerosis in potential 
heart donations after chronic cocaine use and 
a coronary angiography should be discussed. 
However, multivariate analysis revealed no 
difference in mortality or development of cor-
onary artery disease at 1 and 5 years between 
transplant recipients who received an organ 
from donors with a history of cocaine use and 
transplant recipients who received an organ 
from donors having no history of cocaine use. 
A number of successful heart, lung, liver and 
kidney transplants have been reported, espe-
cially after acute poisoning associated with 
massive brain injury (e.g. haemorrhage). In 
cases where cocaine has been inhaled, acute or 
chronic lung injury must be properly assessed. 
Lungs without damage should be considered 
for transplant.
Cocaine abuse may be associated with an in-
creased risk of viral infections in their window 
period (e.g. hepatitis C after intranasal cocaine 
sniffing). The metabolite coca-ethylene is 
formed after simultaneous consumption of 
cocaine and ethanol and is more cardiotoxic 
than isolated cocaine.
In contrast, no reports exist currently which 
have investigated the risks associated with can-
nabis abuse.

e. Cyanides
Cyanides are rapidly absorbed through the 
skin and can lead to irreversible inhibition of 
mitochondrial cytochrome oxidase. The tox-
icity of cyanides may be reversed rapidly by 
specific therapy (hydroxo-cobalamin). Fol-
lowing cardiac arrest, a few cases of successful 
heart transplantation after cyanide intoxica-
tion have been reported after resuscitation with 
hydroxocobalamin. Successful transplantation 
of all organs following cyanide intoxication in 
the donor is possible, provided that effective 
antidote therapy has been used and no more 
cyanide is detected in blood.

f. Ethylene glycol (see also Methanol)
Ethylene glycol (EG) is metabolised in the body 
by alcohol dehydrogenase into oxalic, gly-
colic and glyoxylic acids, leading to metabolic 

acidosis. Patients can be treated with ethanol 
or 4-methylpyrazole to inhibit the alcohol de-
hydrogenase, and sometimes with dialysis. Al-
though the kidneys (the target organ for EG) 
may be damaged due to tubular necrosis or 
oxalate deposition, transplant may be con-
sidered after recovery from this complication. 
Heart, lung or liver donation may also be con-
sidered. EG poisoning may occur in combina-
tion with methanol.

g. Ecstasy (3,4-methylenedioxymethamphetamine)
This drug may cause brain death due to sec-
ondary complications after excessive use, but 
also after first time or single use. Successful 
organ transplants (heart, lung, kidney, pan-
creas, liver) of ecstasy-poisoned donors have 
been reported without detectable transmission 
of the agent to the recipient [5]. However, ecstasy 
can cause fulminant liver failure in some cases, 
with the urgent need for liver transplantation 
of the poisoned patient due to unknown or 
possibly an immune cause. In heart evalua-
tion, ischaemia or myocardial necrosis should 
be ruled out, since these complications have 
been described in relation to coronary spasm 
and arrhythmias in patients intoxicated by 
3,4-methylenedioxymethamphetamine.

h. Ethanol
All organs may be used, except for those con-
firmed with organ damage related to chronic 
abuse. Heavy alcohol consumption does not 
adversely affect heart transplantation, and 
there is no clear evidence of adverse outcomes 
after lung transplantation. There are no overall 
effects of cannabis or cocaine on survival after 
heart or lung transplantation [5].

i. Insulin
There is no contraindication to organ donation, 
but normalised electrolyte and glucose metab-
olism is preferred [2]. Monitoring of glucose 
and electrolytes is standard practice.

j. Methanol (see also Ethylene glycol)
Intoxication is not uncommon in countries 
where people produce their own alcoholic 
spirits without strict governmental controls. 
Cases have been reported where branded spirits 
and drinks have been diluted with methanol, 
causing intoxication. Methanol is rapidly ab-
sorbed by the gastro-intestinal tract and is me-
tabolised by alcohol dehydrogenase into formic 
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acid, leading to metabolic acidosis. Patients 
can be treated with ethanol and 4-methylpyra-
zole to inhibit the alcohol dehydrogenase, and 
sometimes with dialysis.
Although the kidneys may be damaged as a 
consequence of shock and multi-organ failure 
(the kidney is not a target organ for methanol 
poisoning), there are a number of reports of the 
successful transplantation of all organs after 
fatal methanol intoxication, dependent on the 
serum methanol concentration remaining at 
organ procurement. Liver, heart, lung, kidney 
and, in some cases, pancreas transplantation 
might be possible if methanol remnants are 
absent from the serum and if metabolic aci-
dosis is fully corrected.

k. Opiates and methadone
Except for the risk of temporary respiratory 
problems before terminal failure of the brain 
stem, no obstacles concerning organ dona-
tion exist. Caution is required because of the 
increased risk of acquired infections in the 
context of intravenous drug abuse or metha-
done substitution. Even though ODDs have 
higher rates of hepatitis C, cardiac allograft 
quality indices are favourable and recipient 
outcomes are similar when compared with 
non-ODDs. [5, 6]
With methadone, and particularly in patients 
on maintenance therapy for a long period with 
high dose, heart donation should be consid-
ered carefully. There is also a theoretical risk 
of accumulation of methadone in numerous 
tissues. The risk is minimal in patients with a 
single methadone overdose.

l. Organophosphate pesticides
This requires careful evaluation of the donor 
due to the risk of tissue accumulation and 
cardiac arrhythmias. It is important to identify 
the substance and to ensure that maximum 
terminal elimination half-life has been ex-
ceeded before organ recovery (e.g. parathion 
> 140 h) [8].

m. Paracetamol
In cases of acute liver failure due to par-
acetamol poisoning, irreversible liver injury 
may exist. However, in cases of brain death, all 
other organs may be recovered for transplan-
tation. Acute kidney injury may occur, but is 
usually reversible.

n. Rodenticides (dicoumarin) and other anti- 
coagulants
Coagulation disorders should be considered, 
due to ongoing vitamin K deficiencies until the 
recovery of the liver. The liver itself continues 
to function normally. Transplantation reports 
are lacking.

o. Selective serotonin re-uptake inhibitors (SSRI)
Fatalities following SSRI overdose appear less 
frequent than with TCA. Death is usually the 
consequence of brain failure (seizures) or some-
times of multiple organ failure in the event 
of a serotonin syndrome with high degree of 
hyperthermia. Organ removal should be pos-
sible, provided that the function of the organs 
is preserved. Cardiotoxicity is exceptional, but 
should be evaluated by routine testing (electro-
cardiogram, echocardiography and troponin).

p. Other drugs or poisons
In the event of intoxication or poisoning by 
unusual drugs or substances, a careful ex-
amination of the case has to be made jointly 
by the intensive care physician, the donor co- 
ordinator, a clinical toxicologist and the trans-
plant team. This careful analysis and recording 
of the case could help decision making in 
future cases.

Reported cases of toxicity and poisonings lead-
ing to successful organ transplantation following 
brain death are summarised in Table 10.1 [1, 7-9].

10.2.3. Unusual conditions

The following unusual conditions or environ-
mental hazards require consideration of the effect of 
multiple agents and or events:

a. Burning and smoke inhalation
In the worst cases, burn victims may have a 
combination of poisoning (smoke inhalation, 
carbon monoxide and cyanide). Proper treat-
ment does not preclude organ donation in case 
of certified brain death.
Smoke is a mixture of CO, particulate matter 
and other gases, which may include cyanide. 
Detailed information is required about the 
circumstances of smoke inhalation. If cyanide 
and CO poisoning are treated properly, smoke 
inhalation should not prevent organ dona-
tion (see individual toxins). Bronchoscopy 
for bronchial examination and cleaning is 
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recommended. Lung transplantation has also 
in some cases been performed [10]. Renal tox-
icity has been debated regarding chronic use of 
surrogates for cigarettes [11].

b. Carbon monoxide
The literature dealing with CO poisoning men-
tions several cases of successful transplanta-
tion of heart, lung, kidney and liver obtained 
from CO-poisoned donors [12, 13]. Only 11 
cases reporting on this topic have been pub-
lished. Suitability for kidney transplant gener-
ally, such as creatinine, urine production and 
post-procurement biopsy, should be applied to 
CO-poisoned donors to assess whether or not 
ischaemic damage to the kidneys is recoverable.
All organs procured from donors with carbon 
monoxide poisoning and burns survived 
during follow-up. As the brain and the heart 
appear particularly sensitive to hypoxia, a 
careful examination of cardiac function is 
mandatory before accepting heart donation. 
As a minimum, the following criteria have to 
be respected: no cardiac arrest or a very short 
period of cardiac arrest, rapid successful resus-
citation and normal echocardiography.

c. Drowning
Drowning and asphyxia (A/D) are associated 
as one cascade: cardiac arrest and asphyxia 
after drowning are not per se a contraindica-
tion to organ procurement. When the possible 
donor has been stabilised at the ICU, the re-
quirements for correct certification of death 
must be fulfilled. In donor and organ selection, 
the complications associated to asphyxia have 
to be evaluated. Recent studies suggest that 
results in lung transplantation with grafts pro-
cured from donors whose cause of death is A/D 
are equivalent to cases of other cause of death 
[14, 15]. The only issue here is careful evaluation 
of the organs including the question of tracheal 
airway exposure to fresh water or salt water 
and the contamination of the different path-
ogens in it including the risks of systematic 
spread [15] as well as exclusion of tissue damage.

10.3. Inherited or congenital 
diseases

Potential organ donors who have a genetic disorder 
or inherited disease may have suffered a lethal 

incident unconnected with their condition. In such 
cases, organ donation must be considered. However, 

some genetic disorders cause various enzyme de-
ficiencies which are linked to different metabolic 
pathways in the liver. Some of these genetic disorders 
with enzyme defects can be fatal, since no alterna-
tive pathway exists for metabolism except for the one 
linked to the liver tissue, and therefore they may be 
a major cause for contraindicating liver transplan-
tation. Detailed lists of inherited kidney and liver 
diseases are available in recent reviews and are very 
important in organ-specific selection criteria [16, 17]. 
Other gene defects may result in connective tissue 
disorders, haematopoietic disorders or predisposi-
tion for malignancies, or they may cause other ter-
minal organ damage.

The basic considerations and strategies out-
lined below contribute to assessing organ donors 
diagnosed with inherited diseases. They may also be 
applied when assessing donors with non-inherited 
and other congenital diseases.

10.3.1. Basic considerations

Experience with the transplantation of organs 
recovered from donors with genetic disorders is 
limited. To date, a registry of donations associated 
with rare diseases has not been established, although 
this is an issue in about 1 % of all donation cases and, 
in each case, an individual decision pathway has to 
be followed. The definition of a rare disease is var-
iable from one country to another but in Europe 
the definition is a prevalence of 1/2000. The diag-
nosis process may be long and not compatible with 
an emergency situation, including extensive clinical 
screening, family exam and finally, specific genetic 
tests. Those are increasingly used to characterise the 
(often private) causative mutation(s).

The European database Orphanet (www.orpha.
net) provides regular updates of information about 
rare diseases. The section on emergency guidelines 
briefly mentions organ donation for each particular 
rare disease, but it remains a growing summary of 
guidelines for an endless list of rare diseases.1

Certain genetic diseases are more common 
in some regions in Europe. Experience in organ re-
covery exists for familial amyloid polyneuropathy 
(FAP), autosomal dominant polycystic kidney disease 
(ADPKD) and haemochromatosis. Sixteen cases of 
donor procurement from polycystic kidney disease 
were identified. Median donor age was 24. Kidneys 
from ADPKD donors could be offered, if they have 

1 International case references can also be found at www.
rarediseases.org/rare-disease-information/rare-diseases 
(Nord) or at http://ghr.nlm.nih.gov/BrowseConditions 
(Medline Plus).

http://www.orpha.net
http://www.orpha.net
http://www.rarediseases.org/rare-disease-information/rare-diseases
http://www.rarediseases.org/rare-disease-information/rare-diseases
http://ghr.nlm.nih.gov/BrowseConditions
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had a full assessment, and could be considered ac-
ceptable for renal donation to recipients who may 
have a life expectancy of 10 years or less and who are 
fully informed [18].

In some cases, common knowledge should 
enable a decision to be made about using a graft in 
a particular recipient or not. For example, trans-
plant of a liver from a donor with a congenital co-
agulation disorder related to a Factor V Leiden 
mutation, or a Protein S or C deficiency, will require 
anti- coagulation therapy in the graft recipient. Post 
mortem diagnosis and genetic analysis is not allowed 
by the law in many countries. Rapid development of 
genetic analysis (exome analysis) is now possible. It 
is frequently allowed during medically assisted pro-
creation due to the benefit for the recipient and the 
consent for the donator. Indirect benefit could also 
be proposed to the family of the donor in case of dis-
covery of an inherited disease. But this information 
could be addressed in its ethical aspect by a geneticist.

Sometimes it is impossible to detect latent 
genetic disorders or metabolic deficiencies, for 
example late-onset ornithine transcarbamylase 
(OTC) deficiency. Transplantation of an organ from a 
donor with an undetected genetic disorder risks im-
paired organ function or failure in the recipient with 
potentially severe consequences, and may require 
re-transplantation. In some heterozygous defects, 
the disease may only manifest in the recipient, for 
example Protein S deficiency [19]. Genetic disorders 
[19-22] should be considered when assessing donors 
with known thrombocytopenia, haemochromatosis, 
mitochondrial deficiency and/or mental disorders 
not related to infection, poisoning or malignancy. 
Another example is represented by APO L1 gene ab-
normality in some African-American populations, 
with consequences for the longevity of kidney trans-
plant recipients exposed to the problem of risk assess-
ment of the donor [20].

Some authors highlight the need to consider 
determination of plasma ammonia as part of the 
routine evaluation of all brain-dead donors. The iso-
lated finding of hyperammonemia in a brain-dead 
person suggests a disorder of the urea cycle such as 
ornithine transcarbamylase deficiency [22]. Although 
this deficiency is a contraindication for liver donation, 
this does not extend to other organs such as kidneys, 
as these organs are not affected by the disease. Until 
not long ago, donors with a history of renal stones or 
with stones emerging during screening on imaging 
were not considered ideal, but recent guidelines have 
adopted less stringent criteria for potential donors at 
risk of stones [23].

In contrast to deceased donors for patients 

with selected, inherited, homozygote metabolic dis-
orders requiring liver transplant, it is possible to use 
a living segmental-liver graft from a related heterozy-
gote donor [20].

Whenever an inherited or congenital disease is 
suspected in a potential donor, the following steps 
should be followed to clarify the suitability of each 
organ or tissue for transplantation:
◊ Establish the diagnosis by collecting all available 

data and by consulting the experts responsible 
for the care of the donor. This may require specific 
sampling for examination by specialised centres 
(national reference centres).

◊ Each organ or tissue under consideration for 
procurement must be checked for its functionality 
and level of damage. Impaired or damaged organs 
should not be transplanted. In some cases, a different 
metabolic pathway exists that might resolve the 
problem; for example, in glycogenosis type 5 
(McArdle disease), an enzyme defect affects all cells 
(especially muscle cells), but this defect is successfully 
mitigated in liver cells due to an enzyme coded on a 
different gene performing the metabolism.

◊ The risk that organs from donors with inherited 
diseases will transmit a genetic defect to recipients 
needs to be carefully considered. This assessment 
needs to be weighed against the possibility of post-
transplant therapy in the recipient, and its associated 
risks, or the emergency needs of a recipient.

◊ All transplant teams involved must be aware that 
this assessment procedure is time-consuming and 
requires an inter-disciplinary approach.

For further information about diseases, contact with 
experts and emergency guidelines, see:
◊ www.orpha.net
◊ www.rarediseases.org
◊ http://ghr.nlm.nih.gov/BrowseConditions/.

10.3.2. Examples of inherited disorders in cases 
of organ donation

a. Enzyme abnormalities and FAP
A remarkable example of genetic disorders af-
fecting the question of graft use is FAP [21]. In 
Portugal, Spain and Sweden, specific popula-
tions suffer from this disease at an exceptionally 
high prevalence. For some patients, liver trans-
plant may be the only therapeutic option. FAP 
is characterised by the ongoing destruction of 
nerves (and other tissues), with an onset of sen-
sory-motor polyneuropathy in the lower limbs. 
Due to a point mutation of the transthyretin 
or prealbumin gene, endoneurinal amyloid 
deposits occur that are responsible for irrevers-
ible damage by amyloid aggregates between the 
ages of 30 and 50 years, unless a functioning 

http://www.orpha.net
http://www.rarediseases.org
http://ghr.nlm.nih.gov/BrowseConditions/
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enzyme pathway is introduced through a liver 
transplant. The otherwise healthy livers of FAP 
patients can then be used in non-FAP patients 
(or even divided among two recipients) waiting 
for liver transplant in a so-called domino liver 
transplantation procedure [24, 25]. However, 
FAP is, without exception, ultimately trans-
mitted to these domino transplant recipients 
and clinically manifests after a variable time 
period. If risk–benefit could be considered in 
hepatocellular carcinoma, transmission of FAP 
could occur after a variable delay from 5 to 10 
years.
On the other hand, serious adverse outcomes 
are described in cases of hyperoxaluria, acute 
intermittent porphyria, apolipoprotein A1 am-
yloidosis, lysozyme amyloidosis and acute in-
termittent porphyria.

b. Autosomal dominant polycystic kidney disease
ADPKD is not a contraindication to organ 
donation; even polycystic liver and kidneys 
can be considered for transplant. In the case 
of associated complications in other organs, 
for example polycystic liver disease, it is ad-
visable to assess graft quality at recovery and 
to transplant into suitably selected recipients. 
Some gene carriers are at higher risk of devel-
oping subarachnoid bleeding after rupture of 
a cerebral aneurysm. The published literature 
is encouraging and supports the use of poly-
cystic kidneys from younger deceased donors. 
Therefore, we believe that if kidneys from 
ADPKD donors are offered, they should have 
a full assessment and be considered accept-
able for renal donation to recipients who may 
have a life expectancy of 10 years or less and 
who are fully informed and have the capacity 
to consent to receiving a polycystic kidney [18]. 
In contrast, in a young donor (e.g. < 30 years) 
with normal kidney function but having an en-
larged kidney typical of ADPKD, deterioration 
of kidney function and other complications 
are likely to occur over an unpredictable time 
frame, thereby warranting a reluctance to use 
the kidneys.
There is no reported case of liver failure in 
patients with ADPKD. Some authors suggest 
that the selective use of polycystic donor livers 
containing small cysts with preserved liver 
function is safe. Cardiovascular abnormalities 
are the most important non-cystic manifes-
tations of ADPKD. A careful clinical evalua-
tion of cardiac function by routine testing is 

mandatory before heart donation for trans-
plantation is considered.

c. Congenital coagulation disorders
Factor V Leiden mutation. Affected patients 
with recurrent thrombosis need anti-coagu-
lation therapy, thereby exposing them to the 
risk of intracerebral bleeding. Organ donation 
is possible although, in the case of liver trans-
plants, the defect will be transmitted and re-
cipients will require anti-coagulation therapy, 
with a consequent high to unacceptable risk to 
the recipient’s life.
Haemophilia. The type of haemophilia must 
be determined, which will indicate the loca-
tion of the gene defect. If it is attributable to 
one organ, for example liver, the other organs 
can be used without elevated risk. However, 
transplantation of an affected organ transmits 
all the complications associated with the type 
of haemophilia to the recipient. Some authors 
suggest that haemophilia donors should not 
be precluded from organ donation. However, 
high levels of factor VIII inhibitor in the donor 
before organ procurement represent an abso-
lute contraindication to liver donation [26].

d. Trisomy
There are several types of trisomy. If organ 
function per se is not affected, it can be used 
as a graft.

e. Connective tissue defects (e�g� Marfan syndrome)
Although organ functioning at the cellular 
level is good, transplant practitioners are reluc-
tant to use organs or tissues (e.g. heart, heart 
valves, arteries) due to destruction of the vas-
cular walls. Experts should be consulted before 
a final decision is made. There is a risk of trans-
mitting the defect, but there are no data on 
whether or not vascular walls would undergo 
further destruction after transplantation.

f. Phacomatosis and neurofibromatosis
Four major types are described in this inher-
ited condition that are genetically and clini-
cally different. In the case of neurofibromatosis 
type 1 (Morbus Recklinghausen), organ dona-
tion is possible if the increased risk (5%) for 
development of other malignancies is properly 
considered (e.g. optic glioma, astrocytoma, 
phaeochromcytoma, GIST). Neurofibroma-
tosis type 2 is related to bilateral Schwannoma 
(WHO°1) of the 8th cranial nerve. Irradiation 
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could increase the thrombotic risk in organs. 
Tuberous sclerosis (la sclérose de Bourneville) 
should be excluded.
Donors with von Hippel–Lindau syndrome 
could be considered (preferably for the lung, 
heart and liver donation) when the risks as-
sociated with renal cell carcinoma and other 
malignancies are excluded when using organs 
according to the guidance in Chapter 9.

g. Further examples
Table 10.2 provides a non-exhaustive overview 
of inherited, congenital or otherwise acquired 
diseases where organ donation has been re-
alised with success, and other cases where 
transplantation of single organs did not have a 
successful outcome [26-32].

Table 10.2. Examples of successful/unsuccessful donation in cases of inherited, congenital or acquired disease

Disease Organs Comment
Rendu–Osler–
Weber syndrome

kidney Successful transplantation is reported [27]

HELLP syndrome kidney Successful transplantation is reported [28]

IgA-nephropathy kidney Depending on the degree of kidney damage the graft may be used, since immunosup-
pressive therapy may be therapy of original disease [29]

other organs Can be used for transplantation

Moyamoya disease heart, 
kidney, liver, 
lung

After exclusion of defects in other organs due to vascular defects, transplantation is 
possible [30]

Gilbert syndrome liver Gene defect causes unconjugated hyperbilirubinaemia; impaired long-term outcome 
not observed [31]

Bleeding disorders liver In cases with isolated factor XII, VII, XI deficiency in short term, no adverse events are 
observed (haemophilia A should be excluded) [32]

other organs Can be used for transplantation

Thrombotic disor-
ders

liver In the case of a donor with unknown Protein C, Protein S or Factor V Leiden mutation 
deficiency, serious thrombotic events are observed if the graft is used
In the case of a donor with known Protein C, Protein S or Factor V Leiden mutation defi-
ciency, recipients must be selected carefully; they should be able and willing to receive 
adequate anti-coagulation therapy after transplantation, though still with increased risk 
of thrombotic events [18, 33]

other organs Can be used for transplantation

Hereditary haemo-
chromatosis

liver In the case of heterozygote recipient receiving a graft from heterozygote or homozy-
gote donor, disease is manifested which requires treatment of iron overload (no data 
available on long-term success); transplantation from a donor with sickle cell disease has 
also been considered [34]

Ornithine Transcar-
bamylase Deficiency

liver Fatal outcome in deceased donation

other organs Can be used for transplantation

Alpha-1-antitrypsin 
deficiency

liver Very likely to develop cirrhosis or fibrosis after some time, in which case retransplanta-
tion will be necessary; no long-term follow-up data available

Table 10.3. Autoimmune and systemic disease: factors to be considered for donor- or organ-specific evaluation and 
selection

Autoimmune and systemic disease Donor (global) Organ-specific
H Lu Liv K Pa

Primary sclerosing cholangitis (PSC) consider carcinoma of the bile ducts and/
or complications due to inflammatory bowel 
disease

Ev Ev N Ev Ev

Endomyocardial fibrosis yes N Ev Ev Ev Ev

Idiopathic lung fibrosis yes with evaluation Ev N Ev Ev Ev

Autoimmune hepatitis yes with evaluation Ev Ev N Ev Ev

Cutaneous lupus erythematosus yes Y Y Y Y Y

Systemic lupus erythematosus yes (50 % of renal disease) [44] Ev Y Y Ev Y
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Autoimmune and systemic disease Donor (global) Organ-specific
Heubner–Herter disease or coeliac disease yes Y Y Y Y Y

Pemphigus yes after evaluation (cortisone, malignancy) Y Y Y Y Y

Purpura rheumatica (Henoch Schönlein purpura) yes Ev Ev Ev Ev N

Sclerodermia depends on degree of systemic involvement Ev Ev Y Ev Y

Severe antiphospholipid syndrome exclude if severe (evaluate in mild case) Ev Ev Ev Ev Ev

Crest syndrome yes Y Ev Y Y Y

Goodpasture syndrome yes Y N Y N  N

Gougerot–Sjögren syndrome exclude lymphoma Y Ev Y Y  Y

Familial Mediterranean fever check amyloidosis (M694V mutations in the FMF) 
[45, 46]

Y Ev Y Ev Ev

Y: yes; N: no; Ev: evaluation and discussion with expert.

10.4. Autoimmune defects and 
reactions

It is well known that autoimmune diseases can 
be transmitted by haematopoietic cell transplan-

tation from the donor to an unaffected recipient. 
But only exceptionally has the occurrence of de 
novo auto immunity in solid organ transplantation 
been described as donor-derived. Typically, these 
auto immune diseases occur in the context of liver 
transplantation from a donor with documented 
auto immunity (e.g. immune haemolytic anaemia 
and autoimmune thrombocytopaenia) [32]. Thereby 
the aetiology of post-transplant autoimmunity can 
be explained by graft-versus-host response in most 
cases and only exceptionally by direct transfer of 
antibodies from the donor during transplantation. 
Fortunately, in most cases no side-effects will be ob-
served, since immuno suppression is also part of the 
therapy of auto immune diseases.

An example of such rare complication is 
immune- mediated haemolysis by donor passenger 
lymphocytes which can produce anti-erythrocyte 
antibodies after previous immunisation of the donor 
against other minor ABO antigens as well as when re-
cipients receive a compatible but non-ABO-identical 
graft (e.g. graft O into recipient A or B) [35].

Organs from donors with autoimmune dis-
eases can be transplanted when any relevant organ 
damage can be excluded. Damage must be consid-
ered individually for each organ, transient complica-
tions of post-transplant autoimmunity being rare, but 
awareness about organ damage, early identification 
and appropriate treatment are important in patients 
at risk. Risk–benefit analysis for the recipient could 
be evaluated with an expert in this field, literature 
being relevant in case reports only and collected by a 
rare disease organisation like Orphanet.

Since immunological response to infections 

may cause cross-reactivity to antigens in the body 
with autoimmune reactions, the risks of such infec-
tions should be considered in the case of autoimmune 
diseases known in the donor. Helpful information 
can be obtained from the emergency guidelines pro-
vided by www.orpha.net or by application of the algo-
rithm provided in Table 6.3 (see Chapter 6, §6.1).

To summarise:
◊ In the case of autoimmune diseases in the donor, 

monitoring of the recipient is recommended.
◊ Organs from donors with autoimmune diseases 

can be used for transplantation after exclusion of 
end-stage organ damage and infections associated 
with treatment with immunosuppressive drugs for 
autoimmune disorders.

◊ The potential risks of effects of donor-derived 
passenger lymphocyte activity in the recipients do 
not preclude organ donation itself.

◊ In the case of donors with erythrocyte antibodies, 
prospective monitoring of the recipients contributes 
to early detection and appropriate treatment of 
mediated haemolysis.

10.5. Allergies

Passive transfer of type I hypersensitivity reaction 
from donor to recipient has been reported with 

liver, lung, intestinal, kidney and heart transplanta-
tion [36-41]. Recipients suffered allergic reactions to 
peanuts, or nuts generally, after having received an 
organ from donors who died as a result of an anaphy-
lactic reaction to those ingredients or from donors 
with well known allergic reactions to them in their 
medical history. There was a systemic response in 
the liver recipient and ‘respiratory distress’ in lung 
recipients.

These responses can be explained either by de-
granulation of donor food-specific IgE-loaded mast 
cells bound to liver or lung tissue after allergen ex-

http://www.orpha.net


314

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

posure, or to passive transfer of IgE retained in the 
liver sinusoids and bound to mast cells later on with 
the same effect (both persisting for months). In addi-
tion, there may be transfer of specific IgE-producing 
B cells, allergen-specific Th2 lymphocytes, stem cells 
or dendritic cells inducing IgE production together 
with the graft, causing allergic reactions (persisting 
long-term) in the recipient.

The exact mechanism causing this transfer 
of anaphylactic reactions cannot yet be explained; 
neither is it known why this happens in some but not 
all recipients nor why it is more or less often observed 
in grafts hosting more ‘immune-reactive donor cells’ 
(e.g. lung, liver, intestine) than others (heart, kidney, 
pancreas). Until further evidence exists, it is impera-
tive that autoimmune disorders and allergies (mainly 
to food allergens) are considered as part of the donor 
health assessment. Since a residual risk of transfer-
ring an anaphylactic reaction to the recipient exists, 
this information should be passed on to the recipient 
centre, especially in the case of liver, lung and prob-
ably intestinal transplantation.

Due to post-transplant immunosuppression, 
recipients may acquire de novo allergies which are 
related to the graft and to the kind of immunosup-
pression received, such as tacrolimus or cyclosporine, 
but not to the issue of passive transfer from donor 
to recipient via donor lymphocytes or mast cells 
contained in the graft. Some studies suggest that 
post-transplant immunosuppression with tacrolimus 
is linked to an increased occurrence of IgE-mediated 
sensitisation and manifestation of allergic disease. A 
risk of food allergy from 5 % up to 38 % in paediatric 
liver transplant recipients is reported [42, 43].

To summarise:
◊ In the case of known anaphylactic reactions in the 

donor history, this information must be included in 
the donor characterisation (section on autoimmune 
issues).

◊ Lung, liver and intestinal transplant recipients should 
be taught to avoid such allergen exposure (especially 
in cases of food allergies in a donor with known 
anaphylactic reactions).

10.6. Neurodegenerative diseases, 
demyelinating diseases

Neurodegenerative and demyelinating diseases 
are caused by multiple different agents (e.g. 

ageing, genetics, autoimmune reactions, infections, 
exposure to environmental agents or unknown 
factors). Multiple co-factors further complicate the 
individual progression of these diseases.

When genetic defects or metabolic disorders 
cause such diseases, then transmission risks are not 
associated with a particular organ, unless the defect 
also causes damage to this organ. Further informa-
tion about organ involvement can be extracted from 
www.orpha.net and/or from consultation of national 
experts listed there. When autoimmune defects cause 
such neurodegenerative and demyelinating diseases, 
then the rare event of transfer of autoimmune reac-
tivity cannot be definitively excluded.

A new protocol suggests that patients with 
amyotrophic lateral sclerosis (ALS) are a viable source 
of tissue for organ transplantation [47]. However, 
multiple lines of evidence suggest that many neuro-
degenerative diseases, including ALS, might progress 
due to transcellular propagation of protein aggrega-
tion among neurons. ALS patients’ grafts may serve 
as the sole life-saving materials available, making 
moot a discussion of ALS transmission risk.

To summarise, in potential organ donors with a 
neurodegenerative or demyelinating disease, it is 
essential to ensure that the disease:
◊ is not caused by an infection (e.g. prion disease in 

relation to variant Creutzfeldt–Jakob disease, HIV-
related neurocognitive impairment) that excludes 
organ donation (see Chapter 8);

◊ is not associated with infectious complications 
related to specific treatment of the disease (e.g. 
progressive multifocal leukoencephalopathy, 
caused by JC virus after treatment by natalizumab 
in multiple sclerosis) or with the further course of 
disease that excludes organ donation (see Chapter 8);

◊ is properly diagnosed.

10.7. Solid organ recipient 
becoming an organ donor

Organ donation from donors with a previous 
history of solid organ transplantation repre-

sents a rarity, and clinical evidence is scarce.
Although experience and acceptance is steadily 

increasing, organs from such donors have still to be 
considered as marginal. This cautious view is due to 
co-morbidities leading to the need for primary solid 
organ transplantation itself as well as the side- effects 
of immunosuppressive treatment, including an in-
creased risk of malignancy, infectious diseases and 
nephro toxic side-effects. Primary evaluation of donors 
with a previous history of organ transplantation does 
not differ from standard evaluation. However, al-
though the evidence level is low, pretransplant biopsy 
to evaluate organ quality should be considered. This 
applies especially for possible kidney grafts with close 
attention to signs of chronic toxic damage.

http://www.orpha.net
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Outcomes following organ transplantation 
from donors with a previous history of transplanta-
tion differ according to the time interval from pre-
vious transplant to becoming an organ donor, and 
according to the type of graft recipient.

As described by Lee et al� [48] in kidney trans-
plant recipients, the time interval until becoming an 
organ donor tends to be longer (> 1 year) than non-
kidney transplants, age is higher and the leading 
cause for death is a cerebrovascular event.

This timeline eventually differs from previous 
heart, lung or liver transplant recipients. These 
donors tend to be younger, and to survive a shorter 
period of time from transplant until becoming organ 
donors (weeks to month). In such donors cardiovas-
cular events represent a primary cause of death.

10.7.1. Outcomes

The 5-year graft survival of both kidney and 
liver grafts from donors with a previous history of 
transplantation and a survival of more than one 
year has been shown to be significantly lower than 
the 5-year graft survival of ‘conventional’ grafts. 
However, multivariable analysis has demonstrated a 
comparable survival rate, if donor survival following 
transplantation was shorter than one year. In regard 
to cardiac and lung graft survival, 5-year graft sur-
vival did not differ from conventional cardiac or lung 
grafts. In regard to pancreas donation from donors 
with a previous history of transplantation, data are 
lacking.

In summary, due to the discrepancy between 
available organs and patients awaiting life-saving 
transplantation, acceptance of organs from donors 
with a previous history of transplantation is accept-
able. However, clinical evidence is mostly based on 
single centre experience and/or case reports.

10.8. Conclusions

Multiple disorders or conditions exist that may 
be perceived as contraindications to organ 

donation due to potential additional risks to organ 
recipients. This chapter is not exhaustive in listing 
such disorders, but provides recommendations about 
the use of organs from donors with a variety of dis-
eases and conditions. Before dismissing any potential 
donors, it is necessary to assess each case individu-
ally and, when literature or reference websites cannot 
provide all information needed, experts in the field 
should be contacted.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research should focus on the following research 
gaps:

1 Genetic testing of donors and recipients
2 Follow-up of recipients who received an organ from 

a donor with other risk conditions, as a way to better 
define the safety limits of organs from these donors.
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Chapter 11. Organ procurement, preservation and transport

11.1. Introduction

Organ procurement is a fundamental part of the 
transplant process. The success of any trans-

plant procedure relies on a careful evaluation of the 
donor information, a well-conducted surgical pro-
cedure that ensures the removal of organs in perfect 
condition and an in-depth assessment of the donated 
organs.

Although the principles of organ procurement 
are always the same, there is variation in clinical 
practice and terminology (procurement, retrieval or 
recovery). We regard ‘organ harvesting’ as an inap-
propriate term that does not reflect the gift of life and 
has unwanted connotations in the public view. For 
the purpose of this chapter we used the term ‘pro-
curement’, although ‘retrieval’ and ‘recovery’ are also 
acceptable.

11.2. Organ procurement team 
structure and logistics

It is a prerequisite that the retrieval team is fully 
conversant with the legal setting applicable to the 

country in which the retrieval is about to take place.
The structure of the retrieval team may include:

• Lead surgeon (s), fully trained in all aspects of 
abdominal and/or thoracic retrieval

• Assistant surgeon
• Theatre nurse
• Theatre practitioner (responsible for organ 

perfusion)

Once a donor has been identified, the donor 
co-ordinator should liaise with the retrieval team’s 
co-ordinator to mobilise the team. In many situa-
tions the abdominal multi-organ team is attached to 
a liver transplant centre, and therefore the logistics of 
team mobilisation are handled by a co-ordinator. The 
local co-ordinator is responsible for:

• Arranging transport to and from the donor 
hospital

• Relaying donor details to the retrieving team
• Informing all team members of departure time, 

transport modality, destination and type of 
retrieval.

Organ procurement travel is associated with 
significant risks [1]. It is therefore the responsibility 
of the local team and the national transplant organ-
isations to ensure that safe and standardised travel 
arrangements (by road or by air) as well as adequate 
standards for life insurance for the retrieval per-
sonnel are in place [2]. Best travel and insurance prac-
tices should be in place for the retrieval team, given 
the high risk of organ procurement travel.

11.3. Pre-retrieval checks

On arrival at the donor hospital, the team should 
go directly to the operating theatre, introduce 

themselves to the local team and familiarise with the 
theatre setup. The team should be aware that they act 
as ambassadors for transplantation and should act 
accordingly in the donor hospital.

The lead surgeon(s) should liaise with the donor 
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co-ordinator and ensure that all the necessary paper-
work and relevant donor data are available for review. 
This should form part of the surgical safety checklist, 
where all the information pertaining to the donor, 
consent and organs to be retrieved are reviewed, prior 
to starting the procedure. This includes:

• Donor case notes for relevant history
• Brain death tests documentation (if applicable)
• Consent for donation and for specific organs to 

be retrieved
• Blood group (there must be clear 

documentation)
• Donor data, including haematology and bio-

chemistry tests, microbiological results, and the 
amount of inotropic and ventilatory support, 
blood gases and chest x-ray (for cardio thoracic 
organs).

The donor’s notes should be carefully reviewed 
for the relevant history and to confirm the accuracy 
of the data on the donor characterisation forms.

Once the pre-operative checks are completed, 
the lead surgeon should organise a short team brief 
and discuss the operative approach and the role for 
each team member.

If a thoracic team is present, a common ap-
proach (in particular with regard to the sequence of 
incisions, vena cava drainage and sequence of organ 
removal) is agreed to ensure a smooth process once 
the retrieval is under way. If heart retrieval following 
donation after circulatory death (DCD) is relevant, 
the additional steps should be emphasised during 
team briefing.

When the donor comes to theatre, the donor 
surgeon must check the identity of the donor.

The donor management should follow the es-
tablished protocols for donor management in each 
country. In some countries such as Spain, once 
death determined by neurologic criteria – that is, 
brain death (BD) – has been declared, the donor 
co- ordinator takes care of the donor’s treatment in 
the intensive care unit (ICU), and this bedside man-
agement continues in the operating room where the 
anaesthetist should ensure an adequate protective 
ventilatory strategy, optimal fluid balance or use of 
vasopressors guided by advance cardiac monitoring.

There is a lack of evidence for the use of anti-
biotic therapy specifically for the purpose of organ 
donation; the benefit should be carefully considered 
and it may vary according to the organ to be trans-
planted (see Appendix 19).

Prolonged hypotension is detrimental to organ 
quality (when this occurs during procurement). 
Should this occur, the team must be prepared to 

proceed with a rapid retrieval (cannulation and cold 
perfusion) to ensure successful retrieval of all in-
tended organs.

The lead donor surgeon is also responsible for 
communicating all relevant findings to all surgeons 
who have accepted the organs for transplantation, 
with written documentation accompanying each 
organ and verbal notification of any anomalies or 
suspicious lesions.

11.4. Procurement

11.4.1. Donation after brain death

11.4.1.1. Technical variations
Several techniques for organ retrieval have 

been described. Although the principles are similar, 
there are a few notable differences.

11.4.1.1.1. Warm versus cold dissection
A retrieval procedure involves two phases: 

abdominal and thoracic organ dissection before 
aortic cannulation (warm phase) and further dis-
section and organ removal post-circulatory arrest 
and cold perfusion (cold phase). In the early years of 
transplantation, dissection and identification of the 
anatomy in the warm phase was the norm. Despite a 
more tedious dissection process [3], this allowed for 
a shorter cold phase, potentially reducing the risk of 
organ re-warming. However, damage of the arterial 
supply or vasospasm during warm phase dissection 
could compromise the organs and potentially render 
them non-transplantable.

The introduction of a rapid technique (in situ 
perfusion followed by cold phase dissection) [4] led 
to faster retrieval times and appeared to be associated 
with a lower incidence of organ damage and better 
organ function. However, correct identification of 
vascular anatomy in cold phase requires a higher 
level of experience. Prolonged dissection in the cold 
phase has been shown to be detrimental to both livers 
and kidneys. The retrieval surgeon should strive for 
an operative approach that balances rapid retrieval 
with their level of expertise and their ability to deal 
with these critical complications.

11.4.1.1.2. Single versus dual perfusion
There is a reasonable amount of evidence in-

dicating that in the setting of multi-organ donation 
after brain death (DBD) retrieval, aortic-only perfu-
sion provides a comparable if not better outcome for 
the liver graft [5], with significant advantages for the 
quality of the pancreas [6] and intestinal grafts, when 
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compared with dual aortic and portal perfusion. 
However, dual perfusion remains the standard in the 
setting of DCD donors, in order to provide a rapid 
cooling of the liver and minimise the risk of primary 
non-function.

11.4.1.1.3. In situ versus ex situ liver split
The liver can be split in situ or ex situ. Each tech-

nique has its pros and cons, and a uniform approach 
is yet to be established. There have been concerns re-
garding the quality of other organs retrieved when an 
in situ split is performed. However, data from centres 
that practise this approach routinely have failed to 
demonstrate an inferior outcome [7]. Irrespective of 
the approach, the splitting of suitable livers should be 
strongly encouraged.

11.4.1.1.4. Separate versus en bloc liver–pancreas 
removal

Traditionally, organs are removed individually 
in a certain order (thoracic organs, liver, pancreas, 
kidneys). A prolonged time to remove the organs 
after cold perfusion increases the risk of rewarming 
[8] and could lead to organ dysfunction post- 
transplantation. Furthermore, there is evidence that 
organ temperature does not drop as rapidly as previ-
ously thought, despite intravascular as well as topical 
cooling. Therefore, an en bloc technique has been 
advocated. This reduces the dissection and removal 
time, is associated with fewer procurement-related 
injuries and may be associated with better initial 
organ function [9]. There is no evidence to support 
a belief that either approach is associated with better 
outcomes (Appendix 20).

11.4.1.2. Technique
Irrespective of these differences, the tech-

nique employed must ensure a rapid and successful 
removal of organs with a minimal risk of damage. 
Most abdominal multi-organ retrievals include liver, 
pancreas and kidneys. The retrieval technique pre-
sented here is one of the many options available for 
this setting. Paediatric retrievals and multivisceral 
retrieval including small bowel are less common 
and should be performed by the recipient centre 
team, unless the retrieval team is familiar with these 
procedures.

Once the pre-operative checks are completed, 
the operating field is prepared and draped from the 
suprasternal notch to the pubis. A midline incision 
from the xiphisternum to the pubic symphysis is 
then made. The falciform and the round ligaments 
are divided, an abdominal retractor is placed and a 
thorough laparotomy is performed to identify any 

pathology. Once the laparotomy is completed, the fal-
ciform ligament is fully divided and a muslin pack is 
placed over the liver to protect it during sternotomy.

The suprasternal ligament is incised, taking 
care to avoid the suprasternal veins. Using blunt 
finger dissection and a combined suprasternal and in-
frasternal approach, a tunnel is created immediately 
behind the sternum, in the anterior mediastinum. A 
median sternotomy is undertaken, making sure that 
the ventilator is disconnected prior to sternotomy, 
to allow the collapse of the lungs and avoid any po-
tential iatrogenic injuries. Once the sternotomy is 
completed, the ventilator is reconnected and lungs 
are re-inflated. Once the sternotomy is completed, 
the pleural edges should be gently mobilised using 
blunt dissection, to allow the placement of a Finochi-
etto retractor. Haemostasis from the sternal edges is 
achieved using bone wax and diathermy.

A Finochietto retractor is placed in the wound 
and gradually opened. The pleurae are opened and 
the lungs are exposed. The pericardium is opened 
using scissors rather than diathermy and the heart 
is protected with a moist swab. The anterior aspect 
of the diaphragm can be incised to facilitate further 
opening of the retractor.

11.4.1.2.1. Visceral mobilisation and vascular 
exposure

A swab is placed under the left lateral segment 
of the liver to protect the viscera, and the left trian-
gular ligament is divided close to the liver with care 
to avoid damaging the left hepatic and phrenic veins. 
The liver can now be fully inspected for the presence 
of aberrant anatomy [10], palpating the right side of 
the hepato-duodenal ligament for the presence of 
an aberrant right hepatic artery and lifting the left 
lateral segment to inspect the lesser sac for the pres-
ence of an aberrant left hepatic artery. The lesser sac 
is opened, preserving any aberrant artery.

The entire small bowel and the caecum are re-
tracted by the assistant in a cephalad direction. This 
allows exposure of the white line of Told, which 
marks the correct plane of dissection. In obese pa-
tients this line of dissection may be harder to find but 
time should be taken to identify the correct plane as 
this facilitates exposure of the great vessels.

The colon and small bowel are mobilised, taking 
care to avoid damaging the right ureter and gonadal 
vessels. This right medial visceral rotation (Cattel–
Braasch manoeuvre) exposes the inferior vena cava 
(IVC), aorta, right kidney and ureter as well as the left 
renal vein. The viscera are mobilised until the origin 
of the superior mesenteric artery (SMA) can be iden-
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tified by palpation (immediately cranial to where the 
left renal vein crosses the aorta).

The SMA can be dissected and encircled at the 
level of its aortic origin. This is a useful manoeuvre, 
particularly if an aberrant right hepatic artery is 
identified during the latter stages of the dissection. 
This will facilitate and guide the vascular division 
in the cold phase. The SMA is surrounded by a fair 
amount of lymphatic tissue, which must be divided 
so the artery can be carefully identified and encircled.

At this point, it is useful to divide the perito-
neal attachments to the inferior aspect of the right 
lobe of the liver, to prevent any capsular tears due to 
excessive traction by an over-zealous assistant.

The peri-aortic lymphatic tissue is divided, and 
the aorta and the common iliac arteries are exposed. 
The distal aorta is dissected circumferentially above 
the level of the bifurcation, taking care to avoid dam-
aging the lumbar arteries. Two heavy ties/tapes are 
placed loosely around the aorta.

If a lower polar kidney artery arises from the 
distal aorta or the common iliac artery, cannulation 
can be undertaken via the contralateral common 
iliac artery, which is isolated at this stage.

Venous venting can be undertaken in the chest, 
as it does not compromise thoracic organ retrieval. 
However, the abdominal IVC can also be used for 
venting, and in this case, it should be dissected and 
controlled above the iliac bifurcation, in a similar 
manner to the aorta.

11.4.1.2.2. Porta hepatis dissection
The liver is retracted and the hepato-duodenal 

ligament is exposed. The peritoneum is incised about 
0.5 cm above the upper border of the duodenum, and 
dissection is carried in a transverse manner from 
lateral to medial. Multiple small veins are encoun-
tered at this level and should be ligated and divided.

The common bile duct is encircled, ligated 
and divided above the duodenum. The gallbladder is 
opened and flushed with preservation solution until 
the effluent from the divided end of the common bile 
duct is clear. Bile is toxic and should be washed away 
assiduously.

In some European centres, the cystic duct 
is ligated either in the warm phase or in the cold/
backtable phase, close to the infundibulum in order 
to exclude bile flow from the gallbladder. If this ap-
proach is adopted, integrity of the hilar structures 
must be checked and ensured.

Once the bile duct is divided, dissection in 
the porta hepatis is resumed from the medial side 
identifying the common hepatic artery. Dissection 

is then carried towards the right to identify the 
gastro- duodenal artery (GDA). The GDA is dissected 
towards the pancreas. A 5 mm stump of GDA must 
be preserved on the hepatic artery to allow for re-
construction options in case aberrant vasculature is 
present.

The common hepatic artery is then dissected 
towards the coeliac axis, staying above the upper 
border of the pancreas, which is gently retracted by 
the assistant. The origin of the splenic artery is identi-
fied and dissected for 5 mm, without straying into the 
pancreas and preserving any dorsal pancreatic artery, 
which occasionally may arise at this level.

The presence of aberrant hepatic vasculature 
must be ascertained during porta hepatis dissection. 
Several variations have been described. An aber-
rant right hepatic artery will be encountered on the 
postero- lateral aspect of the portal vein. The presence 
of a completely replaced hepatic artery from the SMA 
should be suspected if the portal vein (rather than the 
CHA and/or GDA) is encountered first during the 
dissection of the porta hepatis following the bile duct 
division. The presence of an accessory/replaced left 
hepatic artery should have already been determined 
when the lesser sac was opened.

11.4.1.2.3. Pancreas dissection
The lesser sac is entered dividing the gastro- 

epiploic vessels. The gastric antrum is isolated, and 
a vessel loop can be placed around it to mark the site 
of proximal gastro-intestinal tract transection for 
removal of the pancreas.

The greater curvature of the stomach is mobi-
lised for a suitable length to facilitate a detailed in-
spection and palpation of the entire pancreatic gland. 
The proximal jejunum is then inspected and a vas-
cular loop can be placed to mark the distal site of 
transection.

The descending colon is mobilised along the 
Told line, to expose the left kidney and allow place-
ment of ice for topical cooling.

11.4.1.2.4. Supra-coeliac aorta preparation
The left lateral segment is retracted laterally and 

the supra-coeliac aorta is palpated through the lesser 
sac. The diaphragmatic crura are incised vertically 
over the aorta, using diathermy. Using forceps the 
divided crura are retracted and the aorta is dissected 
for a suitable length to allow placement of a clamp. 
There is no need to dissect the aorta circumferentially, 
but the dissection of the lateral aortic walls should 
be taken all the way to the spine to allow accurate 
clamping.
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11.4.1.2.5. Vascular cannulation and cross-clamping
Having completed all these steps, after dis-

cussion with the cardio-thoracic team, 30 000 IU of 
heparin (300 IU/kg) are administered intravenously. 
After 5 mins, the small bowel is retracted cephalad 
and the distal aorta is exposed. The previously placed 
distal umbilical tape is ligated at the level of the aortic 
bifurcation.

The proximal tape is lifted to allow the surgeon 
to pinch and control the aorta. This manoeuvre must 
be gentle, particularly when aorta is atheromatous. 
A small incision is made and an appropriately sized 
cannula (usually a 22 Fr) is inserted in the aorta. The 
cannula should be primed and bubbles removed from 
the circuit prior to insertion.

The surgeon holds the aorta and the cannula 
to prevent displacement and significant blood loss, 
whilst the assistant secures the cannula in place tying 
the tape. The proximal end of the cannula should be 
2-3 cm above the arteriotomy, and the surgeon must 
ensure that the tip is well below the origin of the renal 
arteries. Once the adequate position of the cannula tip 
is confirmed, the tape is looped and tied around the 
cannula again, to prevent inadvertent displacement.

Although aortic perfusion alone is the current 
standard for multi-organ DBD donors, portal perfu-
sion may be used for marginal liver donors or if the 
liver is considered for ex situ split.

Portal vein cannulation can be achieved via 
several approaches:

• IMV cannulation  
The transverse colon is lifted and the inferior 
mesenteric vein (IMV) is exposed to the left of 
ligament of Treitz. The peritoneum is incised 
and the vein is dissected for a few cm. Cannu-
lation at this level, however, could be difficult, 
given the size of the vein. Furthermore, the 
cannula can inadvertently be positioned in the 
splenic vein. Therefore the cannula should be 
manipulated until the position of the tip is con-
firmed in the portal vein at the level of porta 
hepatis.  
Note: The IMV should not be used when the 
pancreas is being retrieved, since the cannula 
causes back pressure on the splenic vein and 
pancreatic oedema.

• SMV cannulation  
The transverse colon is lifted whilst the small 
bowel mesentery is pulled down. The peri-
toneum over the junction between the trans-
verse mesocolon and small bowel mesentery is 
incised. The SMA is palpated and the superior 
mesenteric vein (SMV) is dissected to the right 
of the artery. This approach could be difficult 

if there is a large amount of mesenteric fat. 
Note: Perfusion through the SMV creates high 
splenic vein pressure and oedema of the pan-
creas; it should not be used when the pancreas 
is being retrieved.

• Portal vein cannulation  
This approach is superior to the other two 
methods and must be used if the pancreas is 
being retrieved for transplantation as it avoids 
pancreatic congestion. The portal vein is iden-
tified in the porta hepatis and is dissected cir-
cumferentially approximately 1 cm above the 
upper border of the duodenum. A tie is placed 
around the vein and secures the cannula that 
is inserted towards the liver. As soon as per-
fusion is started, the portal vein must be com-
pletely divided, to allow unrestricted venous 
outflow from the pancreas and to avoid venous 
congestion.

Once the aortic cannulation is completed, the 
abdominal viscera are returned to the anatomical 
position to avoid arterial occlusion or spasm and to 
ensure uniform cold perfusion. Therefore, if vascular 
loops have been placed around the GDA and splenic 
arteries, ensure they are loose and not compromising 
the flow.

After consultation with the cardiac team, the 
cross-clamp time is agreed.

The left lateral segment is retracted to the right 
with the left hand and a long vascular clamp is posi-
tioned around the previously dissected supra-coeliac 
aorta, with the tip against the spine, to provide com-
plete aortic occlusion.

The aorta is cross-clamped and the time is noted. 
The supracoeliac aorta should be clamped even if the 
cardiac team clamp the thoracic aorta. The heart is 
lifted and the cavo-atrial junction is incised sharply 
and exsanguination commenced. At the same time 
aortic perfusion is commenced.

Slush ice is placed around the liver, in the lesser 
sac on top of the pancreas, around the kidneys and 
around the mesenteric root. A sucker is placed at the 
level of supra-hepatic vena cava to keep the thoracic 
field clean. Some slush ice should also be placed in the 
right chest, above the diaphragm, to ensure uniform 
cooling of the liver and to avoid re-warming due to 
the blood draining in the right chest.

The organs must be constantly assessed and the 
caval effluent examined to ensure adequate perfusion. 
The operating theatre practitioner must inform the 
surgeons if there are any problems with the perfusion 
circuit and the flow. If problems are detected, inspect 
the aorta and ensure that the cannula is in the correct 
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position and not tied too tightly, and that there are no 
kinks in the circuit.

11.4.1.2.6. Cold phase dissection
Once the thoracic organs are removed, the ab-

dominal organs are recovered either separately or en 
bloc (liver–pancreas).

11.4.1.2.7. En bloc liver–pancreas removal
The best way to remove the liver and the pan-

creas is en bloc. While waiting for the thoracic team 
to complete their part of the retrieval, the gastric 
antrum and the jejunum are divided with a linear 
stapler at the previously marked sites.

Once thoracic organs are removed, the stomach 
is fully mobilised along the lesser and greater curva-
ture and the short gastric vessels are divided. The fully 
dissected stomach is then retracted into the chest to 
expose the pancreas and the supracoeliac aorta.

The transverse colon and the splenic flexure 
mobilisation is then completed and, when the aortic 
perfusion is near the end, the small bowel mesentery 
is stapled. The staple line must be well clear of the un-
cinate process to avoid damaging the pancreas and its 
blood supply. The small bowel and the colon are then 
retracted towards the patient’s left iliac fossa. This 
exposes the entire retroperitoneum. The IVC is dis-
sected and divided above the origin of the renal veins.

At this point, the left renal vein is divided flush 
with the IVC (although traditionally a small cuff is 
taken with the vein) and dissected to the left side of 
the aorta, to avoid injuries when the aorta is divided.

The aortic cannula is removed and the ante-
rior wall of the aorta is incised up to the origin of 
the SMA (which was identified +/− slung during the 
warm phase dissection).

Once the renal arteries have been identified, an 
oblique incision is made towards the posterior aortic 
wall, to include the SMA on the aortic patch and sep-
arate it from the renal arteries.

At this point, the tail of the pancreas is mobi-
lised, using the spleen as a handle. The lieno-renal 
ligament is divided, and dissection is carried out ap-
proximately 1 cm away from the upper and inferior 
borders of the pancreas to avoid capsular of vascular 
injuries. The left adrenal gland may be encountered, 
and in thin patients the kidney can be injured if dis-
section is not carried out under vision at all times.

The pancreas is mobilised until the left lateral 
aspect of the aorta and the level of aortic transection 
for SMA / renal arteries separation is identified. The 
posterior wall of the aorta is then dissected in a ceph-
alad direction.

At this point, the inferior aspect of the liver–

pancreas bloc is completely separated and attention 
is turned towards the supracoeliac dissection. The 
left diaphragm is divided to facilitate access to the 
aorta, which is divided below the previously placed 
cross clamp. The dissection of the posterior wall of 
the aorta is then completed, creating an aortic tube 
with the coeliac axis and SMA.

The suprahepatic IVC is completely divided 
and the surgeon should place a finger in the supra-
hepatic IVC to guide the next steps of the dissection.

The diaphragmatic dissection is carried 
towards the right, at the back of the IVC. The assis-
tant retracts the liver to facilitate the division of the 
right diaphragm. Gentle traction is required at this 
stage to avoid capsular damage.

The right lobe is then separated from the right 
kidney (which is retracted downwards by the assis-
tant), the optimal dissection plane being through the 
adrenal gland.

The liver–pancreas bloc is removed, dividing 
any remaining posterior attachments, and is placed 
in ice-cold saline solution on the bench.

11.4.1.2.8. Separate liver and pancreas retrieval
The liver and the pancreas can also be removed 

separately. In this case, the first step of dissection is 
the in situ separation of the liver from the pancreas. 
The GDA and splenic arteries have been identified 
(+/− looped) during the warm phase dissection. The 
assistant retracts the liver to expose the porta hepatis, 
and the GDA is divided, leaving a 5 mm stump on 
the hepatic artery. The pancreatic side of the GDA is 
marked with a fine suture and left open. The portal 
vein is now exposed and is divided about 10 mm 
above the upper border of the duodenum, marking 
the pancreatic end of the vein. The tissue behind the 
portal vein is carefully dissected to exclude the pres-
ence of an aberrant right hepatic artery.

The common hepatic artery is dissected 
towards the coeliac axis and the splenic artery is 
divided leaving a similar length with the hepatic 
artery, whilst the pancreatic end is marked for easier 
identification during bench surgery.

The left gastric artery is divided, or dissected 
from the lesser curvature of the stomach in the pres-
ence of an aberrant left hepatic artery.

The dissection is then carried out vertically 
down towards the aorta, on the left side of the coeliac 
axis. There is a large amount of lymphatic tissue, 
which must be divided to expose the coeliac origin. 
An aortic patch is created, taking care to avoid the 
SMA, which sometimes arises quite close to the 
coeliac axis origin.

In most cases, an aberrant right hepatic artery 
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(ARHA) arises from the SMA, close to its aortic 
origin, and can be identified in the warm phase, 
particularly if the SMA is dissected and placed on a 
loop. In this case, the SMA should be divided above 
the ARHA origin towards the pancreas, allowing an 
aortic patch with the SMA and the coeliac axis for 
the liver graft. An approach for dealing with aberrant 
hepatic arteries is presented in Chapter 7 (see §7.2.2e, 
§7.2.3f).

The diaphragm and the suprahepatic IVC are 
divided, and the liver is mobilised as previously de-
scribed. At this point, the infrahepatic IVC is divided. 
The liver is removed, having divided the posterior re-
troperitoneal attachments.

The pancreas is removed next, following the 
steps described above. The gastric antrum, jejunum 
and small bowel mesentery are stapled. The aorta is 
divided above the renal arteries and the tail of the 
pancreas is mobilised medially. With a finger in the 
aorta and the tail rotated medially, the posterior wall 
of the aorta is dissected, dividing the remaining ret-
roperitoneal attachments. The pancreas is then trans-
ferred to bench in cold saline solution.

11.4.1.2.9. Kidney removal
Kidneys can be removed separately or en bloc.
Having removed the liver–pancreas bloc, the 

aorta is divided above the distal tie and the poste-
rior wall is incised between the lumbar arteries. Care 
must be taken during this step, to avoid damaging a 
potential retro-aortic left renal vein, and also to note 
any aberrant lower pole renal artery arising from the 
common iliac artery. The vascular pedicles of the two 
kidneys are now completely separated.

The posterior aspect of the right kidney is mo-
bilised medially and, taking care to avoid damaging 
the vascular patches, dissection is carried out on the 
para-spinal muscle, completely detaching the kidney 
and leaving only the ureter connected.

The ureter is dissected with enough peri-ureteric 
tissue to preserve vascularity and it is divided as far 
down as possible (below the level of the pelvic brim). 
The left kidney is dissected in a similar manner.

Both kidneys are placed on the bench in two 
separate cold saline containing dishes. The side of the 
kidney (left or right) should be marked in some way 
to avoid a mix-up prior to transfer to the transport 
boxes or perfusion machines.

11.4.1.2.10. Additional vessels and tissue
Additional vessels are required for pancreas 

and potentially for liver transplantation, and there-
fore the iliac vessels are retrieved. The iliac arteries 
are dissected en bloc, including full lengths of both 

internal and external iliac arteries and taking care 
to avoid cuts or traction injuries during the process. 
Sometimes this part of the procedure is delegated to 
the junior surgeon, while the lead surgeon attends 
to the organs prior to packing. The junior surgeons 
must be instructed on the importance of careful vas-
cular retrieval and meticulous technique.

The iliac veins are also dissected en bloc with 
similar attention to detail and separated on the bench. 
If the iliac vessels are not suitable, other vessels such 
as the carotid artery with its bifurcation, superior 
mesenteric artery and the first mesenteric branches, 
or the innominate vessels should be retrieved.

Several lymph nodes should be dissected from 
the mesentery as they are required for tissue typing 
and must be shared between all retrieved organs to-
gether with samples of spleen.

Note: In cases of pancreas retrieval, parts of 
spleen for typing should be obtained from the convex 
side in order to not jeopardise integrity of the pan-
creatic tail.

11.4.1.2.11. Closure
When the procedure is completed, the oper-

ating field must be completely dried and the fluid 
aspirated. The wound is closed with a herringbone 
stitch achieving a good cosmetic result.

11.4.1.3. In situ perfusion
There are substantial practice variations with 

regards to the choice of perfusion fluid and the route 
of administration (portal and aortic versus aortic 
only). Current evidence seems to suggest that, for 
multi-organ retrievals, aortic-only perfusion is pre-
ferred with the University of Wisconsin (UW) solu-
tion or similar multi-organ preservation solutions 
[5, 6]. Around 3-4 L of preservation solution are used 
during a liver–pancreas–kidney retrieval. The initial 
3 L are perfused under pressure, with the remaining 
litre perfused slowly, to preserve the cold intravas-
cular environment during the cold dissection phase. 
However, these volumes must be regarded as indic-
ative, and intra-operative evaluation of the venous 
effluent aspect will guide the actual usage.

It is universally agreed that aortic perfusion 
should be pressurised in order to achieve reasonable 
end-organ perfusion. Evidence suggests that pressur-
ised arterial perfusion (e.g. 100-150 mmHg) is asso-
ciated with less ischaemic-type biliary complications 
in the liver and fewer primary non-function events 
[11, 12]. On the contrary, pressurised portal perfusion 
has a detrimental effect [13] and therefore, if portal 
perfusion is utilised, it should be under gravity.

Once all organs are placed on the bench, addi-

https://optn.transplant.hrsa.gov/media/2746/20181016_dtac_meeting_minutes.pdf
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tional perfusion must be undertaken. This is particu-
larly important for the liver, where portal perfusion 
takes place on the bench (rather than in situ). Bile 
duct perfusion on the bench must ensure that the ef-
fluent is clear of bile.

The pancreas must be gently perfused (unpres-
surised) via the splenic artery and SMA to confirm 
the presence of cross-circulation and the patency 
of portal system, and to ensure that no damage has 
occurred when the small bowel mesentery has been 
stapled. The kidneys are also flushed until the renal 
vein effluent is clear of any residual blood.

11.4.1.4. Bench surgery
The purpose of additional bench surgery is to 

separate the liver–pancreas block if the organs have 
been retrieved together, to check the quality of per-
fusion and to inspect the organs for damage and any 
other unsuspected lesions.

11.4.1.4.1. Separation of the liver–pancreas block
The liver–pancreas block is placed in cold pres-

ervation solution in the anatomical position. The dis-
section is facilitated by the identification of GDA and 
splenic arteries in the warm phase.

The coeliac axis is dissected from the aortic 
patch, and the splenic and the GDA are identified in 
this order. Both arteries are divided and marked as 
described, preserving an adequate stump with the 
hepatic arterial tree. The portal vein is then dissected, 
and particular attention must be paid when exposing 
the right side of the vein to ensure that no aberrant 
artery is present.

The portal vein is then divided, sharing its 
length between the liver and the pancreas, and the 
remainder of the periportal tissues are divided to 
complete the separation.

Once separated, the liver and the pancreas 
are perfused individually as described. The organs 
are inspected and any damage must be adequately 
documented.

If identified, any significant injuries that would 
require reconstruction must be communicated to the 
implanting team.

11.4.1.4.2. Kidney bench surgery
Each kidney is assessed and the perirenal fat 

should be partly incised to inspect the quality of per-
fusion throughout the kidney and to check for the 
presence of renal lesions. Excess perirenal fat should 
be removed as it creates an insulation layer that pre-
vents adequate cooling of the kidney in the transport 
box and renders subsequent bench surgery at the re-

cipient centre more difficult. Preparation of kidney 
for implantation is not required at this stage.

Sometimes renal fat can be very adherent. In 
that case, it should not be removed, as in the pres-
sure of the retrieval theatre damage may be caused. 
However, a message should be passed to the recipient 
team warning them of the problem.

11.4.1.5. Packing and transport
Each organ should be placed in an appropri-

ately sized sterile bag and submerged in preservation 
solution. The bag is vacuumed and ligated, and may 
be placed in a suitable bowl to provide extra protec-
tion for transport. The bowl is then placed in two ad-
ditional vacuumed bags surrounded by slush ice prior 
to being placed in the transport box. The transport 
box must be large enough to accommodate the bowl 
in a horizontal position and completely submerged in 
ice.

11.4.1.5.1. Additional samples
The iliac vessels are separated, and one of each 

of the iliac arteries and veins is packed in containers 
with preservation fluid and sent with the liver and 
the pancreas respectively. Saline-filled pots with six 
to seven lymph nodes and 1–2 cm2 spleen sample, as 
well as blood samples, accompany each organ in the 
transport boxes.

11.4.1.5.2. Paperwork and documentation
The lead surgeon has the responsibility to 

ensure that the operation record and all the relevant 
documents that accompany the organs are completed 
accurately. Some of the tasks may be delegated, but 
proper sign-off remains the duty of the lead surgeon. 
The following is an indicative list of the paperwork 
required, although requirements may vary across 
jurisdictions:

• Organ-specific form required by the procure-
ment organisation, detailing retrieval times 
and place, organs removed, individual organ 
appearance and injuries, and quality of perfu-
sion. A copy of this form will accompany each 
organ to the destination centre. In this context, 
it is best practice to re-evaluate the organ upon 
arrival before implantation and to exchange 
this information between implanting team and 
procurement team. Appendix 22 provides an 
example from the Netherlands for fully elec-
tronic work-up.

• Retrieval team information form, which may 
be required for audit purposes.

• Operation note, which must be written by the 
lead surgeon in the donor’s case notes. This 
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should document type of incision, findings at 
laparotomy, organs removed, additional vessels 
and tissue recovered, and details of closure.

11.4.2. Controlled donation after circulatory 
death

This section describes the tasks to be considered 
from a logistics, technical and practical point of view. 
For further details about cDCD, refer to section 12.3.

11.4.2.1. Preparations prior to the withdrawal of life-
sustaining treatment

The surgical team should arrive at the donor 
hospital with plenty of time ahead of the planned 
withdrawal time, to enable a review of the donor 
details, history, consent and all other donor docu-
mentation. This will also allow the team to make the 
necessary preparations for normothermic regional 
perfusion (NRP) or the hypothermic flush and infu-
sion of preservation fluids. The preparation steps are 
now explained.

11.4.2.1.1. Setting up perfusion set
A giving set tubing is connected to an 18 Fr 

catheter (e.g. William Harvey arterial perfusion can-
nulae) or any appropriately sized catheter for aortic 
cannulation.

The first litre of preservation solution infused 
contains 20 000 IU of heparin. Usually four 1 L IV 
bags of solution are used. IV fluid pressure bags are 
used to apply pressure only to the aortic perfusion 
fluids.

Similarly, a giving set tubing is connected to a 
16 Fr catheter for portal cannulation, which is primed 
with preservation solution. The first litre of preser-
vation solution contains 20 000 IU of heparin. Both 
tubings are clamped for flush control on the surgical 
field.

There is evidence to suggest that ante mortem 
administration of heparin (in countries where this is 
permitted) is associated with fewer complications in 
DCD liver transplantation (Appendix 21).

11.4.2.1.2. Bench set-up
The bench should be set up to receive the liver. 

A separate bowl is filled with 2 L of sterile crushed 
saline ice and 1 L of preservation for topical cooling.

A double-balloon triple-lumen (DBTL) cath-
eter can be prepared as an alternative method to can-
nulate the aorta. The DBTL may be used in case of 
history of previous thoracic surgery, anticipating a 
prolonged sternotomy or in the rare cases where the 
family does not wish for the thorax to be accessed.

11.4.2.1.3. Operative table set-up
The scrub nurse should set up the instrument 

tray in the order required for a rapid laparotomy and 
aortic cannulation, to minimise the time taken from 
cardiac arrest to cold perfusion (knife, scissors, ab-
dominal retractor, aortic cannula, Lahey forceps and 
cannula ties, automated sternal saw, partially opened 
Finochetto sternal retractor, long Roberts forceps).

11.4.2.1.4. Team briefing
The surgeon should discuss with the rest of the 

team the steps of the retrieval process and any poten-
tial deviations from a standard DCD retrieval due to 
specific donor issues (e.g. aortic aneurysm, previous 
thoracic surgery).

If a thoracic team is present, the abdominal 
team should discuss the steps of the retrieval process 
and agree a common strategy to ensure that all organs 
are retrieved in a rapid and safe fashion.

11.4.2.2. Definition of ischaemic times
The outcome of transplantation with organs 

from cDCD donors is significantly influenced by the 
length of the warm ischaemia time (WIT). Following 
the withdrawal of life-sustaining therapies (WLST), 
several times have been defined:

a� Withdrawal time (agonal phase): the time from 
WLST to circulatory arrest.

b� Warm ischaemia time, primary (asystolic time): 
the time from circulatory arrest to in situ per-
fusion.

c� Functional warm ischaemia time (FWIT): the 
time between the first episode of significant 
hypo perfusion and in situ perfusion [14].

d� Total warm ischaemia: withdrawal time + 
warm ischaemia time.

The definition of FWIT is yet to be universally 
agreed, but in general a sustained fall in systolic 
blood pressure ≤ 50 or 60 mmHg is accepted both 
in Europe and the United States as the moment that 
marks a significant hypoperfusion of organs [15, 16]. 
In addition, the United States guidelines define the 
total donor WIT as the time from WLST to in situ 
perfusion.

The FWIT that is currently acceptable varies 
for different organs and range from 30 minutes for 
the liver and pancreas to 60 minutes for kidneys 
and lungs [17]. There is a lack of evidence supporting 
these times and the thresholds for FWIT, and several 
reports suggest that longer times yield transplantable 
organs [18, 19]. It is likely that the ability to do in situ 
assessment with NRP, or ex situ machine perfusion 
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assessment will remove the need for decision making 
based on FWIT.

Following WLST, the donor co-ordinator must 
communicate the vital signs (blood pressure, mean 
arterial pressure and pulse) every 5 minutes to the 
procurement team.

11.4.2.3. Technique (super-rapid)
The donor is placed in a supine position and the 

skin is quickly prepared with antiseptic solution and 
draped typically with a large single-use light drape 
to save time. A clear sterile adherent drape is placed 
over the abdomen and chest to ensure sterility and to 
secure the drapes.

The standard retrieval procedure derives from 
the super rapid technique, originally described by 
Casavilla et al� [20]. The procedure begins with a 
midline laparotomy that extends from the sternal 
notch to the pubis. The incision is made with a scalpel, 
as there is no need for diathermy in the absence of 
circulation. Rapid access to the peritoneal cavity is 
aided by lifting the abdominal wall. This also min-
imises the risk of intra-abdominal organ injury 
during this step. The abdomen is kept open using a 
large self-retainer retractor that has been prepared 
half open for speed of insertion.

Following an incision of the peritoneal reflec-
tion of the distal ileum and caecum, the small bowel 
is reflected superiorly, exposing only the area of the 
aorto-iliac bifurcation enough to rapidly identify and 
cannulate the distal aorta or the right iliac artery.

Once the aorta is cannulated, cold perfusion 
begins immediately with preservation solution con-
taining 20 000 IU of heparin. The cannula should 
be secured in place to avoid displacement. The IVC 
can be vented in the abdomen or in the chest. The 
latter is preferable and can be done by opening the 
diaphragm or with a thoracotomy.

Venous venting should be concomitant with 
the start of the aortic perfusion, to avoid congestion 
of the abdominal organs. Copious saline ice slush is 
placed in the abdomen (paracolic gutters, lesser sac 
and over the liver) and chest for topical cooling of the 
organs.

The thoracic cavity is entered via a sternotomy 
using a Gigli or automated sternal saw. The sternum 
and ribs are kept apart with a Finochietto retractor, 
offered half open for speed, the pericardium incised 
and the right atrium partially divided to improve 
venous venting. Both pleurae are opened so that the 
right atrium drains into the large pleural cavities 
where two pool suction tubes are placed to collect the 
effluent blood/perfusion solution.

The left lung is lifted, exposing the descending 

thoracic aorta, which is clamped using a long Roberts 
clamp. Now that the perfusion fluid will not be wasted 
in the chest, preservation solution should be infused 
under pressure, to improve perfusion pressure in 
the aorta. Perfusion of the aorta by gravity flow only 
achieves suboptimal pressures in the hepatic artery 
of 19 mmHg and 16 mmHg, respectively [21].

The portal vein is cannulated via the SMV and 
perfused with 1 L of preservation solution also con-
taining 20 000 IU of heparin. The SMV is exposed 
at the root of the mesentery for cannulation below 
the head of the pancreas, in the groove between the 
transverse mesocolon and the mesentery of the first 
loop of the small bowel. IMV cannulation should be 
avoided, as it is small calibre, provides a slow perfu-
sion and could lead to oedema of the pancreas. The 
limited data do not show differences between single 
and dual perfusion; current clinical practice is largely 
dual aortic and portal vein perfusion (Appendix 22).

In the case of concomitant pancreatic retrieval, 
the portal vein needs to be directly isolated after divi-
sion of the common bile duct (CBD) and cannulated 
approximately 1 cm from the edge of the duodenum. 
The portal vein should be divided to ensure free 
drainage and to avoid congestion of the pancreas.

The fundus of the gallbladder is incised, with 
care taken not to squeeze bile from the gallbladder 
into the common duct. The gallbladder content is 
aspirated and the lumen flushed with copious cold 
normal saline using a bladder syringe. The divided 
CBD is directly flushed with cold perfusate using a 
10 mL syringe with a heparin needle.

The subsequent steps of the procedure are no 
different from the cold phase dissection used for a 
rapid retrieval technique in unstable DBD donors. 
The liver is retrieved first, followed by the pancreas 
and the kidneys. Some teams advocate the retrieval 
of liver and pancreas en bloc and subsequent separa-
tion of the two organs on the bench, though there is 
no clear advantage for this.

As mentioned, 20 000 IU of heparin must be 
added to the first litre of perfusate for the portal vein 
and the first litre of perfusate for the aorta. The latter 
does not require any drugs to be added to the solu-
tion. Usually the flow of perfusate in the portal vein 
is slowed down after 800 mL to complete 1 L of perfu-
sate portal perfusion in situ.

Usually pressure is stopped after the second 
bag of fluid is through the aorta, and subsequent 
perfusion is by gravity, to allow cold perfusion of the 
aorta throughout the entire procedure until organs 
are removed. However, these steps must be confirmed 
with the retrieving surgeon.

Several techniques have been described for re-
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trieving lungs in suitable cDCD donors. The implica-
tions are important and, generally, given the greater 
tolerance of lungs to warm ischaemia, the thoracic 
team will allow the liver team to cannulate the ab-
dominal aorta and the portal system whil reintu-
bating the donor and inflating the lungs.

Given the greater tolerance of the lungs to the 
effect of ischaemia once insufflated with oxygen, the 
general agreement is that the abdominal organs (liver 
and pancreas) should be retrieved before the lungs are 
removed, to minimise the ischaemic time. The lungs 
can then be retrieved at the same time as the abdom-
inal surgeons proceed with the kidney retrieval.

11.4.2.4. Modifications to the super rapid technique 
procedure

A modification of this technique entails 
starting with a quick thoracotomy and venting the 
right atrium to reduce congestion of the abdominal 
IVC and of the liver in particular. This step may delay 
aortic cannulation by 2-3 mins. A laparotomy follows 
with aortic or iliac cannulation and aortic perfusion. 
After a first rapid cold flush, the supradiaphragmatic 
aorta is clamped and pressure perfusion begins.

This modified technique of early sternotomy 
has two advantages:

1. It circumvents aggravating congestion of the 
liver and abdominal organs, while avoiding 
venting the IVC in the abdomen and keeping 
the cavity clean from the warm venous effluent 
blood.

2. The access to and prompt clamping of the 
descending thoracic aorta allows for more 
immediate pressure perfusion of the abdominal 
organs without wasting the cold perfusion in 
the chest.

In summary, the modifications of the retrieval 
procedure reduce liver congestion, improve organ 
perfusion and facilitate surgical dissection, thus 
further reducing DWIT.

Other minor changes to the Casavilla tech-
nique have been described which use different tech-
niques of securing the aorta, aimed at speeding aortic 
cannulation.

11.4.2.5. Organ recovery procedure – thoracic organs
Upon arrival in theatre, the donor should be 

re-intubated with a cuffed endotracheal tube and a 
thorough airway toilet performed (if lungs are being 
retrieved). Atelectatic lung may be recruited with a 
single breath (e.g. 25 mmHg pressure for 40 seconds), 
ideally using the anaesthetic machine which is also 
useful for maintaining CPAP at 5 cmH2O and de-

livering continuous O2. The time of lung inflation 
should be noted but cyclical ventilation should be 
delayed until the chest is open and the aorta clamped. 
These early manoeuvres lessen the warm ischaemia 
and allow time for the removal of the liver, which is 
highly sensitive to warm ischaemia.

The chest is rapidly opened and the lungs are 
examined for collapse, consolidation, mass lesions 
and pleural adhesions. The lungs should be tested 
if there is a suspicion of airways disease, noting the 
degree of collapse when the lungs are disconnected 
from the ventilator. The pulmonary artery is then 
cannulated, and the right ventricle opened to remove 
clot. Antegrade perfusion should be started as per the 
practice of the retrieval team. The left atrium or atrial 
appendage should be widely opened, washing the clot 
out of the pulmonary veins. Once antegrade perfu-
sion is completed, the pulmonary veins should be 
cannulated and retrograde perfusion is undertaken 
until the effluent from the pulmonary artery is clear. 
The lungs may be removed either collapsed or in-
flated. The lungs are re-examined after removal and 
then reinflated for storage on the back table whenever 
needed.

A large registry study by the International 
Society for Heart and Lung Transplantation did not 
find any difference in 5-year recipient survival after 
lung transplantation with cDCD versus DBD lungs 
[22]. The use of DCD hearts is still limited but rapid 
removal, followed by ex situ normothermic machine 
perfusion has been proposed by the Sydney group 
[23].

11.4.2.6. Organ recovery procedure using 
normothermic regional perfusion

Following the Spanish experience in uncon-
trolled donation after circulatory death (uDCD), 
several countries have explored the feasibility of nor-
mothermic regional perfusion (NRP) in cDCD using 
similar technology (heat exchanger, oxygenator and 
pump). NRP allows the in situ preservation of organs 
subject to transplantation with oxygenated blood fol-
lowing the determination of death and prior to organ 
recovery.

Based on data from preclinical and clinical 
studies, NRP seems to reverse the metabolic derange-
ments caused by warm ischaemia, re- establishing 
cellular physiology after energetic depletion and 
clearing metabolites. This preconditioning effect of 
NRP may attenuate ischaemia–reperfusion injury. 
NRP transforms an urgent into an elective recovery 
procedure, similar to the one in the context of DBD. 
During NRP, an evaluation of organ viability can take 
place based on the behaviour of certain biochemical 
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parameters, as already mentioned. These advantages 
of NRP should be translated into improved outcomes 
after transplantation. Until recently, however, evi-
dence of such benefits was scarce.

Two recently published multicentre retrospec-
tive experiences have shown the benefits of NRP 
in liver transplantation from cDCD donors. Hess-
heimer et al� [24] analysed the outcomes of cDCD 
liver transplants performed in Spain from June 
2012 to December 2016. The median donor age was 
56 years. The authors compared the evolution of 95 
recipients of cDCD livers obtained with NRP versus 
117 livers recovered through the standard rapid re-
covery technique. NRP significantly decreased the 
rate (OR = odds ratio, CI = confidence interval and 
p = p value) of

• overall biliary complications (OR 0.14; 95 % CI 
0.06-0.35, p < 0.001),

• ischaemia-type bilary lesions (ITBL) (OR 0.11; 
95 % CI 0.02-0.57; p = 0.008) and

• graft loss (HR 0.39; 95 % CI 0.20-0.78; p = 0.008).

The study revealed that the donor age of cDCD 
liver donors could be expanded safely with NRP, as 
suggested by other authors. An initial UK series of 
11 patients receiving cDCD liver transplantation 
following NRP had one reported case of primary 
non-function (PNF), an early allograft dysfunction 
(EAD) rate of 36 % and no incidence of ischaemic 
cholangiopathy [25].

A subsequent UK two-centre study of cDCD 
liver transplantation following NRP (n = 44) com-
pared to static cold storage (SCS) controls (n = 185) 
reported a significantly lower incidence of EAD 
(12 % versus 32 %, p = 0.008) and anastomotic stric-
ture rate (7 % v� 27 %, p = < 0.0001), with no cases of 
ischaemic cholangiopathy in the NRP arm (0 % v� 
27 %, p = < 0.0001). A lower rate of 30-day graft loss 
was reported in the NRP group (2 % v� 12 %, p = 0.06) 
[26]. After adjusting for other factors in a multivar-
iable analysis, NRP remained significantly associ-
ated with freedom from ischaemic cholangiopathy 
(p = < 0.0001). Two studies from the University of 
Wisconsin on five and 13 cDCD liver transplants 
performed following NRP reported a 1-year graft 
survival of 86 %, a two-year graft-survival of 71 % 
and a 14 % PNF and biliary stricture rate [27, 28]. A 
series of 20 DCD liver transplants performed in Italy 
with NRP reported no significant difference in 1-year 
patient (95 % v� 94 %, p = 0.94) or graft survival (85 % 
v� 91 %, p = 0.20) compared to DBD grafts, despite the 
extended stand-off period of 20 minutes following 
donor asystole. The ischaemic cholangiopathy rate 

was 10 %, but no recipients underwent retransplanta-
tion due to biliary complications [29].

Although no prospective randomised trial has 
been conducted to confirm these observations, these 
two studies suggest that NRP during organ recovery 
from cDCD donors leads to superior liver trans-
plant outcomes compared with conventional organ 
recovery.

Information on the impact of NRP on cDCD 
kidney transplantation is scarce. Unpublished 
Spanish data on 1 582 recipients of cDCD donor 
kidneys subject to NRP (485) versus the standard re-
covery technique (n = 1.097) reveal that NRP is asso-
ciated with a significantly lower incidence of delayed 
graft function (32 % v� 48.6 %), defined by the need 
of dialysis during the first week after transplanta-
tion. However, no significant benefits are observed in 
terms of PNF and graft survival in the short term.

Three other studies have reported on kidney 
transplant outcomes following NRP in cDCD donors 
with delayed graft function (DGF) rates of 18 % [30], 
31 % [25] and 40 % [26]. Three further studies have re-
ported on outcomes following NRP in cDCD kidney 
transplantation in comparison to DBD control 
groups [27, 31-32]. In a study from the University of 
Wisconsin there was no statistically significant dif-
ference in DGF (8 % v� 24 %, p = 0.1) in controlled 
DCD kidneys following NRP (n = 24) compared to 
DBD kidneys (n = 100) [27]. A second study from 
Spain also showed that there was no statistically sig-
nificant difference in DGF (27 % v� 33 %, p = 0.56) or 
1-year graft survival (92 % v� 97 %, p = 0.32) in cDCD 
kidneys following NRP (n = 37) compared to DBD 
kidneys (n = 36) [31]. The largest study to date reports 
the use of NRP followed by hypothermic machine 
perfusion (HMP) according to the National Protocol 
for kidneys from cDCD donors in France (n = 92) and 
compares the outcomes to kidneys from DBD donors 
(n = 5176) [32]. This study reported significantly lower 
levels of DGF in cDCD kidneys following NRP when 
compared to DBD kidneys (9 % v� 19 %, p = < 0.05) 
[32]. In Italy, where declaration of circulatory death is 
based on absence of electrical activity and requires a 
minimum no-touch period of at least 20 minutes [33], 
a series of 10 kidneys from cDCD donors using NRP 
and oxygenated HMP reported a DGF rate of 30 % 
and no cases of PNF [34].

The process of organ recovery described above 
is modified to enable a period of NRP.

Certain ante mortem interventions are per-
mitted in some but not all European countries [35]. In 
those countries where these interventions are allowed 
by local legislation, heparin can be administered 
prior to withdrawal. Alternatively, 25 000-50 000 IU 
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of heparin should be added to the NRP priming solu-
tion. Some countries also allow the ante mortem can-
nulation of femoral vessels or introduction of sheets 
in order to facilitate the immediate initiation of NRP 
following the determination of death. For example, 
ante mortem heparinisation and vessel cannulation 
are allowed in Spanish guidelines if no contraindica-
tions are identified (e.g. heparinisation would not be 
allowed if there is a haemorrhagic lesion) and if spe-
cific informed consent is obtained [36]. A similar pro-
tocol has been also developed in the United States [28]. 
Although both interventions are clinically thought to 
yield higher numbers and quality of organs for trans-
plantation, there is still not clear evidence of the su-
periority of using these ante mortem interventions.

Where ante mortem cannulation of femoral 
vessels is performed (see §12.2.4.1.1), an aortic balloon 
is usually used to restrict preservation to the abdom-
inal cavity [37]. The correct position of the aortic 
balloon must be radiologically confirmed prior to 
WLST. The balloon will be inflated after death has 
been determined, immediately before initiating NRP. 
Two arterial lines, one from the femoral arterial 
cannula and the second from the left radial artery, 
should be monitored during NRP to ensure an ade-
quate blocking of the aorta. With a correct occlusion, 
the arterial pressure from the left radial artery will be 
absent, while the pressure from the femoral arterial 
cannula is maintained as a continuous, non- pulsatile 
pressure, as it is provided by the extracorporeal circu-
lation with membrane oxygenation (ECMO) device 
[38].

Where ante mortem cannulation of femoral 
vessels is not performed and once death has been con-
firmed, the donor is taken to theatre and a midline 
incision (xiphoid to pubis) is undertaken. The infra-
renal IVC is dissected and encircled using a vascular 
snugger. The distal end is clamped or ligated. The 
venous cannula is inserted into the IVC. The tip should 
sit just below the diaphragm to allow the clamping 
of the suprahepatic IVC without compromising the 
venous return in the circuit. The venous limb of the 
circuit is then connected to the cannula. The distal 
infrarenal aorta is identified and slung using a vas-
cular snugger. The distal aorta is cross-clamped or 
ligated. The aortic cannula is inserted, checking the 
proximal position of the tip. The cannula is secured 
in place with the vascular snugger and connected to 
the arterial limb of the circuit. A rapid sternotomy 
is carried out using either a power saw or Gigli saw. 
The thoracic aorta is clamped below the level of the 
left subclavian artery. An alternative approach would 
be to insert an aortic endo-clamp in the descending 
thoracic aorta and commence the NRP before under-

taking the sternotomy. This approach would allow 
the cardiothoracic team to undertake the sternotomy 
and mobilise the lung and clamp the descending 
aorta (if simultaneous lung recovery).

At this point a cannula is inserted in the as-
cending aorta to monitor for absence of flow to the 
brain and now the NRP circuit can be started.

Once the NRP is established, meticulous 
haemostasis must be ensured from the abdominal 
wound edges, sternotomy and retroperitoneal tissues 
disrupted during aortic and IVC cannulation. It is 
also paramount that thoracic teams are meticulous 
in avoiding blood loss.

NRP is usually performed for two hours in 
cDCD, although the optimal duration remains to 
be determined. The pump parameters are yet to be 
fully established but the United Kingdom experience 
suggests a pump flow of 2-3 L/min (up to 5 L/min if 
thoraco-abdominal), temperature between 35.5 °C 
and 37.5 °C, 2L/min air (or air/O2 mix as required 
to maintain venous HbO2 saturations between 60 % 
and 80 %), a pH of 7.35-7.45 (administer bicarbonate as 
required) and a haematocrit > 20 % [25].

During this period, serial blood samples are 
taken to assess the function and cellular damage 
of the liver and pancreas. Organ mobilisation and 
preparation for the cold phase can be undertaken, 
following the same steps as a DBD recovery.

Once NRP is completed, cold in situ perfusion 
is instituted and organ recovery continues as de-
scribed above.

If thoracic (lung) recovery is planned in a donor 
where NRP is undertaken [37], the suprahepatic IVC 
is clamped at the cavo-atrial junction. The ascending 
aorta is clamped, the main pulmonary artery (PA) is 
cannulated for cold flush-perfusion and the left atrial 
appendage is vented widely.

Ventilation is started at half tidal volume with 
5 cmH2O PEEP and FiO2 0.4 and pulmonary flush 
with cold Perfadex solution commenced. The pleurae 
are opened widely and lungs inspected and pal-
pated, ensuring adequate delivery of flush and topical 
cooling with copious volumes of 4 °C saline. While 
waiting for the pulmonary flush to be delivered, the 
superior vena cava is ligated and divided just below 
the azygos take-off and the systemic connections of 
the heart are disconnected, leaving the IVC clamped 
within the pericardium. The division of the main 
vessels proximal to the clamps ensures that there is 
no blood loss, to avoid compromising the NRP flow.

Once the cold pulmonary flush is completed, 
the main PA is divided just proximal to its bifurca-
tion. The lungs are allowed to deflate at this stage. The 
left atrium is divided, leaving behind an adequate 
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cuff for the lungs and the excised heart is removed 
for later recovery of heart valves. The pericardium 
above the diaphragm is incised, the inferior pulmo-
nary ligaments are divided and the plane up to and 
behind the trachea is developed. The trachea is dis-
sected bluntly circumferentially in the space between 
the superior vena cava and aorta, and pulled down to 
gain as much length as possible. The endo-tracheal 
tube is withdrawn, a breath with 50 % tidal volume 
is delivered and the trachea is stapled with the bron-
chial stapler and divided above the staple line. The 
lung block is removed and complete haemostasis of 
the mediastinum should be ensured. Retrograde pul-
monary venous flush of the lungs is performed with 
1 000 mL of preservation solution on the back-table at 
the donor site [39].

Abdominal NRP continues for the planned du-
ration as detailed above.

An alternative approach is currently under in-
vestigation extending the NRP to involve the thoracic 
organs (TA-NRP) but excluding the cerebral circula-
tion. This approach allows the recovery of lungs as 
well as hearts [40, 41]. TA-NRP is being used in the 
UK, Belgium and more recently in Spain as a strategy 
to allow the validation and preservation of hearts of 
cDCD donors. In the British experience, most hearts 
recovered by using TA-NRP have been followed by ex 
situ machine perfusion. To the best of our knowledge, 
five heart transplant procedures have taken place in 
the world with good results with the use of TA-NRP 
without ex situ machine perfusion. Given the high 
cost of ex situ machine perfusion, unaffordable in 
many settings, TA-NRP may become a way of making 
heart transplantation from cDCD donors economi-
cally feasible in some countries.

Manara et al� reviewed the current TA-NRP 
protocol and suggested the following logical model 
[42]. If:

1. Death in DCD, as in everyday clinical practice, 
is defined by the permanent cessation of 
circulation to the brain, and

2. After the confirmation of death in DCD and 
prior to starting NRP, the surgical act of 
ligating or dividing the aortic arch vessels in 
TA-NRP, or occluding the descending thoracic 
aorta in A-NRP, is medically and ethically 
acceptable, and

3. In order to adhere to the principle of 
permanence for death, the absence of potential 
for brain perfusion can be ensured by the 
refinements outlined in this paper.

Then:
1. Restarting the circulation to the thoracic 

and/or abdominal cavities after death does 
not invalidate the definition of death in DCD 
organ retrieval,

2. Restarting the heart in the donor’s body after 
death does not invalidate the definition of 
death when brain perfusion is excluded, and

3. Abdominal and TA-NRP may be considered 
permissible.

In a study from Papworth, 12 DCD heart trans-
plants recovered with TA-NRP with ex situ NMP 
were compared to 14 hearts recovered with DPP and 
ex situ NMP and DBD heart transplants (n = 26). 
There were no significant differences in the outcomes 
between the two approaches or in comparison to 
DBD heart transplantation [43]. In a recent review 
article the experience with DCD heart transplanta-
tion with these techniques was updated to 39 cases 
with a recipient survival to discharge rate of 93 % [44]. 
Recently, several additional cases of TA-NRP fol-
lowed by cold storage and transplantation, without ex 
situ NMP were described, with good outcome [41, 45].

The bithermic/dual technique approach used 
in uDCD can also be used in the cDCD setting, but 
experience is limited (see §12.2.4.1.1) [46].

11.4.2.7. Organ preservation – in situ cold 
preservation

A variety of preservation solutions can be used. 
There are no randomised controlled trials of preser-
vation solution in cDCD donors, but several solutions 
have been designed to minimise the detrimental 
effects of cold ischaemia and reperfusion. Often used 
solutions for abdominal organ preservation are UW 
solution, HTK solution, Celsior and IGL-1. Different 
studies have been undertaken to investigate the dif-
ferences in performance (organ cooling, delayed graft 
function) of these solutions in regard to different 
organs [47, 48]. An indicative total volume of 4-5 L 
is used during multi-organ abdominal recovery, ad-
justing this according to the instructions of the man-
ufacturer and clinical situation [49, 50].

It is important that the initial bags of perfusion 
solution contain heparin (20 000 IU/L perfusion) 
and if dual perfusion is used (as is the case for the 
liver), both must contain heparin.

In situ lung preservation uses low-potassium 
dextran glucose solution supplemented with 3.6 % 
THAM 3.3 mL, 0.6 mL CaCl + 2.5 mL prostacyclin per 
litre or Celsior with a minimum 60 mL/kg volume 
infused.
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11.4.2.8. Organ preservation – in situ normothermic 
regional perfusion

The optimal priming solution for NRP has not 
been fully established. An example combination in-
cludes [25]:

• Bicarbonate 8.4 %, 1 mL/kg
• Compound Sodium Lactate solution – 1 000 mL
• Heparin – 50 000 IU
• Fluconazole – 200 mg
• Meropenem – 500 mg
• Vancomycin – 1 g
• Methylprednisolone – 1 g
• Pancuronium – 12 mg

11.4.3. Uncontrolled donation after circulatory 
death

For uDCD procedures applicable to in situ 
preservation and organ recovery, including abdom-
inal organs and lung preservation, see Chapter 12, 
§12.2.4.

11.4.4. Organ evaluation during organ 
procurement

11.4.4.1. DBD organ assessment
Donor and organ evaluation are based on the 

review of the past and present medical history and of 
risk behaviours of the potential donor, plus a phys-
ical examination and complementary tests. Available 
medical records and charts must be carefully re-
viewed. A dedicated and guided interview with the 
relatives should always take place for the assessment 
of the donor’s suitability.

In addition, the biochemistry trends prior to 
donation should guide decisions whether to accept 
the organs. The advantage of a DBD donor is that 
it enables the surgeon to evaluate the perfusion of 
the organs prior to cross-clamping as well as during 
the cold perfusion phase. Both are useful adjuncts 
in assessing the suitability of the organs. (See also 
Chapter 7, Specific organ characterisation, assessment 
and selection criteria�)

11.4.4.2. cDCD organ assessment
The evaluation of cDCD donors starts with a 

detailed medical and socio-demographic history that 
the donor co-ordinator should obtain from all rele-
vant sources (notes, interviews with treating physi-
cians, family and general practitioners etc.). Factors 
such as age, duration of hospital stay and ICU ad-
mission, the use of high-dose vasopressors and the 
absence/presence of infection are highly relevant for 
the decision whether to utilise the organs.

Based on these characteristics, the ‘ideal’ cDCD 

donor can be defined as a donor of age < 50 years with 
a weight < 100 kg, a short ICU stay (< 5 days) and a 
WIT < 20 minutes [52].

The absolute contraindications to DCD organ 
donation are the same as those for DBD (see Chapter 6, 
General donor characterisation, assessment and 
selection criteria), e.g. invasive or haematological ma-
lignancy, untreated systemic infection, prion disease 
and HIV disease.

Biochemistry samples must be obtained prior 
to donation and, if relevant, compared with other 
samples taken during admission (especially for 
donors with a history of out-of-hospital cardiac arrest 
or a history of hanging).

The procurement surgeon must assess the 
quality of the perfusion, the appearance and the 
anatomy of the organs in situ and on the bench. 
Unlike DBD, where assessment includes a period of 
circulation, cDCD assessment is much more difficult 
and is subjective to the surgeon’s experience.

The decision to utilise the cDCD organs should 
also take into account the recovery factors such as 
duration of WIT.

NRP offers the additional benefit of in-depth 
in situ macroscopic assessment of the organs’ appear-
ance, including that of the small bowel and gallbladder 
mucosa (both highly sensitive to ischaemic damage). 
NRP also offers the possibility of evaluating organ 
function, based on serial biochemical and blood gas 
analyses undertaken during the procedures (every 30 
minutes). Given the limited experience, further clar-
ification of the factors that are important is required.

11.4.4.3. Organ-specific evaluation criteria in cDCD
Once a patient’s suitability to donate has been 

established, additional evaluation criteria come into 
consideration for specific organs. All organ-specific 
issues are discussed in section 12.3.9. These may relate 
to donor’s age, the timings of recovery (such as the 
length of WIT, the agonal phase duration or the 
length of predicted cold ischaemic time) and spe-
cific pre-existent comorbidity (such as cardiovascular 
disease, hypertension, diabetes or liver disease).

11.4.4.4. uDCD organ assessment
Evaluation and validation of uDCD donors 

is done according to general inclusion criteria for 
organ donation, along with the specific selection cri-
teria for each organ (see Chapter 6, General donor 
characterisation, assessment and selection criteria 
and Chapter 7, Specific organ characterisation, 
assessment and selection criteria). Besides, criteria 
specific for uDCD must be taken into account, as 

https://optn.transplant.hrsa.gov/media/2746/20181016_dtac_meeting_minutes.pdf
https://optn.transplant.hrsa.gov/media/2746/20181016_dtac_meeting_minutes.pdf
https://optn.transplant.hrsa.gov/media/2746/20181016_dtac_meeting_minutes.pdf
https://optn.transplant.hrsa.gov/media/2746/20181016_dtac_meeting_minutes.pdf
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summarised in Table 12.3 (§12.2.1). For organ-specific 
criteria, refer to section 12.2.6.

11.5. Preservation during transport

Currently, the accepted method for ex situ pres-
ervation is static cold storage (SCS). Novel ap-

proaches based on ex situ machine perfusion of 
isolated organs are currently being explored and 
some have already been implemented in practice [53]. 
Although no universal nomenclature is in use, in the 
context of deceased organ donation ex situ is the pre-
ferred terminology over ex vivo, given that machine 
perfusion occurs after the organs have been removed 
from the body of a deceased donor [54]. A number of 
perfusion variables including temperature (normo-
thermic, subnormothermic or hypothermic), oxygen 
delivery and perfusate (blood-based, blood ana-
logues or specifically designed media) are currently 
being investigated [55].

11.5.1. Kidney transplantation

The key performance indicators following 
kidney transplantation are graft utilisation, im-
mediate v� delayed graft function (DGF) v� primary 
non-function (PNF), graft survival, patient survival 
and 1-year graft function (eGFR and creatinine) [56]. 
The standard technique for kidney preservation is 
still SCS in most centres.

11.5.1.1. Hypothermic perfusion strategies
Standard HMP involves the kidney being 

connected to a perfusion device and a cold acellular 
preservation solution being pumped continuously 
through the renal vasculature at temperatures in the 
range 1-10 °C [57]. A number of meta-analyses have 
been published comparing HMP kidney preservation 
with SCS in kidneys recovered from extended cri-
teria donors [58], DCD donors [59, 60] and across all 
donor types [60-65]. All these meta-analyses have de-
scribed a significant reduction in either the reported 
odds ratio (OR) or risk ratio (RR) of DGF (effect sizes 
ranging from 0.6 to 0.8) following HMP, but none 
have reported a significant reduction in PNF [58-65]. 
Only one meta-analysis of extended criteria donors 
reported improved graft survival in kidneys fol-
lowing HMP compared to SCS at 1 year (OR 1.12, 95 % 
CI 1.03-1.21, p = 0.005) [58]. Similarly, there is a single 
meta-analysis reporting improved graft survival at 3 
years across all donor types (RR 1.06, 95 % CI 1.02-1.11, 
p = 0.009) [65]. A recent Cochrane Review concluded 
that HMP is superior to SCS in both DBD and DCD 
kidney transplantation, even when assessing only 

studies that have been published in the last decade. 
However, because kidneys from DCD donors have an 
increased risk of DGF, the number needed to treat to 
prevent one episode of DGF is less for DCD kidneys 
(7.26 versus 13.60 in DBD kidneys) [62].

A major randomised controlled trial (RCT) of 
336 consecutive deceased donors in the Eurotrans-
plant region that randomised in a paired design one 
kidney from each donor to HMP or SCS reported a 
significant reduction in DGF (adjusted OR 0.57, 95 % 
CI 0.36-0.88, p = 0.01) and 1-year graft failure (ad-
justed OR 0.52, 95 % CI 0.29-0.93, p = 0.03) with HMP 
[57]. The reduction in DGF with HMP was confirmed 
in an independently powered extension of this RCT 
into 82 DCD donors with 164 kidney transplants 
(adjusted OR 0.43, 95 % CI 0.20-0.89, p = 0.025) [66], 
and another independent study of 91 extended cri-
teria DBD donors with 182 kidney transplants (ad-
justed OR 0.46, 95 % CI 0.21-0.99, p = 0.047) [67]. The 
sub-analysis of extended criteria DBD donors also 
reported that 1-year death censored graft survival 
was significantly higher with HMP compared to SCS 
(92 % v�  80 %, p = 0.02; adjusted HR for 1-year graft 
loss 0.35, 95 % CI 0.15–0.86, p = 0.02) [67]. In the DCD 
population, a significant reduction in DGF was ob-
served in the HMP group (54 % v� 70 %; p = 0.007) 
but no significant difference was seen for 1-year graft 
survival between HMP and SCS groups (94 % v� 95 %) 
[66].

In contrast to the DCD study in the Eurotrans-
plant region, an RCT comparing HMP with SCS in 
DCD kidneys conducted in the UK and analysed by 
sequential analysis was stopped due to futility (DGF 
rate HMP 58 % v� SCS 56 %) [68]. There are a number 
of differences between these RCTs, most notably 
that in the UK trial kidneys were not preserved with 
HMP from the time of procurement and underwent 
an initial variable-length period of SCS. In the UK 
trial there was also fixed control preservation fluid in 
the SCS group while in the European RCT both HTK 
(76 %) and UW solution (22 %) were used [69]. Fur-
thermore, the DGF rate for DCD kidneys subjected 
to SCS was lower in the UK study than in the Euro-
pean DCD extension study (DGF 56 % in the UK v� 
70 % in the European study) but DGF rates after HMP 
were similar in the UK (58 %) and European (54 %) 
trials [84].

In a recent analysis of the NHSBT database 
from 2007-15, DGF rates were significantly lower in 
kidneys preserved with HMP compared with SCS 
(34 % v� 42 %, p = < 0.001; adjusted OR 0.65, 95 % CI 
0.53-0.80, p = < 0.001) with no difference in graft sur-
vival (adjusted hazard ratio 0.88, 95 % CI 0.70-1.10, 
p = 0.263) [70]. In a recent single-centre retrospec-
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tive study from the West London Renal Transplant 
Centre, pre-implantation HMP following SCS (n = 33) 
decreased DGF (24 % v� 48 %, p = 0.04) compared to 
SCS alone (n = 33) [71]. A further paired kidney ana-
lysis from Germany reported a reduced rate of DGF 
(12 % v� 21 %, p = 0.38; adjusted OR 0.28, 95 % CI 0.07-
0.94, p = < 0.04) with pre-implantation HMP (n = 66) 
compared to SCS (n = 43) [72]. Currently there is an 
ongoing UK trial replicating the EuroTransplant 
methods (ISRCTN 50082383).

Two further RCTs of the Consortium for 
Organ Preservation in Europe (COPE; funded by the 
EU 7th Framework Programme) recently have com-
pleted their recruitment assessing standard HMP v� 
oxygenated HMP. One RCT has randomised kidneys 
from extended criteria DBD donors to oxygenated 
HMP after SCS v� SCS alone with graft survival at one 
year as a primary endpoint and analysis currently 
being performed (COPE-POMP, ISRCTN 63852508). 
The second COPE RCT has randomised kidneys in 
a paired design from cDCD donors older than 50 
years to either oxygenated HMP (n = 106) or standard 
HMP (n = 106) with eGFR as its primary endpoint 
(COPE-COMPARE, ISRCTN 32967929). The results of 
the COPE-COMPARE study have been reported at the 
American Transplant Congress in May 2019, showing 
a significant reduction in biopsy-proven acute rejec-
tion rate (14 % v� 28 %, p = 0.01), reduced graft loss (3 % 
v� 10 %, p = 0.021) and on sensitivity analysis a sig-
nificantly higher eGFR (47.6 v� 42.6 mL/min/1.73 m2, 
p = 0.035) at 1-year follow-up for kidneys perfused 
with oxygenated HMP. No statistically significant 
difference was seen as regards DGF and PNF rates 
between the two methods of cold perfusion in these 
large groups of older DCD donors (oxHMP v� sHMP: 
DGF 38 % v� 38 % | PNF 3 % v� 5 %) [73].

11.5.1.2. Ex situ normothermic perfusion strategies
Ex situ normothermic machine perfusion (ex 

situ NMP) of kidneys involves perfusion with an oxy-
genated red cell‐based plasma‐free perfusate. A study 
of pre-implantation ex situ NMP of expanded cri-
teria donor kidneys (n = 18) using paediatric cardio-
pulmonary bypass technology compared to matched 
control kidneys preserved with SCS (n = 47) reported 
a significant reduction in DGF (6 % v� 36 %, p = 0.01) 
with no difference in graft survival at 1 year (100 % v� 
98 %, p = 0.51) [74]. Ex situ NMP is a technically chal-
lenging technique. The Cambridge group reported 
the assessment by ex situ NMP of 10 declined DCD 
kidneys, five of which were transplanted, and four 
had initial graft function [75].

More recently, Guy’s Hospital in London and 
the Freeman Hospital in Newcastle reported their 

initial experience with ex situ NMP performed on 14 
kidneys from 12 donors, with 12 kidneys transplanted 
into 10 recipients (two dual grafts). There were no cases 
of PNF, three patients (30 %) experienced DGF and 
graft survival was 100 % at 1 year. There were seven 
donors, of whom one kidney received SCS and ex situ 
NMP, and the other received SCS alone. Although 
there was a trend towards lower DGF and PNF rates 
in the ex situ NMP group, this did not reach statis-
tical significance [76]. A Dutch group from Erasmus 
MC University Medical Centre in Rotterdam also re-
ported their experience with NMP performed on 11 
kidneys from DCD donors and transplanted into Eu-
rotransplant Senior Program recipients. There were 
no cases of PNF, four patients (36 %) experienced DGF 
and death-censored 1-year graft survival was 91%. 
There was a not-significant trend towards lower PNF 
and DGF rates in the NMP group in comparison to 
the historical control group [77].A multi-centre RCT 
(ISRCTN 15821205) of pre-implantation ex situ NMP 
for 60 mins (n = 200) compared to SCS (n = 200) in 
kidneys from cDCD donors is currently recruiting in 
the UK and is estimated to complete in 2020 [78].

11.5.2. Liver transplantation

The key performance indicators following 
liver transplantation are graft utilisation, immediate 
v� early allograft dysfunction (EAD) v� PNF, hepatic 
artery thrombosis, biliary complications including 
ischaemic cholangiopathy, graft survival, patient sur-
vival and retransplantation. The standard technique 
for liver preservation is still SCS in the vast majority 
of centres.

11.5.2.1. Hypothermic perfusion strategies
Hypothermic liver perfusion can be accom-

plished either via the portal vein (PV) alone or through 
the PV and hepatic artery (HA) (dual perfusion). As 
a strategy, HMP has been extensively studied in the 
context of kidney transplantation. In liver transplan-
tation, the feasibility of end ischaemic dual HMP 
using a modified bypass device was demonstrated in 
a case-matched series of HMP preserved DBD grafts 
(n = 20) compared with SCS (n = 20) [79]. There were 
no cases of PNF in either group but recipients in the 
HMP arm demonstrated a lower peak of AST (1 154 v� 
3 339 IU/ml, p = 0.011), shorter length of hospital stay 
(11 v� 15 days, p = 0.006) and lower incidence of EAD 
(5 % v� 25 %, p = 0.08). A subsequent case-matched 
series by the same group, comparing declined livers 
undergoing HMP (n = 31) to extended criteria liver 
grafts preserved with SCS (n = 50), showed a lower in-
cidence of biliary complications (including strictures 
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and leaks) within the first year (13 % v� 43 %, p = 0.02) 
and reduced hospital stay (16 v� 20 days, p = 0.001), 
without any difference in PNF (3 % v� 7 %, p = 0.61), 
EAD (19 % v� 30 %, p = 0.38) or 1-year patient survival 
(84 % v� 80 %, p = 0.76) [80].

Hypothermic oxygenated perfusion (HOPE) 
seeks to extend HMP by oxygenating standard 
machine perfusion fluid to restore mitochondrial 
function with perfusion via the PV alone. In con-
trast, dual flow hypothermic oxygenated perfusion 
(D-HOPE) cold machine preservation solution is 
pumped via the PV and the HA into the liver and has 
been postulated to optimise oxygen delivery to the 
biliary system, although evidence that dual perfusion 
is superior is lacking [81]. One matched case-series in 
DCD livers (25 HOPE preserved livers from Zurich 
v� 50 SCS livers from Rotterdam and Birmingham) 
reported that patients in the HOPE arm had signif-
icantly lower peak ALT (1 239 v� 2 065 U/L, p = 0.02), 
developed fewer biliary complications (20 % v� 46 %, 
p = 0.04), with a reduced incidence of ischaemic 
cholangiopathy (0 % v� 22 %, p = 0.02) and improved 
1-year graft survival (90 % v� 69 %, p = 0.04) but in the 
context of shorter cold ischaemic times (3 h v� 6.5 h, 
p = 0.01) [82]. After five years of follow-up graft sur-
vival was significantly better in the HOPE group 
compared to the SCS group (94 % v� 78 %, p = 0.024) 
[83].

A further prospective case control study com-
pared DCD livers receiving D-HOPE (n = 10) to SCS 
(n = 32) [81]. This study showed reduced peak ALT 
(966 v� 1 858 U/L, p = 0.006), peak bilirubin (1.0 v� 
2.6 mg/dL, p = 0.04) but no statistically significant 
difference in 1-year graft (100 % v� 67 %, p = 0.052) or 
patient survival (100 % v� 85 %, p = 0.21).

Another alternative for oxygen delivery is 
persufflation, whereby oxygen gas is passed directly 
through vasculature into the organ during SCS. 
Oxygen persufflation has been applied in Germany 
to a small number of marginal grafts (n = 5) with 
100 % graft and patient survival at 2-year follow-up. 
This approach is currently being compared to SCS 
in a single centre RCT (ISRCTN00167887) aiming to 
recruit 116 patients [84].

11.5.2.2. Ex situ normothermic perfusion strategies
The suggested standard abbreviation for ex situ 

normothermic machine perfusion of the liver is ex 
situ NMP [54]. This technique mandates dual per-
fusion to mimic normal liver physiology and meet 
metabolic demands. NMP can be instituted upon 
procurement at the donor centre or upon the arrival 
of the liver graft in the recipient centre.

A number of pilot studies initially demon-

strated the feasibility of NMP in DBD, DCD and 
discarded livers [85-87]. A phase 1 two-centre study 
demonstrated feasibility, safety and potential bene-
fits in individual extended criteria donor livers [81]. A 
subgroup analysis of six of 20 livers identified more 
stable post-reperfusion haemodynamic parameters 
with a decrease in inotrope use during reperfusion 
[88]. As part of COPE, a subsequent major interna-
tional multi-centre RCT of NMP, conducted in DBD 
and DCD livers from the time of procurement, re-
ported that the NMP group (n = 121) compared to 
the SCS group (n = 101) had lower peak AST (485 v� 
974 U/L, p = < 0.0001) and significantly lower rates 
of EAD (10 % v� 49 %, p = < 0.001). This was achieved 
despite a lower discard rate (12 % v� 24 %, p = 0.008) 
and significantly longer preservation times (714 v� 
465 mins, p = < 0.001). There was no significant differ-
ence in non-anastomotic biliary strictures (ischaemic 
cholangiopathy) (DBD 7.4 % v� 5.4 %, p = 0.68; DCD 
11.1 % v� 26.3 %, p = 0.18), anastomotic biliary strictures 
(DBD 40.7 % v� 41.8 %, p = 0.91; DCD 48.1 % v� 57.9 %, 
p = 0.52), 1-year graft survival (95 % v� 96 %, p = 0.71) 
or 1-year patient survival (95 % v� 96 %, p = 0.67) [89].

An alternative and logistically less challenging 
approach is to undertake NMP pre-implantation 
upon the arrival of the graft in the implanting centre. 
A study from Birmingham described successful 
transplantation of five discarded livers after a period 
of NMP and suggested several criteria for organ vi-
ability based on perfusate pH and lactate, bile pro-
duction, flows and graft perfusion. All five recipients 
were reported well with normalised liver tests at a 
median follow-up of seven (range 6-19) months. These 
viability criteria could therefore identify extended 
criteria donor grafts that can be utilised safely, po-
tentially eliminating the risk of PNF [85]. The initial 
viability criteria have since been modified by the ad-
dition of measurement of bile pH while the liver is on 
the NMP device [90]. However. these require valida-
tion in larger trials.

In a study from Cambridge 12 declined livers 
were transplanted after a period of NMP. The first six 
livers were perfused at high oxygen tensions and were 
complicated by post-reperfusion syndrome and vaso-
plegia in the recipient, complications that were not 
seen when the oxygen tension was lowered to phys-
iological levels [91]. Outcomes were compared with a 
contemporaneous cohort of 24 other SCS livers and 
were found to be similar in terms of 1-year graft sur-
vival (83 % NMP v� 88 % SCS), 1-year patient survival 
(92 % NMP v� 96 % SCS) and rate of ischaemic chol-
angiopathy (27 % NMP v� 29 % SCS). In a subsequent 
study from Cambridge 22 declined or high-risk livers 
were transplanted after NMP with an ischaemic 
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cholangiopathy rate of 18 %. Whilst NMP pre-im-
plantation was associated with an increased organ 
utilisation and rescue of organs that would otherwise 
have been discarded, there was no impact on the inci-
dence of ischaemic biliary complications [90].

Controlled oxygenated rewarming from 10 °C 
to 20 °C over 90 minutes has been proposed to gradu-
ally re-warm the liver and thus be less physiologically 
stressful. In one study of six DBD liver graft recip-
ients compared with 106 historical DBD controls, 
controlled oxygenated rewarming was associated 
with lower peak AST (564 v� 1 204 U/L, p = 0.02) [92]. 
Using a combined resuscitation and viability testing 
protocol of sequential DHOPE, controlled oxygen-
ated rewarming, and NMP using a new haemoglo-
bin-based oxygen carrier-based perfusion fluid, five 
of seven livers from declined DCD donors were trans-
planted with a 3-month graft survival of 100 %. The 
use of a synthetic oxygen carrier for end ischaemic 
NMP has the potential advantage of being able to 
perform NMP with gradual rewarming, something 
not possible if blood is used as a perfusate [93].

11.5.2.3. Pancreas transplantation
The key performance indicators following 

pancreas transplantation are graft utilisation, graft 
thrombosis, graft pancreatitis, early graft failures, 
graft survival and patient survival. The standard 
technique for pancreas preservation is SCS.

The pancreas is a low-flow organ with complex 
vascular anatomy that makes optimal perfusion 
parameters difficult to obtain [94]. As such, experi-
mental work in terms of pancreas perfusion is still 
ongoing prior to application in clinical practice. One 
recent study reported successful isolation of func-
tional islets from two of ten discarded pancreases 
(five DBD and five DCD) after a period of continuous 
HMP with a dual perfusion system through the mes-
enteric and splenic arteries [95]. Another study from 
Imperial College in London placed discarded organs 
on a normothermic circuit (to mimic transplanta-
tion) after a period of HMP and found two of three 
discarded organs were functional in terms of insulin 
production [96]. In a study from France, seven dis-
carded human pancreases have undergone HMP for 
24 hours with reducing resistive index for the first 
12 hours followed by stabilisation of perfusion pres-
sures without developing oedema. Post-perfusion 
biopsy samples revealed normal staining for insulin, 
glucagon and somatostatin [97].

Pancreas preservation by oxygen persufflation 
in combination with SCS (n = 13) has been compared 
to SCS alone (n = 11) and reported improved β-cell 
function after islet cell isolation [98]. In a further 

study, the feasibility of ex situ NMP (paediatric cardi-
opulmonary bypass technology) in declined human 
pancreases (n = 5) using warm oxygenated packed 
red blood cells for 1-2 hours has been demonstrated 
by insulin secretion from the majority of perfused 
organs (n = 4/5) [99]. Other than successful solid 
organ pancreas and islet transplantation following 
NRP [25, 28, 31], to date there have been no reports 
of pancreases transplanted into a recipient following 
novel preservation strategies. The Achilles heel of 
pancreas preservation is damage to the exocrine cells, 
releasing digestive enzymes and proteases resulting 
in post-transplant pancreatitis, something that has 
yet to be overcome.

11.5.2.4. Cardiac transplantation
The key performance indicators following 

cardiac transplantation are graft utilisation, primary 
non-function, need for mechanical support, graft 
survival and patient survival. The standard tech-
nique for cardiac preservation is SCS for DBD donors 
and ex situ NMP for DCD donors.

Whilst ex situ hypothermic heart perfusion is 
still under development [100], ex situ NMP has been 
implemented clinically. PROCEED II (NCT00855712) 
was a multicentre RCT that compared 67 standard 
criteria DBD heart transplants after ex situ NMP 
with SCS (n = 63) and reported similar outcomes in 
terms of 30-day patient/graft survival rates (94 % 
v� 97 %, p = 0.45) and cardiac-related severe adverse 
events (13 % v� 14 %, p = 0.90). Five hearts were not 
transplanted in the ex situ NMP group on the basis 
of lactate profile [101]. In a single-centre study (n = 26) 
from Harefield, ex situ NMP has been reported to 
facilitate transplantation of hearts not initially con-
sidered suitable for transplantation or to be used for 
higher-risk recipients with only one reported death 
(3.8 %) and preserved allograft function in 92 % of pa-
tients [102].

DCD heart transplantation has been one of the 
most important developments in recent years, with 
the potential to significantly increase the number of 
heart transplants undertaken and a significant reduc-
tion in waiting list mortality [103]. The first report of 
successful DCD heart transplantation using ex situ 
NMP was described in 2015 [41], and further case 
series of DCD heart transplants have followed [104, 
105]. At present, two methods for heart recovery are 
explored: direct procurement and perfusion (DPP), 
which requires a rapid cooling and procurement of 
the heart with collection of blood from the donor 
with which to prime the OCS system, and thoraco- 
abdominal NRP (TA-NRP).
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11.5.2.5. Lung transplantation
The key performance indicators following lung 

transplantation are graft utilisation, primary graft 
function v� primary graft dysfunction, unplanned 
extra corporeal membrane oxygenation support, graft 
survival and patient survival. The standard technique 
for lung preservation is still SCS in the vast majority 
of centres.

In lung transplantation there are two main 
systems that have been used for ex situ NMP. A 
number of devices, either fixed or portable, have 
been used in the clinical setting [106]. The Steen 
group (Lund, Sweden) described the first successful 
lung transplantation after ex situ NMP with six out 
of nine donor lungs that had initially been rejected 
for transplantation. The six recipients survived the 
first 3 months and four of the six were alive at 1 year 
[107]. After modification of Steen’s initial ex situ NMP 
protocol, a matched controlled study from Toronto 
of 20 high-risk lungs preserved with ex situ NMP 
compared to conventional risk SCS lungs (n = 116) 
reported no statistically significant difference in 
the primary endpoint of primary graft dysfunction 
72 h post-transplantation (15 % v� 30 %, p = 0.11); or 
secondary endpoints of 30-day mortality, bronchial 
complications, duration of mechanical ventilation, 
intensive care unit length of stay or hospital length 
of stay [108].

In a follow-up study, the ex situ NMP group 
(n = 50) was compared to an SCS group (n = 235) and 
the incidence of primary graft dysfunction grade 
3 at 72 h was lower (2 % v� 9 %, p = 0.14) with similar 
30-day mortality (4 % v� 3.5 %, p = 1.0), and 1-year sur-
vival (87 % v� 86 %, p = 1.0) [109]. In a further study 
from Toronto, patients transplanted with DCD lungs 
after ex situ NMP (n = 28) were compared to patients 
transplanted with DCD lungs after SCS (n = 27) and 
had similar patient survival (86 % v� 92 %, p = 0.68) but 
shorter hospital stay (median 18 v� 23 days, p = 0.047) 
and a shorter length of mechanical ventilation (2 v� 
3 days, p = 0.059) [110]. In a retrospective UK study 
from Harefield, lungs initially deemed unusable 
for transplantation (n = 13) underwent ex situ NMP 
(adapting the Toronto protocol) and 46 % (n = 6) were 
transplanted with 100 % survival at 3 months [111]. 
The reported conversion rate from ex situ NMP to 
transplantation is lower in the Harefield experience 
at 46 % compared to the Swedish (67 %) and Toronto 
(87 %) experience [111]. In a combined analysis of UK, 
Sweden and Toronto experience, only two deaths 
within 90 days were reported in over 65 ex situ NMP 
lung transplants [112].

NMP was performed in lungs initially con-
sidered unsuitable for transplantation (n = 32) and 

compared to SCS controls (n = 81) with similar rates 
of primary graft dysfunction after 72 h (9.5 % v� 8.5 %, 
p = 1), 30-day mortality (3.3 % v� 3.7 %, p = 0.69) and 
1-year survival (93 % v� 91 %, p = 0.8) [113]. In a single- 
centre RCT from Vienna standard criteria lungs were 
randomised to ex situ NMP (n = 39) or SCS (n = 41) 
with no significant difference in primary graft dys-
function (6 % v� 20 %, p = 0.10), need for post-operative 
prolonged extracorporeal membrane oxygenation 
(6 % v� 12 %, p = 0.44), 30-day survival (97 % v� 100 %, 
p = 0.46) or intubation time, intensive care stay and 
hospital stay. There was also loss of some standard 
criteria donor lungs due to technical issues during 
perfusion, making exposure of all donor lungs to ex 
situ NMP unattractive [114]. In the largest multicentre 
RCT (INSPIRE, NCT01630434) of EVNP (n = 151) 
compared to SCS (n = 169), a composite end-point of 
a 30-day patient survival (96 % v� 100 %) and the inci-
dence of primary graft dysfunction of grade 3 within 
72 h (18 % v� 30 %, p = 0·015) was not statistically sig-
nificantly different between the groups (70 % v� 79 %, 
p = 0.068). Patient survival at 1-year post-transplant 
was also similar (89 % v� 88 %) [115].

DEVELOP-UK was a multicentre (n = 5) obser-
vational study that assessed ex situ NMP in extended 
criteria lungs (53 assessed and 18 transplanted) in 
comparison to standard donor lungs (n = 184). The 
study was terminated early due to higher rate of very 
early grade 3 primary graft dysfunction (44 % v� 18 %) 
and a need for unplanned extracorporeal membrane 
oxygenation support (39 % v� 3 %) at increased cost 
(approximately £35 000 higher) in the ex situ NMP 
group. Survival at 30 days was similar (94 % v� 97 %) 
but by 12 months of follow-up the hazard ratio for mor-
tality in the ex situ NMP arm relative to the standard 
arm was 1.96 (95 % CI 0.83 to 4.67) [112]. The use of 
ex situ NMP in extended criteria donor lung trans-
plantation is still under evaluation in the EXPAND I 
(NCT01963780) [116] and II lung trials (NCT03343535), 
with preliminary data suggesting good donor lung 
utilisation [106]. Overall clinical outcomes of ex situ 
NMP treated lungs appear equivalent to SCS despite 
the use of ex situ NMP for lungs not initially consid-
ered suitable for transplantation [117-121].

11.6. Conclusion

Organ procurement and preservation techniques 
have seen a significant evolution over the last 

decade and adapted to the ever changing profile of 
the donor. The technical evolution was supported 
by rapid technological development allowing 
better preservation and the ability to evaluate the 
quality and function of the donated organ prior to 
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transplantation. The evolution of organ preservation 
continues at a very fast pace and is likely to have the 
greatest impact in the coming years in terms of in-
creasing organ utilisation and improving the func-
tion of the transplanted organs.

Research agenda

From the literature and discussion of the available 
evidence, several topics were identified for which 
evidence is inconsistent, insufficient or non-existent. 
For the benefit of patients undergoing transplant 
procedures, the authors of this guide recommend that 
future research, where possible in well-designed RCTs, 
should focus on these research gaps:
1 Define the role of ex situ machine perfusion and the 

optimal utilisation of perfusion technologies tailored 
to the individual donated organ

2 The role of single v. dual in situ cold perfusion in DCD 
donors

3 The benefit of ante mortem heparin administration 
and impact on organ utilisation and outcomes in 
DCD donors

4 The role of en bloc removal of liver and pancreas and 
impact on transplant function.
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Chapter 12. Donation after the circulatory determination of 
death (DCD)

12.1. Introduction

The majority of transplants from deceased organ 
donors use organs recovered from patients whose 

death has been declared on the basis of the irrevers-
ible cessation of neurological functions, i.e. donation 
after brain death (DBD). However, the shortage of 
organs for transplantation, along with technical de-
velopments leading to improved post-transplant out-
comes, has resulted in increasing interest in donation 
from persons whose death has been determined by 
circulatory criteria, i.e. donation after the circulatory 
determination of death (DCD).

The first attempt to classify DCD donors dates 
back to 1995, when the first International Workshop 
on what was then called ‘non-heart-beating dona-
tion’ took place in Maastricht (Netherlands) [1]. DCD 
donors were classified in one of four categories, de-
pending on the circumstances of the cardiac arrest 
(CA) preceding death. The Maastricht classification 
was updated at a dedicated conference held in Paris 
(France) in February 2013 (Table 12.1) and now in-
cludes the following categories [2]: 

1. Category I:  Donation from persons who have 
suffered a CA and in whom cardiopulmonary 
resuscitation (CPR) has not been attempted 
for various reasons. This is nowadays only 
compatible with tissue donation.

2. Category II:  Donation from persons who have 
been declared dead following an unexpected 
CA and in whom CPR has been exhausted 
and deemed unsuccessful by the attending 

team. This type of donation includes two 
subcategories: 

i. Category IIa:  The CA has occurred out of hos-
pital. The moment of loss of consciousness, 
or that of loss of pulse, has been documented 
and the duration of the CA can be estimated. 
Emergency services have attempted to resusci-
tate the patient, but according to international 
standards (American Heart Association, Euro-
pean Resuscitation Council and International 
Liaison Committee on Resuscitation [3-5]), CA 
has been deemed irreversible.

ii. Category IIb:  The CA has occurred in a hos-
pitalised patient (e.g. emergency room, hospi-
tal ward), with otherwise similar settings to 
category IIa. Organ donation is often unlikely 
due to the patient’s advanced age and/or co- 
morbidities.

3. Category III:  Donation from patients in whom 
CA is expected to occur following the planned 
withdrawal of life-sustaining therapy (WLST) 
because this is no longer in the best interests of 
the critically ill patient.

4. Category IV:  Donation from patients who meet 
brain death criteria and have suffered a CA. 
In the original Maastricht classification, this 
category referred to unrecovered CA derived 
from the haemodynamic instability inherent to 
the brain death condition, which still allowed 
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the activation of a DCD procedure. This is 
a rare type of donation, because adequate 
intensive care treatment is usually able to 
prevent such events (see Chapter 5). However, 
category IV also refers to donation after a 
CA that follows a planned withdrawal of 
mechanical ventilation and organ support in a 
patient who has been diagnosed as brain dead 
but where the DBD pathway cannot proceed 
for a variety of reasons (e.g. when the family 
wishes to be with the donor at the time of the 
cessation of the heartbeat or in countries where 
DBD is culturally difficult to accept).

Categories II and III are the most common 
types of DCD. Because in Category II the CA causing 
the death of the individual occurs in a non-moni-
tored setting, this chapter uses the term ‘uncontrolled 
DCD’ (uDCD) to refer to donation from persons de-
clared dead following unsuccessful CPR. Similarly, 
since in Category III the CA is anticipated and occurs 
in controlled and monitored circumstances, the term 
‘controlled DCD’ (cDCD) is used to refer to donation 
from persons declared dead following the planned 
WLST. Category IV DCD is practised mainly in 
China in cases where the patient is confirmed brain 
dead and the withdrawal of ongoing organ support is 
undertaken in a planned fashion.

Finally, cDCD can also follow euthanasia 
(known in Canada as medical assistance in dying, 
MAID) in countries where such practices are legal 
and, for the purposes of this chapter, is classified as 
Category V DCD.

Note that cDCD and uDCD donors can also 
be classified as possible, potential, eligible, actual or 
utilised DCD donors, depending on the stage of the 

process of donation, as specified in Chapter 2 (see 
§2.3).

Although DCD now represents 20 % of de-
ceased donors reported globally [6] it is so far prac-
tised in only a minority of countries [7, 8]. Legal and 
ethical issues, lack of technical expertise or organi-
sational capability, and a lack of professional confi-
dence in the outcome of transplantation with organs 
obtained from DCD donors [7] are the main obstacles 
that preclude the development of DCD programmes 
in other jurisdictions. The implementation of DCD is 
increasing in Europe. Today, 12 European countries 
have cDCD and 14 countries uDCD programmes, 
the two types co-existing in eight countries [7] 
(Table 12.2). The fact that countries have focused on 
one specific type of DCD may be related to different 
legislations, ethical concerns, end-of-life practices 
(with WLST based on futility being a limited practice 
in some settings) and organisational approaches to 
the treatment of out-of-hospital CA.

In Belgium, Canada and the Netherlands, 
cDCD is also possible after euthanasia (known as 
MAID in Canada). Other parts of the world are also 
planning to introduce legislation to allow this prac-
tice. This needs to take place in a hospital and a thor-
ough evaluation of the motives for euthanasia and 
MAID must take place according to national proto-
cols or guidance [9-11]. Countries engaging in these 
activities need to discuss various legal and logistical 
issues, such as the hospital admission of the patient, 
identifying the doctor responsible for the individual, 
and how and by whom death is determined, among 
others.

Realising the full potential of DCD can make 
significant contributions to further expanding 
the deceased organ donor pool [12]. DCD must be 

Table 12.1. Maastricht classification of DCD donors, as modified in Paris (February 2013), with new Category V (added 
for this chapter)

Maastricht Category and type of DCD Observations

I:  Found dead (uncontrolled)
I a out of hospital
I b in hospital

Sudden unexpected cardiac arrest, with no attempt at resus-
citation by a medical team.

II:  Witnessed cardiac arrest (uncontrolled)
II a out of hospital
II b in hospital

Sudden unexpected irreversible cardiac arrest, with unsuc-
cessful attempt at resuscitation by a medical team

III:  Withdrawal of life-sustaining therapy*
(controlled DCD)

Planned, expected cardiac arrest, following the withdrawal of 
life-sustaining therapy

IV:  Cardiac arrest while brain dead (uncontrolled or controlled) Sudden or planned cardiac arrest after brain death diagnosis 
process, but before organ recovery

V:  Cardiac arrest after euthanasia† Anticipated cardiac arrest following euthanasia or medically 
assisted dying

* This category mainly refers to the decision to withdraw life-sustaining therapies.
† This is not a Maastricht category, but legislation in some countries allows euthanasia. Death is anticipated but, unlike Category III, 
death does not follow WLST and this is therefore classified as an additional category (Category V).
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grounded on a robust regulatory framework. Legisla-
tion enabling this activity should be issued. National 
protocols or guidelines should be available, and a 
continuous evaluation of activities and results should 
be undertaken by health authorities. All European 
countries currently practising DCD have legal and/
or professional guidance regulating the practice of 
DCD [7]

This chapter provides an overview of the 
process of uDCD and cDCD, highlighting factors 
for success at each step of the different processes, 
provided that this activity is possible within a given 
jurisdiction.

12.2. Uncontrolled donation after 
circulatory determination of 
death

UDCD refers to donation from persons whose 
death has occurred following an unexpected 

CA and who have not been successfully resuscitated. 
Although this type of donation can substantially in-
crease the potential donor pool [13], uDCD is prac-
tised in only a few countries which have been able 
to overcome the different legal, ethical and logistical 
obstacles related to this type of donation [14]. France, 
Russia and Spain have the largest experience with 
uDCD [7].

Good long-term kidney graft survival has been 
reported from uDCD procedures, although an in-
creased incidence of delayed graft function (DGF) 
and early graft failure have been described in com-
parison with ideal DBD kidneys [15-20]. These results 
can be improved by the use of in situ normothermic 
regional perfusion (NRP) [19-21]. The role of ex 
situ machine perfusion is still to be elucidated [22-
24]. The most recent data suggest that patients who 
receive DCD donor kidneys show better post-trans-
plant outcomes with grafts obtained from cDCD in 
comparison to uDCD donors [7].

Although the use of NRP has also led to prom-
ising results in liver transplantation from uDCD 
donors, these results are still mixed and not con-
sistently similar to the results of livers from DBD 
donors, mainly due to a higher incidence of primary 
graft dysfunction, non-function and biliary com-
plications [25-33];  uDCD liver transplantation has 
also been associated with severe haemodynamic 
and coagulation abnormalities requiring a proactive 
recipient- management strategy to avoid catastrophic 
consequences [34]. There is still limited experience in 
uDCD lung transplantation;  however, the reported 
results are encouraging [35-40].

Category IIa uDCD donors can yield good-
quality organs when strict selection criteria are 
applied;  uDCD donors may have been individuals 
with a healthy lifestyle until their sudden death. They 
have a low risk of nosocomial infection because they 
have not been previously admitted into an intensive 
care unit (ICU). Importantly, uDCD donors have not 
been exposed to the systemic organ injury caused by 
brain death (see Chapter 5). Counterbalancing these 
positive considerations, organs from uDCD donors 
are subject to the damaging effect of warm ischaemia. 
There is also the risk of being unable to obtain a de-
tailed medical history within the short time frame 
provided by uDCD procedures. The process of do-
nation in this setting should be designed not only 
to minimise the duration of warm ischaemia and 
its impact on organ viability, but also to ensure the 
highest possible safety of the donated organs [41].

The key steps in the process of uDCD, particu-
larly of category IIa, are represented in Figure 12.1, 
and summarised in the rest of this section (§12.2) 
below [15]. Technically, the IIb process is identical 
to the IIa process, except for the absence of an out-
of-hospital stage and the step of donor transfer. The 
complementary Figure 12.2 outlines the limits of 
warm ischaemia time (WIT) and cold ischaemia time 
(CIT).

12.2.1. Identification and referral of potential 
donors

There must be no perception of a conflict of in-
terest between decisions to stop CPR or to apply ad-
vanced resuscitation techniques of life support such 
as extracorporeal cardiopulmonary resuscitation 
(ECLS), also known as extracorporeal membrane 
oxygenation, where available, and consideration of 
the suitability of the patient as a potential uDCD 
donor [42]. Programmes that integrate ECLS and 
uDCD help to formalise the pathway to uDCD re-
ferral in patients who are not eligible for ECLS [43].

Potential uDCD donors are persons with a doc-
umented CA in whom advanced CPR has been ex-
hausted in accordance with international standards 
and deemed unsuccessful by the attending team – this 
will also include novel advanced CPR techniques if 
these are components of specific local CPR protocols 
[3-5, 42]. Potential donors should be medically suit-
able on the basis of similar criteria to those applied in 
DBD. In addition, some specific selection criteria need 
to be met (see Table 12.3) and there are limitations to 
the time interval between CA and the initiation of in 
situ preservation strategies, traditionally referred to as 
duration of total WIT (see Figure 12.2).
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Table 12.2. Donation and transplant activity in Europe, 2008-16 [7]

DCD donors (n) 
2008-2016

DCD 
donors 

(n) 2008-
2016

% DCD 
donors 

over total 
deceased 

donors 
2008-
2016

Transplants from DCD donors (n) 2008-2016*

uDCD cDCD Kidney Liver Lung Pancreas Heart Total

Austria 14 20 34 1.9 % 63 5 4 0 0 72

Belgium 16 633 649 23.7 % 870 440 326 37 0 1 673

Czech Republic 0 23 23 1.2 % 40 1 0 0 0 41

France 457 62 519 3.5 % 716 48 0 0 0 764

Ireland — 21 21 3.0 % 42 0 3 0 0 45

Israel 8 — 8 1.2 % 11 0 0 0 0 11

Italy 29 9 38 0.3 % 45 14 4 0 0 63

Latvia 115 — 115 37.6 % 71 0 0 0 0 71

Lithuania 2 — 2 0.5 % 3 0 0 0 0 3

Netherlands 47 1 048 1 095 49.1% 1 785 336 418 29 0 2 568

Norway — 10 10 1.0 % 18 4 0 0 0 22

Poland 10 — 10 0.2 % 18 0 0 0 0 18

Portugal 10 — 10 0.4 % 12 0 0 0 0 12

Russia 1 280 0 1 280 32.1% 2 171 0 0 0 0 2 171

Spain 997 757 1 754 11.5 % 2 348 339 164 3 0 2 854

Switzerland 1 70 71 7.3 % 96 45 21 3 0 165

United 
Kingdom

3 4 060 4 063 39.1% 6 630 1 268 441 401 32 8 772

Total 2 989 6 713 9 702 12.7 % 14 939 2 500 1 381 473 32 19 325

*Transplants performed with organs obtained from DCD donors within the country.
cDCD:  Controlled donation after circulatory death;  DCD:  Donation after circulatory death;  uDCD:  uncontrolled donation after 
circulatory death

Table 12.3. Standard selection criteria for uDCD donors

Advanced CPR started within a maximum of 15 min of the 
witnessed loss of consciousness or cardiac arrest (some pro-
grammes accept a maximum of 30 min for kidney donation).

Age between 18 and 60 years (some programmes accept 
donation from donors outside this age range).

Cause of death known (or suspected). Potential donors who 
die in circumstances that may interfere with judicial inves-
tigations should still be considered after consultation and 
agreement of the competent judicial authority.

No exsanguinating lesions from chest or abdominal 
wounds.

Normal external appearance (e.g. persons with signs of 
high-risk practices such as parenteral drug addiction should 
not usually be selected as potential donors).

Time between cardiac arrest and start of in situ preservation 
should be less than 150 min.

CPR:  Cardio-pulmonary resuscitation.

When an individual suddenly suffers a CA on 
the street or at home, the sequence of events – after 
alerting the emergency services – should be as follows: 

a� CA is assessed, and advanced CPR measures 
are initiated with the sole objective of saving 
the patient’s life.

b� The time of CA is recorded according to the 
reports of witnesses.

c� If by at least 30 min after the initiation of ad-
vanced CPR measures in a non-hypothermic 
patient, attempts to achieve restoration of 
spontaneous circulation fail (according to the 
current American Heart Association, Euro-
pean Resuscitation Council and International 
Liaison Committee on Resuscitation guide-
lines and national/regional legislation), then 
resuscitation attempts can be considered un-
successful and the individual can then be as-
sessed as a potential uDCD donor based on 
the general and specific selection criteria for 
uDCD detailed in Table 12.3.

d� In some countries (e.g. Spain and France), pa-
tients whose out-of-hospital CA was followed 
by an unsuccessful attempt at resuscitation can 
be transferred to the hospital with the purpose 
of enabling organ donation. Both countries 
have active physician-led emergency medical 
services, and the potential of uDCD can be con-
sidered once advanced CPR has been declared 
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unsuccessful in the out-of-hospital setting and 
the patient does not meet criteria for an ECLS 
protocol (where available). The patient is then 
kept mechanically ventilated and external 
cardiac compression continues, but without 
further drug administration, since advanced 
CPR for resuscitative purposes has been ex-
hausted. The team in charge of advanced CPR 
contacts the receiving hospital to provide in-
formation about the potential donor transfer 
and activation of the uDCD procedure. The 
hospital is informed about the estimated time 
of arrival. The hospital staff prepare to receive 
the potential donor. Simultaneously, the sur-
gical team starts to prepare for the initiation of 
in situ preservation measures.

e� In other programmes (e.g. in the Netherlands), 
with paramedic-led emergency medical ser-
vices, the possibility of uDCD in the setting 
of an irreversible CA is considered exclusively 
when such irreversibility has been determined 
in the in-hospital setting, limiting the activa-
tions to patients with a CA who are transferred 
to the hospital in anticipation of a therapeutic 

intervention. However, the sequence of events 
described above does not vary substantially.

For further information on the identification of 
uDCD donors, see Chapter 2.

12.2.2. Donor transfer

The transfer to hospital of a person with an ir-
reversible CA for the purpose of considering organ 
donation should be carried out by the emergency 
medical services. Transfer of the potential uDCD 
donor is performed in an intensive care mobile unit 
maintaining the lines, but with no drug administra-
tion (no vaso-active drugs, no adrenaline, no anti- 
arrhythmics). As soon as the irreversibility of the CA 
under current international resuscitation guidelines 
has been declared, and if ECLS is not indicated where 
protocols are implemented, any kind of life support is 
considered futile. Cardiac compression and mechan-
ical ventilation are maintained for the sole purpose 
of ensuring organ viability, until definitive organ- 
preservation measures can be initiated in the hospital.

Figure 12.1. The key steps in the process of uncontrolled donation after circulatory death

Organ recoveryDeath determination PreservationPotential donor 
identication and referral Potential donor transfer

Donor and organ evaluation

Consent and authorisation

Figure 12.2. Process of uncontrolled donation after circulatory death, specifying limits of warm and cold 
ischaemia time
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When normothermic 
regional perfusion is used 
before cold perfusion, 
warm ischaemia time ends 
with the start of regional 
perfusion and cold 
ischaemia time starts with 
the start of cold perfusion.

Note:  The most commonly adopted no-touch period is 5 mins, but it may be different in some jurisdictions.
CPR:  cardio-pulmonary resuscitation.
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Chest compression, performed either manually 
or with mechanical devices, is allowed in existing 
programmes. Although there is no evidence that 
organ viability is improved with the use of mechan-
ical devices, the quality of the chest compression has 
been shown to be better than with manual chest com-
pression [38].

If needed, the out-of-hospital emergency service 
may require the support of the police or other agen-
cies during donor transfer for swift transportation.

Complete information about the quality of 
these manoeuvres for preservation purposes is desir-
able. If possible, values of end-tidal CO2, pH at the be-
ginning and during transfer, lactic acid, etc., must be 
recorded. This will be helpful for the transplant team 
when they later assess the quality of the preservation 
measures and of the organs to be used for transplan-
tation purposes.

12.2.3. Determination of death

Existing programmes of uDCD base the deter-
mination of death on two prerequisites:  an exhausted 
advanced CPR as described in international stand-
ards (including at least 30 min of advanced CPR);  and 
cessation of spontaneous circulation (absence of elec-
trical activity on ECG, absence of aortic flow on the 
echocardiogram or absence of pulse) for a minimum 
observation period that varies from country to 
country, although 5 min is most common time in-
terval recommended in clinical practice. These cri-
teria for the determination of death differ from the 
standards developed in countries focused on cDCD, 
where the permanent cessation of circulation (‘will 
not return’) is used as a surrogate for the irreversible 
cessation of circulation (‘cannot return’) for the diag-
nosis of death [44-47]. The difference is that, in uDCD, 
CPR has been applied and is unsuccessful, whereas 
in cDCD there is a cessation of supportive therapy. 
These different approaches to the determination of 
death have been discussed internationally [48-51].

Death by circulatory criteria should be con-
firmed by professional(s) who are not part of the re-
trieval or transplantation team. In practice, this is 
usually done by the team taking over the CPR ma-
noeuvres for patients transferred from the out-of-hos-
pital setting. Hence, even if CPR has been considered 
unsuccessful in the street, death is determined in the 
hospital.

Figure 12.3. Regional perfusion circuit and heat 
exchanger with a vascular catheter incorporating 
an aortic endoclamp placed in correct position to 
establish hypothermic or normothermic regional 
perfusion
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12.2.4. In situ preservation and organ recovery

Once death has been determined and certi-
fied, existing programmes vary in their approaches 
to maintaining organ viability. In some countries, 
cardiac compression and mechanical ventilation are 
recommenced until the donor is transferred to the 
operating room where definitive in situ preservation 
manoeuvres are established. In other countries, re-
sumption of cardiac compression and mechanical 
ventilation is avoided [14, 20, 41]. If cardiac compres-
sion and mechanical ventilation are restarted after 
death is confirmed, it is also recommended that a 
bolus of sodium heparin 500 IU/kg be administered 
before in situ preservation strategies are initiated. 
Other anticoagulant strategies are currently being 
explored but there are no data to support their benefit.
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Figure 12.4. In situ cooling preservation of kidneys 
with the double-balloon triple-lumen catheter 
technique
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12.2.4.1. Abdominal preservation procedure
There are two different strategies for the in situ 

preservation of abdominal organs in uDCD:  hypo-
thermic regional perfusion (HRP) or NRP, based on 
the use of ECMO devices;  and the in situ cooling of 
organs. The two procedures are described below.

12.2.4.1.1. Hypothermic or normothermic regional 
perfusion

This procedure, establishing a femoro–femoral 
bypass extracorporeal circulation with membrane 
oxygenation, entails the following processes (see 
Figure 12.3): 

a� Cannulating the femoral vein and artery of one 
leg for the connection to an extracorporeal cir-
culation system, which includes a membrane 
oxygenator and temperature exchanger.

b� Introducing an endo-aortic balloon into the 
descending thoracic aorta, via the contralateral 
femoral artery, to restrict preservation to the 
abdominal cavity.

c� Simultaneously introducing the prime solution 
and premedication in the extracorporeal cir-

culation pump. This should be finished before 
cannulation is completed.

d� Inflating the endo-aortic balloon before estab-
lishing HRP or NRP, once the correct position 
of this catheter has been checked radiologically.

The maximum duration of HRP or NRP in 
uDCD procedures has been established empirically 
at 240 min in most of the existing programmes. This 
is now supported by experimental evidence [52]. If 
liver donation is planned, NRP should be established, 
rather than HRP. If lung donation is planned, HRP is 
preferred, to avoid warming the thoracic cavity. Dual 
temperature – HRP for thoracic organs and NRP for 
abdominal organs – is feasible, allowing more organs 
to be recovered, but there is limited information on 
the results of lung and liver transplants using this 
strategy [37, 53]. The available evidence suggests that 
kidneys can be recovered using both HRP or NRP.

In situ preservation manoeuvres based on HRP 
or NRP should be discontinued in the following 
situations: 

• When the necessary consent and authorisation 
requirements for organ recovery have not been 
obtained.

• If, after 240 min of HRP or NRP, the necessary 
requisites for organ recovery (i.e. consent and 
authorisation) have not been fulfilled.

12.2.4.1.2. In situ cooling preservation with the 
double-balloon triple-lumen catheter

This method uses a double-balloon catheter 
that is placed in the aorta, with one of the balloons 
inflated above the diaphragm (above the level of the 
renal arteries) and the other balloon inflated at the 
aortic bifurcation (see Figure 12.4). The renal vas-
cular tree is exsanguinated and then perfused with 
a high-flow preservation solution at 4 °C. In this 
way, kidneys can be obtained for transplantation 
within 2 h. This method does not allow recovery of 
the liver for transplantation with acceptable results, 
but it is compatible with lung donation. Once pre-
served through any of the methods described above, 
kidneys and/or liver are recovered using the usual 
surgical techniques. From this moment on, there is 
no difference from organ recovery in the DBD setting 
(see Chapter 11). The cold ischaemia time should be 
minimised as much as possible.

In situ cooling of uDCD donor kidneys has 
yielded acceptable results, but has been associated 
with an increased risk of PNF and DGF compared 
with HRP/NRP, and it is not deemed an acceptable 
strategy for uDCD livers, where NRP is considered 
critical [20-22]. With the use of NRP and highly se-
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lected donors and recipients, promising results have 
been obtained in uDCD livers, although inferior to 
those obtained with DBD livers [26-28, 30, 54].

A study from Nantes and Angers in France 
compared NRP (n = 19) with SCS (n = 31) in kidneys 
from Maastricht category II uncontrolled DCD 
donors. All kidneys underwent HMP for at least 
2 hours following NRP. PNF as well as patient and 
graft survival rates did not differ between the groups. 
However, the use of NRP was associated with a sig-
nificantly lower risk of DGF compared to SCS (53 % 
versus 81 %, p = 0.036), which persisted in multivar-
iate models (adjusted OR = 0.17, 95 % CI 0.03-0.87, 
p = 0.034). Furthermore, the use of NRP was the only 
significant factor associated with a likelihood of an 
estimated glomerular filtration rate (eGFR) > 40 mL/
min/1.73 m2 at year 1 post‐transplantation (adjusted 
OR = 3.68, 95 % CI 1.06-12.8, p = 0.04) [17, 55].

In Russia, sub-hypothermic (27-32°C) re-
gional perfusion that includes leukodepletion and 
thrombolysis has been started at up to 60 minutes of 
no-touch period and achieves kidney transplant out-
comes similar to those from DBD donors [56].

12.2.4.2. Lung preservation procedure
Lung recovery and transplantation has been 

successfully developed in experienced uDCD pro-
grammes. There is a specific method to preserve the 
lungs of uDCD donors, based on topical cooling, de-
veloped in Spain [35-36]. Currently, dual preservation 
(cooling up above the diaphragm and normothermia 
below the diaphragm) is possible, although expe-
rience is still preliminary [37, 40]. Further work is 
needed to develop the optimal conditions to enable 
the concomitant recovery of abdominal and thoracic 
organs. Lungs are preserved as follows: 

a� A 300 mL volume of venous blood is collected 
into a heparinised bag via the venous cannula, 
prior to starting the pump.

b� A bronchoscopy is performed in the operating 
room and ventilation is stopped when the po-
tential donor is placed on the extracorporeal 
circuit and the endo-aortic balloon is inflated.

c� Two anterior pleural drainage tubes are intro-
duced (2nd intercostal space, mid- clavicular 
line) and instilled with preservation solution 
at 4 °C, until the pleural cavities are completely 
filled and the lungs collapse (5-6 L per hemi-
thorax). Two additional tubes may be placed 
at the 5th intercostal space, mid-axillary line, 
to allow the perfusion solution to recircu-
late through the heat exchanger to maintain a 
lower preservation temperature of the lungs. A 

maximum time of 3 h is allowed before initi-
ating lung recovery.

d� Thoracic temperature must be monitored 
through an oesophageal probe.

Usually, this method allows temperature to 
remain stable between 10 °C and 15 °C, which is excel-
lent to preserve lungs until recovery.

Once lungs are preserved and consent/author-
isation has been obtained, the recovery procedure 
follows as described below: 

a� The pleural cavities are drained and ventila-
tion is restarted with FiO2 1.0 and positive end- 
expiratory pressure (PEEP) + 5 cmH2O. As the 
lungs are cooled, initial ventilation is applied 
with a low respiratory rate and tidal volume of 
3 mL/kg in order to avoid vessel damage;  the 
tidal volume is later increased slightly. Once 
normal ventilation has been established, the 
thoracic surgeon performs a bronchoscopic 
evaluation and assesses the compliance on 
the ventilator. Macroscopic evaluation is then 
carried out, noting the appearance and weight 
of the lungs before performing the so-called 
collapse test by disconnecting the endotracheal 
tube from the ventilator. The pulmonary artery 
is cannulated so that the lungs can be flushed 
until the effluent from an incision in the left 
atrium is clear.

b� The lungs are then perfused with the venous 
blood withdrawn previously from the donor 
via the pulmonary artery. At this point, blood 
samples are taken from each pulmonary vein 
(from the left auricle) for blood-gas determina-
tion (pvO2) while ventilating with FiO2 1.0 and 
PEEP +5 cmH2O. Each lung is assessed sepa-
rately, testing the blood samples from each vein. 
The intrathoracic temperature is determined 
using a disposable oesophageal probe for tem-
perature correction of the pvO2/FiO2 ratio.

c� The lungs are considered suitable for trans-
plant if adequate oxygenation can be observed. 
This is defined as a difference (gradient) of pO2 
greater than 350 mmHg between pulmonary 
artery (paO2) and pulmonary vein (pvO2).

d� The recovery of lungs is performed as in the 
DBD setting, with a similar surgical technique, 
through a medial sternotomy.

In Canada, a technique of retrieving lungs up 
to 3 hours after unsuccessful resuscitation without 
the need for topical cooling has been developed. It in-
volves prone positioning and the application of con-
tinuous positive airway pressure (CPAP) to re-inflate 
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the lungs and keep them inflated until retrieval 
followed by ex situ lung perfusion for further eval-
uation [57]. Recently a new technique for providing 
the optimal conditions to enable the concomitant re-
covery of abdominal organs and the lungs, without 
the requirement for cooling the lungs, has been de-
scribed for cDCD in Italy [58].

12.2.5. Consent and authorisation process

The process of obtaining consent to organ 
recovery (and preservation where appropriate) in 
uDCD must be adapted to the legislation and prac-
tice applicable in a given jurisdiction, including the 
type of consent system in place (see Chapter 4) [14].

In countries with opt-out legislation (presumed/
deemed consent), establishing consent is focused on 
establishing the lack of any expressed objections to 
organ donation during the potential donor’s lifetime. 
For this purpose, relatives are interviewed and ex-
isting registers are consulted. However, donation is 
facilitated by the existing legal framework. In uDCD, 
consent may be obtained at different time points 
along the process:  as soon as the irreversibility of the 
cardiac arrest is established by the emergency service, 
or when in situ preservation measures have started. 
Organ recovery must never proceed before consent 
is obtained.

In countries with an opt-in system, the practice 
is to assess whether the person has expressed a choice 
about organ donation. The national registry must be 
consulted to assess the person’s wishes. In uDCD, the 
registry may be consulted as soon as the emergency 
service announces that a potential donor is being 
transferred to the hospital. In cases of any registered 
objection to donation, the process is stopped. If no 
objection to donation is identified, in situ preserva-
tion measures after death can commence, even if the 
family has not been consulted yet. If positive consent 
is identified, organ recovery can be continued after 
the family has been informed. If the patient’s wishes 
are unknown, the family will be asked to give per-
mission. Organ recovery is not continued if the 
family opposes it or if the family interview cannot 
be held within the first 2 h following the initiation of 
preservation measures.

12.2.5.1. Family interview
Communication with the family is particu-

larly challenging in uDCD. While death confirmed 
using circulatory criteria is easier for a family to un-
derstand than brain death, the unexpected nature of 
the CA makes the circumstances distressing for the 
relatives and professionals.

Families are faced with the completely unex-
pected death of their loved one and soon afterwards 
are asked to consider the option of donation. Trans-
parency in communication is paramount during the 
entire process, but the information should be pro-
vided progressively and in a manner adapted to the 
emotional and other needs of the family [59-60].

The family interview is dealt with as an inter-
vention in a moment of crisis and seeks to resolve the 
problems that arise in such stressful circumstances. 
People in crisis often feel unable to deal with the sit-
uation. Well-administered support can help manage 
these feelings and help the person make a decision. It 
must be accepted that, at this moment, distress and 
lack of information are the greatest difficulties to 
overcome. Through ‘active listening’ and ‘an offer of 
help’, the interviewer seeks to generate a relationship 
with space for an exchange of information and for 
thinking about the idea of organ donation, helping 
the family to make an informed decision.

The family must be accompanied and sup-
ported from the moment they reach the hospital. If 
the family were present at the moment of death, as in 
the case of a sudden death at home, the out-of- hospital 
emergency service must evaluate the possibility of in-
forming the family there and then about the possi-
bility of organ donation. This is not always possible, 
because often there is no relative near the potential 
donor or the situation does not allow presentation of 
complex information. The donor co- ordinator must 
offer the family a quiet and isolated environment to 
give them privacy and comfort. The whole informa-
tion process must be transparent, and any questions 
the family has about the death of their relative must 
be answered.

Once consent has been given, a follow-up 
period is established in which the needs of the donor’s 
family can be periodically attended to.

For further information on the family inter-
view, see Chapter 4.

12.2.5.2. Judicial authorisation
uDCD donors are frequently within the scope 

of a judicial or forensic medical investigation if death 
has occurred in the context of a traffic or occupational 
accident or if the cause of the CA is unclear. Insur-
ance policies need to be attended to and a crime inci-
dent has to be ruled out. Given the time constraints of 
the uDCD process, a procedure should be established 
for judicial/coroner authorisation in order to proceed 
with in situ preservation manoeuvres and organ re-
covery in this setting.
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12.2.6. Continuous evaluation

Evaluation and validation of uDCD donors is 
done according to general inclusion criteria for organ 
donation, along with the specific selection criteria 
for each organ (see Chapter 6 and Chapter 7). Addi-
tionally, criteria specific to uDCD must be taken into 
account, as summarised in Table 12.3. As in DBD, 
donor and organ evaluation are based on a review 
of the past and present medical history and the pres-
ence of high-risk behaviours in the potential uDCD 
donor, as well as a physical examination and comple-
mentary tests. Available medical records and charts 
must be carefully reviewed. A dedicated and guided 
interview with the relatives should always take place 
for assessment of the donor’s suitability.

Donor evaluation can be facilitated by the 
out-of-hospital emergency service in several ways. 
Usually, blood samples are taken once death has been 
determined. However, potential uDCD donors are 
frequently haemodiluted when CA occurs outside the 
hospital environment and is followed by transfer to 
hospital. To ensure that non-haemodiluted samples 
are available for donor evaluation, e.g. serology, 
some programmes have incorporated into the out-of- 
hospital emergency service protocol the recovery of 
blood samples once the uDCD procedure is activated. 
These early samples are also of value when potential 
donors have exsanguinating lesions, preserving the 
option of lung donation.

12.2.7. Organ-specific evaluation criteria (see 
also Chapter 7).

12.2.7.1. Kidney evaluation criteria
For kidneys, the history of the donor is the 

cornerstone of the consideration of donation. Of 
course a history of renal disease is a formal con-
traindication for donation (for more information on 
organ-specific contra-indications, see Chapter 7). Bi-
ochemical determination at arrival, mainly values of 
serum creatinine and urea, can help in the decision 
regarding kidney donation. Ex situ hypothermic non- 
oxygenated pulsatile preservation of kidneys is today 
used in many uDCD programmes. When using pul-
satile machine preservation, a resistance index below 
0.4 mmHg/mL/min/100 g and a flow above 70 mL/
min are indicative for using the kidneys. This resist-
ance index must be considered together with other 
kidney validation criteria, including biochemical, 
anatomical and histological assessments.

12.2.7.2. Liver evaluation criteria
The liver is very sensitive to ischaemia and is 

the most difficult organ to recover in uDCD. NRP 

may facilitate ischaemic preconditioning of organs, 
and also allows assessment of the evolution of liver 
enzymes – alanine transaminase (ALT) and aspar-
tate transaminase (AST) – as a marker of organ injury. 
The initial Spanish experience suggested that during 
abdominal NRP a pump flow greater than 1.7 L/min 
combined with ALT/AST levels below three times the 
upper normal values at the beginning of NRP, and 
less than four times the upper normal value at the 
end of NRP, were indicators that the liver could be 
recovered and successfully transplanted [28].

There are some ex situ devices for liver preser-
vation, but at present there is not enough evidence 
to establish markers or monitoring values to help de-
cisions regarding liver viability in uDCD. Validation 
should be based on general and specific selection pa-
rameters, as well as on macroscopic evaluation of the 
organ and histology.

12.2.7.3. Lung evaluation criteria
For lung validation, the orotracheal tube must 

be clear of blood and purulent secretions on ad-
mission to hospital and there must be no evidence 
of bronchial aspiration. Chest X-ray must be clear, 
with no mass or infiltrates. Validation of lungs from 
uDCD donors based on gas exchange has been sum-
marised in section 12.2.4.2. There are devices available 
to preserve lungs ex situ, assessing their capability of 
oxy genation and preserving organs through a longer 
cold ischaemia period. An appropriate gas exchange 
should be confirmed.

There is no experience with the transplantation 
of other organs in the uDCD setting. Special consid-
eration must be given to the potential of uDCD pro-
grammes to contribute to tissue donation.

12.3. Controlled donation after 
circulatory determination of 
death

In cDCD, CA occurs following a planned WLST 
after it has been determined and documented 

that continuing invasive organ support is no longer 
in the best interests of a critically ill patient and in 
accordance with the patient’s personal preferences 
and values [61]. Unlike uDCD, in cDCD the CA is 
anticipated and expected, which allows the donation 
procedure to be planned. cDCD can therefore take 
place in any hospital that has an ICU and facilities for 
surgery. Unlike uDCD, in cDCD the patient is still 
alive while the donation process is being organised. 
Clear and robust policies supported by professional 
bodies and by legislation are required to ensure that 
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best practices in end-of-life and palliative care can 
continue to be provided at a time when interven-
tions to minimise warm ischaemia are also being 
considered and implemented. Healthcare staff can 
be particularly uncomfortable in this scenario where 
end-of-life care and donor care in effect overlap. The 
challenge in the practice of cDCD is not only to iden-
tify patients suitable as potential donors, but also to 
support and maintain the trust of grieving families 
and the wider society, and to decide how best to 
minimise the consequences of warm ischaemia in 
a fashion that is professionally, ethically and legally 
acceptable.

In countries practising cDCD, these donors 
have become an increasingly important source of 
organs for transplantation [7]. (see Table 12.2 and 
Chapter 1, Figure 1.1). The potential for cDCD varies 
between countries, with the biggest determinant 
being the frequency of decisions in favour of WLST 
in critically ill patients. The Ethicus study, conducted 
at the beginning of this century, highlighted the vari-
ation in end-of-life care practices across Europe, with 
WLST being decided nearly three times more fre-
quently in northern European countries, such as the 
Netherlands and the United Kingdom, as in southern 
European countries, such as Italy and Spain [62]. It 
also found that the incidence of brain death was 
nearly four times more frequent in these southern 
countries than in the northern European countries. 
The Ethicus study has been recently repeated. Al-
though variations in end-of-life care practices persist 
across European regions, it seems that withholding 
and withdrawing life-sustaining treatments are be-
coming more frequent, including in southern coun-
tries [63].

It is not just the frequency of WLST that makes 
a difference to donation practices, but also the timing 
of that decision after ICU admission. It is accepted 
that DBD is the preferred deceased organ donation 
pathway because more organs are utilised, including 
more cardiothoracic organs than from cDCD donors 
[7]. Early WLST means that some patients with cat-
astrophic brain injuries will not deteriorate to brain 
death, precluding the potential for DBD. DBD donors 
are not being lost by the introduction of cDCD pro-
grammes [64]. However, one study estimated that up 
to 30 % of actual cDCD donors had the potential to 
progress to brain death and DBD if the WLST had 
been delayed by a further 36 h, an intervention that 
needs professional and family support [65]. This also 
highlights how changes to end-of-life care practices, 
within an appropriate legal and ethical framework, 
have the potential to improve organ donation. In 
countries where this is relevant, the issue of early 

WLST can be addressed by adoption of devas-
tating brain injury pathways. These are primarily to 
improve prognostication by the delay in WLST. This 
also allows time for progression to brain death in 31 % 
of patients admitted to the ICU with such a pathway 
[66]. This brings about the secondary benefits of in-
creasing the total number of organ donors and the 
proportion of DBD donors [66], and it potentially in-
creases the total deceased donor pool [12].

cDCD has become an increasingly important 
source of organs for transplantation in countries 
like Austria, Australia, France, Canada, Belgium, 
the Netherlands, Spain, the United Kingdom and 
the United States. For example, between 2011 and 
2018 the annual number of actual DCD donors in-
creased from 405 to 636 in the United Kingdom [67], 
and France has had 409 utilised cDCD donors in the 
last 5 years. In 2019 in the Netherlands, 59 % of all 
deceased donors were cDCD donors while in Spain 
cDCD donors contributed to 32 % of the overall de-
ceased donation activity in 2019;  and in Austria the 
number of utilised DCD donors tripled from 2017 to 
2019.

A key issue is whether grafts recovered from 
cDCD donors are equivalent in quality to grafts re-
covered from DBD donors, due to combination of 
warm and cold ischaemia in the donor. DGF is more 
common in transplanted kidneys recovered from 
cDCD donors, but the long-term outcome in terms 
of survival and kidney function is similar to that of 
kidneys recovered from DBD donors [68-69]. More-
over, a recent United Kingdom registry study made 
evident that results of kidneys from cDCD donors 
with expanded criteria were broadly similar to those 
obtained with expanded-criteria kidneys from DBD 
donors [70]. The frequency of DGF in kidney trans-
plantation from cDCD donors can be decreased by 
reducing the duration of cold ischaemia [71] and po-
tentially through the use of NRP for in situ preserva-
tion or ex situ machine perfusion [20]. Pan-European 
data on 11 102 DCD kidney transplants show that 
transplant outcomes are better when the kidney was 
recovered from a cDCD than an uDCD donor. Recip-
ients of a cDCD kidney have an incidence of PNF of 
2.8 %, a DGF rate of 30.7 % and a one-year graft sur-
vival of 90.1 % compared to 7.4 %, 52.6 % and 88.1 % 
respectively in recipients of an uDCD kidney [7].

The outcomes of liver transplantation from 
cDCD donors are also considered acceptable, with a 
3-year patient survival rate of 63 %, compared to 72 % 
for recipients of livers from DBD donors. However, 
between 10 % and 15 % of the grafts are lost within 
the first year post-transplant (patient death or re-
listing for transplantation, United Kingdom NHSBT 
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data). In fact, large registry data have identified DCD 
as an independent risk factor for graft loss in liver 
transplantation [72-74]. The incidence of primary 
graft failure is increased to 4 % in recipients of a liver 
from a cDCD donor compared to 0.8 % in recipients 
of a liver from a DBD donor. However, the primary 
concern with cDCD liver utilisation is a significantly 
higher incidence of biliary complications, particu-
larly ischaemic-type biliary lesions (ITBL) which 
are associated with longer WIT [75-79]. Many of 
these patients require re-transplantation. Long-term 
follow-up of cDCD liver transplantations in Belgium 
and the Netherlands has shown similar results. In 
an early analysis of European data from 126 cDCD 
transplants, graft survival was poorer than DBD 
livers although graft survival curves appeared to 
converge at 10 years;  patient survival was also similar 
in spite of cDCD liver recipients having a higher risk 
of re-transplantation [80]. This is likely due to strict 
donor and recipient selection criteria for DCD livers 
and the weighting given to other risk factors to reduce 
these complications and optimise outcome. The use 
of in situ NRP has recently been shown to reduce 
graft loss, biliary complications and ITBL after cDCD 
liver transplantation in two large, multicentre studies 
undertaken in Spain and the United Kingdom [81-83]. 
Ex situ hypothermic [84] or normothermic machine 
perfusion [85, 86] of the liver have also shown very 
promising results in mitigating the ischaemia-reper-
fusion injury, and short-term outcomes seem to reach 
similar results as from DBD livers.

Although DCD is an independent risk factor for 
inferior outcomes after pancreas transplantation [87], 
results can be excellent if other risk factors are kept 
low. Results from a short-term comparative study 
on pancreas transplantation from cDCD and DBD 
donors in the United Kingdom reported similar one-
year pancreas and recipient survival rates for trans-
plants from cDCD and DBD donors, with pancreas 

graft survival being significantly better in the cDCD 
cohort if performed as a simultaneous pancreas–
kidney transplant [87]. Similar promising results 
have been published with data derived from the 
OPTN/UNOS Registry [88]. A recent meta- analysis 
has also shown comparable graft and patient survival 
for cDCD and DBD pancreas grafts [89].

Theoretically there may be advantages to trans-
planting lungs recovered from cDCD donors, since 
they have not been exposed to the deleterious cardio-
pulmonary effects caused by the autonomic storm 
that accompanies brain stem coning before brain 
death (see Chapter 5), although accumulating animal 
and human data do suggest that this still occurs 
during the withdrawal period [90]. The lungs also 
appear to be more tolerant of warm ischaemia than 
other organs as long as they are kept inflated with 
an air–oxygen mixture [91]. The consequences of 
warm and cold ischaemia may be further reduced by 
the use of ex situ lung-perfusion techniques. Indeed, 
initial results from the United States suggest that 
survival is better for recipients of cDCD lungs than 
for recipients of DBD lungs, with 2-year survival 
rates of 87 % and 69 %, respectively [92]. However, it 
is recognised that variations in donor and recipient 
selection criteria and surgical techniques may make 
comparison of outcomes difficult. A more recent 
large registry study from 22 large centres in North 
America, Europe and Australia reported outcomes 
of 11 516 lung transplants, 1 090 of which were DCD 
lungs (94 % cDCD). The study used multivariate ana-
lysis to control for many of these factors and showed 
no difference in 5-year survival between recipients of 
DBD and cDCD lungs [93]. Simultaneous retrieval of 
the lung and liver in cDCD using NRP for abdominal 
grafts and cooling and rapid recovery technique for 
the lungs is a complex procedure, but has been used 
safely and successfully [94].

Figure 12.5. The key steps in the process of controlled donation after circulatory death
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Figure 12.6. Process of controlled donation after circulatory death, specifying limits of warm and cold ischaemia 
time
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More recently, hearts recovered from cDCD 
donors have been successfully transplanted in Aus-
tralia [95], the United Kingdom [96] and Belgium 
[97]. The results of cDCD donor heart transplanta-
tion using either direct (hypothermic) procurement 
and perfusion (DPP), thoraco-abdominal NRP (TA-
NRP) and/or ex situ normothermic machine perfu-
sion appear to be at least equivalent to those with 
DBD hearts in short and mid-term follow-up, with 
a current world experience of 90 cDCD donor hearts 
transplanted in the United Kingdom by March 2019 
(data from NHSBT), 30 in Australia [98], 2 in Belgium 
[97] and 5 paediatric hearts in Colorado (United 
States). The long-term results of this encouraging ini-
tiative are eagerly anticipated.

The process of cDCD is summarised in its 
key steps in Figure 12.5 [99];  the steps from decision 
on WLST to transplant reperfusion are shown in 
Figure 12.6.

12.3.1. Withdrawal of life-sustaining therapies

The decision to withdraw treatment should 
always be made in accordance with national guid-
ance on end-of-life care. All such documents rec-
ognise the fundamental principle that a decision on 
WLST must always be made in the best interests of 
the patient and independent of any subsequent con-
sideration of organ donation. No member of a donor 
co-ordination team may be involved in this decision- 
making. For example, in the United Kingdom it is 
considered good practice for two senior doctors to 
independently verify and document in the medical 

notes that further active treatment is no longer in the 
patient’s best interests whenever a decision on WLST 
is being made, but particularly when cDCD is a pos-
sibility [100]. National end-of-life care guidance that 
recognises organ donation as a routine part of end-
of-life care [101] is helpful in reducing the perception 
of any conflict of interest, even though none may 
exist. It also makes it clear to medical practitioners 
that they are obliged to follow national procedures 
for identifying potential organ donors and referring 
them to the donor co-ordinator.

Individual hospitals should develop guidelines 
for treatment withdrawal based on the national guid-
ance. Although the need to develop and comply with 
such protocols applies to all end-of-life care decisions, 
it is particularly important that units practising 
cDCD make the process consistent and transparent. 
These protocols should not only address the princi-
ples of the decision-making process but also give 
practical guidance on how to manage treatment 
withdrawal, particularly with regard to airway man-
agement and the use of sedative and analgesic med-
ications. While there may be variability in current 
critical care practice on these issues, the interests of a 
patient who wishes to be a donor may be better served 
by end-of-life care practices, such as extubation, that 
make organ donation more likely and, importantly, 
represents no actual harm to the patient or their rela-
tives [102]. Transplant teams must not advise on how 
treatment should be withdrawn.

If the family agrees, WLST must be delayed 
until a retrieval team is ready and prepared in the 
operating theatre. Those responsible for organ alloca-
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tion and recovery should do all they can to minimise 
delays, recognising the needs of the donor and their 
family at this time. The location of WLST also needs 
to be considered. When this occurs in the theatre 
complex, which is essential for recovery of cDCD 
hearts, WIT is reduced by avoiding transferring the 
donor from ICU to theatre after death [102]. However, 
it is important that this practice does not compro-
mise the delivery of end-of-life care, and units that 
choose to undertake WLST in theatres should ensure 
that appropriately trained healthcare professionals 
continue to provide this care rather than expecting 
theatre staff, who may be untrained and inexperi-
enced in end-of-life management, to do so. Arrange-
ments should also be in place to ensure access for 
close family, friends and those meeting the religious 
or spiritual needs of the patient [103].

cDCD can only take place if cardio-respira-
tory arrest follows soon after WLST. This time limit 
is most commonly around 2–4 h. Although up to 
84-90 % of cDCD donors will have died within 2 h of 
WLST [104-105], successful kidney recovery has oc-
curred more than 4 h after WLST in circumstances 
where the functional warm ischaemic time (FWIT) 
has been acceptable [106]. Examples of registration 
forms can be found in appendices 23 and 24. Retrieval 
teams need to work to nationally agreed standards to 
ensure that organs are not lost unnecessarily and also 
to maintain the confidence of referring units. The 
reasons for standing a donation down should always 
be documented for audit and also for the information 
of the referring team.

A clear plan must be in place for the subsequent 
continuation of end-of-life care of the patient when 
donation cannot take place, particularly when WLST 
has taken place outside the ICU.

12.3.2. Patients receiving extracorporeal life 
support

ECLS is being increasingly used, particularly 
in the management of refractory CA, and more pa-
tients in ICU or the emergency department will be re-
ceiving ECLS as part of their continued management. 
Patients who do not survive may progress either to 
brain death or to a decision on WLST, which in this 
case involves stopping mechanical ventilation and 
ECLS. Since WLST in these circumstances is also 
planned and death is anticipated, this can be clas-
sified as a Maastricht Category 3 DCD. The WLST 
follows national and local guidelines as described 
above. The only additional step is to stop ECLS, and 
death is confirmed in the usual manner. If the patient 
is a potential cDCD donor, the ECLS arterial and 

venous cannulae should be left in place so that, if 
required, HRP or NRP can be commenced quickly 
once death is confirmed and steps have been taken to 
exclude cerebral perfusion.

12.3.3. Identification of potential donors

The potential for cDCD should be considered 
in any critically ill patient where a decision of WLST 
has been made (see Chapter 2). Most cDCD donors 
have suffered severe acute brain injury of aetiologies 
similar to DBD donors, although there is a higher 
proportion of hypoxic brain injuries among cDCD 
donors. When identifying such patients as potential 
cDCD donors, it is important to consider whether 
death by neurological criteria can be confirmed 
while cardio-respiratory stability is maintained and 
the WLST is delayed. If brain death is likely to occur 
within a short period of time, consideration should be 
given to maintaining life-support measures beyond 
futility to enable the determination of death by neu-
rological criteria [62, 107]. Although the majority of 
actual cDCD donors die from acute brain injury, data 
from Spain and the United Kingdom suggest that 4 % 
to 15 % of cDCD donors die from other conditions 
such as end-stage respiratory failure or neuromus-
cular diseases [22].

Clear practical guidance for the identification 
and referral of potential cDCD donors should be 
developed, specifically addressing who should be re-
ferred as a potential donor, when the referral should 
take place and how the patient should be cared for 
while initial assessments of donation potential are 
made. The guidance should ensure that identification 
and referral can be made without causing clinicians 
caring for dying patients to feel that there is a poten-
tial conflict of interest. Ideally the donor co-ordinator 
should be notified whenever a decision on WLST is 
being considered, because this may allow background 
enquiries to be made and potentially reduce the delay 
in WLST and any distress this may cause relatives. It 
also allows the approach to the family to be planned. 
Examples of how this can be achieved in practice can 
be found in NHS Blood and Transplant’s document 
on ‘Timely identification and referral of potential 
organ donors:  a strategy for implementation of best 
practice’ [108]. See also Chapter 2.

The development of an accurate and reli-
able scoring system, capable of predicting whether 
death after WLST will occur within a time period 
compatible with cDCD, would reduce the number 
of donations that are stood down, avoid family dis-
tress, increase the efficient use of retrieval teams and 
reduce the burden on critical care services. Individual 
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donor hospitals and transplant centres may choose 
to use systems like the University of Wisconsin and 
the UNOS scoring systems [109-110] when deciding 
to refer or accept individual potential cDCD donors. 
However, it is currently impossible to reliably identify 
potential cDCD donors who will die within 2 h after 
WLST [111]. Consequently, centres may choose to ini-
tiate a donation process in every potential donor.

12.3.4. Consent and authorisation

Potential cDCD donors usually lack the ca-
pacity for decision-making while being cared for in 
an ICU or emergency department. On rare occa-
sions, for instance when withdrawing ventilatory 
support from a competent patient with end-stage 
neuromuscular disease or respiratory failure, or in 
cases of cDCD following euthanasia, it will be pos-
sible to obtain first-person consent by discussing do-
nation directly with the patient. On most occasions 
the patient’s relatives will need to be approached for 
organ donation. National end-of-life care guidance 
should be explicit in that, if a patient is close to death 
and their views cannot be determined, medical staff 
should explore with the relatives whether the patient 
had expressed any views in life about organ or tissue 
donation and/or if donation was consistent with their 
moral values. The approach for cDCD should take 
place in three stages (see Figure 12.7) [112].

Figure 12.7. The three discrete stages in approaching 
the family of a potential controlled donation after 
circulatory death donor
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Source:  NHS Blood and Transplant 2013. Approaching the families 
of potential organ donors. Best practice guidance [112].

The approach should be planned between the 
medical and nursing staff caring for the patients and 
the donor co-ordinator to clarify the clinical situation, 
identify key family members, define key family issues, 
seek evidence of prior consent (e.g. checking donor 
registries), agree the timing and setting of the ap-
proach and agree who will be involved. The approach 
should not be made until the clinical team is satisfied 
that the family understands and accepts the reasons 
for treatment withdrawal and the inevitability of 
death thereafter. To ensure this, the conversation on 
withdrawing treatment should be decoupled from the 
approach for organ donation. This also helps reduce 

any perception that a decision on WLST is linked to 
a need for donor organs.

However, it may not always be possible to com-
pletely separate discussions about treatment with-
drawal and discussion of donation, particularly if 
the family raises the issue of donation themselves. 
The final stage is discussing donation, which should 
ideally be led by someone experienced in organ do-
nation and who is trained in communication with 
grieving families, usually the donor co-ordinator 
[113]. He or she will discuss options, provide knowl-
edge and expertise, recognise modifiable factors, 
challenge misconceptions, provide support for the 
family and spend time with the family. The donor 
co-ordinator will also collect all the information re-
quired to assess whether the patient is suitable for do-
nation and may discuss whether certain ante mortem 
and/or post mortem interventions are acceptable to 
the family [114]. See also Chapter 4.

12.3.5. Care before and after treatment 
withdrawal

cDCD is only possible if elements of the care 
that a patient receives both before and after WLST 
are adjusted. Changes to end-of-life care before the 
patient dies must continue to be made in the patient’s 
best interests and in accordance with national, legal 
and professional guidelines. Any such change to 
routine end-of-life care to facilitate cDCD is in effect 
an ante mortem intervention and there is variability 
among countries as to what is considered acceptable 
[115]. Most such changes are applied to reduce both 
warm and cold ischaemic damage to the organs.

Ante mortem interventions can be justified, 
both ethically and legally, on the grounds of best in-
terests if they facilitate the wishes of a patient to 
donate, and if any potential for harm or distress to 
that patient or their relatives can be reasonably con-
trolled [116-117]. In general, the stronger the evidence 
that an individual intervention improves donation or 
transplant outcomes and the smaller the risk of that 
intervention being harmful, then the more accept-
able that intervention is. Conversely, interventions 
with weak evidence of improving outcomes, and with 
a bigger chance of causing harm, are less likely to be 
justifiable [117]. The views of the patient’s relatives are 
also relevant in assessing this balance. Each country 
needs clear legal and/or professional guidance as to 
which ante mortem interventions are considered ac-
ceptable and which interventions should be accepted 
with the specific consent of family after appropriate 
information has been given. The guidance should be 
specific about the role of the donor co-ordinator in 
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cDCD. Donor co-ordinators have an important role 
in donor management and optimisation in DBD, but 
there is a clear risk of being conflicted if they are in-
volved in the care of a potential cDCD donor. As a 
result, many policies generally do not allow a donor 
co-ordinator to be involved in the physical treatment 
of potential cDCD donors or in the management of 
WLST.

After the death of the patient, further inter-
ventions are quickly undertaken before or during 
the recovery operation, to reduce the ischaemic time 
or to optimise organs before transplantation. cDCD 
protocols should acknowledge the potential risks 
associated with post mortem interventions that may 
restore cerebral perfusion with oxygenated blood. 
Most cDCD protocols allow the recovery proce-
dure and organ perfusion with cooled crystalloid 
or colloid solutions as soon as death has been con-
firmed (after the recommended time of evidence of 
continuous absence of circulatory and respiratory 
functions). NRP procedures can reduce the warm is-
chaemic damage to vulnerable transplantable organs 
by recirculating the abdominal and thoracic organs 
with oxygenated blood prior to explantation. Proto-
cols applying such interventions should describe how 
reperfusion will be reliably restricted to the relevant 
organs, and how the cerebral circulation is excluded 
by the use of vessel clamps, intravascular balloons or 
diversion of collateral blood flow away from the brain 
[117-121]. If the lungs are to be recovered from a cDCD 
donor, the trachea needs to be re-intubated and the 
lungs inflated after death.

12.3.6. Determination of death

It remains absolutely fundamental to the prac-
tice of all types of deceased organ donation that the 
dead donor rule – the requirement that organ recovery 
must not result in the death of the patient – must be 
respected at all times. The point at which death can 
be declared after loss of circulation and respiration 
varies and remains widely debated. This is high-
lighted by the 5-30 minutes no-touch time required in 
different European countries [7]. Yet, for DCD to be 
successful, the organs need to be recovered as soon as 
possible after cardio-respiratory arrest to minimise 
warm ischaemic damage. Cardio- respiratory criteria 
have been used extensively by doctors to confirm 
death for a couple of centuries and are well under-
stood by the public. However, the introduction of 
DCD programmes and reports of autoresuscitation 
have highlighted the need for the development of 
scientifically, ethically and professionally acceptable 
criteria to diagnose death in time-sensitive situations. 
It is essential that authoritative legal or professional 
guidance is available and followed in any country or 
jurisdiction practising DCD.

There appears to be increasing international 
consensus that death can be confirmed (and therefore 
organ recovery can begin) after a minimum of 5 min 
of continuous cardio-respiratory arrest because this 
means that the possibility for spontaneous resump-
tion of the circulation has passed [122]. If any circula-
tory or respiratory activity occurs during these 5 min, 
then the timing should be started again at the next 
point of cardio-respiratory arrest. The absence of 
circulation must be confirmed by the absence of pul-
satile flow on an arterial line or by absence of blood 
flow through the aortic valve on transoesophageal 

Figure 12.8. Diagnosis of death in controlled donation after circulatory death

A B C

Loss of circulation
Apnoea

Unresponsiveness

Determination of death
‘Irreversibility’

Circulation cannot be restored
by any means

Determination of death
‘Permanence’

Circulation will not return spontaneously and 
cerebral circulation will not be restored by 

intervention

WLST Circulatory irreversibility or 
neurological irreversibility

5 minutes of continuously monitored 
absence of circulation and respiration

Time unknown and variable

Point A = Start of cardio-respiratory arrest;  Point B = Permanent loss of circulation;  Point C = Irreversible loss of circulation. WLST:  
Withdrawal of life-sustaining therapies.
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echocardiography, on the rare occasions when this is 
used. Although asystole is not required to determine 
death, if only an ECG is used to assess the absence 
of circulation, then asystole must be observed for a 
minimum of 5 min. Many would consider palpation 
of a pulse as inadequate in this setting. The diagnosis 
of death must be made by experienced clinicians not 
involved in the recovery or transplant process.

The time of 5 min is based on the concept of 
‘permanent’ loss of circulation, i.e. circulation will 
not be restored, rather than the concept of ‘irrevers-
ible’ loss of circulation, which is more variable and 
dependent on the available technologies [46]. All 
human death can be considered to be brain-based. 
Brain function is lost very quickly after loss of the cir-
culation, which can be viewed simply as a predictor 
of permanent loss of all brain function once the time 
for autoresuscitation has passed. If no interventions 
are undertaken that can restore cerebral perfusion 
then the same time point will mark the irreversible 
loss of all brain functions [123]. It follows that diag-
nosing death at 5 min is conditional on there being 
no intention to resume CPR or to introduce interven-
tions that may potentially restore cerebral perfusion 
after the declaration of death (see Figure 12.8). This 
does not preclude the use of organ-reperfusion tech-
niques since they are applied after the isolation of the 
cerebral circulation. Techniques to allow in situ NRP 
of both abdominal and thoracic organs while main-
taining the principle of permanence in death declara-
tion have been reported recently [121].

During the process of determination of death, 
preservation and organ recovery, respect for the dying 
donor and their family must be ensured. At each step, 
their privacy and dignity must be maintained and 
the end-of-life wishes of the donor and family must 
be honoured as far as possible. All personnel involved 
should make an effort to personalise care within the 
given time constraints.

12.3.7. Preservation and organ recovery

12.3.7.1. Pre-recovery preparations
The surgical team should arrive at the donor 

hospital before WLST. Upon arrival, the lead surgeon 
should check the relevant paperwork with the donor 
co-ordinator (blood group, relevant past medical 
history, virology and consent for deceased donation) 
and confirm the time for WLST. This should allow 
time for preparation of the bench and the operative 
table, to enable a swift procedure. A team brief is 
mandatory, particularly when both thoracic and ab-
dominal teams are present, and it allows a common 
strategy to be agreed to ensure safe organ recovery. 

The team should be scrubbed in theatre at the time 
of WLST.

12.3.7.2. Definitions of warm ischaemia times
The outcome of transplantation with organs 

from cDCD donors is significantly influenced by 
the length of WIT. Following WLST, several time 
periods have been defined (see Figure 12.6). Note that 
anastomosis time in the recipient is not included in 
any of these definitions: 

a� Withdrawal time (agonal phase):  the time from 
WLST to circulatory arrest.

b� Asystolic time (First/primary WIT):  the time 
from circulatory arrest to the start of in situ 
preservation.

c� Functional warm ischaemia time (FWIT):  the 
time between the onset of sustained significant 
hypoperfusion (the start of which depends on 
national guidelines) and the start of in situ 
preservation [124].

d� Withdrawal to perfusion time (Donor WIT) 
= Withdrawal time (agonal phase) + Asystolic 
time (First WIT), sometimes referred to as 
Total WIT in some countries.

The moment that defines the start of functional 
warm ischaemia time (significant hypoperfusion) is 
yet to be universally agreed upon, but in general a sus-
tained fall in systolic blood pressure ≤ 50 or 60 mmHg 
is accepted in Europe, while a fall in systolic blood 
pressure < 80 mmHg and/or O2 saturation < 80 % is 
accepted in the United States [46, 125]. In addition, in 
the United States the term Donor WIT refers to the 
withdrawal-to-perfusion time (total WIT), whereas 
in the United Kingdom and the Netherlands it refers 
to the asystolic time (First WIT). Because of these 
varying definitions being used to describe WIT it 
is essential to verify the exact definition when com-
paring literature.

The acceptable FWIT varies for different 
organs and ranges from 30 min for the liver and 
heart, to 60 min for the pancreas and lungs and up 
to 120 min for kidneys [8]. There is a lack of evidence 
supporting these times, and several reports suggest 
that longer times yield transplantable organs, espe-
cially for kidneys [114, 126] and pancreas [127]. In 
liver transplantation it has been shown that every 
minute of extra ischaemia (asystolic WIT) decreases 
graft survival, with a significantly higher chance of 
biliary complications [128], and care should be taken 
when asystolic WIT exceeds 25 min [74]. These times 
are likely to change with the use of NRP or ex situ 
machine perfusion.
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Table 12.4. Categorisation of the cDCD liver donor

Standard cDCD donor Expanded cDCD donor
Age (years) < 50 > 50

Weight (kg) < 100 > 100

ICU stay (days) < 5 > 5

WIT (min) ≤ 20 20-30

CIT (hours) ≤ 8 > 8-12

Steatosis (%) ≤ 15 > 15

Recommendation All potential liver donors fulfilling these 
criteria should be used

These grafts should be used selectively

CIT:  cold ischaemia time;  DCD:  donation after circulatory death;  ICU:  intensive care unit;  WIT:  warm ischaemia time.

Following WLST, the donor co-ordinator must 
communicate the vital signs (saturation, pulse and 
blood pressure) and inform the procurement team 
when certain values or time points are met.

12.3.8. Continuous evaluation

The evaluation of cDCD donors starts with a 
detailed medical and socio-demographic history, 
which the donor co-ordinator should obtain from 
all relevant sources (notes, interviews with treating 
physicians, general practitioners, family etc.). Factors 
such as age, duration of hospital and ICU admission, 
the use of high-dose vasopressors and the absence/
presence of infection are highly relevant for the deci-
sion on whether to utilise the organs.

Based on these characteristics, the ‘ideal’ cDCD 
donor can be defined as a donor of age < 50 years with 
a weight < 100 kg, a short ICU stay (< 5 days) and a 
WIT < 20 min [46].

The absolute contraindications to cDCD 
organ donation are the same as those for DBD (see 
Chapter 7), e.g. invasive or haematological malig-
nancy, untreated systemic infection and prion disease.

Biochemistry samples must be obtained prior 
to donation and, if relevant, compared with other 
samples taken before or during admission. The lead 
surgeon must assess the quality of the perfusion and 
the aspect and anatomy of the organs in situ and on 
the bench. Unlike DBD, where assessment includes a 
period before circulatory arrest, DCD assessment is 
much more difficult and subjective, and it depends 
on a surgeon’s experience.

The decision to utilise cDCD organs should 
also take into account the recovery factors, such as 
duration of WIT (withdrawal time, asystolic time, 
FWIT or withdrawal-to-perfusion time).

NRP offers the additional benefit of in-depth 
in situ macroscopic assessment of the organ’s appear-
ance, including the appearance of the small bowel 
and gall-bladder mucosa (both highly sensitive to 
ischaemic damage). This is corroborated by serial 

bio chemical and blood gas analyses which are under-
taken (every 20-30 min) to evaluate function. Given 
the limited data available, further work is required to 
clarify which factors are important.

The use of novel preservation and end- ischaemic 
perfusion strategies can offer additional options for 
functional organ assessment, particularly if under-
taken at normothermic temperatures. However, the 
criteria for organ assessment require further refine-
ment and validation.

12.3.9. Organ-specific evaluation criteria

Once a patient’s suitability to donate has been 
established, additional evaluation criteria come into 
consideration for specific organs. These may relate to 
the donor’s age, the timings of organ recovery (such 
as agonal phase duration, length of the First WIT or 
length of predicted CIT) and specific pre-existent 
co-morbidity (such as cardiovascular disease, hyper-
tension, diabetes and liver disease).

12.3.9.1. Kidney evaluation criteria
The absolute contraindications for cDCD 

kidney transplantation are end-stage kidney disease 
(chronic kidney disease stage 5, eGFR < 15 mL/min), 
chronic kidney disease stage 4 (eGFR 15-30 mL/min) 
or acute cortical necrosis on pre-implantation kidney 
biopsy [46].

Acute kidney injury, even when requiring dial-
ysis, does not exclude donation but is associated with 
a higher incidence of DGF (see Chapter 7, §7.2.1).

In addition to donor and recovery issues, factors 
such as hypertension and cardiovascular disease may 
have an impact on the outcomes of cDCD kidney 
transplantation. For these donors, a pre-implantation 
biopsy may be helpful in identifying those organs 
that will have a poor outcome when transplanted as 
a single organ, allowing dual transplantation to be 
considered [129, 130].

The use of kidneys with prolonged FWIT in 
excess of 2 h should be restricted to centres investi-
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gating ex situ perfusion technologies that may enable 
further evaluation of viability [131], but the criteria 
remain to be defined. The use of ex situ hypothermic 
machine perfusion has led to the development of 
viability assessment criteria such as flow on the 
machine and the level of intracellular enzymes such 
as glutathione S-transferase, ALT, fatty acid-binding 
protein [131]. None of the perfusion-pressure dynamic 
characteristics, the perfusate-effluent biochemical 
analysis or kidney-transplant biopsy scoring systems 

– alone or in combination – have sufficient predictive 
value to justify discard of an organ [132].

12.3.9.2. Liver evaluation criteria
The presence of end-stage liver disease, acute 

liver failure (viral or drug-related) or non-recovering 
acute liver injury are absolute contraindications for 
liver donation. The following specific factors should 
be considered for cDCD liver evaluation: 

a� Age – Despite increased utilisation of older 
cDCD donors, reports suggest that donor age 
is associated with an increased risk of compli-
cations such as graft loss and ITBL [74, 133]. In 
fact, apart from DCD itself, age is the highest 
predictor of outcome after liver transplantation 
[72, 75]. It has been suggested that NRP and/or 
ex situ machine perfusion can help to raise ac-
ceptable donor age with good results in cDCD 
liver transplantation [86].

b� Body mass index – Increased body mass index 
appears to be associated with higher recipient 
mortality and a higher risk of graft loss [134-
135].

c� FWIT – There is evidence that a time longer 
than 20 min is associated with poorer outcome, 
particularly with regard to the development of 
ITBL [136].

d� Asystolic time – A short asystolic time 
(< 10 min) is beneficial for graft function [137, 
138], and care should be taken when exceeding 
25 min [76] unless consideration is given to 
using NRP.

e� Cold ischaemia time (CIT) – A short CIT 
(ideally less than 6-8 h) is preferred for cDCD. 
Longer CIT is associated with increased risk of 
graft failure, patient mortality and ITBL [139].

f� Based on these considerations, the 2013 United 
Kingdom guidelines describe the ideal cDCD 
and the extended criteria cDCD for liver dona-
tion, and make recommendations for their use 
(see Table 12.4 [46]).

Currently, there are no defined criteria for as-
sessing the quality of the graft but, in addition to the 

factors listed above, macrovesicular steatosis (> 60 %) 
is probably the best indicator of poor quality, espe-
cially when combined with a prolonged FWIT and 
CIT > 12 h, given the high susceptibility to warm and 
cold ischaemic injuries.

The use of NRP and/or ex situ machine perfu-
sion allows a more detailed evaluation of the liver’s 
function and quality. This evaluation involves the 
macroscopic aspect before and during NRP perfu-
sion, as well as post-cold-perfusion appearance, the 
level of bile production, an improving lactate on 
serial measurements and the liver function test evo-
lution. A dramatic increase in the ALT/AST value is 
probably an indication not to utilise the liver. Never-
theless, clarification of the liver function test range 
that would preclude transplantation is needed. Initial 
experiences with uDCD criteria in Spain [25, 28] sug-
gested that the initial ALT/AST should be < 3 times 
the upper limit of normal and that during NRP the 
ALT/AST should not rise to more than four times the 
upper limit of normal at the end of the procedure. 
However, this experience in uDCD cannot neces-
sarily be extrapolated to cDCD practice. For example, 
United Kingdom centres use both an absolute rise 
< 10 × the upper limit of normal and a trend showing 
a rapid increase in ALT/AST as contraindications to 
transplantation.

12.3.9.3. Pancreas evaluation criteria
Similarly to cDCD liver grafts, utilisation of 

the pancreas is more restrictive in cDCD, with a 
lower donor age and body mass index (< 28 kg/m2). 
FWIT is preferably kept as short as possible, although 
no strong recommendation on an exact limit exists 
in the literature. Currently the best way to describe 
pancreas graft quality is by the Pancreas Donor 
Risk Index, which has been validated in the United 
Kingdom [140] and in the Eurotransplant region 
[141]. However, pancreas evaluation and graft assess-
ment also rely heavily on the quality of perfusion, the 
degree of fatty infiltration, the texture of the graft 
and possible surgical injury [142]. Nonetheless, the 
quality of perfusion and especially the interpretation 
of the degree of fatty infiltration are highly subjective, 
and the final decision should be made by the pan-
creas transplantation surgeon.

Based on the donor criteria, the United 
Kingdom cDCD guidelines [46] suggest classification 
and graft utilisation as shown in Table 12.5.

Pancreas grafts that are not used for solid 
organ transplantation should be considered for islet 
transplantation, particularly when CIT is < 8 h and 
body mass index is high. Early outcome after cDCD 
islet transplantation is encouraging and seems com-
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parable to DBD islet transplantation [143-145]. Please 
refer to the latest edition of the Council of Europe 
Guide to the quality and safety of tissues and cells for 
human application.

12.3.9.4. Lung evaluation criteria
cDCD lung donation should be considered 

in donors aged < 65 years old without pre-existent 
trauma or lung or pleural disease. Most cDCD lungs 
can be transplanted without separate ex situ assess-
ment. Ex situ normothermic machine perfusion 
should be considered

• when oxygenation is impaired (systemic arte-
rial PO2 < 40 kPa (300 mmHg) on 100 % FiO2 
and 5 cmH2O PEEP)

• when a bronchoscopy shows inflammation/
soiling of the airway or

• when there is a sustained peak airway pressure 
of > 30 cmH2O.

Additional indications for using ex situ nor-
mothermic perfusion include a smoking history 
of over 20 pack years, an ICU stay of more than 5 
days, an abnormal chest X-ray, withdrawal-to-per-
fusion time > 60 min to > 90 min for cDCD donors, 
difficult-to-recruit atelectasis in the donor, an un-
satisfactory deflation test on disconnecting endo-
tracheal tube, unsatisfactory palpation of the lungs 
identifying undetermined masses, nodules or gross 
oedema, unsatisfactory inspection of the lung after 
administration of the preservation flush and logis-
tical reasons that will extend donor lung ischaemic 
time > 10-12 h [46]. Ex situ normothermic perfusion 
assesses the ability of the lung to provide perfusate 
oxygenation, together with evaluation of the lung 
compliance, airway resistance and peak airway pres-
sures at a given tidal volume.

12.3.9.5. Heart evaluation criteria
The assessment of the cDCD donor heart varies, 

depending on the procurement approach: 
a� DPP:  a transthoracic echocardiogram is ob-

tained before WLST to describe ventricular and 
cardiac valvular function. It is then inspected 
on the perfusion rig, the manufacturers of 
which recommend serial measurement of per-
fusion fluid lactate levels. It is accepted that a 
downward trend and a reduction between ar-
terial and venous lactates is suggestive of good 
heart function.

b� TA-NRP:  the heart is inspected after return 
of sinus rhythm within the cDCD donor after 
weaning off NRP relying on the heart to perfuse 
the thoracic and abdominal organs. The donor 

is effectively now a heart-beating donor. The 
donor heart is assessed clinically and by pul-
monary artery catheter (cardiac output and 
atrial filling pressures), transoesophageal echo-
cardiography and visual inspection. It is also 
assessed by its ability to support the limited 
thoraco-abdominal circuit.

12.4. DCD after euthanasia and 
after medical assistance in 
dying

For legal reasons, DCD after euthanasia is prac-
tised only in the very few countries in the world 

that allow this practice. This section acknowledges 
the possibility of DCD after euthanasia in those coun-
tries, and its likely introduction in some others, and 
briefly describes how it is managed. Both Belgium 
and the Netherlands have laws and national guidance 
for DCD after euthanasia [146-148]. In 2018 DCD after 
euthanasia accounted for 9 % of all DCD in Belgium 
and 7 % of all DCD donors in the Netherlands. In 
Belgium these donors represented 0.3 % of all eutha-
nasia cases that year [149]. In Canada the practice is 
termed organ donation after MAID, and guidance 
for policy has been published [11]. In Canada, dona-
tion after MAID has been undertaken successfully in 
30 individuals, who donated a total of 74 organs by 
January 2019 [150].

Individuals requesting euthanasia are never 
approached for organ donation by their general prac-
titioner, other physicians or the organ donation ser-
vices. The request for organ donation must only come 
from the mentally competent individuals themselves. 
After euthanasia is approved, information can be 
given about organ donation. The general practitioner 
will contact the donation services so that a donor 
co-ordinator can meet the individual to discuss the 
combination of euthanasia with organ donation and 
answer all their questions. The organ donor register 
is checked and if an objection is registered this can 
be overruled by witnessed, written consent signed by 
the individual. The physician in charge will always 
explain that the individual can reverse their deci-
sion regarding organ donation until the last second 
before euthanasia. Euthanasia is not considered to be 
a natural cause of death in some countries and judi-
cial consent may also be required for organ donation 
to proceed.

When the individual has consented to organ 
donation, the process of euthanasia is usually under-
taken in the ICU. Intra-arterial monitoring is estab-
lished ante mortem to allow death to be confirmed in 
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the normal manner, observing the relevant no-touch 
period for the jurisdiction. Following the declaration 
of death, the organ recovery process is the same as for 
cDCD (Category III). The outcomes for transplants 
performed using organs retrieved after euthanasia 
are limited. Preliminary data from Belgium suggest 
good post-transplant graft function and good early 
recipient outcome in those receiving liver or lung 
transplants from donors after euthanasia [151, 152].

12.5. Paediatric DCD

The aspects of DCD in the paediatric patient pop-
ulation that differ from those described here 

for adults are addressed in Chapter 14, Paediatric 
donation.

12.6. Establishing a hospital cDCD 
programme

The introduction of cDCD within a hospital needs 
to be carefully planned to ensure that the various 

issues and potential obstacles that may be expected 
and encountered are addressed beforehand. Each 
hospital should develop its own protocol that is not 
just based on national legal, ethical and professional 
guidance, but also addresses local circumstances that 
influence the logistics and practicalities of cDCD [103, 
124, 153]. Those developing the local protocol need to 
remain aware of the sensitivities of clinical staff in the 
ICU and in the operating theatres, many of whom are 
particularly uncomfortable at the interface between 
end-of-life care and organ donation [151]. The key 
steps in establishing a hospital programme can be 
summarised as follows [152]: 

a� Establish a team to plan and oversee the im-
plementation of the cDCD programme. This 
should include representatives from the ICU 
and Emergency Medicine medical and nursing 
staff, the local transplant centre, the donor 

co-ordinators, the theatre staff and the neuro-
sciences team.

b� The ICU must have a policy for WLST. This 
should be developed and implemented locally 
by the ICU team, working with the wider 
multidisciplinary team and adhering to na-
tional guidelines or legislation.

c� Establish criteria for referral to the donation 
services. This is usually whenever a decision 
on WLST is being considered, irrespective of 
whether the primary diagnosis is neurolog-
ical or not. Adopt a whole-hospital approach 
because some potential DCD donors will be 
outside the ICU [12].

d� Audit the potential for cDCD in the hospital. 
This should focus on patients having WLST 
with no contraindications to donation who 
die within the timeframe that allows cDCD to 
proceed. This allows the various departments 
to plan for the workload.

e� Discuss the practical, moral and ethical issues. 
It is only once these issues have been addressed 
and resolved that a protocol for local imple-
mentation should be developed.

f� Design a protocol for local implementation. 
This should be based on the discussion of 
the team and should address the process of 
reaching a decision on WLST, triggers for re-
ferral, when to inform the judicial services, 
how and when to approach the family, which 
ante mortem interventions are acceptable, the 
timing, method and location of WLST, organ-
isation of the operating theatres, criteria for 
standing down the retrieval team, how death 
is confirmed and by whom, care of the family 
after death has been confirmed, arrangements 
for the patient and family if the retrieval team 
is stood down, and which post mortem inter-
ventions are acceptable.

Table 12.5. Categorisation of the cDCD pancreas donor

Standard cDCD donor Expanded cDCD donor

Age (years) < 45 45-60

BMI (kg/m2) < 28 28-30

WIT (min) ≤ 30 > 30

CIT (hours) ≤ 9 > 9

Steatosis None Mild to moderate

Recommendation All potential pancreas donors fulfilling 
these criteria should be used

These grafts should be used selectively

All potential liver donors fulfilling these 
criteria should be used

BMI:  body mass index;  CIT:  cold ischaemia time;  DCD:  donation after circulatory death;  WIT:  warm ischaemia time.
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g� Ensure end-of-life care is not compromised. 
The quality of end-of-life care and pallia-
tive care must remain the highest priority 
throughout all the steps of the cDCD pathway, 
wherever the patient is being cared for.

h� Review the early cases (at the start of a new 
cDCD programme) because this allows any 
concerns or issues to be addressed and the 
local protocol to be updated as necessary. Once 
the programme is embedded, occasional de-
briefs for the ICU and theatre team are useful 
after difficult or emotive cases or to highlight 
particular issues.

i� Establish regular training. This should be tar-
geted at all healthcare staff involved in the 
cDCD pathway.

12.7. Conclusion

The field of DCD is rapidly evolving, with an in-
creasing number of countries participating in 

this type of deceased donation. Criteria for donor 
selection are expanding at the same time as the 
results of DCD transplants are becoming more fa-
vourable. Current developments of in situ and ex situ 
organ-preservation techniques may contribute to 
a greater use of organs per donor, better quality of 
organs and improved post-transplant outcomes.

DCD is a much-needed addition to DBD when 
we consider the persisting worldwide shortage of 
donor organs and the need for countries to progress 
towards self-sufficiency in transplantation. Moreover, 
in the overall best interests of the dying patients, there 
is a need to develop DCD programmes that allow do-
nation in all circumstances of death. However, DCD 
should not be a substitute for DBD because there still 
is a higher chance of a poorer outcome after DCD, 
which is likely due to the extra warm ischaemia in 
the donor and fewer donated organs per donor.

It is essential that countries considering intro-
ducing DCD programmes establish a robust legal, 
ethical and professional framework to underpin 
the practice to protect patients, the public and pro-
fessionals involved in the practice of DCD. Existing 
programmes should continue to develop by adopting 
the most recent evidence-based advances in the field.

Research agenda

From the literature and discussion of the available 
evidence, several topics were identified for which 
evidence is inconsistent, insufficient or non-existent. 
For the benefit of patients undergoing transplant 
procedures, the authors of this guide recommend that 

future research, where possible in well-designed RCTs, 
should focus on these research gaps: 
1 Defining an evidence-based ‘warm ischaemia time’ 

that predicts meaningful transplant outcomes (graft 
function and survival, organ discards).

2 Continued search for an accurate model of 
predicting time to death after WLST.

3 Comparison of indications, outcomes and cost-
effectiveness of in situ v. ex situ organ-perfusion 
technologies.

4 Identifying accurate, reproducible biochemical and 
other criteria that guide whether specific organs are 
utilised or discarded.

5 Document which ante mortem interventions are 
associated with better transplant outcomes for each 
organ.
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Chapter 13. Living donation

13.1. Introduction

In 2010, through the Madrid Resolution, countries 
were urged to pursue self-sufficiency in transplan-

tation, i.e. to satisfy the transplant needs of their 
patients by using resources from within their own 
patient population. The key to self-sufficiency is de-
veloping donation from deceased donors (DDs) to its 
maximum therapeutic potential by facilitating do-
nation, maximising the outcomes from each donor 
and optimising the results of transplantation. Never-
theless, living donation has become a necessary ad-
dition if countries are to achieve self-sufficiency and 
is therefore increasingly performed in Europe. Thus, 
deceased donation and living donation should be re-
garded as complementary sources of organs for trans-
plant [1].

From an ethical, medical, psychosocial and 
surgical point of view, it should be emphasised that 
living donation presents some unique considerations: 

a� The living donor (LD) is not a patient – is not 
suffering from an illness – but on the contrary 
is a healthy person who is selected for donation 
on the basis of their health. It is hard to eval-
uate the long-term implications of donating an 
organ during a person’s lifetime, because the 
optimal control group from the general popu-
lation is difficult to identify and validate [2, 3].

b� The surgical procedure is not performed with 
the aim of removing a malfunctioning, in-
fected or cancerous organ, but rather an opti-
mally functioning one.

c� Social and healthcare insurance systems have 

not been conceived with living donation in 
mind.

Worldwide, 36 % of kidney and 19 % of liver 
transplant procedures are performed with organs 
obtained from LDs [4, 5]. In addition to liver and 
kidney transplants, living donation can also facili-
tate the transplantation of lung, intestine, uterus and 
pancreas segments [6–8]. Living donation rates vary 
from country to country. In Europe, living kidney 
donation is increasingly accepted, but there are con-
siderable differences between countries in how often 
it is performed, the practices involved and the accept-
ance of donor–recipient relationships (see Table 13.1). 
Some countries, such as the Netherlands, Norway, 
Türkiye and the United Kingdom, have a long history 
of living donation with good results [4, 5].

Living kidney transplantation has been shown 
to be the best therapeutic alternative for patients 
with end-stage renal disease, because of several ad-
vantages compared with kidney transplant from de-
ceased donors [9]: 

a� Graft survival of LD kidneys is significantly 
longer.

b� The incidence of delayed graft function is lower.
c� Living donation allows for timely transplan-

tation, enabling a recipient to receive a kidney 
transplant prior to dialysis. This is especially 
important for children. Besides improved 
patient survival, pre-emptive kidney trans-
plantation has medical, logistical and eco-
nomic benefits.

d� Living donation makes pre-treatment of the 



376

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

recipient possible (e.g. in HLA-sensitised or 
ABO-incompatible patients).

In liver transplants, living donation offers its 
own set of advantages and challenges: 

a� In Japan, South Korea, Türkiye and the USA, 
it is an important way to decrease waiting-list 
mortality by offering immediate transplants to 
patients at high risk of early mortality. There 
is clear benefit when the indications for trans-
plantation are emergent – such as for acute liver 
failure, for acute on chronic liver failure or after 
primary non-function.

b� It is also significantly easier to find size-
matched grafts for paediatric recipients using 
an LD than waiting for a matched paediatric/
split graft.

c� With left lateral grafts being increasingly re-
covered using a laparoscopic approach, living 
donations are likely to increase even in coun-
tries with a developed deceased donation pro-
gramme.

It is vital that Health Authorities and pro-
fessionals who are responsible for transplant pro-
grammes promote deceased donation up to its 
maximum therapeutic potential. However, consid-
ering the large deficit of kidneys for transplantation 
compared to demand, at present and in the foresee-
able future, member states should develop and op-
timise programmes for kidney donation from LDs 
based on recognised ethical and professional stand-
ards as a way to achieve self-sufficiency in transplan-
tation. Liver donation from LDs should be considered 
in the context of lack of alternative transplant options 
in the necessary timescale.

13.2. Ethical and legal aspects of 
living donation

The safety and protection of the LD is essential for 
any programme and must be grounded on an 

appropriate regulatory framework, ethical principles 
and evidence-based clinical pathways. Living dona-
tion must be performed according to best practice 
and published evidence, following international rec-
ommendations from scientific bodies and societies 
such as the Amsterdam Forum on the care of the live 
kidney donor [10], the Vancouver Forum on the care 
of the live organ donor:  lung, liver, pancreas, and in-
testine [11] and the KDIGO Clinical Practice Guide-
lines on the evaluation and care of living kidney 
donors [12].

Living donation must only be performed in 

centres authorised by the corresponding Health Au-
thority and following strict ethical standards and 
regulations to minimise the medical and psycho-
social impact of donation and to avoid organ traf-
ficking and human trade, as recognised by the World 
Health Organization Guiding principles on human 
cell, tissue and organ transplantation [13] and the 
Declaration of Istanbul on Organ Trafficking and 
Transplant Tourism [14]. The Council of Europe 
Convention against Trafficking in Human Organs 
[15] and the Council of Europe Convention on Action 
against Trafficking in Human Beings [16] need also 
to be taken into account. The last two legal instru-
ments criminalise the violation of basic principles in 
living donation, in particular the recovery of organs 
without valid consent or in exchange for financial 
gain or comparable advantage. Other standards that 
complete the international ethical and legal frame-
work for living donation are the Council of Europe 
Convention on Human Rights and Biomedicine [17] 
and its Additional Protocol on Transplantation [18], 
as well as Directive 2010/53/EU of the European Par-
liament and of the Council on standards of quality 
and safety of human organs intended for transplan-
tation [19].

Living donation is only acceptable when the 
following safeguards are ensured:  the donor provides 
informed consent;  selection criteria for donors are 
scrupulously applied and monitored;  professional 
care is ensured;  and medical and psychosocial life-
long follow-up is guaranteed. LDs must be informed 
about the potential medical and psychological risks 
of donation in the short and long term. It is important 
to ensure that this information has been understood 
by the donor before proceeding with the evaluation 
process. Furthermore, the economic, occupational 
and social consequences of donation must be con-
veyed in a complete and understandable fashion.

The donor must be considered competent to 
receive and weigh the information, must act willingly 
and must be free of any undue influence or coercion. 
All LD cases and the outcome of all LD nephrecto-
mies must be registered for the purposes of tracea-
bility, safety and transparency of the activity.

Several European Union-funded projects 
(ACCORD, ELIPSY, EULID, EULOD, ODEQUS) have been 
set up to establish consensus and ascertain high-
quality practices in all aspects of LD transplantation, 
including the establishment of national and interna-
tional registries (see Figure 13.1) [19].

Reflection on the four principles – of benefi-
cence (doing good), non-maleficence (avoiding harm), 
respect for autonomy and respect for justice (pro-
moting fairness) – is essential in placing altruism as 
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the fundamental ethical principle of living organ do-
nation [20].

Donor consent is necessary, but alone it is not 
sufficient, to proceed with donor nephrectomy. Donor 
autonomy can never overrule medical judgment and 
decision-making. However, in selected cases, one 
could consider offering a second opinion. To ensure 
donor autonomy, it is important to

a� provide extensive specific information,
b� allow a reflection period,

c� exclude minors and persons unable to make 
decisions from being LDs [21].

It is good practice to involve an independent 
LD advocate or an independent assessor [22]. An 
LD advocate is defined as an independent medical, 
psychosocial and legal counsellor, with neither time 
constraints nor interests shared with any other party, 
someone who ensures the protection and safety of 
the LD [23]. Informed consent for donation should 

Figure 13.1. Summary of European Union-funded projects in living donation

            

ODEQUS

COORENOR

ELPAT  ELPAT  ELPAT  LIDOBS EUDONORGAN

EULID EULOD HOTT EDITH

ACCORDELIPSY

EULID (2007-2010)
Analysed the current European situation in 
legal, ethical, protection and registration 
practices related to living organ donation, 
in order to set standards and recommen-
dations that guarantee the living donor’s 
health and safety.

ELPAT Congresses (2007, 2010 and 
2013)
Elpat Congresses have brought continuity 
and progress in European research and 
dia logue on ethical, legal and psycho-
social aspects of organ transplantation of 
the European Society for Organ Transplan-
tation (Esot). They aimed to integrate and 
structure this field of science by bringing 
together European professionals from dif-
ferent disciplines.

EULOD (2010-2012)
This project aimed to establish an inven-
tory of living donation practices in Europe, 
to explore and promote living donation 
as a way of increasing organ availability, 
and to produce recommendations that 
improve the quality and safety of living 
organ donations in Europe.

ELIPSY (2010-2012)
The aim of Elipsy was to guarantee the good 
quality of organ living donation for trans-
plant through a living donor long-term 
psychosocial and quality of life follow-up. 
The recipient’s outcome was correlated 

with these aspects and a follow-up meth-
odology was created.

COORENOR (2010-2012)
The idea behind CooRenoR was to establish 
a co-ordinated network of national pro-
grammes in the participating European 
member states in organ transplantation. It 
co-ordinated efforts of countries in eastern 
and western Europe, all having different 
approaches and programmes, to tackle 
the issues of organ procurement and 
transplantation.

ODEQUS (2010-2013)
Odequs’ specific objectives were to iden-
tify quality criteria (QC) and to develop 
quality indicators (QI) at hospital level, in 
three types of organ donation:  after brain 
death (DBD), after circulatory death (DCD) 
and living donation. Those tools are useful 
in self-assessment and external evaluation 
of hospitals, and in developing a European 
auditing model.

LIDOBS Conference (2014)
This event developed the exchange of ex-
perience and knowledge of Living Dona-
tion programmes in order to assure safety, 
quality and transparency of the proce-
dures and high quality standards. The con-
ference planned and set up a community 
of experts in Living Donation programmes 
named Lidobs that continues to expand 
and increase the knowledge of donation 
and transplantation procedures.

HOTT project (2012-2015)
Combating trafficking in persons for the 
purpose of organ removal, this interna-
tional research project aims to increase 
knowledge and spread information to 
raise awareness about the crime and 
improve non-legislative responses to it.

ACCORD (2012- 2015)
AccoRd was set up to improve the poten-
tial of member states in the field of organ 
donation and transplantation and to con-
tribute to the effective implementation of 
EU Directive 2010/53/EU and the EU Action 
Plan on Organ Donation and Transplan-
tation (2009-2015). The work on living do-
nation has helped by creating a common 
methodology for registers of living donors.

Eudonorgan (2017-2019)
This project has actively contributed to the 
increase in organ donation rates through 
the training of healthcare professionals 
and through social awareness events. 
The key objective is that the participants 
become advocates for organ donation.

Edith (2017-2019)
The Edith project aims to realise a European 
Living Donor Registry, supporting lifelong 
data collection. The intended result is a 
database, a web-based application sup-
porting direct data entry and file upload, a 
data download facility, and a report facility 
complying with all legal requirements.

Source:  Adapted from LIDOBS Conference recommendations [20] Final leaflet.
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be obtained from the donor candidate in the absence 
of the intended recipient, family members and other 
persons who could influence the donation decision. 
Importantly, personal and medical donor informa-
tion is confidential also in relation to the recipient. 
It is also important, however, that the intended re-
cipient is aware of the risks to the donor. In addi-
tion, a donor candidate’s decision to withdraw at any 
stage of the evaluation process should be respected 
and supported. Donor assistance could be needed 
in communicating a decision to withdraw to the in-
tended recipient.

Reflecting this type of concern on how to 
protect donors, the LD Community of Practice of 
the American Society of Transplantation has recently 
published a guidance document [23]. To ensure appli-
cation of the above-mentioned principles, regulations 
must include: 

a� specific prohibition of donation by minors and 
persons unable to provide valid consent,

b� prohibition and criminalisation of trafficking 
in persons for the purpose of the removal of 
organs and organ trafficking,

c� authorisation of centres for recovering organs 
from LDs under the control of Health Author-
ities,

d� specific provisions to protect the non-resident 
LD, which should be linked to a policy of close 
co-operation between Health Authorities of 
different countries to implement a programme 
of referral and post-donation follow-up of 
non-resident LDs,

e� supervision of the LD process – evaluation, in-
formation and approval – according to national 

regulations, by an independent committee that 
includes healthcare professionals who are not 
involved in the organ removal or subsequent 
transplantation procedure (a specific ethics 
committee),

f� implementation of a reimbursement model of 
expenses related to donation to offset any neg-
ative economic consequences for donors and 
their families.

13.2.1. Consent and authorisation for living 
donation

Every aspect of donation from the LD – in-
cluding consent, authorisation, procurement, follow- 
up, transparency, quality and safety systems, and the 
accreditation of transplant units and medical staff 
qualifications – must be governed by national regula-
tions (see Chapter 17). This section (§13.2) gives espe-
cial emphasis to issues related to the valid consent of 
the LD and authorisation of the LD procedure.

Transplant centres differ in how donors are 
approached. The most common approach is that po-
tential donors themselves contact the centre, after ob-
taining this information from the intended recipient. 
This also serves as an initial screening test, as only 
those donors who are sufficiently motivated would 
contact the transplant team. In addition, information 
to the general public on the possibilities and impor-
tance of living donation should be considered. To 
avoid conflicts of interest, it is good practice that po-
tential donors are evaluated by someone other than 
the physician responsible for the recipient. However, 
in many hospitals this may not always be feasible.

Table 13.1. Categories of living donation, based on the donor–recipient relationship

Category Sub-category Definition
A – Related The donor is genetically and/or emotionally related to the recipient

A1:  genetically related A genetic relation exists between donor and recipient (e.g. brother/sister, 
parent/offspring). Therefore a certain immunological compatibility exists too.

A2:  emotionally related The donor is a genetically unrelated family member (e.g. spouse) of the recip-
ient or a friend (to be considered as a family member).

B – Unrelated The donor has no genetic or emotional relationship with the recipient. The relation between donor and re-
cipient must be outlined further by a sub-specification. Immunological compatibility exists only by chance.

B1:  paired exchange or 
crossover

By a controlled programme, unrelated donor and recipient pairs exchange 
grafts beyond any emotional or genetic relation, with the aim of overcoming 
immunological restrictions.

B2:  non-directed altruistic 
or anonymous

By a controlled programme, the donor can provide a graft to society which 
allocates this to a previously unknown recipient by defined rules.

B3:  directed altruistic By a controlled programme, the donor provides a graft to a recipient of the 
donor’s choice.

Source:  WHO Global glossary of terms and definitions on donation and transplantation (adapted) at www.who.int/transplantation/
activities/GlobalGlossaryonDonationTransplantation.pdf?ua=1.

http://www.who.int/transplantation/activities/GlobalGlossaryonDonationTransplantation.pdf?ua=1
http://www.who.int/transplantation/activities/GlobalGlossaryonDonationTransplantation.pdf?ua=1
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Although most living donations (especially of 
kidneys) are made to a relative, centres follow dif-
ferent practices depending upon the type of relation-
ship between donor and recipient (Table 13.1). The 
practice of non-directed and directed altruistic organ 
donation has emerged during the last two decades. 
There is no uniform practice in Europe. However, 
the number of transplants from such donors is in-
creasing. Non-directed altruistic donors are contro-
versial in some countries, while an important source 
of organs in other countries. In Europe it is currently 
most established in the UK and the Netherlands [24]. 
In addition to the ‘routine’ donor evaluation, there 
is usually a more thorough psychological assessment 
[25, 26]. The practice of directed altruistic donors is 
less frequent. The British Transplantation Society has 
developed guidelines for the evaluation of prospec-
tive directed altruistic donors, recommending an 
enhanced assessment by an independent assessor [27, 
28].

In order to ensure that the donor has given 
valid consent, the following requirements must be 
respected: 

a� At the start of the evaluation process, the po-
tential LD must receive information on poten-
tial medical and surgical risks, both short-term 
and long-term. Both oral and written infor-
mation (in the donor’s native language) should 
be provided. After the initial information has 
been provided, the donor should be given time 
to think about the decision, before proceeding 
with the evaluation. Healthcare personnel 
should verify and document evidence that in-
formation has been understood.

b� The surgical procedure and its risks should be 
explained by an experienced surgeon. Infor-
mation must include potential complications 
in the short and long term, both medical and 
psychosocial, including individual risks for the 
donor. Informing the donor about potential 
risks and obtaining informed consent are de-
scribed further in Chapter 19.

c� Potential long-term risks should be explained 
by a transplant physician with experience and 
training in the communication of risks to po-
tential donors.

d� The decision to donate must be voluntary and 
expressed without any pressure.

e� The LD must not demand or receive any ma-
terial or financial benefits from the organ re-
cipient, or from a third party, that could be 
considered as either coercion or reward.

f� The donor must be informed about the oppor-
tunity to revoke consent at any time during the 

evaluation process until the time of surgery, 
with no need for a specific formal procedure.

g� The potential LD must also be informed about 
possible adverse outcomes in the organ recip-
ient:  risk of organ rejection, medical and sur-
gical complications and the possibility of organ 
failure.

h� Written informed consent must be given by the 
donor before finally being accepted as a living 
donor.

i� In some countries, after the potential LD has 
given consent, approval is required by an Ethics 
Committee. Such committees have to be inde-
pendent from the procurement and transplant 
teams. In some countries the participation of 
the Ethics Committee is only mandatory in 
cases of unrelated donation. Some countries 
also require the approval to be confirmed by a 
court.

13.2.2. Authorisation for the living donation 
procedure

Beyond consent of the donor, some other 
aspects need to be considered before any living dona-
tion procedure is authorised: 

a� Organ donation must be preceded by the nec-
essary medical tests [29] (see tables 13.2 and 
13.3), to be assured that the risk to the donor is 
acceptable.

b� The result of the medical assessment of the 
health status of the potential donor should be 
documented by a physician experienced and 
qualified in organ donation. The written state-
ment must conclude that:  ‘there are no contra-
indications to organ donation’. This should 
include appropriate documentation.

c� The decision to accept a potential LD should be 
made by a multidisciplinary team.

d� If the risk to the donor is unacceptable, if there 
is doubt about the donor’s ability to give in-
formed consent, or if there are suspicions of co-
ercion, organ donation must not proceed. This 
is regardless of whether the potential donor 
would consent.

e� In some countries, the potential organ recip-
ient remains on the waiting list until the date of 
transplantation;  up to that moment, the recip-
ient is able to receive an organ from a deceased 
donor. In other countries, the patient is tem-
porarily withdrawn from the waiting list once 
the evaluation of a potential LD has been com-
pleted and the transplant is likely to go ahead.

f� Each LD must be provided with permanent 
lifelong follow-up care related to donation. 



380

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

This should be free of charge. If the donor de-
clines follow-up, donation must be considered 
carefully in the context of the individual donor.

g� Information regarding health status at the time 
of donation, and during follow-up, should be 
documented in dedicated registries.

h� Living donation should be cost-neutral for the 
donor, who should receive reimbursement of 
all expenses related to donation and the re-
covery period. The unit performing the do-
nation should ensure that the LD has proper 
insurance coverage (personally or from the re-
cipient’s insurance) to cover possible complica-
tions.

i� The act of living donation should not be a det-
riment to the patient securing employment or 
insurance coverage or obtaining credit, loans 
or mortgages.

j� Organ procurement from LDs must be per-
formed only at authorised centres and by 
medical staff with formal permission and ap-
propriate qualifications.

13.2.3. Authorisation of living donation from 
non-residents

Authorisation for donation in case of non- 
resident LDs must be undertaken according to the 
current legislation of the country where donation 
takes place. This type of donation cannot proceed 
unless full adherence to all recommendations spec-
ified in sections 13.1 and 13.2 is assured. Non-resident 
LDs are especially vulnerable. The donor–recipient 
relationship and the donor’s motivations may be dif-
ficult to assess due to language barriers and cultural 
differences. Medical data may be incomplete. There-
fore such transplant procedures should preferably be 
limited to first- or second-degree genetic relatives or 
spouses.

When performing an evaluation of a potential 
non-resident LD, one must be aware of the risk for 
organ trafficking, which may occur in many forms. 
In the appendix of Resolution CM/Res (2017) 1 from 
the Council of Europe, adopted on 14 June 2017 [30], 
there are recommendations on the evaluation, work-
up, consent and follow-up of a potential non-resident 
LD. Especially, it states that ‘Procedures should be 
in place to verify the claimed relationship between 
the potential donor and the recipient, and, where it 
cannot be proven, the donation should not proceed.’ 
Furthermore, it states that ‘Countries should ensure 
that LD programmes include procedures for LD as-
sessment or advocacy, independent of the transplant 
team. This is particularly important for the non- 
resident donor’ – to confirm that there is an informed 

consent without coercion. At especially high risk for 
organ trafficking is a donation from a directed altru-
istic non-resident donor [28].

The procurement centre must inform the po-
tential donor of the necessity of lifelong and regular 
follow-up. Moreover, the procurement centre must 
ensure that the donor has the necessary means for 
follow-up either in their country of residence or else-
where. As stated in the 2016 CD-P-TO Position Paper 
on the long-term outcome of living kidney donation, 
if there are no adequate lifelong follow-up arrange-
ments, the donor should not be accepted [31]. Infor-
mation about health status at the time of donation, 
and in the long term after procurement, must be doc-
umented in a registry in the procurement country.

Finally, Resolution CM/Res(2017)1 also states 
that when there is suspicion of organ trafficking, ‘na-
tional protocols should specify the actions to be taken’. 
Although the actions taken may differ between coun-
tries, the resolution states further that these actions 
could include ‘reporting the case to the national reg-
ulator and/or the law enforcement authority’, and 
mentions the possible benefits of international data 
sharing.

13.3. Medical and surgical aspects 
of living kidney donation

13.3.1. Risks of living kidney donation
The risks of donor nephrectomy can relate di-

rectly to the nephrectomy itself or can arise in the 
mid- to long term.

Perioperative mortality, based on large series 
of mostly open nephrectomies, has typically been re-
ported at 0.03-0.05 % [9, 32]. The immediate periop-
erative risks include:  bleeding, deep vein thrombosis, 
pulmonary embolism, wound complications, urinary 
tract infection, pneumonia, atelectasis, intestinal 
complications, pneumothorax and a need for further 
surgery.

Minimally invasive LD nephrectomies – either 
laparoscopic or retroperitoneoscopic – have, in recent 
years, been shown to be superior to the open proce-
dure regarding post-operative pain and hospital stay. 
Complication rates have been shown to be equal to 
the open procedure, although there may be a learning 
curve [33]. It would be desirable that transplant sur-
geons had expertise in at least two minimally invasive 
techniques in order to tailor the preferred surgical 
approach.

Previous studies have compared the long-term 
outcomes of kidney donors with the general popu-
lation. This is an inappropriate comparison since 
kidney donors are healthy at the time of donation, 
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and the general population includes individuals with 
pre-existing diseases. During the last two decades, 
publications have emerged describing adverse out-
comes after kidney donation. Several studies have 
found that kidney donation is associated with in-
creased incidence of hypertension as well as protein-
uria [30-31, 34-37]. The prevalence of hypertension 
in previous donors increases slowly. A study from 
the US found a prevalence of approximately 1% per 
year since donation [38]. A study from the UK found 
increased left ventricular mass one year after dona-
tion [39]. Females who have donated a kidney are at 
increased risk of pre-eclampsia in subsequent preg-
nancies [40]. Most disturbingly, a study from Norway 
with a median follow-up of 15 years found increased 
cardiovascular and all-cause mortality, evident at 
one decade after donation [41]. Although two other 
studies have not corroborated this finding, these 
had a shorter follow-up of around six years. Several 
studies have found an increase in end-stage renal 
disease after donation [2, 3, 42-45].

It is important that every donor can give valid 
consent for donation, after being appropriately in-
formed of the risks [42]. Young donors and those from 
different ethnic backgrounds must be considered 
carefully in the context of their individual lifetime 
risk of donation and they should be appropriately 
counselled, using the best evidence that is available. 
Potential young donors of African-American eth-
nicity are at higher risk, with a higher lifetime inci-
dence of hypertension, diabetes, renal disease and 
cardiovascular disease.

It is advisable to minimise risk factors and op-
timise the physical and psychological status of the 
donor before surgery, including physical activity, nu-
tritional care and psychological support. After dona-
tion, the donor must be advised to maintain a healthy 
lifestyle, control body weight, promote physical ac-
tivities and follow the recommendations on preven-
tive control according to age and gender.

It is relatively common that potential living 
kidney donors are accepted although they have 
minor co-morbidities such as hypertension, impaired 
glucose tolerance or borderline renal function. Most 
transplant programmes have existing guidelines 
detailing how to handle such minor medical abnor-
malities [26, 46]. However, it is quite common that 
transplant centres have to make individual consid-
erations of different co-morbidities in donors and 
make decisions based on clinical experience more 
than on evidence from the literature. Some aspects 
should be considered when evaluating donors with 
co- morbidities that are not absolute contraindica-
tions for donation. Firstly, consider whether donating 

a kidney could worsen the pre-existing condition. 
Secondly, one should consider whether the pre-ex-
isting condition could worsen the renal function in 
the remaining kidney.

However, the most important factor when 
evaluating such donors is age at donation. Since 
kidney donors are evaluated, and therefore consid-
ered healthy at the time of donation, most long-term 
risks will become evident only after a longer period 
of observation time. From the existing literature, it 
seems that both hypertension and end-stage renal 
disease develop only after a long period of observa-
tion time [2, 3, 37, 38]. The donor evaluation selects 
well in older donors, meaning that only the health-
iest will be considered eligible donors. It selects less 
well in younger donors, since a large proportion of 
young donors will be considered eligible. Most im-
portantly, young donors have a longer remaining 
lifespan with one kidney. Based on this, it is likely 
that a 20-year-old kidney donor with 60 years to 
live with one kidney faces a higher long-term risk 
after kidney donation than a 60-year-old donor who 
has 20 years left to live after donation. Hypertension 
is quite common in 60-year-olds. Consequently, if 
a transplant centre chooses to accept the healthy 
20-year-old donor, it would be irrational not to 
accept a 60-year-old donor with well-treated hyper-
tension [42, 47, 48].

13.3.2. Medical evaluation and exclusion criteria 
for living kidney donation

The aim of the donor evaluation is to ensure 
that the potential donor is in good health and has 
no unacceptable risk (bearing in mind the standard 
and accepted risks after donation), and that they are 
not under coercion, thus taking a free and informed 
decision.

We recommend that the physician responsible 
for the donor evaluation is not involved in the care 
of the recipient, since this may cause a conflict of 
interests. A complete past medical history and phys-
ical examination, as well as laboratory and imaging 
tests, should be performed according to established 
national and international guidelines. An example is 
provided in Table 13.2.

Medical criteria that could be considered as 
contraindications for living kidney donation are 
listed here: 

a� Significant chronic disease (cardiovascular, 
pulmonary, hepatic, neurological or autoim-
mune). In cases of doubt, decisions should be 
taken on a case-by-case basis after discussion 
with relevant specialists.
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Table 13.2. Basic routine screening of the potential living 
kidney donor

Assessment of renal 
function and urinalysis

Cardio-respiratory system

• Measurement of GFR
• Dipstick for protein, 

blood and glucose
• Microscopy, culture and 

sensitivity
• Measurement of protein 

excretion rate

Chest X-ray
Electrocardiogram
Stress test
Echocardiography

Immunological screening Virology and infection 
screening*

• Blood group
• HLA-typing
• Crossmatch

Brucella (where indicated)
Cytomegalovirus
Epstein–Barr virus
Hepatitis B and C virus
Hepatitis E virus (where 
indicated)
HHV-8 and HSV (where 
indicated)
HIV and HTLV 1/2
Mycobacterium tuberculosis 
(where indicated)
Plasmodium (where indicat-
ed)
Schistosoma (where indicat-
ed)
Strongyloides (where indi-
cated)
Treponema pallidum
Toxoplasma
Trypanosoma cruzi (where 
indicated)
Typhoid (where indicated)

Assessment of renal 
anatomy

Blood tests

Appropriate imaging 
investigations should allow 
confirmation of the presence 
of two kidneys of normal 
size and enable detection 
of any abnormalities of 
the collecting system and 
calcification or stone disease 
in the renal tract. They must 
also delineate the anatomy 
of the renal vasculature.

Haematological profile
Complete blood count
Haemoglobinopathy (where 
indicated)
Coagulation screening (PT 
and APTT)
G6PD deficiency (where 
indicated)
Biochemical profile
Creatinine, urea and elec-
trolytes
Liver tests
Urate
Fasting plasma glucose
Glucose tolerance test (if 
fasting plasma glucose is 
6-7 mmol/L)
Bone profile
Blood lipids
Thyroid function tests (if 
indicated)
Pregnancy test (if indicated)
PSA (if indicated)

APTT:  activated partial thromboplastin time;  G6PD:  glucose-6-
phosphate dehydrogenase;  GFR:  glomerular filtration rate;  HHV:  
human herpes virus;  HIV:  human immunodeficiency virus;  HSV:  
herpes simplex virus;  HTLV:  human T-lymphotropic virus;  PSA:  
prostate-specific antigen;  PT:  prothrombin time.

* For further details, refer to §13.6.1 and §8.4.1.

b� Obesity, even though it is modifiable. Body 
mass index (BMI) should be calculated. The 
decision to approve donor candidates with 
obesity and BMI > 30 kg/m2 should be indi-
vidualised in relation to the transplant pro-
gramme’s acceptable risk threshold [12].

c� Hypertension is considered a contraindication. 
Uncomplicated hypertension treated with one 
drug may be allowed in older donors.

d� Diabetes is considered a contraindication. Im-
paired glucose tolerance may be accepted in 
older donors.

e� Disorders requiring anticoagulation, de-
pending on the underlying disease.

f� Chronic viral infection (HIV, HBV, HCV, 
HTLV) as outlined in section 13.6.1.

g� Active cancer or history of cancer. Donors with 
a history of cancer who have completed treat-
ment and low risk of metastases and/or recur-
rence can be accepted under certain conditions, 
e.g. non-melanoma skin cancer, as outlined in 
section 13.6.2.

h� Proteinuria (e.g. > 300 mg/day). Microalbu-
minuria could be accepted in older donors.

i� Haematuria – potential donors with haema-
turia can be accepted in the absence of relevant 
urological or kidney disease. This requires ad-
ditional investigations in the form of cystos-
copy, imaging and a kidney biopsy.

j� Large differences between right and left kidney 
in estimated renal function. The kidney with 
the larger functional capacity should always 
be left in the donor. It is good practice to un-
dertake a split function to determine the indi-
vidual kidney function.

k� Nephrocalcinosis, bilateral kidney stones or re-
current nephrolithiasis. Single case of unilat-
eral stone disease in the past history could be 
considered for donation after additional testing 
and evaluation. Preferably, the affected kidney 
is removed for transplantation and in some 
cases renal stones can be managed during 
back-table preparation immediately before im-
plantation.

l� Low glomerular filtration rate (GFR) in rela-
tion to age.

13.3.3. Evaluation of donor GFR
Evaluation of the kidney donor candidate’s 

GFR is a cornerstone of LD evaluation. Direct meas-
urement of GFR based on the clearance of exogenous 
markers is the gold standard for evaluating renal 
function and it should be preferred in the context of 
LD evaluation. GFR estimating equations based on 
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serum creatinine suffer from a lack of accuracy for 
the evaluation of predonation GFR [49].

Regarding the threshold for allowing dona-
tion, the KDIGO guidelines recommend fixed, ab-
solute thresholds of GFR beyond which donation is 
(> 90 mL/min/1.73 m2) or is not (< 60 mL/min/1.73 m2) 
indicated [46]. Furthermore, they recommend for 
donors with GFR 60-90 mL/min/1.73 m2 that the 
centre makes a decision based on the centre’s own 
‘risk threshold’, using a web-based calculator [50] to 
estimate the lifetime risk of end-stage renal disease 
(ESRD) without donation, and to allow donation if 
this risk is sufficiently low in relation to the centre’s 
own risk threshold [51]. This web-based calculator 
has been criticised by several authors [43, 44, 52] for 
having been constructed from population data with 
less than a decade of follow-up, and consequently 
not being able to assess the risk of ESRD from late 
events such as diabetes and hypertension. Based on 
these concerns, we do not recommend the routine 
use of this web-based calculator. On the other hand, 
many have advocated the use of age-adapted values 
to define GFR adequacy for donation [26, 53, 54]. This 
latest approach may seem physiologically plausible 
given, on the one hand, the well-recognised relation-
ship between age and GFR [55], and the uncertainty 
surrounding the actual pathogenicity of age-related 
GFR decline [56].

In conclusion, since there is a natural decline in 
GFR as part of ageing, the acceptance limit for GFR 
could be lower in older individuals, and higher in 
younger individuals. The guidelines from the British 
Transplantation Society have put this into practice 
[26].

13.4. Medical and surgical aspects 
of living liver donation

13.4.1. Risks of living liver donation
Most LD liver donations are still carried out 

by open surgery, though there is an increasing body 
of evidence supporting the minimally invasive ap-
proach to LD hepatectomy, without compromising 
LD safety.

The short-term safety issue is different from the 
issue in LD nephrectomy, because the peri-operative 
risk is higher, particularly in adult-to-adult LD liver 
transplantation. Taking into account the increased 
mortality risk compared with LD nephrectomy, the 
pre-operative assessment of donor risk and moti-
vations is important. Also to be considered are:  the 
level of surgical LD liver resection and hepato-biliary 
surgery competence, recipient status and alternative 
deceased donor organ availability. Even in transplant 

centres with substantial LD liver resection compe-
tence, the indication should be carefully considered.

The peri-operative mortality rate has been es-
timated at 0.1-0.4 %, and the surgical complication/
morbidity rate has been reported to be 5-40 %, with 
the majority of complications lying in the spectrum 
of Clavien–Dindo Grade I or II [57-59]. Right-sided 
resections have been considered to involve a higher 
risk. The mortality rates after donor right hepatec-
tomy surgeries (liver graft including segments V, VI, 
VII and VIII) performed from 1990 to 2000 were re-
ported as around 2 %. Through the years this rate has 
declined to 0.4-0.5 % [60]. In an international survey 
including 21 countries where LD liver transplantation 
(LDLT) was performed, the morbidity and mortality 
rates for 11 553 liver donors in 148 centres were 24 % 
and 0.2 %, respectively. In a recent systematic review 
of 63 published articles regarding morbidity and mor-
tality for LDLT, it was shown that between 1999 and 
2017 there were 23 reported cases of peri-operative 
donor deaths [61]. The primary cause of death was 
post-operative sepsis, accounting for 30 % of cases. 
In another registry analysis, which included 4 598 
LDLT performed in the United States and Europe, 
seven donor deaths were reported that had definite 
relation to donor surgery, representing a 0.15 % donor 
mortality rate [62]. In a study from the US, long-term 
mortality was not found to be higher than that in 
healthy controls [63].

Donor morbidity rates vary considerably 
among studies and have been reported to range any-
where from 9 % to 78 % [61]. The most common com-
plications are related to the biliary system. Biliary 
fistulae can lead to collections developing adjacent to 
the transection surface, which usually resolve with 
conservative management but occasionally require 
percutaneous drainage. Stenosis of the remnant 
biliary system in the donor is less common, with an 
incidence of around 1 % [64]. The incidence of com-
plications after liver donation is difficult to assess due 
to the lack of uniformity of the available data. Al-
though there is considerable variation in the overall 
complication rates published from single centres, 
most cumulative series demonstrate low overall 
morbidity rates for LDs. The most common medical 
complications after donation are fever, pneumonia 
and urinary tract infection. Complications related 
to surgery include bleeding, wound infections, in-
cisional hernias, portal vein thrombosis/strictures 
and biliary leaks/strictures. Biliary leaks can cause 
collections adjacent to the resection line, usually re-
solving with conservative treatment, but sometimes 
requiring percutaneous drainage or endoscopic ret-
rograde cholangio-pancreatography (ERCP). Ste-
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nosis of the biliary system is less common, around 
1 %. When analysing complications according to 
the type of hepatectomy performed, right-lobe liver 
donation was associated with a higher rate (range 
20-60 %, overall approximately 35 %) and with more 
severe complications than left-lobe liver donation [59, 
60].

13.4.2. Medical evaluation and exclusion criteria 
for living liver donation

LD liver transplantation is an important 
strategy to consider in many patients waiting for 
transplant and has been shown to achieve excellent 
outcomes in the recipient. It is based on the principle 
of double equipoise, where donor risk is justified by 
recipient benefit. However, donor safety and not re-
cipient benefit should remain the primary concern 
for the transplant team. The optimisation of donor- 
selection criteria, the experience of the surgical team 
in hepatobiliary and transplant surgery and the es-
tablishment of careful post-operative management 
protocols are essential to achieve low donor mor-
bidity rates.

A summary of the routine screening of poten-
tial living liver donors is provided in Table 13.3.

Once accepted for the liver transplant waiting 
list, patients can be offered the possibility of LD 
liver transplantation in centres where the procedure 
is performed. Evaluation of possible donors starts 
when they voluntarily request information about 
the process. In general, a maximum age of 55 and an 
apparently normal state of health is recommended 
to start the evaluation. Blood group compatibility 
between the donor and the recipient is no longer 
considered essential for performance of liver trans-
plantation. The evolution of desensitisation protocols, 
especially the success of rituximab [65] in preventing 
antibody-mediated rejection, has led to marked im-
provements in graft and patient survival of patients 
undergoing ABO-incompatible liver (ABOi) trans-
plants. According to recent literature, 1- and 5-year 
patient survival after ABOi LT was 91.8 % and 88.4 %, 
respectively, compared with ABO-identical survival 
rates of 91.5 % and 86.7 % respectively [66].

If the ethical and legal criteria are fulfilled, 
the evaluation process may begin. It involves hepa-
tologists, surgeons and psychologists. An extensive 
evaluation of the health status of the potential donor 
is mandatory in order to minimise the impact of a 
major abdominal surgery procedure. It is very im-
portant to rule out the presence of liver, infectious or 
neoplastic diseases. Also, a psychological assessment 
must be performed.

Table 13.3. Basic routine screening of the potential living 
liver donor

Assessment of liver 
function

Cardio-respiratory system

AST, ALT, bilirubin, ALP, albu-
min, GGT
PT, INR

Chest X-ray
Electrocardiogram
Stress test
Echocardiography

Immunological screening Virology and infection 
screening*

Blood group
HLA-typing (optional)
Cross-match

Brucella (where indicated)
Cytomegalovirus
Epstein–Barr virus
Hepatitis B and C virus
Hepatitis E virus (where 
indicated)
HHV-8 and HSV (where 
indicated)
HIV and HTLV 1/2
Mycobacterium tuberculosis 
(where indicated)
Plasmodium (where indicat-
ed)
Schistosoma (where indicat-
ed)
Strongyloides (where indi-
cated)
Treponema pallidum
Toxoplasma
Trypanosoma cruzi (where 
indicated)
Typhoid (where indicated)

Assessment of liver 
anatomy

Blood tests

Appropriate imaging 
investigations should allow 
confirmation of the liver size 
and uncover abnormalities 
of the biliary ducts, fatty 
liver disease or cirrhosis/
fibrosis. They must also 
delineate the anatomy of the 
liver vasculature.
Liver ultrasound with 
Doppler
Fibroscan (optional)
Thin-slice triphasic CT scan
MRI cholangiography

Haematological profile
Complete blood count
Haemoglobinopathy (where 
indicated)
Biochemical profile
Creatinine, urea and elec-
trolytes
Proteinogram
Blood lipids
Thyroid function tests
Alpha-fetoprotein
Β-HCG
NSE
CEA
Pregnancy test (if indicated)
PSA (if indicated)

APTT:  activated partial thromboplastin time;  Β-HCG:  beta human 
chorionic gonadotropin;  CEA:  carcinoembryonic antigen;  GGT:  
gamma-glutamyl transferase;  HHV:  human herpes virus;  HIV:  
human immunodeficiency virus;  HSV:  herpes simplex virus;  HTLV:  
human T-Lymphotropic virus;  NSE:  neuron-specific enolase;  PSA:  
prostate-specific antigen;  PT:  prothrombin time.

* For further details of virology and infection screening, refer to 
§13.6.1.

The evaluation of the liver itself in an LD has 
two aspects: 

a� to ensure that a graft of adequate size is pro-
cured,

b� to ensure that the remaining liver in the donor 
is not compromised and is able to sustain ade-
quate liver function.
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In this regard, a precise analysis of the liver 
volume and its detailed vascular and biliary anatomy 
is essential to determine donor suitability. This 
knowledge, before obtaining the graft, is very impor-
tant for guaranteeing the success and safety of the 
surgery, in both the donor and the recipient.

A detailed radiological assessment is a prereq-
uisite for a successful donor operation. A volumetric 
assessment of the total liver volume of the donor liver, 
the expected graft weight for the recipient, and the 
residual amount of hepatic parenchyma are all calcu-
lated. While a small graft with a graft– recipient body 
weight ratio < 0.8 may lead to the feared small-for-size 
syndrome, it is even more important to make sure 
that there is sufficient liver parenchyma – enough 
future remnant liver volume – remaining to avoid 
liver insufficiency in the donor after surgery.

The second aspect of the radiological assess-
ment deals with a thorough evaluation of the bilio-
vascular anatomy. With growing experience, the 
absolute anatomic contraindications to donation 
have shrunk significantly. Nevertheless, identifica-
tion of these contraindications and surgical prepa-
ration for the anatomical difficulties expected are 
paramount in maintaining the high safety stand-
ards required for a successful LD liver transplan-
tation programme. The hepatic artery, portal vein 
and pattern of hepatic venous drainage are all as-
sessed for suitability for potential donation. Varia-
tions of hepatic venous drainage have to be assessed 
pre- operatively in order to formulate a surgical plan 
that prevents congestion of the anterior sector of the 
graft. MR cholangiography is the mainstay of evalua-
tion of pre-operative biliary anatomy. The bile duct is 
the structure with the largest number of anatomical 
variations, although this is not usually a contraindi-
cation for donation.

It is also essential to evaluate for the presence 
and degree of liver steatosis. Non-invasive methods, 
such as utilisation of the liver attenuation index cal-
culated using non-contrast CT images or fibroscan 
for measuring liver stiffness, provide a fairly accurate 
assessment of the degree of liver steatosis and fibrosis.

The selection of either right or left lobe hepatec-
tomy/transplantation requires individualising each 
particular case and choosing the best procedure de-
pending on the particular characteristics of the donor 
and the recipient.

13.5. LD lung, pancreas, small 
bowel and uterus 
transplantation

In order to increase the number of suitable lung 
donors, mainly for small and critically ill patients, 

the use of lobar lung LDs was introduced in the 1990s. 
LD lobar lung transplantation provides a similar sur-
vival rate to deceased donor lung transplantation, 
even for very ill patients. Surgical techniques typi-
cally include recipients’ bilateral pneumonectomy 
and subsequent implantation of a right lower lobe 
from one donor and a left lower lobe from the second 
donor. Donor risks have been considered acceptable 
[67]. However, in a US report from 2014 [68], major 
complications occurred in 18 % of donors. In coun-
tries with deceased donation programmes, living 
lung donation is a rare procedure after implementa-
tion of lung allocation systems.

Live pancreas donation is another rare proce-
dure. Surgical complications include spleen lacera-
tions and pancreatic leakage. There are no survival 
data available. Lam et al� found increased risk of dia-
betes among donors, with 27 % of donors having been 
prescribed antidiabetic medication at a mean of 16 
years after donation [69].

Small bowel donation is a rare procedure, per-
formed only in a few centres worldwide [70].

Living uterus donation is a rare procedure. 
There have been few reports, mainly from Sweden, 
but also from India and from the US, with successful 
pregnancies post-transplant [71].

13.6. Medical evaluation of the 
LD with regard to the risk of 
disease transmission

Disease transmission from donor to recipient can 
occur in the context of living donation. Unlike 

the situation with deceased donors, in less urgent 
cases sufficient time for appropriate donor investiga-
tions and possible treatment in advance is available. 
Therefore more extensive diagnostic work-up for safer 
risk assessment should be implemented. In general, 
the investigations and procedures recommended in 
deceased donors should be performed in LDs (see 
chapters 6 to 10), but the risk–benefit assessment of 
a possible donor–recipient pair can be done without 
time constraints.
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13.6.1. Risk of transmission of infectious 
diseases

Addressing the risk of transmission of infec-
tious diseases through living donation adheres to the 
same principles that apply in deceased donation, as 
outlined in Chapter 8. In the case of an LD, an in-
fection can be acquired between screening and organ 
recovery. Therefore, basic LD screening tests must be 
performed both at initial counselling and again at the 
final counselling and/or before the organ is procured. 
Results must be available before the organ is removed 
for transplantation. Counselling of the donor and 
recipient must include the information that infec-
tions may be acquired during the period from initial 
or final screening and counselling up to the day of 
transplantation. Therefore, transmission risks still 
exist despite appropriate screening, and such trans-
missions have indeed occurred.

Some special considerations might help in re-
ducing the risks of transmission of infectious dis-
eases through an LD: 

a� LDs should be screened with serology for HIV, 
HBV, HCV and HEV shortly (one week) before 
organ donation in order to minimise risks due 
to undisclosed risk behaviours. NAT testing 
should be reserved to high-risk donors. HEV 
NAT testing should be performed only in areas 
with high prevalence of HEV infection or if the 
donor has undiagnosed elevation of liver func-
tion tests.

b� In the case of vaccinations with live vaccines, 
transmission of a vaccine-derived pathogen 
can be avoided by postponing the transplanta-
tion by 4 weeks if necessary (see §8.2.4). In LDs, 
it is advisable to perform HAV and HBV vac-
cinations before donation in non-immunised 
donors (see §8.6.2.10 and §8.6.2.11), and also to 
complete vaccinations as recommended by the 
local healthcare system.

c� In the case of Epstein–Barr virus D+/R−, there 
is a high risk of post-transplant lymphopro-
liferative disorders and ideally this should be 
avoided. In the case of Epstein–Barr virus D+/
R− transplants, protocols for close monitoring 
of such recipients for post-transplant lympho-
proliferative disorders could facilitate earlier 
diagnosis (see §8.6.2.7).

d� In the case of a kidney donor with HBV in-
fection or HCV infection, the principles out-
lined in sections 8.6.2.11 and 8.6.2.12 should be 
applied. Living kidney donors with HCV in-
fection and viraemia should receive treatment 
with the new direct-acting antiviral (DAA) 
drugs before donation. If they achieve sus-

tained virological response, living donation 
and transplantation from such HCV- negative 
donors may be possible. It is unlikely that a 
living kidney donor with sustained virolog-
ical response will transmit HCV through the 
graft, but this has not been confirmed yet. In 
any case, proper follow-up of the donor and re-
cipient (HCV-RNA measurements) will help to 
identify the need for intervention. Beyond this 
level of follow-up, the pathways discussed for 
deceased donors might be applied in LDs based 
on case-by-case decisions (see §8.6.2.12).

e� Transmission of Kaposi sarcoma herpes virus 
(HHV-8) from organ donor to recipient has 
been documented through seroconversion 
and by molecular epidemiologic studies (see 
§8.6.2.8). Although the optimal serologic assay 
has not been determined, the combination of 
whole virion ELISA (enzyme-linked immuno-
sorbent assay) and lytic immunofluorescence 
assay should be utilised to improve sensitivity 
and specificity. The screening of donors and 
recipients for HHV-8 in low-prevalence coun-
tries is currently not recommended. However, 
in high-prevalence countries, screening is 
advised, and donors with positive HHV-8 se-
rology should be excluded from organ dona-
tion due to the increased risk for the recipient 
of developing HHV-8 associated diseases. In-
fected recipients may experience fever, spleno-
megaly, lymphoid hyperplasia, pancytopenia 
and occasionally rapid onset cutaneous or vis-
ceral Kaposi sarcoma. A very severe clinical 
picture and high mortality associated with 
primary HHV-8 infection has been observed 
in kidney and liver transplant recipients. Use of 
organs from HHV-8 positive donors in HHV-8 
positive recipients might be allowed if the re-
cipient is informed about the risk of developing 
HHV-8 related diseases post-transplant inde-
pendently of the donor’s HHV-8 positivity.

f� Seasonal screening for West Nile Virus (WNV) 
or other seasonal infectious diseases using NAT 
should be considered, at least in the case of local 
epidemics of WNV. For laboratory screening, 
LDs should be screened by WNV-NAT within 
7-14 days before donation. The use of serologic 
testing offers an additional potential strategy 
to screen potential LDs for WNV, but it has 
significant limitations due to performance and 
interpretation. During the mosquito season, 
prospective LDs should be counselled to use 
personal protective measures against mos-
quito bites, such as using insect repellents and 
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avoiding outdoor activities between dusk and 
dawn. These practices are meant to mitigate 
the risk of acquiring WNV between diagnostic 
testing and organ donation.

g� Anti-HTLV-1/2 screening should be considered 
in donors coming from geographic regions 
with a high prevalence of HTLV-1/2 infections 
(see §8.6.2.16). D+/R− combinations are usually 
not accepted, though evidence-based policies 
do not exist.

h� As a minimum, acute or chronic persisting bac-
terial infections or colonisation of the organ 
to be transplanted should be treated in LDs. 
Those colonised or infected with multi-drug re-
sistant bacteria should have documented erad-
ication of the pathogen before organ donation. 
This does not apply to simple faecal carriage of 
multi- drug resistant pathogens.

i� Donors with curative treatment of tuberculosis 
can be accepted with some care and follow-up 
of the recipient. The risk of latent tubercu-
losis with transmission risks (as outlined in 
§8.4.6) should be considered;  in living dona-
tion, interferon- gamma release assay (IGRA) 
tests of donor and recipient are helpful. LDs 
with a positive tuberculin skin test (TST) or 
IGRA should be offered treatment for latent 
tuberculosis prior to donation or as per local 
or national guidelines. Because completion of 
this treatment may delay the transplant and 
adversely impact the recipient, expert opinion 
is that each situation should be individualised, 
but treatment does not need not be completed 
before the transplant occurs. There are no data 
on the optimal duration of possible latent tu-
berculosis therapy in this setting. Information 
about tuberculosis status and treatment history 
should be noted in the medical record of the 
organ recipient. Chemoprophylaxis should be 
considered for recipients whose donor tuber-
culosis screening test (TST or IGRA) was pos-
itive, in cases where the donor did not receive 
either any or sufficient chemoprophylaxis. Re-
cipient risk of isoniazid (INH) toxicity must 
be weighed against the risk of donor-derived 
tuberculosis transmission;  drug interactions 
with transplant medications and rifamycins 
(rifampicin, rifampin, rifabutin, rifapentine) 
should also be carefully considered after trans-
plant. Clinicians should consider the impact of 
local resistance rates when developing effective 
chemoprophylaxis protocols, and should refer 
to local or national guidelines.

j� Disseminated fungal infections (or fungaemia) 

must be eradicated completely before donation. 
For localised infections, case-by-case consider-
ation is necessary (see §8.6).

k� Active parasitic disease of the donor is a con-
traindication for donation. Exceptions may be 
possible if unacceptable risks for the recipients 
have been ruled out by transplant infectious 
disease specialists (see §8.7).

l� Trypanosoma cruzi, the parasite responsible 
for Chagas disease or American trypanosomi-
asis, has a predilection for muscle, heart and 
neurological cells. Screening is important for 
residents of, immigrants from or travellers to 
endemic areas (Latin and South America, see 
§8.7.3).

m� Strongyloidiasis typically occurs only in the 
setting of specific environmental exposures;  
thus, screening all potential LDs is not indi-
cated. Screening is justified for the following 
potential organ donors: 

i. Persons who were born in or lived in tropical or 
subtropical countries where sanitation condi-
tions are substandard. This includes candidates 
with prior military service in endemic areas. 
Strongyloidiasis has occurred in most coun-
tries, with the exception of Canada, Japan and 
northern Europe.

ii. Persons with unexplained oeosinophilia and a 
history of travel to an endemic area.

iii. Those born in the United States who have had 
significant exposure to soil in Appalachia or 
the south-eastern United States.

iv. Persons reporting a prior history of Strongyloi-
des infection [72]. Strongyloides IgG antibody 
testing is readily available in many reference 
labs. Test sensitivities vary and false-negative 
results have occurred, including in early infec-
tion and immunocompromised hosts. Indirect 
immunofluorescence assays have improved 
sensitivity;  however, they are generally only 
available through research laboratories. There 
is no standard commercially available confirm-
atory testing for antibody-positive specimens;  
false-positive tests are uncommon. Individuals 
with a history of treatment for Strongyloides in-
fection may have persistent antibody response;  
consequently, those donors should undergo 
further evaluation by an expert in infectious 
diseases.

n� Risks of infections should also be considered 
according to lifestyle, living and sanitary con-
ditions, vertical transmission, etc., as outlined 
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in section  8.10. Surveillance of disease trans-
mission vectors contributes to detection of new 
transmission risks in LDs too.

o� Preventive strategies that can minimise the 
risk of donor-derived diseases among potential 
recipients are summarised in section 8.12.

p� Not enough data exist for patients under treat-
ment for HIV infection in Europe for conclu-
sions to be drawn and recommendations to be 
made about whether they can be considered as 
potential LDs. Transplantation to HIV-infected 
recipients is possible (see §8.6.2.15). There are 
reports that LDs with HIV have donated, but 
one must consider the risk of HIV-associated 
kidney disease in the donor, and future in-
creased risk of ESRD after donation [73].

q� Migrants and people who regularly travel 
abroad could be at risk for certain geograph-
ically restricted infections, depending on 
the prevalence of the particular infection in 
their country of origin/travel, their vaccina-
tion status, the countries visited during their 
journey and the conditions experienced. Thus, 
when serving as organ donors, this should be 
considered before the transplant takes place, to 
reduce the risk of transmission of geographi-
cally restricted infections, although these may 
be rare in the country where the transplant is 
performed. Similarly, recipients may experi-
ence reactivation of the respective pathogens 
under immunosuppression. It is advisable to 
refer to the epidemiological data of health or-
ganisations on infectious diseases according 
to the country of origin/travel. Moreover, im-
munisation status should be evaluated and, if 
there is uncertainty, the potential donor/recip-
ient should be considered as unvaccinated [13, 
74, 75].

13.6.2. Risk of transmission of malignancies and 
other diseases

It is important to adhere to the principles 
applied to malignancies and other diseases in de-
ceased donors, as outlined in chapters 9 and 10. Any 
active malignancy must be ruled out during the 
work-up of the LD. It is important to verify that the 
potential donor has participated in national screening 
programmes, and basic cancer screening tests should 
be implemented as part of donor evaluation. In the 
rare case of allowing donation from a donor with 
previous malignancies at low risk of transmission, 
the curative treatment and the length of disease-free 
period must be verified. However, exceptions are 

sometimes made on a case-by-case basis in patients 
with very low risk of transmission.

Regarding donor transmission risks for spe-
cific malignancies, see Chapter 9.

13.7. Psychosocial aspects of living 
donation

13.7.1. Potential effects on LDs
Living donation and transplantation has po-

tential benefits also for the donor (e.g. increased 
self-esteem, improved quality of life, improved social 
and family situation). However, there are also poten-
tial psychological problems that might occur during 
or after living donation that need to be considered. In 
the 2013 Relive study, 9 % of LDs showed an impair-
ment of their physical health-related quality of life 
and another 9 % of donors had significantly impaired 
mental health-related quality of life [76]. Deteriora-
tion of the donor–recipient relationship has been ob-
served in up to 14 % of cases [77].

13.7.2. Psychological evaluation of LDs

Many transplant centres have some form of 
psychological evaluation carried out by a transplant 
co-ordinator, nurse, social worker, psychiatrist or 
psychologist. The pre-donation psychosocial as-
sessment is intended to prevent donation from in-
dividuals with significant risk of developing mental 
health disorders, or to identify whether precautions 
should be taken. Therefore, it should be aimed at the 
assessment of competence;  knowledge and under-
standing of donation risks and benefits;  psycholog-
ical functioning, motivations and expectations;  the 
donor–recipient relationship;  and social support (see 
Table 13.4) [78, 79].

Pre-donation psychological assessment should 
be performed through semi-structured interviews 
supported by reliable and valid psychometric tests 
adapted to the cultural characteristics of the donor. 
The interview should be performed by the pro-
fessional who is responsible for ensuring that the 
donor is aware of the consequences of their decision 
(somatic, mental and psychological, as well as per-
sonal, familial and professional).

An interview with the LD is required in order 
to: 

a� understand how the process of decision making 
has been performed; 

b� evaluate family and social environment and 
social support; 

c� review employment (contract type, labour im-
plications of their decision), including the 
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economic impact of their decision and the 
measures adopted to counteract any adverse 
situation.

In particular, the family environment should 
be explored in order to detect any family con-
flicts, and to find out who will be in charge of post- 
donation care and how the welfare of the person(s) 
taking charge has been planned in the event of any 
complication.

It is important that the recipient not be present 
during the interview in order to ensure that the donor 
speaks freely, expressing the donor’s own concerns 
and doubts.

It is also important to assess the donor’s bio-
logical risk behaviours (e.g. sexual promiscuity, drug 
addiction, travelling to endemic areas of tropical dis-
eases) and to ensure that the relevant serological tests 
have been performed and that these are negative.

There should also be an evaluation of how 
much the donor knows about the recipient’s disease 
and other potential treatment. For many donors, part 
of making an informed decision is to know about the 
potential benefits and risks for the recipient. However, 
this discussion should not reveal details of the recipi-
ent’s disease. This could be a difficult situation, since 
in some cases it would be important for the donor 
to know if there was a high risk of recurrence of the 
primary kidney disease. In other cases it would be 
important for the donor to know about the prognosis 
with further dialysis treatment or the consequences 
for the specific recipient if waiting for an organ from 
the deceased organ waiting list. There are several di-
lemmas in this situation, but it is important to help 
ensure that the donor has all the relevant information 
needed before making a decision whether to donate 
an organ or not.

Table 13.4. Risks and exclusion criteria for living donation detectable during psychosocial evaluation

A. Absolute contraindications
Coercion Besides cases of flagrant coercion, any pressures from family 

or from the donor–recipient relationship must not impose 
either an unacceptable medical, psychological or social risk 
to the donor, nor a shortening of the period between consent 
and surgery set aside for potential reconsideration of the 
decision to donate.

Financial gain or comparable advantage

Active substance abuse or dependence without willingness to 
receive appropriate treatment

Mental health disorder or psychological instability that com-
promises the ability to give free and informed consent.
Mental health disorder or psychological instability that, ac-
cording to the clinical judgment of the mental health special-
ist, may worsen as a consequence of the donation process.
Mental health disorders requiring pharmacological treatment 
for stability incompatible during surgery or at post-donation.

Cognitive disability preventing free and informed consent Donors must demonstrate capacity to understand the 
information included in the informed consent at a level of 
complexity adapted to each donor.

B. Risk factors
Extreme and maladaptive personality traits For instance, conscientiousness and compulsiveness (lowest:  

poor adherence to healthcare recommendations;  highest:  
rigidity towards receptors’ health behaviours);  impulsiveness;  
narcissism;  histrionism;  emotional dysregulation.

Understanding of donation risks and benefits, and ambiva-
lence

Includes awareness of the possibility of renal failure in the 
future or being unable to donate to a spouse/partner/signifi-
cant other.
Donors with a strong feeling of making an autonomous deci-
sion cope better with the post-operative course.
Ambivalence worsens physical and mental outcomes [80], 
whereas comfort with decision to donate protects the mental 
health quality of life [76].
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Motivations Verify the absence of potentially iatrogenic motivations or in-
dicate a pre-donation intervention and close monitoring after 
donation (e.g. delusional or megalomaniac, placing receptor 
in debt to donor, compensating for past mistakes or restoring 
position in the family, donation as a moral obligation [81], 
desire for recognition, using donation for publicity).

Expectations Detect and modify unrealistic or idealised expectations (e.g. 
improve relationship with recipient [68];  solve psychological 
problems and familial conflicts [82];  interpersonal benefit;  and 
shorter time of recovery than can be expected [76]).
Detect and modify expectations of low manageability of 
transplantation demands. Expectations define transplanta-
tion success from the patient’s point of view [83].

Donor–recipient relationship In 20 % of all cases, unresolved problems appear (e.g. unilat-
erally dependent relationships), and half of that 20 % resign 
from being a LD [82]. In general terms, donation amplifies the 
quality of the pre-existing relationship, both for better and for 
worse.

Limited family and social support, including health providers Feeling ignored and perception of low attention after surgery 
worsens quality of life, whereas strong perceived support is 
protective [84].
Lack of a partner predicts worse mental health after donation, 
while generally lower social support contributes to the main-
tenance of pre-donation lower mental health.

Lack of disclosure to others potentially affected by living 
donation

Knowledge by family of possible donation is a protective 
factor for outcome.
Family conflicts about other potential alternatives to do-
nation (e.g. other donors available) may cause diminished 
support for donation.

Fear of kidney failure Some 13 % of living kidney donors report moderate or high 
fear of renal-related health problems after donation [82, 85].

Stress management and current coping resources (optimism, 
coping strategies and resilience)

History of maladaptive emotional responses to, and manage-
ment of, stressful life events.
Higher optimism leads to expectations of benefit, whereas 
lower optimism is associated with expectation of negative 
consequences from donation [76].
An avoidant coping style predicts worse mental health after 
donation.

13.8. Living donation registries:  
regulatory audit

LD registries are needed for quality and safety 
control, for transparency of practice and to 

facilitate evaluation of the consequences of donating 
an organ. Systematic data collection makes it possible 
to obtain sufficient information to define and facili-
tate long-term follow-up, to document the outcomes 
and to investigate causal relationships between 
pre-donation risk factors and future prospects, in-
cluding cardiovascular events, kidney/liver failure 
and death. Therefore, all Council of Europe member 
states must ensure that harmonised national LD reg-
istries are developed and maintained according to 
Resolution CM/Res(2015)11 [86]. The appendix to this 
resolution provides general guidelines for the con-
struction of national/international LD registries, and 
the explanatory memorandum details the parame-
ters (mandatory and optional) for data to be collected.

In the EU, Directive 2010/53/EU on standards 
of quality and safety of human organs intended for 

transplantation establishes the legal requirement for 
EU countries to develop a ‘register or record of LDs’ 
[19].

International professional standards, such as 
the 2004 International Forum on the Care of the Live 
Kidney Donor [10] and the KDIGO guidelines [12], 
have also recommended regular lifelong follow-up 
and monitoring of LDs, and the establishment of 
dedicated LD registries.

Health Authorities must conduct regular 
audits of, and checks on, centres authorised for LD 
evaluations and transplantation.

The Lidobs Conference (2014) first enabled 
an exchange of experiences and knowledge of living 
donation programmes in order to assure the safety, 
quality and transparency of the procedures and 
high-quality standards. The conference aimed to set 
up a community of experts in living donation pro-
grammes named Lidobs [87] that would continue 
to expand and increase knowledge of donation and 
transplant procedures through a network (http: //
lidobs.eulivingdonor.eu/). The EDITH project (https: 

http://lidobs.eulivingdonor.eu/
http://lidobs.eulivingdonor.eu/
https://edith-project.eu
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//edith-project.eu) aimed at establishing a European 
LD Registry, building on recommendations from the 
ACCORD project.

13.9. ABO blood group and 
human leukocyte antigen 
incompatible transplantation

ABO-incompatible (ABOi) transplantation has 
been introduced during the past 30 years world-

wide as a strategy to expand the donor pool in LD 
transplantation – mostly for kidneys. The success of 
centres performing ABOi transplantation is related 
to strict adherence to a protocol in an ongoing struc-
tured programme. Such protocols take into account 
all recipient- and donor-related obstacles associated 
with antibody-incompatible transplantation, in-
cluding effective desensitisation protocols, subse-
quent adapted immunosuppression and knowledge 
of the immune pathogenesis. The key issues in ABOi 
transplantation are: 

a� pre-transplant antibody removal by the use of 
either plasmapheresis or cascade filtration, and 
unselective or selective immunoadsorption to 
prevent hyperacute rejection,

b� intravenous immunoglobulin,
c� B-cell depletion by rituximab,
d� patient-tailored maintenance immunosuppres-

sion.

Individualised immunosuppression is com-
bined with monitoring for early detection of re-in-
creasing antibody titres, mainly during the first two 
weeks after transplantation. Thereafter, even when 
antibodies recur at high levels, they do not seem to 
harm the kidney transplant, a phenomenon that is 
called ‘accommodation’.

For the most recent era, since 2000, overall 
patient and graft survival rates are comparable to that 
of ABO-compatible kidney transplantation. However, 
there is increased risk of infectious complications, 
probably due to increased immunosuppression [86, 
88-91]. Because of this, some centres now recom-
mend ABO-incompatible pairs to join kidney paired 
exchange programmes (KEP).

There is an increasing population of highly 
sensitised patients with donor-specific anti-HLA 
antibodies (DSA) against an available donor. There-
fore several desensitisation protocols have been de-
veloped, which generally use plasma exchange with 
infusions of intravenous immunoglobulin and ritux-
imab, aiming to eliminate or reduce anti-HLA anti-
body levels so that the cross-match becomes negative 

in order to enable transplantation. The recipients ex-
perience high rates of antibody-mediated rejection;  
and, the higher the pre-transplant DSA levels were, 
the more substantial is the increase in the rate of an-
tibody-mediated rejection [92]. Long-term survival 
after transplantation across the HLA barrier is im-
paired [93, 94].

13.10. Kidney paired exchange 
programmes

The strategy of KEP or kidney-sharing schemes 
was first introduced 30 years ago. When multiple 

transplant centres within the same country combine 
their registries, they can achieve more matches. This 
has been accomplished in several European coun-
tries, as well as in Australia, Canada and the US. 
Besides the success of large multi-centre or national 
KEP registries, single-centre programmes also exist, 
which are logistically simpler but may lack the bene-
fits of a larger pool size. However, given the facility of 
matching more pairs within large KEP programmes, 
co-operation between more countries is evolving [95]. 
There are large differences between the different na-
tional kidney exchange programmes in Europe [24].

Donor–recipient pairs are entering the ex-
change programmes mainly because of immu-
nological incompatibility for HLA (e.g. positive 
cross-matches, and/or high titre donor-specific 
antibodies) and/or for ABO incompatibility. Fur-
thermore, the use of kidney sharing schemes, while 
overcoming ABO-incompatibility, often facilitates 
transplantation in highly HLA-sensitised recipients. 
In such cases, KEP can involve a manageable ABOi 
pair, in order to avoid the HLA barrier. In addition, 
combining kidney exchange with various desensiti-
sation strategies increases the possibilities of finding 
a compatible donor. Also pairs that are border-
line-compatible could benefit from achieving a better 
HLA-match. Other donor–recipient incompatibil-
ities that could be handled by kidney exchange are 
age and kidney size [96].

Finally, the use of altruistic donors to start 
linear or domino chains of transplantations, other-
wise known as non-simultaneous (or simultaneous) 
extended altruistic donor chains, is another option 
for enhancing the success of KEP [97]. By donating 
to a KEP and starting a domino chain, the impact of 
an altruistic donation is multiplied. It has also been 
proposed to use deceased donor kidneys to help ini-
tiate a donor chain [98].

With regard to the results of kidney sharing 
schemes, the overall match rates are approximately 
50-60 % in a large registry with more than 1 000 pairs. 

https://edith-project.eu
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However, those recipients that are highly sensitised 
(PRAs > 95 %) and/or are blood type O achieve match 
rates of only 15 % [96].

13.11. Conclusion

Transplantation of grafts procured from properly 
performed living donation procedures is com-

plementary to grafts procured from deceased donors. 
Legal, ethical, psychosocial and medical require-
ments have to be considered, since healthy individuals 
are exposed to risks for the benefit of someone else. 
LD transplantation must be performed according to 
evidence, following international recommendations 
from scientific bodies and societies. Registries and 
follow-up of LDs are mandatory for the purpose of 
traceability, safety and transparency. In the treat-
ment of small children with end-stage organ failure 
(specifically not included), the experts contributing 
to this chapter agree on considering living donation 
as the preferred option.

Research agenda

From the literature and discussion of the available 
evidence, several topics were identified for which 
evidence is inconsistent, insufficient or non-existent. 
For the benefit of patients undergoing transplant 
procedures, the authors of this guide recommend that 
future research, where possible in well-designed RCTs, 
should focus on these research gaps: 
During the last decade, studies in kidney donors have 
shown increased blood pressure [34, 36, 37], increased 
risk of pre-eclampsia [40], increased left ventricular 
mass [39], increased proteinuria [35] and increased 
incidence of end-stage renal disease [2, 3, 50] among 
previous kidney donors, when compared to healthy 
controls. One study has shown increased long-term 
mortality [3], a finding that needs corroboration in 
future studies.
There have been fewer studies performed in living 
liver donors, most focusing on perioperative 
outcomes. It is important to conduct more studies on 
long-term outcomes after liver donation, especially 
mortality and long-term liver function. Currently, we 
have no long-term survival data on living liver donors 
beyond the first seven years after donation [63].
To be able to detect any detrimental effects from 
living organ donation, it is important to perform 
studies with long enough follow-up, and an adequate 
control group. Based on previous studies, follow-up 
should be at least a decade. LDs are healthy at the 
time of donation. Accordingly, controls should be 
healthy at a similar time-point. Controls should be 
recruited from the same population as donors at 
the time of donation, and should have undergone 
thorough physical and biochemical evaluation. Ideally, 
they should be healthy enough themselves to donate 
an organ. If the control group is not healthy enough at 

baseline, this may decrease the possibility of detecting 
short-term and long-term risks associated with 
donation.
When performing cross-sectional studies, finding 
an appropriate control group is especially difficult. 
The control group should have been healthy at the 
time of the donor’s evaluation and not necessarily 
at the time of study. For example, if we today were 
to conduct a cross-sectional study evaluating blood 
pressure in a group of kidney donors who donated 
in 2003, we would like to include controls that were 
of similar health in 2003. Including controls who are 
healthy today would make the kidney donors seem 
more hypertensive then they really are, and including 
unselected controls from the general population 
would conceal potential associations between 
donation and later increases in blood pressure. In 
the future, the most important focus should be on 
performing large studies with adequate follow-up 
time to enable detection of increases in mortality or 
other important outcomes after living donation.
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Chapter 14. Paediatric donation

14.1. Introduction

The death of a child is the end of a tragedy that 
leaves parents defenceless as they face the painful 

loss of their most precious gift: their child [1]. During 
the grieving process parents may cling to their rela-
tionship with the dead child [2]; for some, the dona-
tion of their child’s organs provides great comfort 
with and acceptance of their loss. Healthcare pro-
viders (HCPs) offer donation as part of a sensitive 
plan aimed at helping reconstruct parents’ lives in 
a new reality, as well as creating a lasting legacy for 
their child. However, paediatricians may feel uneasy 
when confronting the death of a child under their 
care. Emotional factors and unfamiliarity with pae-
diatric donation and transplantation procedures 
often prevent them from referring a possible donor, 
thus losing the opportunity to help grieving parents 
and to help patients in need of a life-saving or life-
changing organ transplant.

The Global Observatory on Organ Donation 
and Transplantation – managed by the Spanish Or-
ganización Nacional de Trasplantes (ONT), as col-
laborating centre of the World Health Organization 
[3] – reports important variations in the number and 
rate of paediatric deceased organ donors (< 18 years of 
age) across countries (see Figure 14.1).

Children represent a true minority among 
deceased donors. Indeed, paediatric donation repre-
sents a small but invaluable portion of the deceased 
donor pool, comprising roughly 2 % to 8 % of de-
ceased donors in some of the organisations with the 
highest rates of cadaveric donation (Spain [4], United 

States [5], France [6], the United Kingdom [7], Aus-
tralia [8] and Eurotransplant countries [9]). In con-
trast, children comprise about 1.5 % of the waiting list 
for transplantation in the US and in Eurotransplant 
countries, 2 % in the UK, 3 % in Australia and 6 % in 
Spain [10].

There is no international consensus defining 
the age of a paediatric donor, resulting in discrep-
ancies in the published donation rates: in the United 
States, United Kingdom and France, paediatric 
donors are those in the range 0 to 17 years; in Spain 
and the countries involved in Eurotransplant, pae-
diatric donors are those aged less than 16 years, and 
in Australia the age of paediatric donors ranges from 
birth to 14 years [4-9]. This lack of a standard defini-
tion for paediatric donors limits data acquisition and 
the ability of researchers and stakeholders to clearly 
understand paediatric deceased donation perfor-
mance [11].

This chapter aims to clarify some aspects of 
paediatric deceased organ donation, from birth to 18 
years, focusing on:

1. the importance of paediatric deceased organ 
donation,

2. donation after the neurological determination 
of death, i.e. brain death (pDBD),

3. donation after the circulatory determination of 
death (pDCD),

4. donation in special circumstances (neonates 
with anencephaly, use of normothermic 
regional perfusion, etc.),

5. the transplantation of organs recovered from 
paediatric donors.
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Figure 14.1. Absolute number (in brackets) and rate per million population of actual paediatric deceased organ 
donors (< 18 years of age) in 2019
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This chapter is intended for paediatricians and 
HCPs directly involved in the deceased paediatric 
donation process with the objective of enhancing 
or increasing involvement of the medical team and 
helping parents pursue organ donation for their child 
[12].

14.2. The importance and particular 
features of paediatric 
deceased organ donation

Medical societies, such as the American Academy 
of Pediatrics [13] and The Transplantation 

Society [10], encourage physicians – specifically pae-
diatricians and neonatal critical care specialists – to 
recognise the importance of organ donation and 
to establish and follow donation protocols and best 
practices to identify, medically manage and recover 
organs for transplantation from potential paediatric 
donors. Policy makers, stakeholders and physicians 
should work together in shaping practices and proce-
dures that provide equitable allocation of organs for 
their paediatric and adult patients.

Discussion of paediatric donation can be chal-
lenging for many HCPs. The emotional loss of a child 
for parents, the responsibilities of the medical team 
and their views of the patient’s best interests may 
result in misconceptions about what parents may 
want to do or consider doing from altruism to help 
other families. This can lead to disturbed attitudes 
towards donation, affecting identification of possible 
donors and absence of timely notification to the donor 
co-ordinator (DC) or staff of the organ procurement 
organisation (OPO). Donation programmes may 
suffer from fewer donors and fewer opportunities to 
recover organs for transplantation [10, 14].

Paediatric donation has unique challenges and 
complexities:

• Annually thousands of children and adults 
receive an organ from a deceased donor [15], but 
paediatric patients have fewer transplantation 
opportunities, mostly due to fewer paediatric 
donors, size matching and technical chal-
lenges with transplantation of smaller organs. 
These factors can result in a higher mortality 
rate than that observed in the adult popula-
tion [10]. Data about paediatric patients on the 
waiting list remain inaccurately quantified or 
unacknowledged as a result of the lack of inter-
national records and the absence of criteria de-
fining clinical status that make listed children 
ineligible for transplantation [5, 8, 11-12, 14].

• Overall mortality of children is low [16-17] and 

death rates have been declining since the start 
of the 21st century because of improved medical 
therapies, eradication of life-threatening infec-
tious diseases and the use and refinement of 
passenger safety-restraint systems. Addition-
ally, the care provided in modern paediatric 
intensive care units (PICUs) has significantly 
improved the chances of survival for children 
with a life-threatening disease [18]. This means 
that the potential for paediatric donation is ex-
pected to be limited.

• The number of pDBD donors has remained rel-
atively stable during the last decade. Although 
DBD donors continue to provide the vast ma-
jority of organs for transplantation, they seem 
insufficient to reach the currently increasing 
demands of paediatric and adult transplanta-
tion. Also, weaknesses in data identification 
and referral of potential paediatric DBD donors 
suggest missed donation opportunities [19]. 
This emphasises the need to provide ongoing 
education to HCPs and non-healthcare pro-
viders about considering organ donation when 
children are facing end-of-life issues [20].

• Decisions whether to withhold, withdraw or 
limit life-sustaining treatment in children with 
life-limiting or life-threatening illness may be 
difficult, contentious and emotionally charged. 
HCPs may require specific training and will 
need to understand religious and cultural 
beliefs of families as they come to terms with 
the death of their child.

• Early referral to the donor co-ordinator or staff 
of the OPO is best practice to increase potential 
for organ donation since it allows the timely as-
sessment of the possible donor [20]. Children 
may suffer from rare diseases such as inborn 
errors of metabolism, chromosomal abnormal-
ities or anatomic defects that may require the 
knowledge of experts in the field of paediatrics 
to collaborate with the DC or OPO and make a 
determination of donor suitability [21-22].

• When considering DCD from a paediatric or 
neonatal patient, the DC/OPO and medical 
team should assess the patient for organ do-
nation potential and the probability of circu-
latory arrest within a specified time period 
following withdrawal of life-sustaining treat-
ment (WLST) [23].

• Size matching can be difficult, especially for 
very young or low-weight donors and is a 
common reason that paediatric organs are not 
transplanted [23]. This is especially true for 
those children awaiting a thoracic organ for 
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transplant. Damage to organs during procure-
ment can render organs unsuitable for trans-
plantation. Medical examiner and coroner 
denials for donation also exist, limiting re-
covery of organs for transplantation [21].

• Many transplant teams may rule out neonatal 
organs because of their small size and imma-
turity, which could lead to graft dysfunction 
or failure. Transplantation experience with 
organs from neonatal DCD donors is very 
limited but organs have been recovered and 
transplanted with success [20-21].

Despite the challenges encountered with the 
paediatric donation process, many lives continue 
to be saved by recovery of organs from paediatric 
donors. There still exists room for improvement in 
DBD and DCD.

14.3. Donation as part of paediatric 
end-of-life care: ethical 
aspects

Offering organ and tissue donation as an option 
to be included in end-of-life (EOL) care plans 

is a clinical practice that is recommended by several 
medical societies – in view of the overall best inter-
ests of the dying patient and their family [12, 24-28]. 
Paediatric organ donation is unique as children 
cannot make a decision about donation and must rely 
on parents or guardians to authorise organ and tissue 
donation (‘family-centred care’).

Discussions about organ donation with guard-
ians/parents of children facing EOL issues should be 
a collaborative effort between the HCP and the DC/
OPO staff, once medical contraindications have been 
ruled out. Although the child may not benefit from 
organ donation, donation can help with the parents’ 
healing process by allowing the legacy of their child 
to live on in another person through the gift of organ 
donation.

When providing EOL care, the child’s best in-
terests must be paramount, with due consideration 
of the principles of beneficence (promoting welfare) 
and nonmaleficence (minimising harm). Such inter-
ests include any previously expressed preferences of 
the child regarding donation when these are known 
[29] and provision of optimal care at the end of life 

– which become ethical duties of HCPs caring for 
dying patients. While first person donation intent 
will rarely be known for children, some jurisdic-
tions allow minors to register non-binding consent 
for donation in ‘intent to donate’ registers. Optimal 

care at the end of life also encompasses a duty not to 
offer or implement futile interventions and to with-
draw interventions when they become futile. These 
discussions must occur with the parents, who ulti-
mately will consent to procedures or authorise do-
nation. Families should be assured that the cessation 
or withdrawal of interventions when deemed no 
longer helpful to prolong life does not mean with-
drawal of care for the child. EOL care must include 
the management of the child’s symptoms, including 
pain and suffering, as well as provision of emotional 
and spiritual support to the child and family [30-31]. 
Organ donation cannot take precedence over quality 
EOL care.

14.4. Actual and potential 
paediatric organ donation

A limited number of published studies have as-
sessed the potential of neonatal and paediatric 

donation [18, 21, 23, 32-39]. Mortality rates in PICUs 
average 2 % to 4 % of all admissions. The majority of 
patients who die in an ICU (children and adults) die 
following WLST because this is no longer considered 
beneficial to the patient. Recent PICU studies show 
that 10 % to 20 % of dying patients meet brain death 
criteria and about 50 %-70 % die after WLST [18, 32, 
36-39].

14.4.1. Donation after the neurological 
determination of death

The majority of paediatric organs recovered for 
transplantation derive from DBD donors [4-9]. Organ 
donation following the neurological determination 
of death varies significantly according to countries, 
regions and hospital characteristics. In the United 
States, four studies carried out in different areas (ter-
tiary hospital with a paediatric trauma centre, seven 
affiliated hospitals and a multicentre database in-
cluding 150 institutions and 15 344 patients who died 
in PICUs) showed the percentage of patients who die 
in conditions consistent with brain death varies from 
10 % to 20 %, with conversion rates into actual organ 
donors of 45 % to 78 % [18, 32, 36 and 37]. As expected, 
there is a linear association between PICU size (less 
than 500 patients per year versus 2 000 to 4 000 pa-
tients per year) and the number of brain-dead pa-
tients per year (5 times in a year in smaller units and 
a mean of 10 times per year in larger units) [37].

The estimated percentage of PICU deaths po-
tentially suitable for DBD donation in Spain [38-39], 
Australia [40], and the Netherlands [33] is 11 % to 
15 %. In Spain, the quality assessment programme 
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carried out by the ONT (data collected in 1999-2011) 
found that 11.3 % of children who died in the PICU 
met clinical conditions consistent with BD. Of these, 
42 % became actual donors, a conversion rate that 
contrasts with the 56 % of the adult potential DBD 
donors [39]. Reasons for a decreased conversion rate 
among paediatric v� adult potential DBD donors were 
a higher percentage of losses due to medical unsuit-
ability (28.1 % v� 22.5 %; p < 0.001), haemodynamic 
instability or cardiac arrest during potential donor 
management (5.7 % v� 2.6 %; p < 0.001), lack of suitable 
recipients (2.3 % v� 0.6 %; p < 0.0001) and logistical 
issues (1 % v� 0.4 %; p = 0.003). No significant differ-
ences were observed in losses due to declined consent 
or judicial authorisation. Moreover, only two paedi-
atric cases were lost due to the inability to complete 
the diagnosis of BD.

The National Health Service of the UK annu-
ally performs potential donor audits of all PICUs to 
determine their potential for organ donation. The 
audit report for 2015-16 shows that, despite clear 
standards that if brain death is suspected then brain 
death testing should be performed, the rate of neu-
rological determination of death in PICUs is 71.7 %, 
compared with 84.5 % overall (adult and paediatric 
data combined), demonstrating scope for improve-
ment. Although some PICUs have rates of testing that 
match best practice, in others neurological testing is 
never applied [21].

14.4.2. Donation after the circulatory 
determination of death

The rates of DBD donation in children have re-
mained largely stagnant in the past 10 years. However, 
there is evidence of an increasing number of DCD 
practices in the US [5], Australia [8] and some western 
European countries [15], indicating a change in the 
pattern of deceased donation that also affects paedi-
atric deceased donation.

Paediatric DCD is estimated to increase paedi-
atric deceased donation by 20 % to 58 % in countries 
with similar child mortality rates [41]. Although the 
definition of a potential donor varies according to 
the researchers’ criteria, in the study by Weiss et al� 
it is estimated that the potential for pDCD is around 
9 %-20 % in PICUs and 8 %-36 % in neonatal intensive 
care units (NICUs) [41].

In a published review, the estimated number 
of potential DCD donors at a children’s hospital with 
a level 1 trauma programme exceeded the potential 
DBD donors when donor ‘suitability’ (lack of exclu-
sion criteria for donation, i.e. cancer and systemic 
infection) and time to death after WLST were evalu-

ated by the OPOs. The clinicians participating in the 
study failed to refer possible organ donors to the local 
OPO in 23 % of the cases where the decision of WLST 
had been made, with a non-referral rate of 39 % for 
children aged 1 week to 1 month. Paediatric DCD in-
creased the number of donors in the centre by 67 % 
and the number of organs suitable for transplanta-
tion by 42 % [32].

The review by Hawkins et al� of paediatric and 
neonatal organ donation in the UK shows that the 
rate of referral of potential DCD donors from PICUs 
was 72 %, compared with 83 % for potential donors 
of all ages. Many contributory factors to missed re-
ferral opportunities were identified, including missed 
identification of possible donors, perceived medical 
unsuitability and unclear disease processes leading 
to death [21].

A prospective multicentre study in Spanish 
hospitals about the circumstances of death of chil-
dren who died in 18 PICUs, including 14 051 admis-
sions over a 2-year period (2017-18), recorded a total of 
250 deaths. Of these, 122 (49 %) died after the decision 
of WLST, 71 (28 %) died after providing paediatric 
advanced life support, and 57 (23 %) met BD criteria. 
The most common form of WLST was termination 
of mechanical ventilation (52, 23 %). The decision for 
donation after WLST was requested in a very small 
percentage of cases (15 % of all WLST) [38]. DCD in 
Spain is already well established in adult ICUs, but 
not in PICUs. According to data from the ONT, from 
2010 to 2020 a total of 478 paediatric donors (aged 
< 18 years) were reported; 449 were potential DBD 
(94 %) and 29 potential DCD donors (6 %). Whereas 
92 % of potential DBD donors transitioned to actual 
organ donors, only 39 % of the potential DCD donors 
became actual donors – in 51 % of the cases because 
of the lack of an adequate recipient [4]. In view of the 
need to further develop pDCD, Spain has recently 
issued guidance to optimise paediatric donation, in-
cluding pDCD [42].

In a retrospective study carried out in Aus-
tralia and New Zealand over 15 years (2000 to 2015), 
there were 267 paediatric organ donors, representing 
5 % of all actual donors. The rate of paediatric organ 
donors as a percentage of ICU deaths was comparable 
to adults (6.0 % v� 5 %). Over the entire period, pDBD 
represented 91 % and pDCD 9 %. They remark that 
pDCD increased from 0.7 % to 17 % between the two 
time periods (2000-07 v� 2008-15). Children younger 
than 2 years of age had a lower rate of donation than 
the general paediatric cohort (1.2 % v� 6.0 %) [40].

A report of the UK, Spain and the US, recording 
the paediatric organ donation national data from 2011 
to 2015 (inclusive), shows a substantial variation in 
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paediatric donation rates and practice between coun-
tries, highlighting a large margin for improvement, 
where undoubtedly the production of a rigorous clin-
ical practice guideline for paediatric organ donation 
would be beneficial [11, 24].

14.4.3. Neonatal donation

Neonatal donation is an area of increasing in-
terest in terms of potential for organ donation [21, 23, 
34, 43]. Despite established criteria for the determina-
tion of death by neurologic criteria in term neonates 
[44-45], organ and tissue donation rarely occur in this 
population.

Many critically ill neonates die in the NICU 
after WLST interventions [46], but organ donation is 
infrequently considered, resulting in a missed oppor-
tunity for pDCD. Depending on gestational age and 
weight, infants between 1 week and 1 month of age 
are usually not considered for DCD donation after 
WLST. Fewer than 1 % of all organ or tissue donations 
come from this population of neonatal donors [32].

Recently, two studies observed that 8 %-10 % of 
NICU deaths were eligible candidates for pDCD [23, 
43]; pDCD provides opportunity for organ donation 
from neonates that do not meet BD criteria [5, 10, 15, 
23, 32, 34, 43].

Published case reports show that children aged 
2 months or younger may become DBD and DCD 
donors, but their real contribution to the donation 
potential is far from being reached [34].

As we mentioned previously, many transplant 
teams may rule out neonatal organs because of their 
small size and immaturity. Although the transplan-
tation experience with organs from neonatal DCD 
donors is very limited, the use of en bloc kidneys has 
had successful outcomes [20-21, 47]. Procurement of 
other organs has been more contentious [48]. Hearts 
recovered from neonatal DCD donors have been 
transplanted with good outcomes [24, 49-50]. Livers 
recovered from neonatal donors are being used for 
liver cell transfusion therapy in infants and children 
in metabolic diseases of the liver [51-52].

14.5. The paediatric organ donation 
process

Organ donation remains an uncommon event for 
children who die in PICUs [11]. The opportunity 

to proceed with organ donation requires a complex 
alignment of medical, legal, ethical and logistical 
factors involving families, patients, clinicians, hos-
pital executive officers and DC or OPO staff.

Despite the well-recognised value of saving 

and improving lives through organ transplantation, 
families and HCPs may perceive elements of the do-
nation process as ethically challenging during EOL 
care. These ethical challenges can occur during 
patient management, and especially in the context 
of pDCD [30, 53]. Unfounded parental hopes of re-
covery and survival, and fears that cessation of futile 
interventions may result in WLST for their child, 
may underpin reluctance to consider donation [30, 
54]. Concerns about harming potential donors or 
their families through discussion of donation, use of 
interventions to preserve donation opportunities or 
recovery of organs after death is declared, may dis-
courage health professionals from enabling donation 
opportunities [53]. These apparent conflicts between 
the interests of a potential donor and their family and 
the benefits anticipated from donation may result 
from inadequate communication between staff and 
family [10].

The process of organ donation relies on iden-
tification of a possible donor, referral to the co-or-
dination team or OPO staff, determination of death, 
consent/authorisation for donation, donor manage-
ment and the recovery of organs. Each stage requires 
ideal attention to the preceding task, and at each 
step performance problems as well as unavoidable 
issues can lead to loss of possible donors [21]. Fully 
informed consent/authorisation, the intensive care 
team’s understanding of every step of the donation 
process and DC/OPO engagement are all essential to 
eliminate confusion that could ultimately disrupt or 
affect donation and organ recovery and derail the ex-
pressed wishes of the child and/or parents.

Obstacles to the recovery of organs from 
donors include:

a� family or cultural resistance to organ donation,
b� issues related to authorisation or consent of 

families (including inappropriate timing and 
confusion about the death of their child),

c� medical staff perceptions and misunder-
standing about organ donation,

d� missed opportunities for donation (including 
medical examiner denials in child abuse cases) 
and

e� inadequate donor management resulting in 
loss of viable organs for transplantation [20].

14.5.1. Identification and routine referral of 
possible donors

Compared to adult ICUs, PICUs and NICUs far 
less often offer organ donation (for more detail, see 
§14.4).

Identification of a possible donor is the first and 
most important phase of the donation process. The 
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HCP should acknowledge and be alert to detect and 
refer all children in ICUs to the DC or OPO staff in 
a timely manner, regardless of the bedside clinician’s 
perception of donation eligibility. Common clinical 
triggers include neurologic injury that may proceed 
to BD, or after a decision on WLST is being made. 
Opportunities for donation are often lost during 
WLST in PICUs, mostly because of late notification 
to the DC or OPO.

Reasons that have been described for failure to 
identify a possible donor are:

a� absence of universal clinical criteria to identify 
all potential deceased donors,

b� lack of information on the best clinical trigger 
for donor identification [22],

c� donation not considered with no documented 
reason,

d� considered to be medically unsuitable,
e� BD not confirmed,
f� family declined donation after BD or following 

a decision of WLST, or
g� medical contraindications (infection, malig-

nancy, organ dysfunction, genetic syndrome, 
size < 2 kg, unstable haemodynamic status) [55].

According to the UK and Spanish guidelines 
on paediatric donation “Where donation is likely to 
be a possibility, full consideration should be given to 
the matter when caring for a dying patient”. Missing 
donation opportunities may dishonour the parents’ 
wishes and frustrates the opportunity for patients on 
the waiting list [42, 55].

Assessment of the donor potential should be 
determined using established guidelines and co- 
ordinated with a DC or the OPO. The use of clinical 
triggers or other methods to facilitate prompt identi-
fication of all possible donors, in conjunction with a 
policy of required referral, will help to improve per-
formance in the process of paediatric donation [22] 
(for more detail, see Chapter 2).

With the objective of estimating the potential 
of paediatric deceased donation and to evaluate per-
formance in the donation process, systematic audit of 
all potential donors should also occur in PICUs and 
NICUs, to ensure accountability and responsibility 
for all providers involved in the donation process [10, 
21, 33, 39, 56].

14.5.2. Approach: offering organ donation to 
family

Assessment of potential paediatric donors may 
be complex, and an approach to family should be sys-
tematically planned [10].

As a general rule, conversations about WLST 
must be previous and independently held by the pae-
diatricians most responsible for the child, assuring 
the decoupling of the prognostic information and 
organ donation [25]. However, strict separation may 
be in certain circumstances unnecessary. According 
to the Canadian Guidelines, “When the likelihood 
of surviving is very low and parents are inclining to 
organ donation, continuing life support might end 
in failed cardiopulmonary resuscitation while WLST 
may successfully end in pDCD” [57].

While the positive influence of the DC or the 
OPO staff as leader when approaching the family of 
a child has not been confirmed in randomised clin-
ical trials [58], several observational studies show in-
creased response rates when the approach is done by a 
specific trained professional. Hence, the DC or OPO 
staff should work in a collaborative manner with the 
medical team when approaching families to discuss 
donation opportunities [59-63] (for more detail, see 
Chapter 4).

According to the idiosyncrasies of each trans-
plantation system worldwide, the DC background 
and professional profile will be different. However, 
every system should dedicate efforts in training 
HCPs to proactively address every donation process 
compassionately, following the cultural roots and re-
ligious beliefs of the family.

Respect for parental autonomy in decision 
making on donation should be guaranteed. HCPs 
should not fail to approach parents because of their 
own assumption that parents will feel worse or deny 
donation.

14.5.3. Consent or authorisation

First person authorisation is not possible in 
young children, so parents or the legal guardian must 
provide authorisation for their child to become an 
organ donor [57, 64]. In the case of countries with an 
opting-out system, inclusion in a non-donor registry 
by parents will allow their child to be excluded from 
becoming a donor.

The ‘best interests’ standard does not apply in 
paediatric donation as most children have never ex-
pressed an opinion on donation and cannot be bene-
fited or harmed as a result of donation once death has 
occurred [12].

The ‘substitute judgement’ standard for pae-
diatric donation has some nuances, since parents 
will decide upon the values and welfare of the whole 
family in a model of family-centred best interests. 
While adult interests about donation are viewed on 
the basis of their own beliefs and medical benefit, 
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paediatric donor interests are composed of what 
parents consider is best for the family’s welfare (so-
cietal, emotional and religious) [25]. As a family 
member, the potential donor would have been raised 
following their parent’s solidarity values, presumably 
embracing them as part of their education.

However, should the child express concerns re-
garding donation, even if not competent to provide 
authorisation, their opinion must be respected [12].

14.6. Determination of death by 
neurologic criteria in children

Neurologic determination of death for a child is 
a rare event in any PICU or NICU. Few diag-

nostic procedures carry such a fundamental outcome. 
Making this determination means the suspected 
death of a child becomes a reality for everyone, espe-
cially the parents, and that continuation of invasive 
life-sustaining treatment is no longer appropriate, 
unless there is authorisation for organ donation.

Organ donation still predominantly occurs 
following BD, despite the last decade’s increase in 
DCD in adults, and in many countries in children. 
However, in some European countries DCD is not 
possible yet for a variety of reasons, so the only mode 
of donation occurs after BD.

The medical literature supports widespread 
professional and public acceptance of the verification 
of human death using neurological criteria [65], but 
international diversity exists in how neurological 
death is determined [66-71]. Isolated development of 
national guidance, in Europe and elsewhere, has led 
to this clinical diversity, which is particularly obvious 
in children, and clearest in infants. This variability 
includes the philosophical basis of ‘brain death’, the 
age at which verification using neurological criteria 
is permitted, the actual process to determine BD, 
the requirement and type of ancillary study, and the 
number of and time interval between examinations 
necessary before death can be verified.

Despite such differences, there are arguments 
that the similarities far outweigh the conceptual and 

– weakly evidenced – practical differences in ancillary 
studies and examination intervals to determine BD. 
Indeed, even with the fundamental differences in 
the philosophical underpinning of the ‘whole brain-
death’ concept and the ‘brainstem death’ concept, 
the practical bedside determination of death is re-
markably similar [66, 72]. The concept of ‘whole brain 
death’ is almost uniformly accepted in European 
countries, with the well-known exception of the UK 
‘brainstem-death’ concept [71-73] (for more detail, see 
Chapter 3).

14.6.1. Neurological determination of death or 
brain death

BD in children, as in adults, is a clinical diag-
nosis based on the triad of coma/persistent uncon-
sciousness, absent brain stem reflexes and apnoea 
(lack of response to significant hypercarbia) with a 
known cause of brain injury, and in the absence of 
confounding factors in a patient maintained on inva-
sive mechanical ventilation. Ancillary studies, which 
vary by jurisdiction, can assist with determination of 
BD.

Data from currently unpublished research 
highlights European variability in the determination 
of death by neurologic criteria, which is considered 
feasible at various thresholds of age, starting from 
premature infants (< 37 weeks of gestational age) in 
Spanish guidelines (S); term neonates (≥ 37 weeks of 
gestational age) in Belgian (B), German (D), French 
(F), Poland (P) and United Kingdom (UK) guidelines, 
or > 7  days of life in Austrian (A) guidelines; and 
the post-neonatal period (>1 month) in Swiss (CH) 
guidelines, or up to 1 year, in Danish (DK) guidelines, 
if defined at all (in 7/9) [74-84] (Appendix 4). The US 
paediatric guidelines for BD include the criteria used 
in children from 37 weeks gestational age to 18 years 
of age [85].

Beyond the neonatal period, neurological de-
termination of death can be performed in young 
infants (with relevant amendments to the diagnostic 
procedures in adults and older children) of either > 1- 
or 2-months corrected gestation months (UK, F, P) to 
1 year (B, CH, DK) or 2 (A, D, S) and even 3 (Hungary) 
years of age (see Appendix 4) [74-84].

A set of clinical features for the determination 
of death by neurologic criteria unanimously com-
prises absent response to stimuli (coma), absent pu-
pillary reactivity, ocular motility, corneal, gag and 
cough reflexes, rooting reflexes in infants and finally 
persistent apnoea despite profound hypercarbia.

Stringent prerequisites in all countries are:
a� known aetiology of the underlying cerebral 

lesion,
b� absence of any reversible cause of unconscious-

ness including sedative and paralytic agents, 
metabolic disturbances, toxins or ingestions, 
though to various confirmatory degrees (e.g. 
drug levels must be obtained in 3/10 countries 
assessed; see Appendix 4),

c� end organ failure,
d� normotension,
e� mild hypo- to normothermia (34 to 36 ºC, but 

> 32 ºC in B).

Clinical examination and testing is almost 
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uniformly performed by two (or more) clinicians (in-
tensive care specialists – sometimes mandated paedi-
atricians – or specialists in neurology/neuro-surgery 
mandatory in 4/10 or 6/10 countries respectively; see 
Appendix 4) [71, 74-84].

In neonates and infants beyond the neonatal 
period, repeated clinical examination is mandatory 
with an observational period between consecutive 
clinical tests, which ranges from 12 to 72 hours, de-
pending on country and/or the type of cerebral 
lesion. An ancillary or ‘confirmational’ study is rec-
ommended in specific cases (e.g. impossibility to con-
clude the clinical diagnosis, infratentorial lesions) in 
only 7 of 9 countries, but is already compulsory in D 
and F; see Appendix 4) [71, 74-84].

Ancillary testing (if applied) can be either 
functional (EEG, evoked potentials) or based on ces-
sation of cerebral perfusion (Doppler-sonography 20, 
CT-angiography, MRI-angiography, radionucleotide 
perfusion assays or invasive cerebral angiography). 
Independently of age, a confirmatory test is manda-
tory in France, either EEG or cerebral angiography 
(which is recommended < 2 months), whereas Swiss 
guidelines rely on cerebral perfusion testing only. In 
small infants (< 2 years of age) German guidelines 
require repeated clinical examinations to be con-
firmed by ancillary testing (choice is lesion-related 
or is left to institutional and personal preferences); 
others consider ancillary studies an appropriate sub-
stitute for (shortening) the observational period (see 
Figure 14.2, Appendix 4) [74-84]. The US recommen-
dations for the determination of death by neurologic 
criteria specify that ancillary studies are not required 
and should not be viewed as a substitute for the 
neurologic examination. Ancillary studies are used 
to ‘complement’ the clinical examination, with con-
tinued emphasis that BD is a clinical diagnosis. The 
use of ancillary studies is usually reserved for situa-
tions where a full clinical examination and apnoea 
test cannot be completed and where there is a high 
probability that the person is, in fact, dead by neuro-
logic criteria [71, 85]. A recent amendment to the UK 
guidelines after an extensive literature search judged 
ancillary studies neither mandatory nor recom-
mended in ‘newborns’ up to 2 months of age (except 
when clinical diagnosis cannot be achieved) “due to 
insufficient specificity and sensitivity” [84]. BD can 
be determined for infants and children supported by 
extracorporeal membranous oxygenation (ECMO; 
see §14.7.3.10) [71].

Detailed information about ethical issues and 
the need to standardise worldwide criteria for BD de-
termination can be found in Chapter 3.

Figure 14.2. Ancillary tests (either obligatory or 
optional) used for neurological determination of 
death in 10 European countries

0 1 2 3 4 5 6 7 8

Evoked potentials EEG

Radionucleotide perfusion Invasive cerebral angiography

CMRI angiography CCT angiography

Cerebral Doppler sonography

Source: Modified from data supplied by Petry A; Lücking KM; 
Krüger M (unpublished data).

14.7. Intensive care management 
of the potential paediatric 
organ donor

Progression to BD due to certain illnesses or severe 
trauma occurs in patients of all ages with an as-

sociated ICU pathway of variable duration after ad-
mission [19, 38]. Complex systemic complications of 
BD include inflammatory, haemodynamic and en-
docrine alterations. Therapeutic options for medical 
treatment of adults have been the subject of many 
publications (for more detail, see Chapter 5), with 
considerably less written about our paediatric pop-
ulation. Consequently, several of the recommenda-
tions and guidelines on the management of these 
deleterious physiological changes in potential organ 
donors pertain mainly to adult care, with limited 
guidance for paediatric care [86-89].

Early and aggressive management of the sys-
temic effects of BD in both adults and children has 
increased the number of organs recovered and their 
quality for transplantation [90-92]. The possibility of 
paediatric organ donation is vital and should be ex-
plored in a collaborative manner with the DC or OPO 
staff, while rigorously applying best principles for the 
medical management of a potential organ donor and 
observing the ethical and legal directives of BD [93].

To minimise the organic and metabolic disor-
ders due to pathophysiological derangements from 
BD, which are often rapid and severe in onset, the 
medical confirmation of the determination of death 
by neurologic criteria should signal alert for a tran-
sition from failed neuro-resuscitation towards one 
of sustaining homeostasis and organ protection 
[94]. Validated paediatric recommendations, which 
are based on the main principles of adult treatment 
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[86-89], should be executed with precision while re-
specting good practices in EOL care [89, 93]. This 
timely medical decision of changing goal-directed 
therapies can be difficult for less experienced cli-
nicians to identify [95]. It is vital to preserve the 
viability of organs following BD, which is pathophys-
iologically similar to sepsis with associated organ 
dysfunction [96].

Finally, the scarcity of available organs for 
transplantation requires that paediatric donors are 
promptly identified and provided with medical ther-
apies to restore normal physiology and organ func-
tion that can maximise the number and quality of 
organs transplanted [20, 92]. Failures of identification 
or poor maintenance may be considered a failure of 
best medical practice.

Table 14.1. Basic monitoring parameters

Central body temperature

Invasive mean arterial pressure (MAP)

Heart rate

Urine output

Central venous pressure

Peripheral arterial oxygen saturation (SpO2)

Arterial blood gas, pH

Arterial lactates (in each blood gas)

Na

K

Blood glucose

Calcium level

Haemoglobin

Platelets

Prothrombin time/partial thromboplastin time

14.7.1. Pathophysiological changes in paediatric 
brain death

Whatever the aetiology of the original severe 
brain injury that leads children to BD, the patho-
physiological changes induced by an initial sys-
temic pro-inflammatory response altering tissue 
homeostasis, followed by autonomic dysregulation 
in confirmed BD states, are deleterious for all organ 
function (see Chapter 5).

The autonomic dysregulation that occurs fol-
lowing BD is a consequence of the loss of central 
afferent nerves to the cardiovascular system, the 
respiratory, thermoregulatory centre, baro- and 
chemo-receptors and the hypothalamic-pituitary 
axis. Regardless of age, following BD the clinical 
appearance results in multifactorial haemodynamic 
instability similar to sepsis. Diabetes insipidus is 

frequently encountered following BD, besides hypo-
thermia and decreased CO2 production.

Osmotherapy, vasopressor and inotropic 
support instigated after the initial cerebral insult, 
co-existing cardiac co-morbidities and the previous 
haemodynamic state and medical treatment prior to 
BD can further aggravate circulatory instability in 
the potential donor.

Table 14.2. Target parameters

Haemodynamic support
Normalisation of blood pressure

Systolic blood pressure appropriate for age

Lower systolic blood pressures may be acceptable if 
biomarkers such as lactate are normal

Central venous pressure < 12 mmHg

Dopamine < 10 μg/kg/min

Normal serum lactate

Blood pressure Systolic (mmHg) Diastolic (mmHg)
Neonate 60-90 35-60

Infant (6 mo) 80-95 50-65

Toddler (2 y) 85-100 50-65

School age (7 y) 90-115 60-70

Adolescent (15 y) 110-130 65-80

Fluids and electrolytes
Serum Na+ 130-150 mEq/L

Serum K+ 3-5.0 mEq/L

Serum glucose 60-150 mg/dL

Ionised Ca++* 0.8-1.2 mmol/L

Oxygenation and ventilation
Maintain PaO2 > 100 mmHg

FiO2 0.40

Normalise PaCO2 35-45 mmHg

Arterial pH 7.30-7.45

Tidal volumes 8-10 mL/kg

Positive end-expiratory pressure 5 cmH2O

Thermal regulation
Core body temperature 36-38 °C

Urinary output
Maintain urinary output > 0.5-2.0 mL/kg/h

*Calcium can improve blood pressure in neonates and infants.
Source: Modified with permission from Nakagawa TA, North 
American Transplant Coordinators (NATCO) Donor Management 
and Dosing Guidelines, available at www.organdonationalliance.
org/toolbox/pediatric-donor-management-goals-and-dosing-
guidelines/, accessed 14 July 2021.

The end result of all these altered mechanisms 
affecting vital parameters can jeopardise the organ 
function of potential donors. This requires the cli-
nician to anticipate and initiate aggressive medical 
treatment throughout the period of donor support in 
the ICU until organ procurement can occur.

In the study by Tsai et al� one quarter of the po-
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tential paediatric donors for whom parental consent 
was obtained were unable to complete the donation 
process due to pre-procurement instability during 
donor management prior to organ recovery [97].

14.7.2. Monitoring and target parameters

Circulatory disturbance in BD potential 
donors should be prioritised with invasive and 
non-invasive monitoring to ensure continued ade-
quate organ perfusion and function. Regardless of 
age, basic monitoring should include pulse oximetry, 
core body temperature, invasive arterial and central 
venous pressures measurement and urinary output 
(Table 14.1). Serial echocardiograms can evaluate 
cardiac function and should be followed closely. For 
additional monitoring of thoracic organs function 
or in the case of haemodynamically unstable donors, 
advanced haemodynamic monitoring may include 
cardiac output/cardiac index, systemic vascular re-
sistance and central venous oxygen saturation. Serial 
and trans-oesophageal echocardiography, invasive 
stroke volume index monitoring and pulmonary 
catheterisation can also be used (see Figure 14.3).

Donor management goals to preserve organs 
for transplantation should focus on normalising and 
maintaining haemodynamic stability, oxygenation 
and ventilation, and fluid and electrolyte balance, 
until organ procurement occurs (see Table 14.2).

14.7.3. General management of the paediatric 
organ donor

A strategy to maintain blood pressure and nor-
movolaemia while optimising cardiac output, using 
the least amount of vasoactive agents, is promoted 
by many paediatric centres and DC/OPOs involved 
in organ recovery [86-89]. Although supporting ev-
idence is lacking in both in adult and children (see 
Chapter 5), hormonal replacement therapy (HRT) is 
commonly used during initial management in North 
America to balance the use of inotropic agents and 
fluids during donor management to maintain the vi-
ability of organ function [86-89, 98].

14.7.3.1. Hypovolaemia/hypotension
The cessation of central autonomic stimulation 

with resulting vasodilation, along with the profound 
negative cardiovascular effects of pro-inflammatory 
agents and the dehydrating therapy to treat cerebral 
oedema, results in hypotension (absolute or relative) 
following BD. Management involves volume replace-
ment (mean 59.5 mL/kg) to maintain haemodynamic 
status and end organ perfusion [92]. A balanced ap-

proach to volume replacement combined with vaso-
active support should be used to preserve potential 
for lung recovery and transplantation.

14.7.3.1.1. Fluid management
Treatment of hypotension requires volume re-

placement using crystalloids or colloids to replace 
the intravascular fluid deficit. Synthetic volume ex-
panders are not recommended for volume replace-
ment in paediatrics [99]. Volumes of 20 to 60 mL/kg 
over the first hour may be required for the initial re-
suscitation and titrated to clinical markers of cardiac 
output that may also include the use of vasoactive 
agents to support blood pressure. Excessive volume 
replacement can lead to fluid overload affecting end 
organ function and should be closely monitored. After 
normalisation of the arterial pressure according to 
age, the solute content of replacement fluid is guided 
by serum sodium and glucose levels (e.g. glucose 2.5 % 
with added electrolytes). Intravascular volume status 
may be aided using central venous pressure (CVP 
810 mmHg, and target urine output) with a goal to 
preserve euvolaemia and avoid overhydration which 
may lead to pulmonary oedema [86-89]. Importantly, 
urine output may not be reliable if diabetes insipidus 
is present.

14.7.3.1.2. Central diabetes insipidus
Although diabetes insipidus (DI) does not 

occur in all children following BD (though seen in 
78 % of the cases in some reports) [92], it is frequently 
associated with profound fluid and electrolyte distur-
bances if present and not rapidly controlled (> 4 ml/
kg/h). DI manifests with dilute urinary output 
(< 200 mOsm/kgH2O) and hypernatraemia. Pharma-
cologic agents to control DI must be used in conjunc-
tion with volume replacement therapy to maintain a 
euvolaemic state and prevent hypovolaemia, haemo-
dynamic instability, hypernatraemia (> 145 mmol/L) 
and hyper-osmolality (> 300 mOsm/kgH2O) [98]. To 
maintain normal physiologic parameters, IV desm-
opressin administered continuously or by bolus or 
a continuous vasopressin infusion should be used 
to control urinary output and electrolyte balance as 
part of the care of the donor (see Table 14.3).

14.7.3.1.3. Other options
Mainly in US practice, initiating management 

with a vasopressin infusion, either alone or in con-
junction with corticosteroid therapy and thyroid 
hormone replacement, may improve graft function 
and preserve donor stability prior to organ recovery 
[87, 100]. No published report indicates that HRT has 
deleterious effects in children, and exogenous supple-
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mentation seems controversial in adults (for further 
information, see PICOS questions in Chapter 5, §5.5; 
see also appendices 7-8). Based on this premise, early 
initiation is not recommended until prospective con-
firmatory studies become available, but actually com-
plete or partial HRT may be administered to unstable 
patients undergoing optimal haemodynamic care [20, 
87, 101-102].

14.7.3.2. Persistent hypotension
Figure 14.3 outlines the monitoring objectives 

used in the management of the potential paediatric 
organ donor after BD.

A target paediatric mean or systolic arterial 
pressure depending on age (Table 14.2) must be 
achieved and maintained, while targeting urine 
output between 0.5 and 2 mL/kg/h and using serum 

lactate as a marker of tissue perfusion. Restoring a 
normal blood pressure is achieved by volume admin-
istration with crystalloid/colloid solutions and use of 
vasoactive agents to treat hypotension and maintain 
a CVP of 4-12 mmHg (< 8 mmHg in potential lung 
donors) [103].

Administration of blood products as fresh 
frozen plasma or packed red blood cells can be used 
to treat hypotension in patients with a low haemo-
globin level or coagulopathy.

If adequate arterial pressure for age or normal-
isation of serum lactate cannot be achieved by fluid 
replacement, vasopressors are justified. In case of 
persistent instability, the use of HRT may be consid-
ered to help establish normal physiologic parameters 
in BD donor [87, 89].

Figure 14.3. Haemodynamic objectives and care in the management of the paediatric potential organ donor 
after brain death

Extended monitoring
• Repeated echography

• Right heart catheter
• Oesophageal Doppler
• PiCCO® (or equivalent)

Compensate polyuria (DI?)

Basic monitoring
• Electrocardiagram

• Pulse oximetry
• Arterial line

• Central venous access
• Temperature monitoring

• Bladder catheter

Mean arterial pressure < appropriate for age (mmHg) NoNo

Hypovolaemia?

Fluid loading/Na 0.9% 
(10– 20 mL/kg) could be 

repeated

Noradrenaline
0.25–0.5 µg/kg/min

YesYes NoNo

Cardiovascular exploration

Mean arterial pressure < 65 mmHg, or   < range appropriate for age (below 12 years old)

Hypovolaemia VasoplegiaMyocardial 
dysfunction

Fluid loading 
± Treatment of 

diabetes insipidus

Norepinephrine 
+ uid loading

Restore 
normothermia?

Treat 
hypocalcaemia?

Dobutamine
Epinephrine

ECMO?

Unstable MAP?

Hydrocortisone
Vasopressin

± Thyroid 
hormone?

DI: Diabetes insipidus; MAP: Mean arterial pressure; PICCO®: Minimally invasive cardiac output; ECMO: Extracorporeal membrane 
oxygenation.
Source: modified from Charpentier J, Cariou A. Objectifs et moyens de la prise en charge hémo-dynamique. In: G Boulard, P Guiot, 
T Pottecher, A Tenaillon, eds. Prise en charge des sujets en état de mort encéphalique dans l’optique du prélèvement d’organes et de tissus. 
Paris: Elsevier, 2005:125-35 [103].
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14.7.3.2.1. Vasopressors
Sustained hypotension has been described in 

half of paediatric donors [92]. After replacing fluid 
volume, use of vasopressor support should be de-
termined by the patient’s haemodynamic profile. If 
multi-organ dysfunction is present, extended haemo-
dynamic monitoring such as serial echocardiography, 
minimally invasive cardiac output (PICCO® or equiv-
alent) and, rarely, pulmonary catheterisation should 
be applied [103].

Dopamine has traditionally and consistently 
been considered as the first-line vasoactive agent in 
paediatric septic shock [99] and donor management 
practices in US [89, 104] (Figure 14.3). The interna-
tional guidelines for the management of sepsis in 
children were unable to issue a recommendation for 
a first-line vasoactive agent therapy in septic shock 
but suggested using norepinephrine or epinephrine 
rather than dopamine [102]. Norepinephrine is com-
monly used without report of serious complications 
from vasoconstriction. A maintenance dose from 0.2 
to 0.5 μg/kg/min to maintain the targeted arterial 
pressure is recommended.

Adult and paediatric studies show that low-
dose dopamine has decreased the risk of organ vessel 
dilatation or dysfunction in donor management [105-
106], and has no short- or long-term effect on graft 
function [107]. However, higher-dose dopamine 
(> 10 μg/kg/min) and epinephrine or norepinephrine 
in excessive doses all exhibit alpha-agonist activation, 
leading to potential excessive vasoconstriction that 
can compromise organ perfusion [86-87, 108].

Vasopressin is commonly used in hormonal 
replacement therapy for DI in the treatment of the 
paediatric organ donor. The vasoconstrictive effect 
of vasopressin can augment blood pressure. In a ret-
rospective study, a low dose of vasopressin adminis-
tered in continuous infusion (0.04 units/kg/h ± 0.069) 
improved haemodynamic parameters without deteri-
oration in organ function and decreased the infusion 
rates of other catecholamines, mainly epinephrine 
and dobutamine [109].

14.7.3.2.2. Myocardial dysfunction
The autonomic storm observed during the 

agonal phase of brain herniation is the common 
underlying pathophysiologic pathway to systolic or 
diastolic myocardial dysfunction following BD. My-
ocardial dysfunction occurs in a high percentage of 
donors who progress to BD and has been reported 
in 10 to 40 % of adult donors [110] and 40 to 57 % of 
paediatric donors [111-112]. The majority of paediatric 
donors (73 %) show improved cardiac function over 

time, allowing for potential organ recovery for trans-
plantation [113].

Myocardial dysfunction is easily assessed 
and quantified by Doppler echocardiography. Serial 
trans thoracic echocardiograms in patients with 
cardiac dysfunction show improvement of cardiac 
function in most patients, suggesting that initial 
decisions to procure the heart should not depend 
solely on the initial transthoracic echocardiogram 
examination results [113-114]. In the absence of ran-
domised controlled trials studying optimised cat-
echolamine regimen in such situations, inotropic 
support should be recommended [20], as epineph-
rine (or dobutamine) for septic cases [102], in associ-
ation with judicious use of norepinephrine and fluids 
[103] to optimise total haemodynamic status and 
maximise the chance of successful transplantations 
(Figure 14.3).

Deleterious cardiac effect of the autonomic 
storm including tachycardia and myocardial oxygen 
consumption may be mitigated, at least in adults, by 
a beta-adrenergic antagonist such as Esmolol [115-116].

14.7.3.3. Endocrine considerations
Several pathways involving neuro-hormonal 

signalling are responsible for maintaining haemo-
dynamic, metabolic and inflammatory/immunologic 
homeostasis. Loss of hypothalamic and pituitary 
function following BD induces endocrine dysregula-
tion that contributes to end organ damage. Following 
BD, loss of arginine vasopressin due to posterior pi-
tuitary dysfunction is a common finding, in addition 
to thyroid hormone and cortisol, which are more 
variably affected. The alteration of endocrine func-
tion could be supplemented with exogenous HRT 
(Table 14.3). However, HRT for neuroendocrine alter-
ations following BD continues to be regarded as con-
troversial by some clinicians because of conflicting 
evidence in adults and the absence of specific studies 
in paediatric donor management (see the PICOS 
Questions in Chapter 5; see also Appendix 8).

14.7.3.3.1.  Arginine vasopressin
Arginine vasopressin (AVP) has a dual effect 

that promotes ‘vasoconstriction’ and ‘reabsorption 
of water’ in the renal collecting tubules. The Organ 
Procurement and Transplantation Network Registry 
evaluated the use of AVP and HRT on more than 
10 431 BD donors. HRT was independently associated 
with an increased rate of adult organ recovery [100]. 
Review of HRT used in 1 903 paediatric donors com-
plied from the United Network of Organ Sharing in 
the US showed that HRT was associated with signifi-
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cantly increased odds of having the liver and at least 
one kidney and lung transplanted [117].

Table 14.3. Agents for paediatric hormonal replacement: suggested dosing

Hormone and indication Dosing range Comments
Arginine vasopressin (AVP) for diabetes 
insipidus

0.0002-0.01 IU/kg/h Titrate to urine output 0.5-3.0 mL/kg/h 
and serum sodium 130-155 mmol/L

Desmopressin (DDAVP) for diabetes 
insipidus

0.25-1 μg IV every 6h

Arginine vasopressin (AVP) for vasodila-
tory shock

0.0003-0.0025 units/kg/min infusion Titrate to normal blood pressure for age 
and markers of cardiac output

Methylprednisolone for immunosup-
pression

15-30 mg/kg IV once daily (suggested 
maximum dose 1 000 mg)

Collect immunotyping samples before 
administration

Insulin for hyperglycaemia 0.02-0.1 IU/kg/h infusion Monitor for hypoglycaemia; consider 
avoiding use in pancreas procurement

Thyroxine (T4) for hypothyroidism Age Load (μg/
kg)

Infusion 
(μg/kg/h)

Consider use with refractory hypoten-
sion and/or cardiac dysfunction

0-6 mo 5 1.4

6-12 mo 4 1.3

1-5 y 3 1.2

6-12 y 2.5 1.0

12-16 y 1.5 0.8

> 16 y 0.8 0.8

Combined hormonal therapy
• AVP/desmopressin
• Thyroxine (T4)
• Methylprednisolone
• (± Insulin)

As above Routine use in paediatric organ donors 
eligible for heart, lung and/or kidney 
procurement, as well as those demon-
strating cardiac dysfunction

Source: Gupta and Dhanani, Endocrine considerations of the pediatric organ donor. J Pediatr Intensive Care 2016;5:205-12 [98].

The frequency of DI in children following BD 
is 40 % [118] to 78 % [92]. Untreated, DI will result 
in severely impaired organ function of potentially 
transplantable organs. Haemodynamic instability 
occurs from diuresis-induced hypovolaemia. Hy-
pernatraemia from hyper-osmolality-induced in-
tracellular fluid imbalance follows. Correction of 
hypovolaemia and hypernatraemia is imperative 
to preserve organ function in any donor. Hyper-
natraemia can affect organs for transplantation, espe-
cially the liver. Two retrospective paediatric studies 
reporting on the complications related to donor 
livers did not find an association with poor graft 
function and hypernatraemia [119-120]. Paediatric 
organ donors with DI may be managed with intra-
venous desmopressin (DDAVP) every 6 or 12 hours 
(see Table 14.3) or by continuous infusion. Treatment 
with AVP or desmopressin in conjunction with use of 
hypotonic solutions for urine replacement or enteral 
free water may assist with normalising serum Na 
concentrations [87]. Donor management goals rec-
ommend maintaining serum Na concentration at 
less than 155-160 mmol/L. Infusion of AVP in higher 
doses is used in critically ill children with vasodil-
atory shock [121]. Katz et al� retrospectively demon-

strated that low-dose AVP had a vasopressor sparing 
effect in the critically unstable BD donor, with low 
risk of splanchnic vasoconstriction and organ tox-
icity [109].

14.7.3.3.2. Thyroid hormone
Thyroid hormone depletion results in impaired 

cellular respiration and causes a shift to anaerobic 
metabolism with lactate accumulation [98]. Although 
the use of thyroid hormone in BD children has been 
shown to decrease the need for inotropic support 
in this population [122] (Table 14.3), the most recent 
update to Canadian recommendations did not rec-
ommend this practice, except in haemodynamically 
unstable patients, as is already accepted practice by 
the majority of European and US guidelines for BD 
donors [108] (see the PICOS Questions in Chapter 5; 
see also Appendix 8).

14.7.3.3.3. Steroids
Cortisol release from adrenal glands is induced 

by the adrenocorticotropic hormone (ACTH), which 
is produced by the anterior part of the pituitary gland. 
In BD patients, steroid replacement for adrenal insuf-
ficiency and modulation of inflammatory cascades 
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by the regulation of the donor’s immune response 
to brain peptides [96] are the most relevant roles of 
cortisol administration (Table 14.3). Additionally, 
corticosteroid administration upregulates beta re-
ceptors and can reduce lung free water in the donor 
[87, 89]. Although there is no evidence that reduced 
cortisol levels in potential adult or paediatric donors 
are associated with poorer transplant outcomes [98], 
therapeutic administration should be considered in 
cases of pre-existing or clinically suspected adrenal 
insufficiency. A systematic review by Dupuis et al� in 
11 randomised studies shows that there is no evidence 
to support steroid administration, whereas results 
seen in 14 observational studies indicated that ster-
oids may be associated with an improved transplant 
recipient outcome [123]. Currently, it is recommended 
that methylprednisolone may be useful in unstable 
potential donors unresponsive to optimal haemody-
namic care, as a rescue therapy with vasopressin and 
thyroid hormone (see PICOS Questions in Chapter 5, 
§5.4.1; see also Appendix 7).

14.7.3.3.4. Insulin
Hyperglycaemia (glucose > 180 mg/dL) has 

been reported in 48 % of paediatric donors aged 
under 5 years and 28 % of donors between 5 and 
12 years [124]. Many factors contribute to hyper-
0 glycaemia in the donor, including endogenous or 
exogenous catecholamine circulation, corticosteroid 
administration, glucose infusions, catecholamine- 
induced insulin resistance and decreased metabolism 
following BD, and it may be associated with reduced 
renal function in deceased donor [98].

14.7.3.3.5. Hormonal replacement therapy
United States organ donor guidelines suggest 

that early initiation of HRT may be beneficial and 
should be strongly considered for paediatric donor 
management. However, the benefits of corticosteroid 
and thyroid hormones remain untested prospectively 
in the paediatric donor, and there is only limited ev-
idence to show a benefit of AVP on haemodynamic 
status in children. Importantly, no published report 
indicates that HRT has deleterious effects in chil-
dren [87]. Pharmacologic agents for HRT (outlined 
in Table 14.3) are recommended mainly for manage-
ment of haemodynamically unstable donors despite 
optimal haemodynamic care, with the aim of re-
storing normal metabolic parameters. (For more in-
formation, see Chapter 5.)

14.7.3.4. Hypothermia and dysregulation
Thermoregulatory mechanisms cease after BD 

while heat loss continues via convection and radiation. 

Hypothermia also occurs because of profound vaso-
dilation with heat loss and infusions of unwarmed 
intravenous fluids and blood products. Hypothermia 
can contribute to severe systemic complications such 
as direct myocardial depression increasing hypo-
tension, cold diuresis, coagulopathy and potentially 
decreased oxygen delivery to the tissues by shifting 
the haemoglobin oxygen dissociation curve [125]. In 
all cases, the patient’s temperature should be main-
tained above 35 °C to preserve organ function and 
limit complications associated with hypothermia.

14.7.3.5. Protective respiratory considerations
The limited number of paediatric donors dras-

tically affects recovery of lungs for transplantation. 
Every donor should be managed as a potential lung 
donor. Recovery and transplantation of lungs from 
a BD donor remains one of the most challenging 
aspects of donor management. Lungs are susceptible 
to damage by a number of factors including traumatic 
contusions to the lung or airway injury, resuscitation 
manoeuvres, pneumonia, neurogenic pulmonary 
oedema, SIRS, excessive volume resuscitation and 
suboptimal ventilation support. A chest CT scan may 
be useful to delineate pulmonary anatomy and pa-
thology, guide intensive care staff in donor manage-
ment and determine suitability for transplantation.

A protective lung ventilation strategy using 
the lowest possible plateau pressure and moderate 
positive end expiratory pressure (PEEP) to achieve 
oxygen saturation of > 92 % and arterial pH 7.35-7.45, is 
strongly recommended [20, 108, 126]. In a multicentre 
randomised controlled trial involving 118 potential 
adult donors, a protective ventilation strategy using 
tidal volumes of 6 mL/kg ideal body weight, PEEP 
> 8-10 cmH2O and alveolar recruitment manoeuvres 
was found to double lung transplant rates from 27  to 
54 % [127]. The paediatric literature lacks significant 
evidence about pulmonary management of the BD 
donor. Best practices highlighted through the US 
Organ Transplant Breakthrough Collaborative have 
demonstrated that up to 50 % of potential donors can 
yield lungs for transplantation, depending on size 
and age of the donor [126]. There is universal agree-
ment in recognising the practice of airway protection 
using a cuffed endotracheal tube and the importance 
of alveolar recruitment manoeuvres to prevent res-
piratory deterioration. This includes ventilator man-
agement and regular repositioning and suctioning, 
with a goal of obtaining a PaO2/FiO2 ratio > 300 and 
a normal chest radiograph.

Invasive haemodynamic monitoring – in-
cluding a central venous catheter to measure CVP 

– may assist with pulmonary management and help 
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reduce neurogenic pulmonary or pulmonary oedema 
from excessive fluid administration or replacement.

Pneumonia is determined by changes iden-
tified in the chest radiograph, tracheal or bronchial 
cultures, deteriorating in oxygenation and ventila-
tion, and inflammatory markers in the blood stream. 
Pneumonia must be promptly diagnosed and ag-
gressively treated. Treatment should be guided by 
culture results and the antibiotic susceptibility of the 
organism.

14.7.3.6. Spinal movements
Massive reflex or spontaneous automatic 

movements (usually without simultaneous EEG 
signal) may be observed, sometimes associated with 
hypertension and/or tachycardia. During organ pro-
curement, administration of opioid drugs and neuro-
muscular relaxing agents may be advisable to avoid 
spinal reflexes and hypertension caused by surgical 
stimulation and to reduce bleeding [128].

14.7.3.7.  Nutritional support
Enteral nutrition is recommended by some 

transplant teams to preserve the villous mucosa of 
the small bowel if it is being transplanted [87]. Col-
laboration with the DC/OPO and the transplant team 
is recommended when considering enteral nutrition 
in the donor.

14.7.3.8. Haemostasis and procurement
Haematological parameters should be mon-

itored and maintained in the normal range for the 
paediatric donor. Specific considerations include:

a� Maintain a sufficient haemoglobin concentra-
tion adapted to age and haemodynamic status 
to preserve oxygen delivery to organs. Over 
1 year, no recommendations exist to transfuse 
critically ill children, or those at risk of critical 
illness, who are haemodynamically stable with 
haemoglobin concentration > 7 g/dL. Under 
1 year, a haemoglobin concentration > 9 g/dL 
may be considered [129].

b� Excessive transfusion of blood and blood prod-
ucts can result in difficulty completing pre-pro-
curement serological tests because of possible 
dilution effects. Early blood sampling prior to 
transfusion may avoid this challenge.

c� Coagulopathy during the management process 
or prior to organ recovery requires correc-
tion of clotting factors and platelet levels 
(> 50 × 109/L) [87].

14.7.3.9. Infectious disease considerations
Patients with systemic bacterial infections may 

still be suitable for organ donation. Adequate treat-
ment of the bacterial infection can result in organs 
that are viable for transplantation [20]. Since in mild 
or asymptomatic donors infectious transmission 
remains a possibility, potential donor-to-recipient 
infectious transmission must be anticipated, and a 
thorough routine screening of donors is mandated 
before organ recovery and transplantation [130] (for 
more information see Chapter 8).

Previous reports have indicated that paediatric 
donors are much more likely to transmit viral infec-
tion (46 %) than adult donors (19 %) [131]. Infections 
in general were by far the primary transmission event 
type from paediatric donors to recipients [131]. Donor 
history is typically well known by parents of small 
children but may be largely unknown in teenagers 
or adolescent patients where social activities may not 
have been disclosed to parents by the child. The risk 
of transmission of an infectious disease that can be 
treated to a potential transplant recipient who will be 
immunosuppressed should be balanced with the risk 
of declining a rare organ donor with an opportunity 
that might be life-saving. Final decisions on specific 
donors and circumstances regarding organ recovery 
are often made on a case-by-case basis. This requires 
routine collaboration between transplant teams, in-
fectious disease specialists, immunologic experts and 
the DC/OPO [132].

14.7.3.10. Extracorporeal membranous oxygenation 
(ECMO)

Brain dead donors with ongoing ECMO and 
continuous renal replacement therapy may preserve 
circulatory stability and correct fluid and electro-
lyte disturbances, and then increase organ donation 
success.

On the other hand, once the BD diagnosis has 
been pronounced and consent for organ donation 
obtained, in persistently unstable patients requiring 
ongoing cardiovascular support or resuscitation, 
ECMO has been used as a bridge to stabilise organ 
perfusion until organ procurement can occur [133].

14.7.3.11. Optimising management in cases of 
paediatric brain death

14.7.3.11.1. Optimising timely management
Organ donation is a part of EOL care. Families 

facing EOL issues for their child in the ICU should be 
offered the opportunity of organ donation. Optimal 
patient management is also ethically sound and 
should be maintained until a determination of death 
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has occurred or decisions about ongoing medical 
treatment have been established with the family. 
The continuum of care must preserve the option of 
organ donation. This process requires collaboration 
between all professionals in the ICU. Early identifi-
cation of a possible organ donor, with notification of 
the donation staff, is considered best practice to in-
crease organ donation [20]. Ongoing patient manage-
ment and progression to BD should be determined by 
a skilled intensive care specialist [134-136].

Determination of BD should be made in a 
timely manner, and information should be conveyed 
to the family so that decisions about donation and 
other EOL issues can be discussed. Ongoing support 
for the patient who becomes a donor allows for 
high-quality organ management to enhance organ 
recovery for transplantation. The intensive care spe-
cialist plays a key role in the donation process with 
interaction and co-ordination between ICU, donor 
co-ordinator or OPO staff, and the organ procure-
ment team [20, 137].

14.7.3.11.2. Optimising the paediatric donor 
management until procurement

Little evidence-based research has been pub-
lished on protocols or specific management practices 
for paediatric organ donors. Following the consensus 
statement by the Society of Critical Care Medicine by 
Kotloff et al� in 2015 [87], all 58 OPOs in the US par-
ticipated in Robert Ream’s evaluation study on the 
use of guidelines and routine practices for the man-
agement of paediatric organ donors [104]. Study con-
clusions revealed that all OPOs used various forms 
of HRT. The majority employed written paediatric 
donor management guidelines for haemodynamic, 
thermoregulation, fluids and electrolyte correction, 
but wide variations were observed in glycaemic 
control and pulmonary management using mechan-
ical ventilation [104].

Homeostatic disruptions affecting all organ 
systems are commonly seen in paediatric donors. 
While these disruptions may vary in each donor, hy-
potension and DI are commonly observed followed 
by anaemia and hyperglycaemia [124]. Homeostatic 
disorders can develop at any time after the onset of 
ischaemic brain injury that progresses to BD. Close 
monitoring for haemodynamic, respiratory, fluid and 
electrolyte, and thermoregulatory alterations justifies 
the need for intensive monitoring to recognise and 
correct these alterations during the process from BD 
to the parental authorisation for donation and organ 
procurement.

In 1997, Finfer et al� [92] described better al-
lograft function when hypovolaemia and hyper-

natraemia associated with DI were recognised early 
and treated, emphasising the need for early and at-
tentive management of the donor to restore normal 
physiologic parameters following BD. As a result of 
early donor management and use of donor manage-
ment protocols, 93 paediatric heart transplants in 
2005 demonstrated improved rejection-free survival 
in heart recipients with longer periods between con-
firmation of BD and organ recovery [138].

Best paediatric donation practice includes pre-
serving the option of donation for all potential eligible 
donors prior to and following declaration of death 
[20, 86-87]. The continuum of care from admission 
through the dying process and recovery of organs 
requires a skilled group of paediatric providers to 
manage the numerous physiologic alterations that 
occur during the process of BD.

14.8. Paediatric donation after the 
circulatory determination of 
death

Whether due to the course of a chronic illness 
or following an unanticipated accident, the 

emotional impact of the death of a child affects both 
the family and the professional caregivers of the 
child. Caregivers must discuss EOL issues, including 
organ donation, with families and surrogate decision 
makers during a difficult time when grief and loss 
consume the emotional aspects for all involved. In 
pDCD, providers may feel the added pressure of inte-
grating donation into EOL care because this process 
alters some aspects of routine WLST. For these and 
other reasons, pDCD remains an uncommon event 
in most countries [15]. Successfully performing 
pDCD requires careful planning and a system dedi-
cated to offering donation to all potentially eligible 
donors. Some European countries have developed 
such a system (UK, the Netherlands and Spain), but 
many others have not – the reasons for this are at 
least partly found in the pronounced variability in 
EOL practices throughout Europe, which we consider 
later in the ethical issues section (§14.8.3) [139].

pDCD shares many similarities with adult 
DCD, with the significant exception that all reported 
pDCD is from the controlled pathway (Maastricht III 
donors). To our knowledge, no jurisdiction has an 
active uncontrolled pDCD program (Maastricht II). 
Thus, almost all pDCD donation occurs after WLST, 
usually mechanical ventilation. An overview of a 
typical controlled pDCD, which is similar to that for 
adults, is provided in Chapter 12. As in any controlled 
DCD process, surrogate decision makers must have 
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finalised the consensual decision to pursue WLST 
prior to discussion of organ donation potential. There 
are instances where a BD donor is converted to a 
DCD donor because of instability or family requests 
to be with their child until the heart stops beating.

This section will focus on the practice of pDCD, 
including factors that contribute to the relatively low 
rates of pDCD activity globally, application of pDCD 
to specific paediatric populations such as neonates 
or infants born with anencephaly, and ethical issues 
specific to the paediatric population.

14.8.1. Epidemiology and outcomes

Compared to adult DCD, pDCD is an infre-
quent event, though details of the epidemiology of 
this practice in most countries are poorly understood 
[11]. Countries use different criteria when defining a 
paediatric patient (e.g., age up to 15 v� 18 years) and re-
porting of paediatric donation activity is not routine 
or standard in many countries. Despite these limita-
tions, some generalisations can be made from the few 
countries that have reported detailed data [21].

Figure 14.4 shows the absolute number of actual 
deceased donors < 18 years of age (pDBD and pDCD 
pathways included) and the proportion of pDCD ac-
tivity relative to overall paediatric deceased donation 
in countries with pDCD activity that was reported 
to the Global Observatory in 2019. As expected, the 
variability between countries is also reflected in their 
relative performance of controlled DCD in the adult 
population. For instance, in Spain controlled DCD 
was only piloted in the adult population in 2009, and 
pDCD was not practised until 2012 [4, 140]. This is 
in contrast to the UK, US and Australia where con-
trolled DCD is well established in the adult and pae-
diatric populations [5, 7-8]. These data suggest that 
a key factor to success in pDCD is development of 
a robust adult controlled DCD system. Indeed, in 
several European countries with active DCD pro-
grammes, pDCD, while lawful, is still not practised.

Even in countries with active pDCD pro-
grammes, it is a rare event. In the US in 2020 there 
were 176 pDCD actual donors under 18 years, or 0.55 
per million population (pmp). In the same year there 
were 3 048 adult DCD donors or 9.5 pmp [5]. The pos-
sible reasons for this are multifactorial, and include 
age restrictions, uncertainty about eligibility criteria, 
low approach rates of families and surrogate decision 
makers, and lower mortality rates of paediatric pa-
tients [92]. Current DCD statistics from the US show 
continued growth and reveal that pDCD donors 
account for 8-9 % of the DCD donor pool [5].

The outcome of organs transplanted from 

pDCD donors is limited mainly to single-centre 
series or a few database reports. As summarised in a 
2016 scoping review on the topic, organs from pDCD 
donors generally have outcomes that are comparable 
to organs from pDBD donors, with the exception 
of increased biliary complications in some hepatic 
transplant recipients [41]. The lower size limits of 
eligible pDCD donors is currently unknown; some 
centres have reported successfully recovering and 
transplanting en bloc kidneys from neonates as small 
as 1.9 kg [141]. Lack of knowledge about long-term 
outcomes is likely to be a contributing factor to re-
luctance by many programmes to consider smaller 
children as potential DCD donors.

Figure 14.4. Absolute numbers of actual paediatric 
donors (total, pDBD and pDCD), 2019
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Source: Global Observatory on Organ Donation and 
Transplantation, data provided upon direct request, www.
transplant-observatory.org/ [3].
Data include all paediatric deceased donors in 2019 in countries 
with pDCD activity reported to the Global Observatory. 
pDBD: Donors after brain death, age < 18. pDCD: Donors after 
circulatory determination of death, age < 18.

14.8.2. Death determination

The determination of human death must be 
safe and reliable. Two methods commonly used in 
most countries are neurological and circulatory de-
termination of death. The former has been previously 
described (see Chapter 3 and, specifically for the 
paediatric population, §14.6). Determination of BD 
varies between countries and within countries and 
jurisdictions, depending on age and even the reli-
gious beliefs of the patient or family [70-71]. No such 
variability exists with the circulatory determination 
of death, which occurs in every country and with 
little practical difference in process (for more infor-
mation see Chapter 12) with the exception of the ob-

http://www.transplant-observatory.org/
http://www.transplant-observatory.org/
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servation or no-touch period to determine if return 
of spontaneous circulation will occur.

The majority of human deaths are verified by 
the lack of endogenous cardiorespiratory function, 
sometimes with certain neurological components. 
Circulatory death relies on a practical bedside test 
without need for confirmatory complex investigations, 
and with minimal preconditions – most notably the 
absence of profound hypothermia. In a non-donation 
setting, the absence of a palpable pulse and of sponta-
neous respiratory effort, together with the absence of 
any response to deep stimuli and fixed dilated pupils, 
form the bedside practical assessment to determine 
circulatory death. Without the possibility of donation, 
there is usually little urgency for verification to occur, 
though a reasonable time period since attempts at re-
suscitation is recommended. While there have been 
descriptions of spontaneous return of circulation 
after long periods of time, no such verified return has 
recurred after 5 minutes in the absence of attempted 
resuscitation [142-143]. No paediatric cases have been 
reported after WLST when no CPR manoeuvres were 
performed. Spontaneous return of circulation has 
been observed in 3 children, two minutes after the 
cessation of unsuccessful CPR [143].

Determination of death by circulatory criteria 
must be performed by predefined, objective criteria. 
Though some centres may still use palpable pulse to 
determine arrest of circulation, there are concerns 
from the resuscitation literature that palpable pulse 
may not be accurate in low-flow states [144]. Most 
recommendations suggest more objective criteria be 
employed, preferably an indwelling arterial line, but 
electrocardiogram, echocardiography or arterial 
Doppler are also acceptable [24-25]. Importantly, cir-
culatory death is the loss of pulse pressure, not elec-
trical activity (for more information see Chapter 12).

The need for well-defined methods and time 
limits for death determination is particularly impor-
tant in pDCD as theoretically the younger myocar-
dium may be resistant to hypoxic-ischaemic injury. 
However, there are no validated reports of autoresus-
citation even in paediatric patients past five minutes 
of observation, and that is likely more important 
in maintaining public confidence in the clinicians’ 
ability to verify death safely as a crucial part of de-
ceased donor transplantation [143].

14.8.3. Ethical issues

With the resurgence of DCD, the need to safely 
verify death in a more rapid time frame is balanced 
with the need to reduce warm ischaemic damage to 
potentially transplantable organs. Ethical concerns 
about deceased donor transplantation have led to 
fundamental considerations about definitions of life 
and death [145]. In pDCD, some clinicians raised 
serious concerns about whether donors were really 
dead, although many of the concerns raised find 
their debates in the philosophical arena rather than 
the clinical realm [146].

The practical aspect of this deliberation was 
manifested by the reduction in the time after cir-
culatory arrest when death could be verified safely. 
For some, the 10 minutes recommended by the In-
stitute of Medicine in all patients, largely based on 
adult data, meant unnecessary warm ischaemic time 
to organs in the donor, and reductions in the time 
period followed [147-148]. For others, even 10 minutes 
was unsafe, and DCD should never be permitted 
[147]. One group of clinicians reduced the time as to 
as little as 75 seconds in infants to perform the first 
contemporary DCD heart transplants under an ap-
proved Institutional Review Board study [49]. This 

Table 14.4. Analysis of ante mortem interventions in dying children to optimise organ donation

Interventions Process Equivalent use
Delayed WLST Enable donation Visitors to attend

+/− religious observation

Transfer to theatre Minimise warm ischaemia For a surgical intervention

Heparin use Prevent clots in organs Anti-coagulation for DVT

Arterial line Death verification Haemodynamic monitoring

Bronchoscopy Assess lungs pre- & post-transplant Toilet airways

Blood tests Matching, infection screen Ongoing monitoring

Inotropes/fluids Maintain organ viability LST

ECMO Potential for organ stabilisation LST

Biopsy Ensure safety of transplant Diagnosis

DVT: Deep venous thrombosis. LST: Life-sustaining therapy. ECMO: Extracorporeal membrane oxygenation.
From: Brierley J, Shaw D. Premortem interventions in dying children to optimise organ donation: an ethical analysis. J Med Ethics 2016; 
42(7):424-8 [151].
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study proved controversial, with calls for a morato-
rium on DCD [147]. No other centres have adopted 
such a short ‘stand-off period’ of less than 2 minutes 
and the international consensus is that 5 minutes is a 
safe and reasonable time period, though other coun-
tries have maintained 10 minutes [68]. The safety of 
this approach has been supported by both prospec-
tive and retrospective research in paediatric and 
adult patients that has shown in the setting of elective 
cessation of life-sustaining therapy and the absence 
of recent cardiopulmonary resuscitation, there is no 
spontaneous return of circulation (autoresuscitation) 

– the Lazarus phenomenon [149]. Additionally, DCD 
has been extensively reviewed by medical organisa-
tions that have found no ethical issues related to this 
type of donation if performed within specific guide-
lines [26-27, 150].

There are a number of ethical considerations in 
pDCD, although some are actually more accurately 
described as psychological concerns involving the 
emotiveness of the death of a child. Indeed, variability 
throughout Europe in the permissibility or practice 
of DCD is more linked to national standards related 
to WLST in children rather than donation practices. 
Examples include: DCD is unlawful in Germany; 
pDCD is not currently practised in Switzerland and 
France, despite adult DCD occurring; pDCD is prac-
tised in the Netherlands, UK and Spain.

Outside this variability, where pDCD is offered, 
the key ethical issues involve: the decision on WLST, 
the ability of parents/the child to give valid consent/
authorisation to the process of DCD, the safe and re-
liable verification of death discussed above, and in-
terventions used to improve organ performance for 
transplantation.

a� Traditionally, the decision on WLST must be 
made before any consideration of donation. 
This ensures no undue influence or conflict of 
interest on the process of determining the best 
interest of the (potentially) dying child. This 
does not necessarily mean that discussing do-
nation is unethical before the actual donation 
discussion itself happens – a stance supported 
by bereaved and non-bereaved parents [137]. If 
the parents raise the topic, however, organ do-
nation may be addressed during conversations 
leading to a WLST decision.

b� In pDCD those patients/parents/guardians able 
to provide consent/authorisation, including 
WLST, must be able to do so with full informa-
tion about the process. This is clearly different 
from an adult donor who has the ability to opt 
out, or opt in, depending on jurisdiction.

c� The final major ethical consideration we iden-

tify is those interventions carried out in the 
donor to improve the quality of recovered 
organs that may be used during the process of 
DCD (Table 14.4) [151]. Unlike BD, DCD is con-
sidered in a living child afforded all the protec-
tions under law. As not all potential candidates 
for DCD will die following WLST, the level of 
intervention permissible to aid in organ via-
bility must be primarily considered on a harm 
calculation, with no medical benefit to the 
donor, but taking into consideration the hon-
ouring of the child’s and family’s legacy with 
the objective of creating the best donation and 
EOL care possible. The risk of harm that the po-
tential donor might tolerate should not be dif-
ferent from the risk that any child in the PICU 
will accept for curative purposes. Reasons for 
this are: the potential donor will not directly 
benefit from these interventions, and the like-
lihood of becoming an organ donor are un-
certain. Many interventions are standard for 
children admitted to the PICU, and therefore 
may be more readily acceptable as they carry 
minimal or mitigatable chance of harm and 
are designed to help the child [151].

Another important issue is that there can be no 
decreased quality of expert EOL supportive care to a 
potential pDCD donor and their family. There is ac-
tually evidence from adult practice that EOL care is 
improved by DCD considerations.

Perhaps the biggest ethical issues in pDCD are 
the failure of healthcare teams to refer children for 
donation considered as part of holistic child-centred 
EOL care, the failure of national governments to rec-
ognise the importance of saving lives of their citizens 
and the provision of support mechanisms in our so-
cieties – whether cultural, spiritual or practical – to 
help bereaved parents save the lives of other children 
[21]. Educational efforts and training focus for paedi-
atricians’ needs must be advanced, so that they feel 
confident about maintaining conversations on organ 
donation with the grieving parents and understand 
the important role of the DC.

14.8.4. Special considerations

Organ donation from infants with anencephaly 
after BD is no longer internationally acceptable due 
to the ethical and practical complexity of deter-
mining death by neurologic criteria [152]. However, 
pDCD is possible, but requires either a transplant 
team present at delivery, which is rarely achievable, 
or elective institution of life-sustaining therapy for 
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donation purposes such as intubation and respiratory 
support, which brings its own ethical challenges [27, 
153]. Successful recovery of organs for transplantation 
after pDCD from anencephalic infants has occurred 
but is rarely reported [154].

Despite initial ethical reservations sur-
rounding the verification of cardiorespiratory death 
in DCD, most accept death as a uniform entity, which 
means allowing most organs – including lungs, liver, 
kidneys, pancreas and intestine – to be procured after 
declaration of death. pDCD cardiac transplantation 
without the use of external circulatory support has 
been reported in the US [49] but has not expanded 
outside the original centre due to technical and 
ethical limitations. More recently, successful adult 
cardiac DCD has been reported internationally, with 
occasional teenage cases using ex situ perfusion strat-
egies [155]. We await ex situ support systems that can 
be used to support organs from smaller children, al-
lowing benefit from this life-saving intervention to 
children.

The use of normothermic regional perfusion 
(NRP), based on the use of ECMO devices, has po-
tential advantages in terms of the number and quality 
of organs obtained from controlled DCD donors 
(see Chapter 11 and Chapter 12). NRP allows the in 
situ preservation of organs with oxygenated blood 
after the determination of death and prior to organ 
recovery. Measures need to be implemented to re-
strict preservation to organs subject to transplanta-
tion (abdominal and thoracic organs) and to avoid 
reperfusion of the brain, which would retroactively 
negate the previous diagnosis of death by circulatory 
criteria. Reliable isolation of the cerebral vascular 
supply is less secure in children than in adults, due to 
greater collateral circulation, meaning this cannot be 
recommended without greater safety data. Manara et 
al� have described some refinements to current proto-
cols that can help to monitor and exclude brain rep-
erfusion during in situ NRP [156].

14.8.5. Knowledge and practice gaps

Consistent with all forms of donation, a major 
obstacle for pDCD is identification of patients who 
are potential donors and referral to the procurement 
specialists. Few countries have effective, national 
audits of potential donors, so the rates of identi-
fication and referral are not always evident when 
making comparisons between or even within coun-
tries or jurisdictions. Existing paediatric-specific 
data suggest that there is substantial opportunity for 
improvement. A 2018 report from the UK found that 
only 40 % of paediatric patients who meet referral cri-

teria for organ donation were actually referred, and 
only 33 % of families of potentially eligible children 
were approached [93]. Without systematic potential 
donor audit practices to ensure that all patients who 
are potential donors, including pDCD, are identified 
and their surrogate decision makers or families ap-
proached, donation opportunities will continue to be 
missed.

Other areas for improvement in donation prac-
tices include standardising eligibility criteria, inexpe-
rience of transplant programmes in the use of small 
pDCD organs and compliance with accepted best 
practice to ensure that pDCD is a routinely offered 
aspect of EOL care. Some efforts have been made, in-
cluding paediatric-specific national guidelines and 
the integration of paediatric-specific recommenda-
tions in other countries’ global DCD efforts [12, 24]. 
Creating and sharing best practice internationally 
was an expressed goal of a recent paediatric-focused 
donation meeting [10]. These guidelines, however, 
will be limited as long as the state of understanding 
of some foundational aspects of pDCD remain poorly 
understood. Researchers and policy makers in the 
field have identified a pressing need to fill knowledge 
gaps that include a better understanding of outcomes 
of pDCD recovered organs, the physiology of the 
dying practice for paediatric patients after WLST, the 
effects of functional and absolute warm ischaemic 
time on pDCD organs, the application of in situ and 
ex situ organ support technology (including hearts) 
and the best methods to ensure that all patients 
who are potential donors are referred for donation 
consideration.

Adult DCD has greatly expanded the number 
of life-saving organ transplantations and provides 
the chance for family members to honour a desire of 
their loved one to donate organs after death. By im-
proving and standardising pDCD practices, the full 
potential of this option can also be offered to families 
of children at the end of their lives [157].

14.9. Organ procurement and 
transplantation in infants and 
children

Although there is a lot of literature regarding the 
management of paediatric organ donors at ICU 

(clinical, pharmacological and psychosocial aspects) 
[10, 33, 101, 111, 118, 124, 137], almost nothing has been 
published up to now about the technical aspects of 
organ procurement operations in paediatric donors 
[158].

In this section we report on peculiarities of 
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organ procurement in paediatric donors that may in-
fluence the outcome of the transplant. In the second 
part we briefly report on organ procurement tech-
niques and the long-term results of paediatric organ 
transplantation.

14.9.1. General aspects of organ procurement in 
paediatric deceased donors

The general rules and technical principles of 
organ procurement in adult deceased organ donors 
[159] can be also applied in the context of paediatric 
organ donors. Special attention should be given to 
the following unique aspects related to donation in 
children:

a� Small size of vessels and organs commonly 
encountered in children and in particular 
small babies < 1 year of age. The organ re-
covery surgeon must be familiar with paedi-
atric surgery and paediatric transplantation, 
and the use of magnification glasses during 
the procurement operation is strongly recom-
mended. Surgeons with expertise in paediatric 
patients must lead the procurement for optimi-
sation of the organs. Damage during recovery 
can result in a non-transplantable organ.

b� Vascular anatomy: the procurement surgeon 
should keep in mind that in children the dis-
tance between coeliac trunk, superior mesen-
teric artery and renal arteries is very small (i.e. 
< 5 mm). This aspect must be considered in case 
there is need for an aortic patch for each organ 
supplied by the above-mentioned vessels (i.e. 
liver, kidney, intestine).

c� Systemic donor heparinisation before cross-
clamping using a suggested dose of 300 IU 
heparin/kg body weight.

d� Cannulation of distal abdominal aorta for in 
situ organ perfusion: the cannulation of the 
distal abdominal aorta directly above its bifur-
cation into the iliac vessels is suggested. In chil-
dren the diameter of the aorta itself is usually 
< 10 mm and often < 5 mm. Special smaller can-
nulas should be available for cannulation prior 
to perfusion. Cannulation of the small iliac 
vessels should be avoided, and it can compro-
mise the available length of the iliac vessels that 
may be needed for vascular reconstruction or 
elongation. The superior and inferior mesen-
teric arteries should be kept intact and not be 
ligated and divided as proposed by Muiesan et 
al� These vessels may become essential in case 
of vascular reconstruction or elongation in 
cases of complex arterial anastomosis, offering 

the main advantage of better matching of the 
vascular lumen [160].

e� Excessive perfusion of abdominal organs with 
preservation solution following aortic cross-
clamp through the distal abdominal aorta 
should be avoided. It is recommended to 
adhere to the manufacturer’s instruction (e.g. 
maximum volume per kg body weight as well 
as duration of flush).

f� Particularly in congenital heart defects, longer 
vascular cuffs may be needed, which could 
compromise the lung procurement. This situ-
ation must be considered at the time of organ 
recovery co-ordination to avoid misunder-
standing between transplant teams.

g� The closure of abdomen and chest should be 
performed accurately, taking care to recognise 
cosmetic aspects using intracutaneous skin 
suture. Ultimate respect of the donor and their 
family, recognising the immense debt of grati-
tude owed to them, is essential.

14.9.2. Kidney procurement and transplantation 
from paediatric deceased donors

Paediatric kidneys can be procured singu-
larly (standard technique) or en bloc. Particular care 
should be taken in children to keep enough aortic and 
inferior vena cava (suprarenal and infrarenal) length 
without compromising the coeliac trunk and the in-
frahepatic inferior vena cava that is usually needed 
for the liver graft. This represents a major technical 
problem in the case of a very small donor where the 
suprarenal stumps of the aorta and inferior vena cava 
are very short and cannot be simply oversewn on 
the back table without causing a stenosis of arterial 
inflow or venous outflow. If the suprarenal inferior 
vena cava and aortic stumps are too short, it is rec-
ommended to procure additional arterial and venous 
conduits (i.e. thoracic aorta and superior vena cava) 
to perform an elongation of the above-mentioned 
stumps or to build a ‘cap’ on their proximal stump.

Unfortunately, most kidneys from paediatric 
donors weighing less than 10 kg are usually procured 
en bloc and both offered to one recipient (usually an 
adult). Considering the rarity of such donors and the 
problem of size mismatch, when offering a big kidney 
to a smaller paediatric recipient, one should keep in 
mind that a kidney from a smaller paediatric donor 
(i.e. < 10 kg) can be transplanted singularly into a 
smaller paediatric recipient. This requires significant 
technical skills when dealing with microvascular 
surgery [161-162].

Kidney outcomes can have variable results de-
pending on the type of graft (single or en bloc), donor 
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and recipient age (paediatric or adult) [161], kidney 
donor risk index, HLA mismatches, donor-specific 
antibodies and underlying kidney disease. Although 
patient survival following paediatric kidney trans-
plantation is excellent (i.e. 90-95 % at 10 years), the es-
timated half-life for transplanted kidneys in children 
is only 9 to 15 years. Therefore, children affected with 
end-stage renal disease often require more than one 
kidney transplant in their lifetime [163-164]. In par-
ticular, adolescents (11 to 17 years), who account for 
> 50 % of the paediatric kidney transplant waiting list, 
have worse 5-year graft survival outcomes than pae-
diatric recipients under the age of 11 [164]. A 10-year 
graft loss around 52 % after deceased donor kidney 
transplantation has been reported. Non-adherence to 
immunosuppression (and other therapies) remains 
a significant problem among paediatric renal trans-
plant recipients. Estimates of non-adherence range 
from 30 % to 70 % among paediatric patients. Re-
search demonstrates that a 10 % decrement in ad-
herence is associated with 8 % higher hazard of graft 
failure and mortality [165].

Naderi et al� reported 1-, 5-, 10- and 20-year 
mean graft survival rates of 90 %, 81 %, 62 % and 62 %, 
respectively. The corresponding patient survival rates 
were 100 %, 99.4 %, 97.8 % and 96.5 % [166].

The most relevant surgical complications are 
represented by reflux nephropathy, which may com-
promise graft quality if sustained for a long period of 
time, and vascular complications. These occur mainly 
in cases of single kidney transplantation from small 
donors (i.e. < 10 kg) in small recipients (i.e. < 10 kg).

14.9.3. Liver procurement and transplantation 
from paediatric deceased donors

The same technique of liver procurement used 
in adults can also be used in children [159].

It should be remembered that paediatric livers 
can be split (usually from donors > 8 years of age) 
and this opportunity should be seriously considered 
for both in situ and ex situ split-liver procedures ac-
cording to local split-liver policy, logistics and facili-
ties [159, 167-168].

Children receive whole and split-liver grafts. 
Transplant outcomes may be different in terms of 
graft survival that are related to the specific com-
plications inherent to the graft type, donor age and 
donor risk index. Whole liver transplantation from a 
paediatric donor into a small paediatric recipient has 
high rates of vascular complications, which compro-
mise the graft survival [167, 169-170].

In general, 1-, 5- and 10-year patient and graft 
survival rates after deceased donor liver transplanta-

tion in children are 94 %, 90 %, and 87 % (for patients) 
and 90 %, 85 % and 80 % (for grafts). Major complica-
tions include hepatic artery thrombosis (range 5-15 %), 
portal vein thrombosis (range 1-5 %) and biliary com-
plications (5-15 %) [169-174]. Vascular complications 
occur more often in the case of small grafts in small 
recipients. Biliary complications, usually in form of 
late anastomotic strictures, occur more often in split-
liver transplant; they are probably due to long cold 
ischaemia times and devascularisation of the hilar 
plate during the split procedure.

14.9.4. Pancreas procurement and 
transplantation from paediatric 
deceased donors

Pancreas procurement should rely on stand-
ards reported by Nadalin et al� [159]. The following 
aspects of paediatric pancreas transplantation should 
be considered:

• There is no lower age limit of acceptance of 
pancreas from paediatric donors, but a lower 
age limit of 6 years should be considered [175].

• Pancreas procurement should not compromise 
the ability to transplant the liver (e.g. avoid di-
viding the gastroduodenal artery direct on the 
common hepatic artery).

Pancreas transplantation in children is a very 
rare event. However, pancreases recovered from 
children are transplanted more and more often in 
young adult recipients, with excellent graft outcomes 
and organ growth with time [175-177]. Spaggiari et 
al� have reported 63 pancreas transplantations (28 
simultaneous pancreas–kidney transplantation; 17 
pancreas-alone and 18 pancreas after kidney trans-
plantation) from paediatric donors. Excellent meta-
bolic control was achieved in 59 (93.6 %) patients at 
the time of discharge and at 5-year follow-up. Overall 
patient survival ranged between 87 % and 94 % ac-
cording to donor age, with a median follow-up of 
37.07 months. Overall graft survival was 85.7 % [177].

14.9.5. Intestinal and multivisceral procurement 
and transplantation from paediatric 
deceased donors

The standard technique of intestinal and multi-
visceral procurement in adults can be applied in chil-
dren [159]. It should be noted that in contemporary 
abdominal transplantation we are referring to intes-
tinal transplantation and not small bowel transplan-
tation. Whenever possible the intestinal graft should 
include the ileo-caecal portion and possibly the right 
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hemi-colon as well. To accomplish this, the middle 
colic artery should also be recovered. This may com-
promise the integrity of the inferior pancreatoduo-
denal artery with consequent potential alteration of 
arterial perfusion of pancreatic head. In other words, 
this means that, in the case of extended intestinal 
procurement, the vascular anatomy of the pancreas 
(head) can be compromised. The centre accepting the 
pancreas should be informed of this anatomical chal-
lenge before starting organ recovery [159].

The long-term results of paediatric intestinal 
transplantation including intestine alone, or com-
bined with liver or multivisceral, are actually quite 
poor. Raghu et al� have reported results from the in-
ternational intestinal transplant registry and showed 
(overall) 1-year and 5-year graft survival rates of 
66.1 % and 47.8 %. Overall, 1-year and 5-year patient 
survival rates were 72.7 % and 57.2 %. Causes of death 
were primarily sepsis, graft failure, post-transplant 
lymphoproliferative disorders/lymphomas and graft-
versus-host disease [178]. For this reason, the main 
therapy of intestinal failure in children is represented 
by intestinal rehabilitation and adaptation associated 
with long-term parenteral nutrition [179].

14.9.6. Heart procurement and transplantation 
from paediatric deceased donors

Although the standard rules and procedures 
for heart procurement in adults may apply [180], 
there are an important number of recipients (39 %) 
who suffer from congenital heart disease [181]. This 
implies the need for complex vascular reconstruc-
tions during transplantation [182]. When procuring 
the heart, we suggest not only cutting the superior 
vena cava, but dissecting and ligating the azygos vein, 
and procuring the innominate vein. In the same way, 
complex arterial reconstruction may need to use part 
or all of the aortic arch within all its supra-aortic 
branches. If lung recovery is not planned, pulmonary 
arteries should be dissected to their first lobar bifur-
cation, to be used after if the recipient’s pulmonary 
arteries have already been heavily stented. When 
cutting off the inferior vena cava, a gentle but firm 
pull should be applied to obtain as much vessel length 
as possible, within the actual limit of the pericardium 
and the diaphragm. Finally, a large pericardial patch 
may be recovered, to be used if further reconstruc-
tions should be carried out.

The shortage of younger heart donors has led to 
the development of ABO-incompatible heart trans-
plant programmes around the world, limiting this 
resource to children under 14 months, due to ABO 
antibody presence [183].

The long-term results of paediatric heart trans-
plantation are now well documented [181]. The out-
comes show an in-hospital mortality of 12 %, with a 
survival rate at 1, 5 and 10 years of 90 %, 83 % and 76 % 
respectively. There is an increasing trend towards the 
use of mechanical heart assist devices, occurring in 
up to 38 % of recipients, as well as a growing number 
of patients (70 %) that have already undergone a pre-
vious thoracic surgery [181]. The profile of heart recip-
ients is pointing to a more complex patient, who may 
need some kind of circulatory assist device prior to 
transplantation.

Regarding how the donor characteristic may 
influence the post-transplant primary graft dysfunc-
tion incidence, both donor age < 1 year and heart is-
chaemic time > 4 hours were associated with a higher 
incidence of dysfunction, whereas donor left ven-
tricular ejection fraction < 45 % and donor support 
using multiple inotropes did not make dysfunction 
more likely [184].

14.9.7. Lung procurement and transplantation 
from paediatric deceased donors

The same donor selection criteria used in adults 
can also be used in children. The main difference 
between adult and paediatric donors is sizing. While 
in adults predicted total lung capacity is the best 
value for matching donor and receptor, in children 
height is a more accurate value. Total lung capacity 
does not change with height in a linear fashion. Chil-
dren have an increased thoracic compliance and may 
accommodate more variations in lung size [185-187].

Different strategies have been applied to op-
timise the lung donor pool in paediatrics. These 
include the use of cuffed endotracheal tubes to avoid 
aspiration, HRT, early bronchoscopy when pos-
sible, alveolar recruitment manoeuvres, careful fluid 
therapy management and protective lung ventilation 
strategies [126]. At the time of the procurement, one 
of the basic pre-operative steps in adults is a fibre 
bronchoscope exploration. Often this technique will 
not be possible, especially in small babies, due to the 
small size of the endotracheal tube or because of the 
clinical instability of the patient. It is in this scenario 
when surgeons will have to pay special attention to 
the condition of the lungs and airway as a first stage 
during open surgery.

Intra-operative steps of the lung procurement 
surgery are almost the same as those described for 
adult patients. In the case of en bloc double lung 
transplant, bronchial arteries will need to be dis-
sected with a descending aorta patch [188].

The International Thoracic Organ Transplant 
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Registry of the International Society of Heart and 
Lung Transplantation shows that the survival rate 
after lung transplant in adults is around 50 % at 6.2 
years; in children it is 50 % at 5.7 years. Paediatric 
survival rate after heart–lung transplant due to cystic 
fibrosis is 50 % at 4.0 years, and for idiopathic pulmo-
nary arterial hypertension is 50 % at 6.0 years [189].

14.10. Conclusions

There is a pressing need to increase the proba-
bility of access to transplantation for groups of 

patients with special difficulties due to their charac-
teristics. This is especially true for paediatric patients. 
The lower probability of receiving a transplant in the 
child population leads to higher mortality than that 
observed in the adult population, especially for chil-
dren < 1 year of age. Paediatric donation is required 
not only to satisfy the transplantation needs of paedi-
atric – and adult – patients, but also to offer children 
and their families a unique opportunity at the end of 
a child’s life.

Paediatric donation poses unique challenges, 
but it remains an under-addressed topic of research 
and public commentary internationally. This con-
tributes to a lack of awareness among policy makers, 
health professionals and the public regarding oppor-
tunities to establish or improve donation programmes. 
Paediatric medical specialists and paediatric trans-
plant surgeons should be educated to participate 
actively in paediatric donation programmes and col-
laborate with donor co-ordinators and OPOs.

Although most organs recovered for transplan-
tation from adults and children are from BD donors, 
the increasing rate of DCD indicates an evolving 
pattern of donor potential, especially in children. 
Neo natal and paediatric DCD can expand donation 
and recovery of more organs that can help increase 
and improve transplant options for many children 
and adults.

International data suggest missed donation 
opportunities to identify paediatric donors at EOL, 
resulting in missed referrals and opportunities for 
donation. It is a necessity to maximise the recovery 
of organs from all potential donors to increase the 
existing donor pool. Preserving the option of do-
nation at EOL is a priority and part of a continuum 
of care that should be standard and not an excep-
tion. The importance of providing expert medical 
care and emotional support for children and their 
families throughout the EOL, including donation 
where relevant, is consistent with ethically informed 
evidence-based and consensus-based guidelines and 
policies.

Early identification of potential eligible de-
ceased organ donors must involve rigorous medical 
management and preservation strategies to maintain 
the option of donation. Restoration of the normal 
physiology results in better organ viability, better 
quality organs being recovered and an improvement 
in transplantation outcomes.

Transplantation remains an accepted treat-
ment for end-stage organ failure. Transplantation in 
children and infants requires special considerations 
because of mismatch in donor and recipient size, and 
specific indications that are unique to children, in-
cluding congenital abnormalities of the kidney and 
urinary tract for renal transplantation, biliary atresia 
for liver transplantation and congenital heart disease 
for cardiac transplantation.

Experience with organs recovered from DCD 
donors and transplanted to children continues to 
increase. Paediatric DCD renal transplant outcomes 
continue to show good short- and long-term graft 
function. Graft survival with transplanted DCD 
livers has shown good short-term results; however, 
more information is needed on long-term survival, 
emphasising the importance of detailed collaborative 
research. Expanding the use of DCD hearts and lungs 
along with in situ and ex situ perfusion may provide 
additional organs with improved function from this 
population of patients. Other exciting areas that are 
evolving in paediatric donation and transplantation 
include vascularised composite allografts, including 
limb and abdominal wall transplantation in children 
[190].

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
randomised clinical trials, should focus on the 
following research gaps:
1 Determine barriers to identifying donation 

opportunities by paediatric critical care 
professionals and medical teams.

2 Identify and assess the best clinical triggers for 
paediatric and neonatal donor identification and 
referral.

3 Identify the best practices to ensure that all patients 
who are potential BD and DCD donors are referred 
to the donor co-ordinator/OPO for donation 
consideration.

4 Determine the best way to train paediatric 
healthcare professionals to proactively participate 
in paediatric donation programmes.

5 Develop a quality management system for 
paediatric donation at local, regional and national 
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levels that includes quality improvement criteria, 
quality indicators and systematic internal and 
external donor auditing to monitor organ donation 
potential and the donation process.

6 Investigate the physiology of the dying for 
paediatric patients after WLST.

7 Study the use of steroids, vasopressin and/
or thyroid hormones during paediatric donor 
treatment.

8 Enhance research to increase donation data 
through a collaborative multicentre outcome-based 
research project.

9 Study effects of functional and absolute warm 
ischaemic time for pDCD organs, including 
outcomes of graft function from pDCD recovered 
organs.

10 Examine the application of in situ and ex situ organ 
support technology in paediatric donation.
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Chapter 15. Donation of vascularised composite allografts

15.1. The concept of 
transplantation of 
vascularised composite 
allografts

The use of vascularised composite allografts 
(VCAs), formally called ‘composite tissue allo-

grafts (CTAs)’, is a growing field of transplantation 
that has been developing for more than 20 years. The 
aim of VCA transplantation is to restore and repair, 
‘like for like’, large or severe anatomical defects for 
patients suffering from severe disabilities that cannot 
be repaired by conventional plastic reconstructive 
surgery. VCA transplantation has a primary goal of 
being life-enhancing, improving the patients’ quality 
of life (QoL), whereas solid organ transplantation is 
recognised as a life-saving procedure in patients with 
end-stage organ failure.

Following some previous attempts in the 1960s, 
successful VCA transplants started in 1998 in France 
with the first transplantation of unilateral hand [1], 
followed by the first face transplantation in 2005 
[2]. Nowadays, VCA activity is mainly represented 
by upper extremities and face transplantation, and 
more recently by uterus transplantation. Beyond 
those areas, VCAs are transplanted in other parts of 
the body at a lower frequency: abdominal wall, lower 
limb, larynx and trachea, and penis (see Table 15.1).

Directive 2010/53/EU [13] defines organs as “a 

differentiated part of the human body, formed by 
different tissues, that maintains its structure, vas-
cularisation, and capacity to develop physiological 
functions with a significant level of autonomy. A part 
of an organ is also considered to be an organ if its 
function is to be used for the same purpose as the 
entire organ in the human body, maintaining the re-
quirements of structure and vascularisation”.

VCAs are considered as organs because they 
involve differentiated parts of the human body, con-
taining different type of tissues such as skin, muscles, 
bones, tendons and vessels that require surgical con-
nection of blood vessels for allograft function. Once 
transplanted, they maintain their structure, vascu-
larisation and capacity to develop physiological func-
tions at an autonomous level. They are subject to the 
same time constraints as organs due to their vulner-
ability to ischaemia, the absence of storage options 
and the absolute need for immunosuppressive 
therapy in the recipient. In many European countries, 
VCA transplantation is still operating under research 
protocols, whereas in 2011 the US Department of 
Health and Human Services announced that VCAs 
fall under the scope of organ legislation. A regulatory 
definition was adopted and VCA transplant was con-
sidered to be a ‘standard procedure of care’ covered 
by the federal regulations (the Organ Procurement 
and Transplantation Network [OPTN] Final Rule) 
and legislation (the National Organ Transplant Act), 
in effect since 3 July 2014 [14].
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15.2. Special issues in donation of 
grafts for upper extremity 
and face transplantation

15.2.1. Activity of upper extremity and face 
transplantation

To our knowledge, 113 upper extremity trans-
plantations (UETs) have been performed in 28 centres 
(43.1 % unilateral and 56.9 % bilateral), and there have 
been 44 cases of total or partial face transplantation 
(FT) performed in 22 centres worldwide [15]. Without 
a mandatory requirement to report all procedures 
at a supranational level, it is still difficult to provide 
accurate data. Since 2002, the International Registry 
on Hand and Composite Tissue Transplantation 
(IRHCTT) has collected information on a voluntary 
basis. The IRHCTT includes 91 % of UETs and 81 % 
of FTs performed worldwide except for Chinese re-
cipients [15].

15.2.1.1. Upper extremity transplantation
UET is usually carried out by plastic hand 

surgeons in a comparable fashion to replantation 
surgery. The principal causes of amputation are ex-
plosion, crush injury, electrocution, clean-cut lesions 
and sepsis [15, 16]. The level of amputation is usually 
distal (palmar, wrist and distal forearm) but several 
arm transplants have also been performed [15-19]. 
Some countries have adopted a national agreement 
authorising exclusively bilateral UET, taking into 

consideration the possibility of overcoming the 
handicap in cases of unilateral amputation and also 
the potential negative psychological impact when the 
patient observes differences between the native and 
transplanted limbs [20-21].

Despite sustained immunosuppressive therapy, 
the majority of recipients (87.8 %) experienced skin 
acute rejection (AR) episodes (0 to 12; median 3) 
during the follow-up period, which ranged from 6 
months to 18 years. To date, 13.4 % upper extremity 
transplanted patients have developed signs of chronic 
rejection or graft vasculopathy, macroscopically de-
tected on the skin [15, 22]. Under-immunosuppression 
seemed to be the principal cause, mainly due to poor 
compliance with immunosuppressive treatment [23]. 
However, the risk of late deterioration or graft loss 
may persist despite optimal immunosuppression, as 
in solid organ transplantation [24]. The collected 
data show that hand allograft recipients developed 
metabolic disorders, opportunistic infections and 
malignancies [18, 25]. More data are needed for com-
parison with solid organ transplant complications. 
The IRHCTT reports a patient survival rate of 96.7 % 
at 10 years. Graft survival in UET is currently 86.6 % 
at 10 years [15]. A few attempts to reconstruct large 
body defects, like combined face and hand trans-
plants or quadri-membral transplantation have not 
succeeded so far, due to severe infection and surgical 
failure [26-27].

Table 15.1. VCA graft transplantations that are less often performed

Kind of VCA Remarks
Abdominal wall Abdominal wall transplantation (partial or full-thickness) was initiated in 2003. The indication is 

coverage of the fascia defect (when alternative techniques fail) after a life-saving intestinal and/or 
multi-visceral transplantation. Up to now, 38 full-thickness vascularised abdominal wall transplanta-
tions, 6 partial-thickness vascularised and 17 partial-thickness non-vascularised rectus fascia grafts 
have been performed [3] (see §7.2.4).

Femoral and knee joint – 
lower extremity

As in upper-extremity VCAs, the functional results of lower extremity transplantation depend on 
the level of amputation (proximal, mid- and distal femur or tibia), the more distal being associated 
with faster recovery and fewer complications. Currently the results of the 4 lower extremity trans-
plants show limited outcomes [4-6].

Larynx and trachea The indications for laryngeal transplantation are either 1. severe traumatic or stenotic injuries 
causing a loss of laryngeal function or 2. a large benign or low-grade malignant tumour, for which 
patients have undergone treatment by way of a total laryngectomy. At present, it is impossible to 
propose laryngeal transplantation to patients with locally advanced laryngeal cancer because im-
munosuppression is contraindicated. Tracheal replacement with prosthetic or biological substitutes 
such as allografts or autologous grafts (trachea, oesophagus, bowel, skin, bladder, aortic segment) 
is complex. The main critical issue is to manage allograft revascularisation [7-9].

Tongue The putative indication for tongue transplantation, apart from face transplantation, could be cases 
of head and neck cancer with a functional deficit following total or subtotal loss of tongue tissue 
and graft-able hypoglossal and lingual nerves, in the absence of other contraindications. The first 
and only tongue transplantation was performed in 2003 [10].

Penis Penile transplantation has been performed in five cases. Even if phalloplasty seems to be nowadays 
the best and efficient therapeutic option, some teams wish to develop such a VCA programme. 
Transgender people have expressed an interest in the procedure [11-12].
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Sustained long-term physiotherapy is required 
to achieve functional recovery, which is also influ-
enced by the level of amputation and the point of 
follow- up. All transplanted patients reached protec-
tive sensation, 91 % of them tactile sensation and 82 % 
a certain degree of discriminative sensation. Patients 
regained independence in daily activities, such as 
dressing, shaving, driving, riding motorcycles and 
writing, and some of them returned to work [15, 28].

15.2.1.2. Face transplantation
Face transplant (FT) candidates present with 

severe disfiguration involving functional ‘aesthetic 
units’, particularly those of the central part of the 
face (nose, upper and lower lips, chin and tongue). 
The functional deficits are correlated with the units 
involved: blindness, impaired or impossible swal-
lowing, oral eating and drinking difficulty and 
slurred or unintelligible pronunciation. Many pa-
tients breathe through a tracheostomy and are fed via 
gastro- or jejuno-stomies [29-30]. Partial or total FT 
is considered when disfiguration affects more than 
two functional-aesthetic units of the face or scalp and 
when conventional plastic reconstructive surgery 
gives rise to poor results [31].

In the post-transplant phase, 72.7 % of face 
transplants have experienced one to nine episodes 
of skin AR (median 3) during a follow-up period 
ranging from 15 months to 10 years [15, 30]. Two cases 
of chronic rejection have been reported after FT [15, 
22]. To the best of our knowledge, seven deaths among 
the face transplants have been declared to the registry 
since 2004 [30]. The IRHCTT reports a patient sur-
vival rate of 83.3 % at 10 years [15].

FT is aimed at improving the patients’ QoL, 
based on both aesthetic and functional recovery, and 
90 % of recipients declared an improvement in their 
QoL, although 50 % required medical treatment for 
complications [15]. Physical recovery is related to the 
need for further surgical enhancement after the trans-
plant and to the progress of their functional status 
during the recovery phase (i.e. feeding, breathing). 
The capacity of the patient to integrate the graft into 
their body image also influenced their social re-inte-
gration [26]. Functional recovery has been assessed 
based on the recovery of discriminative sensibility, 
which was obtained in 90 % of recipients, and of mus-
cular tone with consequent recovery of movements 
[15]. One year after transplantation, patients were 
able to perform the majority of basic movements and 
daily activities at various degrees, such as opening 
and closing eyelids, eating, drinking, swallowing, 
chewing, speaking, smiling, kissing and blowing [21].

The psychological situation is also complex as 

recipients have to deal with the distress of the disfig-
uration before the transplantation, and then the new 
body image and fear of the way others will perceive 
them [29, 32-33]. The psychological dimensions in 
FT are even more important than they are in UET. 
Candidates have severe facial disfigurement, with 
aesthetic and functional deficits, which may lead to 
depression, social isolation, alcohol abuse and in-
creased risk of suicide in the majority of cases. The 
subjective patient’s acceptance of the ‘new’ face and 
the patient’s commitment to social reintegration 
are determinants for final transplantation success 
[34]. Unfortunately, psychological outcomes and 
QoL improvements that determine the value of the 
procedure are not well documented, and assessment 
protocols are needed to understand better whether 
the QoL improvement outweighs the actual risks of 
death derived from surgery and immunosuppres-
sion. Note that FT may not only improve the patient’s 
QoL but also offers a new social identity [35-36]. At 
present, the international experience shows that FT 
is a valuable therapeutic option in properly selected 
candidates.

15.2.2. Recipient selection and informed 
consent

Candidates eligible for UET and FT are fol-
lowed in reconstructive surgery centres and in 
rehabilitation centres. All amputees and severely dis-
figured patients are potential candidates for UET and 
FT, respectively, but only a few patients will be suit-
able for such transplantation. A careful evaluation 
and selection of the potential candidate is indispen-
sable. Such transplantation requires a multidiscipli-
nary approach for the evaluation and management of 
complex medical, psychiatric and social issues. Po-
tential recipients have to be evaluated for reconstruc-
tive surgery and at the same time for transplantation. 
The psychosocial assessment is of utmost importance, 
due to past and current severe disabilities [21]. For 
UET, prosthetic management should be considered 
before transplantation decision. UET needs an in-
tensive and long-lasting rehabilitation programme. 
Face transplant candidates should be thoroughly in-
formed of all alternative surgical options for treating 
facial deformities or defects, but also of the psycho-
logical issues.

Patient motivation is indispensable throughout 
the long and slow rehabilitation period, which can 
last many months and sometimes years. In the 
follow- up, immunosuppressive therapy is mandatory. 
Acute and chronic rejection require further interven-
tions. Patients’ compliance with immunosuppres-
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sive treatment and the rehabilitation programme is 
the key to achieving successful functional recovery. 
Establishing the patient’s capacity to provide valid 
consent for VCA is a key element of the psycholog-
ical evaluation. Since there is no possibility of estab-
lishing an objective risk-to-benefit ratio of allogeneic 
reconstruction, it is the ethical responsibility of the 
transplant team to provide comprehensive informed 
consent documentation for the patient to aid in the 
decision-making process.

Table 15.2. Donor selection criteria: information for co-
ordination centres

Donor selection is based on the following criteria:

• Type of donor: DBD or DCD.

• Details of past trauma, maxillo-facial surgery; face cancer 
is a contraindication for face transplantation.

• Age range; gender; height and weight range; skin 
tone-phototype, hair pattern, tattoos.

• Blood group; HLA typing, prospective cross-match.

• Anthropometric criteria (main matching criteria):

– For upper extremities: photographs, level of amputation, 
upper extremity X-ray (anterior, posterior, lateral views) 
and measurements (length, circumferences), skin ex-
amination (no wounds/injuries), ultrasonography study 
of arteries (radial, cubital, palmar arches …) and veins 
(basilic cephalic). Note that radial catheter insertion has 
been responsible for graft thrombosis [23]. Preparation 
of the cosmetic prosthesis.

– For face: photographs, X-ray (anterior, posterior, lateral 
views) and measurements (specific to face segments), 
skin examination (no wounds/injury), computed tomog-
raphy (with 3-dimensional reconstruction), angiography 
(to be discussed with the transplant team according to 
the nephrotoxicity); preparation of the facial mask.

15.2.3. Donor selection

The majority of grafts are procured from dona-
tion after the determination of death by neurologic 
criteria, i.e. brain death (DBD); grafts come less fre-
quently from donation after circulatory death (DCD). 
Because of the limited number of candidates, all 
co-ordination teams involved in a VCA programme 
should be aware of any potential candidate, either 
already registered on an existing waiting list or oth-
erwise proposed in the context of a clinical research 
protocol. For each proposed VCA recipient, previ-
ously validated by the Health Authority in charge of 
organ transplantation activities, the VCA surgical 
team or the protocol investigator should complete a 
standard technical sheet about each proposed donor, 
containing information on expected donor criteria 
(mainly morphologic criteria) for the best matching 
of donor and recipient (see Table 15.2). All other in-

formation should also be available, in order to facili-
tate donor detection and selection.

15.2.4. Consent to donation

The process of obtaining next-of-kin consent 
should obey the legal requirements in place nationally, 
whether the context is a clinical research programme 
or standard care. Currently the general public and 
relatives of potential donors are not, or may not be, 
aware of what VCAs are, or that they may be donated. 
In the USA, where VCA programmes have become 
standard care, once a matching donor is identified by 
the organ procurement organisation, a specific and 
explicit consent for VCA donation has to be obtained 
and documented through a separate consent process, 
independent of solid organ donation [37].

For hospitals not familiar with VCA procurement, 
support should be provided by the VCA centre 
in order to ensure that consent to VCA donation 
has been obtained properly and that all necessary 
questions have been asked. Best practice is that the 
person performing the VCA donation request is fully 
familiar with VCA procurement and transplantation, 
and trained to consider well all the issues that are 
briefly discussed in section 15.2.5.1.

15.2.5. Co-ordination teams

The lack of proactive detection of potential 
donors for VCA grafts might be associated with a 
negative perception of this type of transplantation 
and weak knowledge of the results. This underlines 
the need for dedicated co-ordinators, trained and 
confident in such communication during the inter-
view with the relatives.

As a prerequisite, the co-ordination teams in-
volved in VCA programmes should be part of such 
a programme on a voluntary basis, being already 
involved in DBD/DCD procurement activity. They 
should be aware of the potential recipients on the 
waiting list and, for each of them, their donor profile; 
all of this information should be known by the pro-
curement centres, on the basis of the technical sheet 
describing the donor selection criteria (see Table 15.2). 
As soon as a potential VCA donor is identified by the 
co-ordination team, the Health Authority in charge 
of organ allocation must be rapidly informed of such 
potential procurement in order to begin searching 
for the best match among the potential recipient(s) 
on the waiting list, in conjunction with the VCA (and 
solid organ) transplant teams involved. Currently, 
VCA donors in Europe are mostly detected and al-
located locally, in accordance with the morphologic 
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characteristic-matching required with the potential 
candidate.

The VCA centre’s co-ordination team should 
help any hospital unfamiliar with VCA procurement 
to organise and prepare for it. See box below.

15.2.5.1. Interview
Requesting part of a limb or a face is different 

from requesting a life-saving organ such as a heart, 
because they are visible, external and highly sensitive 
body parts where removal may naturally provoke 
reluctance in the family. At present, co-ordinators 
begin and secure the interview by presenting the op-
portunity of solid organ donation before any other 
approach. The most desired situation would be when, 
following the co-ordinator’s request for a VCA do-
nation, the relatives spontaneously suggest that the 
potential donor ‘wanted to donate every organ’ and 
they show that they are definitely open-minded about 
VCA donation.

In cases of donation acceptance, co-ordinators 
should be able to give appropriate information to the 
relatives on VCA activities, the procurement modal-
ities and post-transplantation outcomes (global aes-
thetic and functional results). Since an osseous and 
cartilaginous substructure defines the face shape, the 
recipient’s face will look different from the donor’s 
face, unlike hand- or upper extremity transplants. 
Co-ordinators should stress that face donation will 
allow the restoration firstly of basic functions such as 
breathing, swallowing, eating, drinking and speaking, 
and only secondarily an ‘acceptable’ appearance. For 
upper extremity transplantation, because the donor’s 
personal traits will be more visible, the physical 
matching criteria (limb size and length, skin and pi-
losity, gender) are more relevant in donor selection.

The possibility of procuring supplementary 
material such as haematopoietic stem cells, skin or 
bone tissue should also be explained. Intended for the 
immunosuppressive strategy and/or further surgery, 
they are best procured from the unused parts of the 
grafts.

The obligation to give back to the relatives the 
deceased body consistent with the original image is a 
key point in any successful VCA programme in order 
to maintain a climate of absolute trust, as much for 
the next-of-kin’s sake as for the sake of the medical 
community. It is essential to tell the relatives about 
the policy and practice of ad integrum body restitu-
tion – restoration of the donor’s external appearance 
and physical integrity using cosmetic prosthesis – and 
it is important to recall this fact during the interview.

The co-ordinator should inform the donor 
family that, despite all efforts and the obligation of 

professional discretion in all circumstances, protec-
tion of confidentiality cannot always be respected 
as it should be. Transplanted patients usually accept 
requests to be shown in public or scientific meet-
ings, which might unintentionally compromise the 
donor’s anonymity.

15.2.5.2. Procurement
The co-ordinator’s role in the operating room is 

essential, to manage the temporal and logistical con-
straints of simultaneous multi-organ procurement, 
with management of the different teams (e.g., novice 
plastic surgeons with experienced organ teams). They 
should be aware of the planned sequence of VCA/
organ retrieval to guarantee a well co- ordinated 
process and, when required, to accelerate the solid 
organ procurement. For face procurement, the co- 
ordination team should be reinforced due to the 
surgery time.

The VCA centre’s co-ordination team – and the centre’s 
procurement team – must provide on-site support 
and a clearly defined checklist to any hospital not 
familiar with VCA procurement. Checklists should 
cover every step of the entire procedure. Both teams 
should fully respect the fact that teams in such 
hospitals are not familiar with the procedure and will 
need ad hoc training, explanation and appropriate 
guidance as a prerequisite. After the procurement 
is completed, a debrief session by the VCA team is 
mandatory.

15.2.5.3. Specific training
According to Directive 2010/53/EU [13], spe-

cific training programmes should be developed, but 
to date there are no existing international stand-
ards or guidelines. The success of VCA programmes 
mainly depends on surgeons’ willingness to regularly 
interact with the co-ordination centres. The more 
the surgeons are involved and informed about the 
demand for and progress in VCA, the better they will 
promote this activity and approach the donors’ rela-
tives with confidence.

If hospital co-ordination and donation teams 
are not affiliated to a VCA centre, they are probably 
not familiar with the details of any kind of VCA. In a 
VCA centre it is very likely that a dedicated core team 
is familiar with the kind of VCA performed in that 
centre. Based on these assumptions, an education 
programme will have to be developed, with appro-
priate guidance from the VCA core team, to enable 
co-ordination and donation teams to manage a VCA 
donation procedure without harm to any of those 
concerned, including other interests in the healthcare 
system. Although the VCA centre’s core team may 
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have been preparing the donation– transplantation 
procedure for a long time in advance, we must be 
aware that other co-ordination and donation teams 
may have a severe ‘psychological shock’ if they are 
suddenly exposed to this issue for the first time.

15.2.6. VCA procurement

15.2.6.1. VCA procurement sequence
As a rule, multi-organ procurement should 

not be compromised by VCA retrieval. No case of 
solid-organ transplantation being compromised 
by VCA retrieval has been reported. Up to now, no 
standardised protocol for VCA procurement has 
been established, but experience is well described 
[38-40]. More than two thirds of limb and face pro-
curement started with VCA recovery, followed by 
the multi-organ procurement simultaneously or im-
mediately after VCA retrieval. The outcome of solid 
organ transplants does not seem to be affected [31]. 
Actually, donor haemodynamic stability is the crit-
ical factor determining the optimal timing of VCA 
retrieval. Because of the added complexity of VCA 
retrieval alongside the multi-organ procurement pro-
cedure, a detailed algorithm for each individual case, 
planning each team’s function and intervention order, 
is required before the day of such events occurs. Po-
sitions for face/limb, thoracic and abdominal teams 
working simultaneously should be described in a 
schema depicting operating-room arrangements [39-
40]. Communication between all procurement teams 
is essential, before and during surgery, to ensure ef-
ficient and safe retrieval with the best viability of all 
organs.

15.2.6.2. VCA recovery phase

15.2.6.2.1. Upper extremities
For upper extremities, the most important cri-

terion in matching donor and recipient is the limb 
size. This is a straightforward and rapid recovery 
procedure, with minimal blood loss and minimal 
risk of destabilising the donor’s haemodynamic con-
ditions. Mean duration is 1 hour. Amputation under 
a tourniquet is performed just before solid-organ re-
covery; the graft is perfused on the back table with 
pre-defined preservation solution. In a few cases, 
VCA recovery has been performed after vital organ 
procurement, mostly because this was forced by the 
donor’s haemodynamic instability. When possible, a 
preservation technique using specific cannulation of 
proximal vessels (i.e. brachio-cephalic or sub- clavian) 

while keeping the venous return may improve the 
upper extremity viability (and is recommended in the 
case of an unstable donor). Upper extremities are pre-
pared for transplantation and kept in ice pack while 
the VCA recipient is prepared. The graft is packed 
in dry and cold labelled bags and transported in an 
isotherm container. During the body restoration, the 
custom-made cosmetic prostheses are put in place.

15.2.6.2.2. Face
The duration of facial segment recovery is 

highly variable (4 to 15 hours); this is a function of the 
recovery sequence (sequential or simultaneous) and 
the number and type of aesthetic units to be replaced 
and consequently to be retrieved. The procedure’s 
complexity can induce blood loss in volume and com-
promise circulatory control. On the basis of the ex-
perience of face procurement in DBD, tracheostomy 
(preferred to tracheal tube) and a mould for the facial 
mask could be performed pre-operatively in the ICU 
[40]. Usually, organ recovery starts with heart and 
lungs, along with liver, pancreas and small intestine. 
Kidneys and face are then removed. In some cases, 
donor haematopoietic cells have been simultaneously 
collected by a bone marrow aspirate from the iliac 
crest in order to induce a chimerism-tolerance status. 
Skin from the donor should be retrieved, at best 
issued from unused parts of the graft, to be further 
frozen. Donor bone tissue retrieved from an unused 
part of the graft is sent to the tissue bank. Facial graft 
is prepared on the back table, washed and packed in 
dry, cold and labelled bags for transportation in an 
isotherm container.

15.2.6.2.3. Restoration
Body restoration is a usual and mandatory step 

in any organ/tissue procurement, but of the utmost 
importance in any case. Replacement of the extrem-
ities or the face should be done using well-designed 
prostheses and mask, ensuring a perfectly restored 
external appearance.

15.2.6.2.4. Times
Since most VCA procurements have been per-

formed locally, ischaemia times are around 4 hours 
[38, 40]. Median cold ischaemia time was around 356 
minutes (30-365) in upper extremity transplantation 
and 132 minutes (20-540) in face transplantation [25, 
41]. Although no current clinical studies exist, time 
minimisation is advocated. As surgical procedures 
expand to include an increasing number of potential 
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recipients, the effect of the ischaemic time becomes 
more important [38, 42].

15.3. Special issues in donation 
of grafts for uterus 
transplantation

15.3.1. Uterus transplantation: a rapidly 
expanding activity

Uterus transplantation (UTx) has become 
since 2014 an alternative to adoption or gestational 
surrogacy, indicated for women suffering from ab-
solute uterine factor infertility (AUFI). Among the 
different existing options of reproductive medicine 
strategies, it offers the possibility of an entire genetic 
and gestational motherhood. The origin of AUFI 
could be congenital, mostly represented by Mayer–
Rokitansky–Küster–Hauser syndrome (MRKH) or 
acquired after hysterectomy (cancer, benign disease 
etc.). So far, the majority of UTx indications have 
been represented by MRKH (Müllerian aplasia).

To date, over 70 UTx procedures have been per-
formed all over the world, resulting in over 20 live 
births according to the update from the International 
Society of Uterus Transplantation (ISTUx) annual 
meeting (September 2019, Cleveland, USA), com-
pared to 52 UTx reported at Ghent in October 2018 
[43]. Fewer than half of these cases have been pub-
lished in the scientific literature [44]. The first study of 
a series of 9 UTx was initiated in 2012 in Gothenburg, 
Sweden [45]. The first live birth occurred in 2014 [46], 
launching a rapidly extending field. The first series 
of UTx was performed with living donors, as in the 
majority of all other cases worldwide (Saudi Arabia, 
USA, China, Germany, Serbia, Czech, India, France). 
The first live birth from a transplanted uterus issued 
from a deceased donor was reported in Brazil in 
2017 [47]. The take-home baby rate has not yet been 
revealed, due to the relative short follow-up time in 
most of the performed cases, but it may be over 80 % 
in experienced centres, according to unpublished 
data presented at the annual meeting.

All the pregnancies require IVF procedure 
surrounded by medically assisted reproduction and 
gametes regulation. The optimal time for the initial 
embryo transfer is still debatable (6 to 18 months), 
with a majority of live births after embryo transfer 
at 12 months [48]. Early graft failures have been re-
ported in all of the larger case series performed so 
far, mainly due to vascular complications [44]. After 
the birth of one to two healthy babies or failure to 
achieve this within a limited time period, the uterus is 

removed and the immunosuppression discontinued. 
The uterus is thus the only organ to be transplanted 
temporarily, unless it is donated from a monozygotic 
twin as in the case from Belgrade. Some authors have 
evoked the possibility of uterus domino transplanta-
tion [49].

General ethical principles in cases of living 
donation are developed in Chapter 13. Surveys of 
public attitudes performed in the UK, Japan and the 
USA concluded that there was public acceptance of 
UTx, with a positive attitude. In cases of infertility, 
women would rather choose UTx than adoption or 
gestational surrogacy [50-51]. Besides, specific ethical 
issues concern the surgical risks for the living donor 
(hysterectomy) and for the recipient (transplantation, 
delivery caesarean, hysterectomy). Long-term effects 
of immunosuppression exposure (even if the expo-
sure is temporary) should be determined by long-
term and regular follow-up of these children.

Historically, UTx has fallen under VCA legisla-
tion, considered as a non-vital organ and still experi-
mental although, from a technical point of view, it is 
very similar in that uterus retrieval is performed as 
with other abdominal solid organs and the transplan-
tation relies upon vascular anastomosis and venous 
outflow, a key step common to solid organ transplan-
tation. Like other VCAs, UTx needs a multidiscipli-
nary framework, particularly in this case because it 
mixes transplantation surgery and gynaecologic care, 
together with assisted reproduction activities, with 
their own legal framework to be clarified by the na-
tional Health Authority in the near future. Like UE 
or face transplantation activities, UTx is mostly still 
performed under clinical research protocols world-
wide. Based on a solid learning curve (successful 
procedures, rigorous protocols including long-term 
follow-up of the living donor and the children), 
Swedish and American teams will next proceed to 
UTx as standard of care. We must keep in mind that 
the success of UTx launching by the Brännström 
team in Sweden came after more than 10 years of ani-
mal-based research, underlining the specific surgical 
skills to overcome [49, 52].

15.3.2. Living donors

15.3.2.1. Donor selection criteria
Living donation, as a planned procedure, 

allows exhaustive screening of the uterus viability 
and pregnancy potential, vasculature and premalig-
nancy conditions, when compared to deceased dona-
tion with its time constraints.

The donor should have completed her own 
family formation. With the exception of the Dallas 
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trial, where the majority were altruistic donors [53], 
donors have been related – either genetically or as 
friends. Altruistic donors should only be accepted in 
experienced centres until we have further knowledge 
of the complication rate. Due to the atrophy of the 
uterus and the uterine arteries, the donor should not 
have been menopausal for several years as this may 
affect the outcome, as we have learned from the early 
cases. In cases of menopause, the donor has to be on 
hormone replacement therapy in order to evaluate 
the endometrium. The donor should be assessed as 
being of good health according to national guide-
lines of living donor investigations, including ex-
panded screening for risks of thrombosis due to the 
prolonged donor surgery [44]. A fully gynaecologic 
assessment of the history of pregnancies, partum and 
gynaecologic health, including screening for cervical 
dysplasia and an investigation of the uterus and its 
vascular supply, has to be performed. Imaging of the 
vasculature is of utmost importance [54].

15.3.2.2. Consent to donation
Fully informed consent has to be obtained, ac-

cording to existing ethical guidelines and legislation 
for living donation, including consent to research 
protocol (refer to Chapter 13). The multidisciplinary 
team should also include a social worker and a psy-
chologist for a rigorous evaluation of the living donor 
and of the recipient hoping to achieve pregnancy. 
They must be aware of the surgical risks, their poten-
tial complications, the immunosuppressive therapy 
and their own risks, and the risk of failure all along 
the process until the expected livebirth.

15.3.2.3. Uterus procurement: follow-up
Uterus procurement (hysterectomy) in the 

living donor has been realised by an open lapa-
rotomy approach with an initial duration time of 
10 to 13 hours, mainly due to the fragile dissection 
of the deep vessels from the ureter proximity. With 
improved practice, the duration time has fallen to 
5-7 hours, but now a new approach (robotic-assisted 
laparoscopy) is proposed to further reduce the dura-
tion of the hysterectomy and possibly the blood loss 
(less than one litre in median) [55-56]. The donors 
should be followed up for a minimum of one year in 
order to discover any late complications related to the 
complex surgery. It is especially important to identify 
delayed manifestation of ureter injury because this 
may affect the kidneys. Due to the novelty of the pro-
cedure, a lifelong follow-up should be put in place, as 
for all living donors (refer to Chapter 13). The follow- 
up should include sonography of the kidneys, lab 

testing, clinical evaluation and counselling in case of 
psychosocial issues.

15.3.3. Deceased donor

15.3.3.1. Donor selection criteria
To date, only two livebirths after a UTx issued 

from a deceased donor have been reported, in Brazil 
and USA (Cleveland), after several attempts since the 
first one performed in Türkiye in 2011 [57]. Details of 
other successful live births, which occurred more re-
cently, are to be published [58]. In this situation of de-
ceased donation, the donor selection criteria have not 
been fully explored. High-risk donors (e.g. ≤ 60-year 
old woman and menopausal) should not be accepted 
as it is not a lifesaving procedure. DCD donors have 
not until now been accepted.

Donor-selection criteria on donor age differ 
between centres, between nulliparity and multiparity. 
For the Swedish team, the ideal donor is within the 
living donor criteria but the age has to be below the 
upper limit of a living donor to avoid the risk of pro-
longed menopause. The maximal donor age was 45 
years old [47, 58]. Successful UTx has been performed 
from a deceased nulliparous woman in Prague. The 
minimal screening should include an evaluation of 
sexual behaviour, HPV status and ultra-sonography 
(or other imaging) of the uterus. Some authors rec-
ommend a colposcopy during the retrieval (and even 
an hysteroscopy ex vivo) of the uterus to discard any 
potential cervical dysplasia or polyp [58-59].

Table 15.3. Specific inclusion criteria for uterus donation 
after DBD [59]

Age (y): 18-45

No history of malignancies (including endometrial dyspla-
sia)

No major abdominal or pelvic surgery (including caesarean 
section or abortion)

Normal Pap smear (when available)

No active infection and negative for: gonorrhoea, chlamyd-
ia, syphilis, HIV, HBV, HCV

Negative human papillomavirus (HPV) status or previously 
vaccinated for HPV

No history of drugs or alcohol abuse; safe sexual behaviour

Normal uterus morphology or blood supply on ultrasonog-
raphy or other imaging

15.3.3.2. Consent to donation
As with other organs, the consent should be in 

accordance with national legislation on organ dona-
tion (refer to Chapter 4), including a specific consent 
for donation of the uterus, separate from the consent 
for donation of other organs. In some countries, this 
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will be seen within the context of consent to clinical 
research if uterus transplantation is not considered 
part of the field of organ transplantation along with 
VCAs.

15.3.3.3. Uterus procurement
The uterus procurement is planned to fit with 

the timing of the retrieval of the other abdominal 
organs. The uterus has to be flushed with organ pres-
ervation fluid, like the rest of the abdominal organs. 
Hence the cannulation has to allow flushing of the 
internal iliac arteries bilaterally. Different techniques 
have been developed for removing the organ both 
before and after the other solid organs. In the two 
successful cases, the other organs have been removed 
before the uterus retrieval. Some authors consider the 
uterus as a solid pelvic organ, to be ideally retrieved 
first before aortic clamping. There have not been any 
reports of injury to the other vital organs procured 
from the multiorgan donor due to the uterus retrieval. 
The procedure takes 1 to 2 hours, and the vessel dis-
section is easier than in a living donor, mainly for the 
vessel separation from the distal ureters.

First of all, the precise sequence of uterus pro-
curement (timing of aortic clamping, timing for each 
of the solid organs to be retrieved) has to be com-
municated to all the teams involved, before the pro-
curement by the co-ordination team [59]. According 
to animal research, the uterus can sustain a pro-
longed period (up to 24 hours) of ischaemia [60]. The 
ischaemia time of the first successful reported case 
was 8 hours, with cold and warm ischaemia times of 
380 minutes and 90 minutes respectively [47]. Proto-
cols should precisely define and detail what are the 
different ischaemia times (warm and cold), both in 
living and deceased donation [61].

15.4. Conclusion

In summary, initial outcomes based on the few 
preliminary data are in favour of upper extremity, 

face and uterus transplantation feasibility. The shift 
from innovative therapy to standard care status 
should be thought through with caution. For uterus 
transplantation, the transition from experimental 
care to standard care is greatly expected by many 
professionals. The key of the success of UET and 
FT relies upon proper selection of the recipient and 
a well- established, interdisciplinary, comprehensive 
approach to the field in specialised transplant centres. 
Besides the need for complementary, collaborative 
outcomes, data and transparency, as well as stand-
ardised and shared protocols, clinical research is 

focusing on different strategies to mitigate the heavy 
burden of the immunosuppression.

Uterus transplantation activity has rapidly 
progressed worldwide, with a new challenge in de-
ceased donation. However, due to the limited number 
of VCA transplants performed up to now, two issues 
need to be considered:

a� Further data are required to demonstrate the 
long-term benefits of each single VCA for the 
recipient, as well as the cost for society.

b� Training of healthcare professionals – espe-
cially people involved in organ donation – is 
needed on how to manage VCA donations 
well without harm to other issues of organ and 
tissue donation.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
randomised clinical trials, should focus on the 
following research gaps:
1 Best approach for UTx between living or deceased 

donor.
2 Long-term consequences of immunosuppressive 

treatment on both the mother and her baby.
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Chapter 16. Biovigilance and surveillance

16.1. Introduction

Biovigilance is a framework for the detection, 
collection and analysis of information on un-

expected and untoward occurrences associated with 
the use of medical products of human origin (MPHO). 
Vigilance and surveillance (V&S) applied to MPHO 
are essential components of this overarching system 
through which adverse occurrences are monitored to 
enable implementation of preventive and corrective 
measures.

The development of a vigilance system applied 
to organ donation and transplantation is in fact a 
requirement of Organ Directive 2010/53/EU of the 
Euro pean Parliament and of the Council on stand-
ards of quality and safety of human organs intended 
for transplantation [1].

Professionals involved in all aspects of organ 
donation and transplantation ought to be familiar 
with the concept of biovigilance and its practical 
applications, because they have the responsibility to 
recognise and monitor harm and the risk of harm to 
patients; we all have a duty to report such occurrences, 
contribute to investigations, implement necessary 
changes and promote dissemination of information 
to improve practice.

This chapter outlines the essential elements of 
an efficient biovigilance programme and gives a step-
by-step description of how to deal with incidents in a 
systematic and didactic manner.

In summary, the aim of this chapter is to give a 
practical overview of this important topic in a manner 
that brings healthcare professionals, managers and 

health authorities together, to deliver a common goal 
of continuously improving the quality of processes, 
safety and outcomes for donors, donor families and 
recipients of transplanted organs.

16.2. V&S terminology and 
examples

The terms ‘biovigilance’ and ‘vigilance and sur-
veillance’ (V&S) will be used interchangeably in 

this chapter. As with any other internationally used 
system, there exists a set of pre-determined terms 
that are commonly used in V&S. Their use facili-
tates harmonisation of practice between establish-
ments and comparison of trends across different V&S 
systems. For details, readers should consult the report 
from the European Framework for the Evaluation of 
Organs for Transplant (EFRETOS) [2]. It is acknowl-
edged that the application of rigid terminology is not 
always straightforward in practice and that a level 
of local interpretation may be applied. Professionals 
reporting incidents are not usually responsible for 
classifying them, so in-depth knowledge of quality 
system definitions is not necessary; however, famil-
iarity with such common terminology can help with 
the identification of untoward events and is therefore 
encouraged.

Classifying what type of occurrence consti-
tutes an ‘event’ or a ‘reaction’ – and whether or not 
they are of a serious nature – is often used to instruct 
professionals on the need to report adverse occur-
rences; it is also used to define whether or not the 
Biovigilance office needs to inform the health au-
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thority (HA) about the occurrence and how the inci-
dent should be handled. In practice, however, a clear 
classification may not always be apparent right from 
the outset. It is important therefore to remember that 
incidents should be systematically recognised and 
promptly reported; inability to classify the type of 
occurrence should never delay or prevent reporting. 
With these important concepts in mind, some terms 
classically used in biovigilance are hereby defined for 
ease of reference.

16.2.1. Serious Adverse Event

The term Serious Adverse Event (SAE) refers to 
any undesired and unexpected occurrence associated 
with any stage of the chain from donation to trans-
plantation that has not yet caused harm but has the 
potential to do so. Directive 2010/53/EU specifically 
defines an SAE as an ‘occurrence that has the poten-
tial to lead to the transmission of a communicable 
disease, to death or life-threatening, disabling or in-
capacitating conditions for patients or which might 
result in, or prolong, hospitalisation or morbidity’ [1]. 
An SAE also includes what is commonly referred to 
as a ‘near miss’, to indicate an error or fault that is 
detected and corrected without causing harm, but 
where there was the potential of causing serious harm 
to a living donor or to an organ recipient.

16.2.2. Serious Adverse Reaction

The term Serious Adverse Reaction (SAR) 
refers to an occurrence that has resulted in actual 
harm to a living donor or to an organ recipient. Di-
rective 2010/53/EU defines an SAR as “an unintended 
response in a living donor or transplant recipient that 
might be associated with any stage of the chain from 
donation to transplantation that has caused fatal, 
life-threatening, disabling, incapacitating harm or 
which has resulted in, or has prolonged hospitalisa-
tion or morbidity” [1].

16.2.3. Adverse occurrence

A non-serious adverse occurrence can be an 
event or reaction leading to minor or nil impact on 
living donors or recipients. Adverse events (AEs) 
usually result from minor deviations from standard 
operating procedures and protocols. Adverse reac-
tions (ARs) relate to clinical complications that are 
minimal in nature and easily managed and resolved. 
Incidents initially perceived to be minor may evolve 
into SAREs if not identified and rectified. Equally, the 
distinction between serious and non-serious occur-

rences may not be apparent from the outset; therefore 
prompt and appropriate reporting must always take 
place, unless it is very clear that the occurrence can 
be safely managed within local quality management 
systems (Chapter 17).

Examples of serious adverse events and reac-
tions (SAREs) can be found in Table 16.1. They are 
listed for illustrative purposes and, as previously 
mentioned, a slight variation in classification may be 
applied in different countries or regions, according to 
local protocols. Ultimately, provided there are mech-
anisms to deal with such incidents appropriately, 
measures will be taken to address all relevant issues.

16.2.4. Vigilance and surveillance

In the context of organ transplantation, V&S is 
a system for the monitoring of adverse occurrences, 
which must lead to preventive and corrective meas-
ures to avoid SAREs, thus protecting the health of 
organ recipients and living donors.

Routine monitoring of clinical outcomes is 
an integral part of the surveillance system. Clinical 
teams set up registries, with follow-up on graft func-
tion and recipient outcomes as well as living-donor 
outcomes, in order to monitor trends and to identify 
new safety risks. For example, surveillance of SAREs 
can reveal systemic causes for recurrence and fre-
quency of adverse occurrences, allowing targeted 
intervention.

16.2.4.1. Surveillance for new risks (horizon scanning)
Horizon scanning for potential and emerging 

threats to the safety of MPHOs is an integral part of 
risk surveillance. It is done through a systematic ex-
amination of information and should include early 
warning of new risks (risk identification and moni-
toring), management of the evolving epidemiological 
situation (risk management) and communication 
processes to relevant stakeholders (risk communica-
tion) [3].

Newly emerging or re-emerging infectious dis-
eases, for example, can be identified through moni-
toring of trends (risk identification); management of 
such risk may include targeted testing or individual 
risk-based assessment of donors and recipients. New 
risks may also be related to new techniques, new 
medical devices or new reagents used at any stage of 
the donation and transplantation process.

The European Centre for Disease Control 
(ECDC) monitors the epidemiology of diseases in 
Europe and publishes a weekly Eurosurveillance 
report that provides useful data to inform donor se-
lection. The ECDC also performs risk assessments 
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of particular epidemic agents and other infec-
tious diseases, publishing Rapid Risk Assessments/
reports as and when required (see www.ecdc.europa.

eu/en/threats-and-outbreaks/reports-and-data/
risk-assessments).

Table 16.1. V&S examples

A. Examples of adverse events (AEs)
Occurrence Organs Case description and impact AE type

Organ packaging 
error

Kidney Mix-up of organs in the transport box; right kidney versus 
left kidney. Vascular anatomy mismatch at surgery but 
surgical adjustment made

Mix-up  Incorrect 
MPHO applied  
Risk of harm  No 
harm

Communication 
of incorrect donor 
screening result

Multivisceral- 
cardiothoracic and 
abdominal organ 
donation

Incorrect donor microbiology result communicated 
verbally to the OPO co-ordinator. Error identified and cor-
rected promptly by transmitting a hard copy of laboratory 
report with correct results

Deviation from pro-
cess  Risk of harm 
 No harm

Contamination of 
organ preservation 
fluid

Kidney, pancreas 
and liver

Surface contamination of organs with donor gastro- 
intestinal microbiota during abdominal multi-organ 
recovery; fully sensitive E. coli isolated. Recipients did not 
require change in management and did not develop any 
infectious complications peri-operatively

No deviation from 
process  Risk of 
harm  No harm

B. Examples of serious adverse events (SAEs)
Occurrence Organs Case description and impact SAE type

Fungal contam-
ination of organ 
preservation fluid

Kidneys and pan-
creas

Candida albicans isolated from organ preservation fluid 
following abdominal multi-organ recovery. Management 
of recipients varies between centres and may involve 
antifungal prophylaxis and/or close follow-up for signs of 
complications (mycotic aneurysm of renal artery)

No deviation from 
process  Risk of 
harm to recipient 
 SAE (SAR in the 
event of complica-
tions in recipient)

Damage during 
procurement

Lung, heart, liver, 
pancreas, kidney

Transplantable organ which is damaged during retrieval 
surgery. Organ lost to transplant

Surgical procedure 
error  Loss of 
suitable organ

Lung cancer found 
in donor post 
mortem

Multivisceral 
abdominal organ 
donation

Malignancy detected after procurement, organs already 
transplanted. No malignancy diagnosed in recipients after 
a 3-year follow-up

Risk of harm  
donor disease with-
out transmission 
(SAE)

C. Examples of serious adverse reactions (SARs) – recipients
Recipient SAR Organs Case description SAR type

Metastatic breast 
cancer

Liver and kidneys Donor with unknown breast carcinoma at the time 
of donation. Donor-derived metastatic malignancy 
diagnosed in 3 out of 4 recipients, 16 months to 5 years 
post- transplant

Harm to a recipient 
 malignancy 
transmission  
carcinoma (Notify 
record n. 1959)

Removal of graft 
due to donor lym-
phoma

Kidney Pre-transplant donor liver biopsy for evaluation of stea-
tosis revealed extra-nodal non-Hodgkin lymphoma. One 
kidney had already been transplanted and was explanted 
immediately upon notification. Histology of the explant-
ed graft did not reveal kidney involvement

Harm to a recipient 
 miscellaneous 
complications  
loss of graft

Severe alloimmune 
thrombocytopaenia 
due to donor pas-
senger lymphocytes

Liver, kidneys Severe alloimmune thrombocytopenia caused by 
antibodies produced by passenger B cells present in the 
grafts (liver and kidney) from an HPA-1a mismatched 
donor. Transfusion with HPA-1a negative platelets, sple-
nectomy and treatment with antithymocyte globulin 
were the therapeutic choices for each patient

Harm to a recipient 
 non-infectious, 
non-malignant 
transmissions  
alloimmune reac-
tion (Notify record 
n. 1656)

Tick-borne encepha-
litis virus (TBEV)

Liver, kidneys Donor suffered head trauma following road traffic 
accident and had unsuspected TBEV infection. All three 
recipients (kidneys and liver) succumbed to meningo- 
encephalitis caused by TBEV

Harm to a recipient 
 infection  viral 
(Notify record n. 
1795)

http://www.ecdc.europa.eu/en/threats-and-outbreaks/reports-and-data/risk-assessments
http://www.ecdc.europa.eu/en/threats-and-outbreaks/reports-and-data/risk-assessments
http://www.ecdc.europa.eu/en/threats-and-outbreaks/reports-and-data/risk-assessments
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Human T-lympho-
tropic virus type I 
(HTLV-I)

Liver, kidneys Three recipients of solid organ transplants who devel-
oped subacute myelopathy within 2 years after becoming 
infected with HTLV-I from a single asymptomatic HTLV-I 
donor without risk factors (serology not performed 
pre-donation)

Harm to a recipient 
 infection  viral 
(Notify records n. 
430, n. 431)

Strongyloides ster-
coralis

Heart, kidneys, 
kidney and pan-
creas

Unsuspected asymptomatic donors from endemic areas, 
retrospectively tested seropositive for Strongyloides 
antibodies. Recipients seroconverted and became 
symptomatic. Heart recipient developed hyperinfection 
syndrome and died

Harm to a recipient 
 infection  para-
sitic (Notify records 
n. 935, n. 936)

D. Examples of serious adverse reactions (SARs) – living donors
Living donor SAR Organs Case description SAR type

Perioperative 
complications 
after living-donor 
nephrectomy

Kidneys Retrospective analysis of 3 074 living kidney donors from 
28 centres in the USA. The overall complication rate was 
10.6 % and major complications defined by Clavien–Dindo 
grade ≥ 3 was 4.2 %. These included injury to bladder, 
bowel, diaphragm, spleen

Harm to a donor 
 miscellaneous 
complications  
surgical site (Notify 
records nn. 807, 808, 
809)

Perioperative com-
plications after live 
lung (lobectomy) 
donation

Lung (lobectomy) Retrospective cohort study to assess outcomes of live 
lung (lobectomy) donors in two US centres. Serious 
complications occurred in 18 % of donors; 2.2 % under-
went re-operation and 6.5 % had early re-hospitalisation. 
Pneumothorax, pneumonia, pericarditis, pleural effusion, 
arrhythmia, empyema, haemorrhage, hydropneumo-
thorax, atelectasis, bronchopleural fistula, haemoptysis 
were some of the complications described

Harm to a donor 
 miscellaneous 
complications  
surgical site (Notify 
record n. 1096)

Perioperative com-
plications after live 
(lobar hepatectomy) 
donation

Liver (right hepatic 
lobe)

Retrospective analysis of 392 donors, with complications 
classified as grade 1 (minor, 27 %), grade 2 (potentially 
life-threatening, 26 %), grade 3 (life-threatening, 2 %), and 
grade 4 (leading to death, 0.8 %). These included biliary 
leaks beyond post-operative day 7, bacterial infections, 
incisional hernia, pleural effusion requiring intervention, 
neuropraxia, re-exploration, wound infections and intra- 
abdominal abscess

harm to a donor 
 miscellaneous 
complications  
surgical (Notify 
record n. 903)

16.3. Setting up an effective 
vigilance & surveillance 
system

European Directive 2010/53/EU on the Standards 
of Quality and Safety of Human Organs in-

tended for Transplantation [1] sets the requirement 
for biovigilance programmes in European Union 
member states to report all SAREs to the appropriate 
HA. Systems and processes must be in place to fulfil 
this regulatory obligation, as well as meeting all the 
needs and objectives of biovigilance programmes, as 
described in this chapter. It is anticipated that organ 
procurement and transplant establishments in other 
parts of the world will follow similar local regulatory 
requirements.

There are essential aspects to consider when 
planning how to design and implement an effective 
V&S system, including the following:

• who are the individuals that will be expected to 
notify any adverse occurrence;

• when, how and to whom the occurrence should 
be notified;

• how incidents will be managed, classified and 
reported to the HA as required.

In this section, we describe general organisa-
tion aspects that need to be taken into consideration 
when planning a V&S system.

16.3.1. Overall structure

Robust structure and appropriate resources are 
critical to the efficiency of biovigilance programmes. 
There may also be an extended risk of harm to other 
organ or tissue recipients, and to the wider commu-
nity, in the case of transmissible diseases; SAREs may 
involve diseases that are not initially apparent and 
only become evident after donation and transplanta-
tion. Not all of these incidents will meet the threshold 
of an SAR or SAE – but for a system to be as effective 
as possible, it is essential that incidents that do not 
initially classify as SAREs are nevertheless commu-
nicated so that they can be collated and any recurrent 
themes or issues can be identified and acted upon. 
The team receiving notification of adverse occur-
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rences will ultimately comply with the notification 
requirement to the HA.

Preferably, one specific body or authority 
should be appointed to run the biovigilance pro-
gramme within a given jurisdiction [1]; this jurisdic-
tion may be at national or regional level and this will 
be defined by factors specific to the member state. This 
authority should be the link to all parties involved 
and should be responsible for establishing, main-
taining and regulating the system by co- ordinating 
all steps in the process.

Member states should adopt a V&S reporting 
system that is appropriate for the style and struc-
ture of their organ donation and transplantation 
infrastructure. In considering what is the most ap-
propriate system, there should be assessment of the 
benefits, capacity and sustainability of having a 
single national system versus regional systems linked 
to a central office for reporting of incidents. In the 
latter case, relationships and roles need to be clearly 
defined to ensure a seamless process.

Co-ordination and communication between 
various systems of vigilance (e.g. tissue and cell vigi-

lance, medical devices vigilance, pharmacovigilance) 
should also be in place, both at the local level (centres) 
and at the HA level.

16.3.2. Human resources, education and 
training

The agency responsible for biovigilance must 
be appropriately resourced to deliver its function 
effectively. Staff in biovigilance programmes must 
be appropriately trained and familiar with the core 
concepts of V&S in transplantation, have a good un-
derstanding of the entire organ procurement, dona-
tion and transplantation pathway in their country or 
region, and be knowledgeable of all standard oper-
ating procedures and process descriptions. They must 
also be competent to co-ordinate causation analysis 
exercises, severity grading and classification of inci-
dents into SAR or SAE. In their role as co-ordinators, 
they should be competent to network with all parties 
concerned and seek appropriate expert advice as 
required.

Figure 16.1. Illustrative flow for the detection and reporting of adverse events and reactions

All individuals and organisations involved in the donation and transplantation pathway,
e.g. donor hospital, organ procurement organisation, laboratories, organ recovery team, transplant centre, tissue establishment
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All stakeholders, Health Authorities (HA), 
organ procurement organisations (OPOs) and health-
care professionals in donor hospitals and transplant 
centres should promote and adhere to a culture that 
encourages reporting, maintaining a transparent and 
non-punitive environment for the benefit of patients 
and donors.

Education should focus on the understanding 
and the real-life application of biovigilance princi-
ples. Stakeholders should be informed how to use no-
tification systems, how to report and how to benefit 
from the outputs of a vigilance system. Biovigilance 
programmes must be committed to sharing learning 
from incidents; this involves production of incident 
reports, case studies and regular bulletins, always 
observing confidentiality and avoiding publication of 
identifiable information.

16.3.3. Quality management system

A robust quality management infrastructure is 
key for the reporting and investigation of SAREs at 
local, regional, national or international level. Some 
aspects will be mentioned here but Chapter 17 covers 
the subject in detail.

16.3.4. Technical resources (including incident 
notification system)

Electronic quality management software 
systems are essential tools for the efficient running of 
a biovigilance programme. Electronic reporting of in-
cidents is vital for consistency, accuracy and speed of 
communication, as well as facilitating audit trail and 
data analysis. Ideally, there should be a national, cen-
tralised, web-based biovigilance network, integrated 
with other registries related to organ procurement 
and transplantation (e.g. transplant registry with de-
ceased donor, waiting list and transplant recipients 
data). Lack of accessibility to such facilities should 
not preclude establishment of V&S programmes but 
it should be part of the development and expansion 
plans; these information technology tools should be 
implemented whenever possible because they are as-
sociated with overall increased efficiency, quality and 
safety.

16.3.5. Archive of donor and recipient serum 
and plasma

Although prolonged donor serum or plasma 
storage is not a regulatory requirement set by the EU 
directive, it features in a number of national guide-
lines and is widely accepted as essential practice. It 

is highly desirable that HA should request archiving 
of such material for the specific purpose of vigi-
lance investigations (see Chapter 6). Recipients’ pre- 
transplant blood should also be archived; availability 
of donor and recipient(s) blood samples may help 
inform investigations of incidents and assessment of 
imputability [2, 4] in case of suspected donor-derived 
disease transmission (see Chapter 9 for analysis of 
donor-derived malignancy transmission). Laborato-
ries have to consider the preferred analyte for storage, 
taking into account the need to perform serological 
and molecular assays.

16.3.6. Storage and traceability of incident 
investigation data

All SARE cases together with accompanying 
datasets and reports must be properly documented, 
archived and kept in a way that allows easy accessi-
bility and review. This documentation forms part of 
the quality management and quality control doc-
umentation of organ procurement organisations, 
transplant centres and HAs or their delegated bodies. 
The archived documentation must also be in line with 
national provisions on the protection of personal and 
medical data.

16.3.7. Audit of processes and transplant 
outcomes

The authority responsible for biovigilance of 
MPHOs should issue appropriate guidance for the 
collection of relevant post-transplant information 
to evaluate the quality and safety of transplanted 
organs. Outcome data, incident patterns and trends 
and other auditable parameters should be moni-
tored under the broad quality and safety framework. 
These data should relate to living donors and organ 
recipients.

16.3.8. International V&S co-operation and 
communication

Rapid communication, data exchange and 
co-operation across countries is vital in any V&S 
system, particularly so when organs are imported 
from and exported to other countries. Appropriate 
infrastructure and processes must be in place to 
enable this.

16.4. Practical steps in biovigilance

Adverse occurrences may present in various forms 
at different time points and they may arise as a 
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result of a combination of factors. These unexpected 
events may be identified or become apparent quite 
late (months to years) after the implantation of a 
graft, hence the link to the donation and transplan-
tation pathway may not be easy to make. In the case 
of disease transmission, for example, lack of under-
standing of the pathogenesis and the epidemiology 
of the condition may hinder the ability to recognise 
a potential donor-derived disease; whenever there 
is doubt, it is always prudent to consult with appro-
priate specialists.

This section describes a simplified, step-by-step 
process of notifying, investigating and taking all the 
necessary actions following the identification of an 
untoward occurrence.

16.4.1. Detection of cases

There is a collective responsibility to maintain 
awareness of and promote good practice in all aspects 
of donor and recipient safety. All professionals in-
volved in the donation and transplantation processes, 
including those involved in post-transplant care, 
must remain attentive to unusual occurrences, unex-
pected results or outcomes, errors and ‘near misses’. 
As soon as they are identified, such occurrences must 
be notified according to local or national protocols.

16.4.2. Incident notification to the Biovigilance 
office

Standardised reporting forms should be pro-
vided by the authority responsible for biovigilance; 
a minimum data set must exist for initial reporting 
of events and this must be defined locally, so as to 
fit in with individual systems and processes; some 
examples are illustrated in appendices 25-27. All no-
tifications should provide a documented account of 
the incident and be in accordance with local quality 
management systems; online submission through a 
secure portal or other forms of electronic submis-
sion are the preferred options and should be used 
whenever possible. Local protocols must be followed 
and, where initial verbal contact is made to ensure 
rapid action, this must always be followed by written 
notification.

In cases of international organ exchange, the 
notification form, all other data and any test results 
should be provided in the English language.

16.4.3. Communication of incident and Rapid 
Alert system

16.4.3.1. Sharing initial incident notification
The organisation responsible for biovigilance 

is responsible, upon receipt of an incident notifica-
tion, for assessment and timely onward communi-
cation of information to relevant transplant centres 
and other establishments, as appropriate. Protocols 
must exist that describe such processes in a clear and 
objective way; they must contain criteria for the com-
munication of incidents, with instructions on the 
mechanism, speed and extent of dissemination. This 
process must contain a 24/7 pathway to ensure proper 
handling of urgent medical information. Figure 16.2 
illustrates a communication cascade triggered by an 
SAR notification to the Biovigilance office.

16.4.3.2. Rapid Alert
Rapid Alert is a real time communication sent 

out by the Biovigilance office to appropriate stake-
holders whenever there is a possibility that imme-
diate action is required for harm mitigation to organ 
and tissue recipients (e.g., notification of fulminant 
liver failure in a lung recipient following development 
of primary Herpes simplex virus infection in the early 
post-transplant period). The Biovigilance office acts 
immediately by sending a rapid alert and phoning all 
centres where organs from the common donor have 
been transplanted. Early assessment and commence-
ment of anti-viral therapy are essential determinants 
of improved outcomes in a condition with otherwise 
high mortality rate.

The European Commission runs a secure 
platform to connect member states in the case of an 
SARE with potential cross-border impact. This plat-
form is also useful for alerting relevant organisations 
to transmissible disease outbreaks and problems with 
diagnostic devices or assays. The objective of the plat-
form is to ensure rapid dissemination of urgent infor-
mation and implementation of immediate measures 
to ensure patients’ safety.

In some specific circumstances, a particular 
SARE may require rapid communication nationally 
or internationally to facilitate urgent actions where 
there is risk of broader public health impact, such as 
a recall of products or critical materials (e.g. micro-
biologically contaminated organ preservation fluid 
where a fault in manufacturing is being investigated). 
The SoHO V&S project [4] has enumerated some ex-
amples of such situations.
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Figure 16.2. Illustrative case of an unexpected, serious infection reported in a transplant recipient and 
subsequent necessary actions
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16.4.4. Incident investigation
This is a fundamental step in the biovigilance 

process. Following communication of an incident, 
the receiving V&S body is responsible for the timely 
gathering of crucial information, mapping of events, 
processing and analysis of facts, with final production 
of a meaningful incident report. Findings, recom-
mendations and actions must be clearly laid out. This 
process requires trained staff with the correct skillset 
to deliver all the functions that will be described in 
this section. In their co-ordinating role, staff must 
seek advice of experts, depending on the nature of 
the occurrence and must also have the ability to link 
relevant parties, so as to ensure efficient collaborative 
work.

16.4.4.1. Root cause analysis
Investigation of incidents that have caused, or 

had the potential to cause, harm to donors and/or 
recipients requires a structured approach to identify 
the factors that resulted in the event.

The aim of this process of root cause analysis 
(RCA) is to understand the circumstances of the in-
cident, identify cause(s) and contributors, address de-
ficiencies and learn how to prevent similar incidents 
from happening again. This should be delivered by a 
designated team and a co-ordinator, who should be 
trained to fulfil clinical governance and quality re-

quirements to conduct investigations objectively and 
efficiently.

The following essential steps need to be 
considered:

a� Collection of information – to include full 
details of what happened, as well as relevant 
policies and procedures. It is strongly advised 
that data be collected in a systematic way, using 
electronic forms or set templates.  
Generally, and especially so with disease- 
transmission events, it is very important to 
organise detailed and systematic information 
gathering to enable proper assessment; an in-
dicative list is shown below. The format used 
in the Notify Library [5] reports can also be re-
produced or used for guidance:

i. When, how and why was the occurrence de-
tected.

ii. Epidemiology, signs, symptoms, interventions 
and outcome in the index case.

iii. Pre-transplant evidence of disease or infection 
in donor or in the recipient.

iv. Outcome in other recipients.
v. Availability of donor and recipient samples, mi-

crobial organism strains for appropriate ana-
lysis.
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b� Mapping of information – timelines, flow-
charts, chain of events; this can make it easier 
to identify gaps in information, to reveal con-
tributing factors and highlight deficiencies in 
processes.

c� Identification of significant contributing 
factors – depending on the incident, it may also 
be useful to conduct a face-to-face meeting 
with personnel who were involved in the activ-
ities within which the incident took place, es-
pecially if the occurrence is thought to have 
resulted from a breakdown in process or com-
munication. This can be useful to develop an 
idea of the environment in which the event 
took place to establish parameters that may 
have the most significant impact on reducing 
likelihood of recurrence

d� Causal analysis, recommendations and actions 
– agreement on causation and understanding of 
interacting factors must lead to formulation of 
actions and recommendations. This should be 
followed by implementation of solutions.

e� Final Incident Investigation Report – a fun-
damental part of the whole process; it must 
contain a synopsis of the investigation, key 
facts and findings, conclusions and recom-
mendations in a clearly understandable lan-
guage and format. This format and structure 
may vary depending on the local requirements 
stipulated by designated authorities; simplified 
versions of the main report may be used for dif-
ferent purposes. Importantly, this should be a 
consensus document supported by all parties 
and stakeholders involved. Confidentiality 
of patients, professionals and establishments 
needs to be observed, as appropriate.

16.4.5. Assessment and grading of adverse 
events and reactions

The European Union Standards and Training 
for the Inspection of Tissue Establishments Project 
(Eustite) describes a tool for the assessment of se-
verity and impact in case of recurrence. It was orig-
inally developed for tissues and cells but some V&S 
programmes for organ transplantation make use of 
the impact matrix to objectively document the pro-
portionality of the response to individual SAREs. Its 
use is by no means a legal requirement in the field of 
organ donation and transplantation and in fact many 
established V&S programmes choose not to use it.

The aim is to facilitate incident management, 
analysis and determination of magnitude and nature 

of response required. By having outputs of the vig-
ilance system expressed in a standardised format, 
trend analysis and comparisons across different reg-
istries and V&S programmes are made possible.

There are five steps in this process, which are 
discussed below; they are partly based on the US 
Disease Transmission Advisory Committee (DTAC) 
decision tree [6], a comprehensive tool for assessing 
imputability (step 2), and partly on the Eustite 
impact- assessment tool. The five steps are:

1. Analysis of severity of incident
2. Assessment of imputability in an SAR or causes 

in an SAE
3. Estimation of likelihood of recurrence
4. Evaluation of consequences and impact of 

recurrence at the individual, system and organ-
supply level

5. Decision on magnitude and nature of response.

16.4.5.1. Severity grade
The severity scale from the Eustite and SoHO 

V&S, which was originally developed for tissues, can 
be used for grading organ-related notifications (see 
Table 16.2). In Europe, there is a statutory require-
ment to notify organ V&S programmes of all severe 
occurrences (serious, life-threatening or leading to 
death). Non-serious occurrences may be dealt with as 
quality incident events, according to local protocols.

Table 16.2. Severity scale for adverse events and 
reactions

Severity Comments
Nil no harm, no risk (patient not informed as 

there was no risk of harm)

Non-serious mild clinical/psychological consequences 
(with no need for hospitalisation and no an-
ticipated long-term consequence/disability)

Serious* • hospitalisation or prolongation of hospi-
talisation, and/or

• persistent or significant disability or 
incapacity, or

• medical or surgical intervention to pre-
clude permanent damage, or

• transmission of a severe disease or pro-
longation of a disease

Life- 
threatening*

• the need by a living donor or trans-
plant recipient for a major intervention 
(vasoactive drugs, intubation/mechanical 
ventilation, admission to intensive care) 
to prevent death, or

• transmission of a life-threatening disease

Death* death

*Mandatory reporting to the Health Authorities as SARE according 
to national regulation in the European Union.
Source: adapted from Eustite and SoHO V&S [4, 7].
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16.4.5.2. Imputability or causes
All SARs should be graded in terms of imput-

ability; the grading provided by the Eustite and 
SoHO V&S projects can be used as guidance [4, 7]. 
Table 16.3 shows an adapted version of both grading 
systems and also includes the US DTAC classification 
criteria [8]. There are also other methods of assessing 
imputability [6], with overlapping approaches on how 
to draw final conclusions.

Common to all approaches is that the evalu-
ation of imputability must be based on precise, evi-
dence-based, clinical, epidemiological and scientific 
facts. The ongoing Notify project [9] provides ex-
amples of adverse reactions and addresses imputa-
bility grading in a systematic way. When considering 

whether or not a donor-derived disease has been 
transmitted to solid-organ graft recipients, it is very 
important to consider local epidemiology and natural 
history of the disease in question, as well as knowl-
edge of its pathogenesis. In infectious disease trans-
mission, characteristics of the organism involved are 
essential when determining common source and 
transmission linkage; the same applies to malignan-
cies. With advancing technologies, pathogen strain 
comparisons can nowadays be done in much greater 
detail, reinforcing the fact that finding the same agent 
in both donor and recipient may not be sufficient to 
assign donor imputability, unless in certain specific 
circumstances.

Table 16.3. Imputability grading in SARs

Grading Adapted from Eustite and SoHO 
V&S [4, 5, 7]

Criteria for infectious and malignant transmissions, adapted 
from the US Disease Transmission Advisory Committee [6]

Not assessable Insufficient data for imputability 
assessment

Insufficient data for imputability assessment

Intervention 
without 
disease 
transmission

• Intervention given to recipient(s) with intention to prevent disease 
transmission, and

• No disease transmission in those who received the intervention

0: Excluded Conclusive evidence beyond 
reasonable doubt for attributing 
an adverse reaction to alternative 
causes
There is evidence clearly in favour 
of attributing the adverse reaction 
to causes other than the process or 
transplanted organ

Suspected transmission and fulfilment of at least one of the following 
conditions:
• Clear evidence of an alternative cause
• The appropriate diagnostic tests performed have failed to docu-

ment infection by the same pathogen in any transplant recipient 
from the same donor

• Laboratory evidence that the recipient was infected with the 
same pathogen or had a tumour before transplant

1: Possible The evidence is not clear for attrib-
uting the adverse reaction to the 
process or transplanted organ, or 
to alternative causes

Suspected transmission and either:
• Laboratory evidence of the pathogen or tumour in a single recip-

ient or
• Data suggest transmission but are insufficient to confirm it

2:  Probable/ 
likely

The evidence is clearly in favour of 
attributing the adverse reaction to 
the process or transplanted
organ

The following two conditions are met:
• Suspected transmission and
• Laboratory evidence of the pathogen or the tumour in a recipient
And it meets at least one of the following conditions:
• Laboratory evidence of the same pathogen or tumour in other 

recipients
• Laboratory evidence of the same pathogen or tumour in the 

donor
If there is pre-transplant laboratory evidence, such evidence must 
indicate that the same recipient was negative for the pathogen 
involved before transplant.

3:  Definite /
certain/ 
proven

The evidence is conclusive beyond 
reasonable doubt for attributing 
the adverse reaction to the process 
or transplanted organ

All the following conditions are met:
• Suspected transmission;
• Laboratory evidence of the pathogen or the tumour in a recipient;
• Laboratory evidence of the same pathogen or tumour in other 

recipients (if multiple recipients);
• Laboratory evidence of the same pathogen or tumour in the 

donor.
If there is pre-transplant laboratory evidence, such evidence should 
indicate that the same recipient was negative for the pathogen 
before transplant.
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16.4.5.3. Likelihood of incident recurrence
For every SAR or SAE, the likelihood of re-

currence should be considered and can be graded 
according to a scheme like that of the Eustite and 
SoHO V&S projects; see Table 16.4 [4, 7].

Table 16.4. Assessing the likelihood of recurrence of an 
adverse reaction or event

1 Rare Difficult to believe it could happen again

2 Unlikely Not expected to occur again

3 Possible May occur occasionally

4 Likely Expected to occur again, but not persis-
tently

5 Probable Expected to occur again on many occa-
sions

Note: The score for likelihood of recurrence should be entered in 
the impact matrix, Table 16.6.

16.4.5.4. Impact and consequences of incident 
recurrence

The impact and consequences of SAREs can be 
assessed, as shown in Table 16.5, which is meant to 
assist practitioners and regulators in planning their 
response to a given adverse reaction or event, taking 
into account broad consequences, beyond the indi-
vidual patient affected or potentially affected. The 
impact can be scored at three different levels: indi-
vidual, system and organ supply level.

The likelihood of recurrence and the impact of 
recurrence are considered as interacting factors that 
can inform the nature and magnitude of a response 
that is proportionate to its degree of severity, the like-
lihood of recurrence and the consequences incurred 
in the event of recurrence. The future impact may be 
reduced, either by reducing the likelihood of recur-
rence through preventive measures (horizontal axis) 
or by reducing the impact of any recurrence (vertical 
axis); the latter could be achieved by improving the 
treatment options available, for example.

16.4.5.5. Level of response
The two-dimensional impact matrix developed 

by the Eustite and SoHO V&S projects has been de-
signed to help organisations responsible for biovig-
ilance decide on the level of response that might be 
appropriate; this may include urgency and scale of 
implementation of corrective, therapeutic or preven-
tive measures (see Table 16.6).

As previously mentioned, the use of this impact 
matrix for assessment of incidents in organ trans-
plantation varies across different services. It is not 
mandated, and it serves as a complementary tool to 
help inform the nature of the response required fol-
lowing an incident. It supplements – and is not a sub-
stitute for – a full incident investigation (described in 
§16.4.4).

Table 16.5. Assessing impact of an SARE in case of recurrence

Impact level On the individual(s) On the system On the organ supply
0 Insignificant Nil No effect Insignificant

1 Minor Non-serious Minor damage Some transplantations postponed

2 Moderate Serious Damage for a short period Many transplantations cancelled or postponed

3 Major Life-threatening Major damage to the system 
– significant delay to repair

Significant cancellations of transplantations

4 Catastrophic/ex-
treme (or Severe)

Death System destroyed – need to 
rebuild

All transplantations cancelled

Note: The score for impact level should be entered in the impact matrix of Table 16.6.
Source: adapted from Eustite and SoHO V&S [4, 7].

Table 16.6. Impact matrix

Impact of recurrence Likelihood of recurrence
1 Rare 2 Unlikely 3 Possible 4 Likely 5 Certain/

almost 
certain

0 Insignificant 0 0 0 0 0

1 Minor 1 2 3 4 5

2 Moderate 2 4 6 8 10

3 Major 3 6 9 12 15

4 Catastrophic/extreme 4 8 12 16 20

Source: Eustite and SoHO V&S projects [4, 7].
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Score 0 to 3: The HA will keep a watching brief 
and leave the involved parties to implement correc-
tive and preventive measures.

Score 4 to 9: A more proactive response is re-
quired; an inspection that focuses on the SARE may be 
necessary, with the corrective and preventive actions 
to be followed up. Written communication to profes-
sionals working in the field might be appropriate.

Score 10 to 20: A very active response is re-
quired. An incident group or task force may need to 
be set up in order to develop and agree on an action 
plan. Broader involvement of other authorities or 
policy makers may also be necessary.

16.4.6. Incident investigation report

This has also been addressed in 16.4.4, under 
the section on full incident investigation.

The production of a final report is a requirement 
set by the HA, but all stakeholders involved in the 
incident investigation must also receive concluding 
feedback from the responsible biovigilance team. 
This is a critical way to acknowledge the importance 
of incident reporting and thus maintain a good level 
of engagement from everybody involved in organ do-
nation and transplantation. This information should 
be disseminated in order to prevent recurrence and 
be used as a learning experience.

The format of the report usually follows the 
sequence of steps taken during the incident investi-
gation. Identifiable information (e.g. patients, donors, 
transplant centres, donor hospitals, professionals in-
volved) must be redacted according to distribution 
lists.

Legal oversight may be required, depending on 
the nature of the incident. Communications teams 
may need to be involved in certain cases, where 
media and public interest may be high. The inves-
tigating team should follow existing protocols to 
address these issues.

16.5. Communication with donor 
families, living donors and 
recipients

Effective and timely communication in the setting 
of a non-blame culture is fundamental in biovig-

ilance and should be promoted and practised at all 
times [10]. The mechanisms for maintaining effective 
communication have been covered in earlier parts of 
this chapter.

Chapter 19 of this guide is dedicated to the very 
important theme of communication with recipients, 

donor families and living donors. Any communi-
cation should be in accordance with established 
protocols; in the UK, for example, the professional 
obligation of the duty of candour places a statutory 
and ethical responsibility on organisations to be open 
and honest with patients, their families and service 
users when something goes wrong that appears to 
have caused (or could in the future lead to) signifi-
cant harm. All communication should be conducted 
sensitively and clearly, by a member of the team who 
has full understanding of the incident. Explanation 
of the occurrence and its significance for the indi-
vidual’s health and information about the condition 
(in case of infection or malignancy transmission, for 
example) or possible interventions such as testing 
and treatment should be provided both orally and 
in writing. Prompt access to other professionals and 
specialist referral should be arranged as appropriate.

There should be a proportionate level of in-
volvement from the press office and legal teams of the 
involved organisations so that all necessary external 
communications are handled professionally and 
appropriately.

16.6. Conclusions

As with any health intervention, solid-organ 
transplantation is associated with risk, and this 

risk must always be balanced against the anticipated 
life-saving or life-preserving benefit of the trans-
plant itself. We hope this chapter has demonstrated 
that having a robust and effective V&S system pro-
vides a mechanism to identify any likely risks and a 
structured way of managing when things go wrong, 
in order to minimise further harm. Biovigilance 
provides a powerful safeguarding tool for donors, 
patients, health professionals and HAs to promote 
good practice and continuous improvement of care. 
The goal of any biovigilance system is to optimise the 
overall benefit for recipients by mitigating risks and 
correcting deficiencies, thus promoting access to safe 
organs and high-quality transplantation.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this chapter recommend that 
future research in the field of biovigilance should 
include or take into account the following knowledge 
gaps:
1 Behavioural science research to understand 

attitudes towards vigilance systems, fear of 
reprehension, barriers to sharing of mistakes and 
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other factors influencing detection and reporting of 
incidents.

2 Development of extended framework to support 
professionals involved in vigilance programmes, 
under the principle of the duty of candour, and all 
other individuals affected by the events, including 
donors, patients and their families.

3 Development of efficient tools or modules to be 
built into quality system programmes, to enable 
efficient running of organ vigilance programmes.

4 Educational programmes and platforms for 
the dissemination of knowledge, including the 
methodology for investigation of incidents and 
sharing of lessons learnt.

5 Development of consensus guidance on 
investigation and establishment of imputability in 
biovigilance, with special focus on transmission of 
malignancies and infections.

6 In regard to preparedness for future high-impact 
threats, there is a need for formal and co-ordinated 
international collaboration that facilitates the 
sharing of data on possible threats to MPHO safety 
and availability, particularly in relation to new 
pathogens, outbreaks and pandemics.

7 Where the theoretical risk of transmission of disease 
through the transplanted graft exists, research into 
the mechanisms and determinants of transmission 
is required, as is the case for SARS-CoV2, for 
example.
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Chapter 17. Achieving and measuring quality in organ 
donation and transplantation

17.1. Introduction

This chapter outlines the general principles of 
quality management systems in organ donation 

and transplantation. It is addressed to Health Au-
thorities (HAs), managers and health professionals 
directly involved in the process, with a special em-
phasis on donation and transplantation co- ordinators 
because they are central actors, involved in many 
steps in the chain from donation to transplantation. 
Moreover, because donation/procurement and trans-
plant activities involve different aspects, different or-
ganisations and different health professionals, quality 
management is examined separately for these two 
types of activities.

After introductory remarks on quality man-
agement in general, and quality management applied 
to organ donation and transplantation in particular, 
this chapter provides separate reviews of govern-
ment and HA responsibilities, quality management 
in organ donation and finally quality management in 
organ transplantation.

17.2. General introduction to 
quality management

The quality of healthcare has always been a major 
concern for healthcare professionals who, in one 

way or another, even without using any specific or 
recognised methodology, have striven to achieve ex-
cellence in their work. That commitment is part of 
the job.

The development of instruments that enable 
quality to be measured has been essential in turning 
this concern into a way of working. Once it became 
possible to measure – or evaluate – quality, the focus 
shifted from quality control to quality assurance 
and, since the 1990s, towards continuous quality 
improvement.

As well as a commitment to excellence, contin-
uous quality improvement requires a method. The 
aim is to continuously improve a process in an or-
ganisation for the purpose of fulfilling or even ex-
ceeding the (internal and/or external) expectations 
and requirements of the customer/patient. This can 
be achieved through quality management systems, 
these being any systems that help an organisation to 
establish the methodology, responsibilities, resources 
and activities needed to obtain good and measurable 
results.

Well-established models for quality manage-
ment used in the healthcare sector include ISO (Inter-
national Organization for Standardization), JCAHO 
(Joint Commission on Accreditation of Healthcare 
Organizations), EFQM (European Foundation for 
Quality Management) and KTQ (Cooperation for 
Transparency and Quality in Healthcare) [1-4]. A 
comparison of these models reveals the following:

a� There are few philosophical differences. All 
have the ‘customer’ (or patient) as the focus of 
the organisation and of the quality.

b� In terms of practical application, all four models 
involve a monitoring scheme. The actual situa-
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tion is compared with pre- established stand-
ards (ISO and JCAHO) or criteria (EFQM 
and KTQ) to identify where improvements 
need to be made within the aspects assessed in 
the respective models; problems then have to 
undergo cycles of improvement if the models 
are actually to be of use in the dynamics of 
quality improvement.

c� Although the JCAHO and KTQ models are the 
ones specific to healthcare services, the other 
two, which are either of generic or industrial 
origin, have tried to produce specific adapta-
tions for healthcare services. In fact, since 2012 
ISO has had a new standard specifically on 
quality management systems in healthcare ser-
vices (EN ISO 15224:2012).

All these four models can be facilitators of com-
mitment to quality and may be used in the healthcare 
sector. However, their wider diffusion at international 
level and their specific design directed at healthcare 
services make ISO and JCAHO the two most-used 
models. Regardless of the fact that some important 
aspects of donation and transplantation are accred-
ited in many hospitals (e.g. certification of immuno-
logical, haematological or biochemistry laboratories, 
pathology), in some European countries several do-
nation and transplantation programmes have already 
been accredited in a global way (e.g. Spain: ISO 9001 
accreditation). 

17.3. Applied quality management 
in organ donation and 
transplantation

As in other healthcare activities, careful attention 
must be paid to all quality aspects of the entire 

process, i.e. from donation to transplantation and 
follow-up, in order to ensure their safety and efficacy 
and to maintain public and professional confidence. 
Several different quality management systems (as we 
have previously reviewed) can be applied to different 
aspects/parts of the transplant chain, from donor 
identification to allocation and transplantation or 
disposal of organs, including appropriate follow-up.

To establish and maintain a quality manage-
ment system is the responsibility of the healthcare 
professionals involved in donation and transplanta-
tion processes, but also of governments and HAs in 

charge of healthcare systems in general and of the 
transplant system in particular.

In the EU, this common responsibility of HAs 
and health professionals was confirmed with the adop-
tion in July 2010 of Directive 2010/53/EU on stand-
ards of quality and safety of human organs intended 
for transplantation [5]. Indeed, the EU member states 

“shall ensure that a framework for quality and safety 
is established to cover all stages of the chain from do-
nation to transplantation or disposal” (Article 4). To 
do so, Article 17 provides that “Member States shall 
designate one or more competent authorities” to es-
tablish the framework for quality and safety, ensure 
that procurement organisations and transplantation 
centres are authorised and controlled or audited reg-
ularly, and take other measures described below. Re-
garding health professionals, Article 12 provides that 

“Member States shall ensure that healthcare personnel 
directly involved in the chain from donation to trans-
plantation or disposal of organs are suitably qualified 
or trained and competent to perform their tasks and 
are provided with the relevant training”.

The EU Action Plan on Organ Donation 
and Transplantation (2009-2015), which aimed to 
strengthen co-operation between member states 
[6], also explicitly provided for common action on 
quality improvement programmes (QIPs), with its 
Priority Action 2: “promote quality improvement 
programmes in every hospital where there is a poten-
tial for organ donation”, while the other nine priority 
actions also refer to the “exchange of best practices”, 

“twinning projects and peer reviews” and the develop-
ment of common tools, thus fully in line with a logic 
of continuous quality improvement.

The quality management system in place at a 
procurement organisation or transplant centre must 
be fully documented and must ensure that all crit-
ical processes are specified in appropriate instruc-
tions and are carried out in accordance with relevant 
standards and specifications. Management should 
review the system at regular intervals to verify its 
effectiveness and introduce corrective measures if 
deemed necessary.

Applying a systematic approach to quality man-
agement in this context involves separate reviews of 
the following: 

a� government and HA responsibilities;
b� quality management in organ donation;
c� quality management in organ transplantation.
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17.4. Government and Health 
Authority responsibilities 
in organ donation and 
transplantation: a framework 
for quality and safety

If they are to reduce the risks and maximise the 
benefits of transplantation, Council of Europe 

member states need to ensure that a framework for 
quality and safety is established to cover all stages of 
the chain from donation to transplantation or dis-
posal. That framework should act to integrate the ac-
tivities carried out in all procurement and transplant 
centres, and in establishments responsible for alloca-
tion/distribution, in order to ensure the highest pos-
sible quality, safety and transparency of the process 
while increasing the number of organs available.

The recovery and distribution of organs has 
to be properly regulated. The HAs of the state must 
play their key role in establishing a legal and organ-
isational framework to ensure the quality and safety 
of organs during the donation and transplantation 
process, and in evaluating their quality and safety 
throughout post-operative patient recovery and the 
subsequent follow-up. According to Directive 2010/53/
EU [5] and other major recommendations [6-13] in 
the field of organ donation and transplantation, the 
quality and safety framework should include:

a� A system for authorisation and audit/inspec-
tion of organ procurement and transplant or-
ganisations, by which quality and safety are 
ensured for both recipients and living donors. 
Such organisations should have in place proper 
systems, suitably qualified or trained and com-
petent personnel and adequate facilities and 
material [7].

b� Designation of a non-profit national or inter-
national body responsible for the allocation 
and distribution of organs. As emphasised by 
the Committee of Ministers of the Council of 
Europe in its recommendations to member 
states on the background, functions and re-
sponsibilities of a national transplant organisa-
tion, it is preferable to have a single, officially 
recognised, non-profit-making body with 
overall responsibility for donation, allocation, 
transport, traceability and accountability [9].

c� An organ-allocation system with strong guar-
antees, in terms of both equity and efficiency, 
to ensure optimal transplant use, especially 
considering the technical constraints inherent 
in organ recovery, transportation and quality 
maintenance. This system should support 

transparency, traceability and external audit 
of decision making. The rules for allocation 
should be clearly defined for each organ and 
made available to health professionals, pa-
tients and the public. The guidelines governing 
the allocation criteria and the distribution of 
organs should be developed and implemented 
by common agreement with a group of experts 
involved in organ transplantation. These rules 
must be regularly re-evaluated, taking tech-
nical advances into account [8].

d� A requirement to establish a comprehensive 
framework for quality and safety for the whole 
chain, with the adoption and implementation 
of standard operating procedures (SOPs) com-
bined with standard documentation (proto-
cols) for [5]:

i. verification of donor identity;
ii. verification of the details of the consent au-

thorisation (or absence of any objection) of the 
donor or their family, in accordance with the 
national rules that apply where donation and 
procurement take place;

iii. verification of the completion of the organ and 
donor characterisation;

iv. procurement, preservation, packaging and la-
belling of organs;

v. transport of organs;
vi. assurance of traceability;

vii. accurate, rapid and verifiable reporting and 
management of serious adverse events and re-
actions.

viii. a system that allows traceability of each 
donated organ (and tissue) from the donor and 
the donation process to each recipient and vice 
versa. This system must allow donor material 
to be traced to either its source or its destina-
tion. Each donor/component (the terminology 
used in resolutions of the European Commis-
sion, which refers to the organs, parts of organs 
and any biological material of the donors) 
should be assigned a unique identifier, used to 
link the donor to all tests, records, transplants 
and other material and, for tracking purposes, 
to the recipient.

e� A vigilance system to provide mechanisms for 
the safety of donors and recipients, managed 
by national and/or supranational institutions. 
This system should ensure rapid reporting 
and investigation of any undesirable event oc-
curring in relation to donation and transplant 
services (e.g., unexpected or unintentional 
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transmission of an infectious or malignant 
disease from donor to recipient), so that cor-
rective and/or preventive actions can be taken 
immediately. Any kind of serious adverse re-
action in an organ recipient that is suspected 
to be of donor origin, or related to the dona-
tion process, needs to be reported without 
delay to all other institutions receiving organs 
or tissues from the same donor. The scope of 
such a system should cover all the steps of the 
process, from donation to transplantation, as 
well as the follow-up period, including a pro-
cedure for data collection according to legal re-
quirements. The system must also inform all 
tissue banks in cases where tissues and/or cells 
have been procured from the same donor [5].

f� If necessary, a system to exchange organs with 
other countries and/or with international or 
European organ-exchange organisations, reg-
ulated and supervised by the HAs, to increase 
the probability of providing organs for pa-
tients in special situations with lower chances 
of finding compatible organs within their 
own country (e.g., small children in need of 
liver, intestinal or heart transplantation, pa-
tients in life-threatening situations or condi-
tions in need of urgent organ transplantation, 
difficult-to-match recipients highly sensitised 
against human leuko cyte antigens). Organ 
exchange with other countries or organ allo-
cation organisations should be allowed only 
where equivalent standards of quality and 
safety are met [10].

g� A system to ensure that strict confidentiality 
rules and security measures are in place for the 
protection of donors’ and recipients’ personal 
data at all stages of the donation and trans-
plant process, including traceability and vig-
ilance systems. The HA may also consult the 
national data-protection supervisory authority 
in relation to developing a framework for the 
transfer of data on organs to and from other 
countries [5].

h� A system to ensure that the healthcare per-
sonnel directly involved, at all stages of the 
chain from donation to transplantation or dis-
posal, are suitably qualified or trained and 
competent, and to develop continuous educa-
tion and specific training programmes for such 
personnel in order to maximise the required 
skills. The important role of the donor co- 
ordinator or co-ordination team, appointed at 
hospital level, should be recognised as crucial 
for improving not only the effectiveness of the 

process of donation and transplant, but also 
the quality and safety of organs to be trans-
planted. Likewise, certain medical activities in 
procurement organisations, such as donor se-
lection and evaluation, should be performed 
under the advice and/or guidance of a quali-
fied medical specialist/adviser [11].

i� A follow-up system for recipients and living 
donors that allows evaluation of outcomes. This 
is a prerequisite for quality improvements and 
for providing a means to stimulate and moti-
vate the professionals involved. In all circum-
stances, the evaluation system (local, regional, 
national), and basic follow-up should include 
primary non-function, delayed graft function, 
re-transplantation and death-related/adjusted 
survival rates (graft and patient) [5].

j� The implementation of quality assurance pro-
grammes (QAPs) or QIPs in the deceased do-
nation process in order to address performance 
and identify areas where improvement is pos-
sible. International organisations, such as the 
Council of Europe and the European Com-
mission, have recommended establishing and 
promoting a QAP/QIP in every hospital where 
there is a potential for organ donation. These 
programmes should include access to and 
training on a specific methodology of QIP and 
should also ideally be compatible at national or 
international level to adequately allow for com-
parison of the results obtained and to adopt 
the most appropriate measures for improving 
organ donation [12].

k� Harmonisation of regulatory rules and con-
trols worldwide should be developed, in order 
to enhance the safety and quality of transplants.

For further details about the recommendations 
and regulations in the donation and transplant field 
at international level, see Chapter 1, §1.5.

Note that, with the transposition of Directive 
2010/53/EU into national laws, some of these princi-
ples are now mandatory requirements in EU member 
states and EEA countries, while some others remain 
fully under the competence of the member states. 
Nevertheless, all these principles remain crucial 
recommendations.

17.5. Quality management in organ 
donation

Implementation of a quality system in an organ pro-
curement organisation will enable the achievement 

of four key objectives:
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a� To ensure the quality and safety of the organs 
to be obtained and transplanted, minimising 
disease transmission to the recipient and en-
suring that all possible risks are known and 
can be evaluated for the best risk–benefit ana-
lysis before transplantation.

b� To guarantee that the entire process is carried 
out ethically and legally, and is medically 
correct according to best medical practices 
and in compliance with legislation and ethical 
codes, including protection of living donors 
and prevention of commercial abuses.

c� To ensure good documentation and transpar-
ency throughout the process, from donation 
to transplantation, allowing full records and 
traceability of the entire process.

d� To establish a system of continuous improve-
ment that will allow the improvement of out-
comes by increasing the numbers both of 
identified possible organ donors (and their 
transition to utilised organ donors) and of 
organs transplanted, by improving the quality 
of life/survival of living donors and recipients, 
and by meeting other defined criteria.

In the context of organ donation, some aspects 
have been identified which need work to improve 
quality, such as the development, implementation 
and evaluation of QAPs/QIPs [12-13], of best practices 
[14] and of quality indicators (QIs) [15-16]. Quality cri-
teria, also called ‘best clinical practice’ or ‘good clin-
ical practices’, set standards that normal healthcare 
practice has to meet if it is to be considered as good-
quality practice.

As mentioned earlier, the Council of Europe 
has recommended that all healthcare providers (rep-
resented by hospital, regional or national manage-
ment structures) have a QAP/QIP system that allows 
monitoring of quality parameters at each of these 
organisational levels and the adoption of the most 
appropriate measures to improve organ donation 
(such as allocating resources, appointing programme 
officers, stimulating the activities of key actors) [12]. 
Appropriate standards must be defined at each level 
in order to compare the results with those of other 
regions or countries and facilitate the identification 
of aspects for improvement [13, 15, 16].

Two projects funded by the European Com-
mission – DOPKI and ODEQUS – have focused on 
quality management in organ donation (see §17.5.2.2). 
The DOPKI project (Improving the Knowledge and 
Practice of Organ Donation, 2006-09) was developed 
by a consortium of 12 European transplant organisa-
tions with the objective of improving organ donation 

rates. The project produced indicators to be used to 
benchmark organ donation potential and provided 
some general recommendations that could be used 
by European healthcare policy makers as a basis to 
construct QAPs in the deceased donation process. 
This kind of programme is an essential internal tool 
for countries that establish common definitions and 
it can be used to make international comparisons 
[13]. The ODEQUS Project (Organ Donation European 
Quality System, 2010-13), involving experts from 16 
European countries, developed a quality system for 
the donation process which defines a methodology 
for evaluating organ procurement performance that 
can be used at hospital level [15]. The project identi-
fied 123 quality criteria and developed 31 relevant QIs 
in the three types of organ donation – after brain 
death (DBD), after circulatory death (DCD) and from 
a living donor (LD) – regarding all three aspects of 
donation services: structure, procedures and out-
comes [16].

Any of the quality management models men-
tioned at the beginning of the chapter could help 
to achieve the objectives cited when applied to the 
process of organ donation in hospitals or donor- 
procurement organisations. 

To facilitate detailed description of the con-
tents of this section, we use the basic outline of the 
ISO model, given its wide diffusion at international 
level. The ISO model is a quality management system 
based on processes. The different processes that take 
place in the organisation must be identified and clas-
sified into three large groups: strategic, operational 
and support. We analyse in a structured way the 
quality conditions that should be met in the different 
key activities of the donation process.

17.5.1. Strategic processes

Strategic processes allow us to define and 
deploy the policies, strategies and goals of the pro-
curement organisation. These processes help us to 
specify what we are doing, why we are doing it and 
how we are doing it. This group includes two main 
aspects:

a� management issues: legal framework, func-
tional organisation and personnel,

b� professional issues: education, continuing pro-
fessional development, training and research.

17.5.1.1. Organisational issues: legal framework, 
functional organisation and personnel

Procurement organisations for both living do-
nation and deceased donation must be authorised 
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and/or accredited by the HA competent to carry out 
these activities [5, 16].

Some steps of the post mortem organ donation 
process, such as the declaration of death, the approach 
to the family and the organisational aspects, must be 
undertaken and properly documented according to 
the laws of the country concerned [5].

Adequate resources must be made available for 
identifying possible organ donors and for the entire 
donation process. There must be sufficient, suitably 
qualified personnel to carry out all tasks. Every do-
nation team or group in charge of organising the do-
nation process should consist of enough members to 
ensure that donation activities can be carried out 24/7 
[5, 14, 16]. 

All procurement organisations should include 
a donor co-ordinator (also called transplant co- 
ordinator, key donation person or donation spe-
cialist) and a medical specialist/adviser, who may or 
may not be the key donation person [5]. The donor 
co-ordinator (DC) should be responsible for devel-
oping a proactive donor-identification programme 
and for organising and monitoring the entire dona-
tion process and donor programme at the hospital, 
along with a documented delegate who takes over 
this responsibility in their absence (see §1.3.6) [5, 11]. 
The ideal profile of the DC would include motivation, 
dedication, work capacity and good communication 
skills [14]. The DC should report directly to the head/
director of their institution [16].

The procurement organisation should have an 
organisational chart in place showing the hierar-
chical structure of the organisation and clear delin-
eation of tasks and responsibilities. The position of 
the DC and delegate, the quality function within the 
operations and all staff involved in the provision of 
the service should be highlighted. 

All members of staff, including the DC and del-
egate, should have specific duties, including reference 
to legislative requirements recorded in written and 
up-to-date job descriptions, and adequate authority 
to carry out their responsibilities. Job descriptions 
should be signed and dated by the incumbent. Tasks 
and responsibilities assigned to an individual should 
be clearly defined, understood and documented. 

Every donor hospital should have an office for 
the exclusive use of the donation team. It should be 
identified by a sign, secure and equipped with means 
of communication (telephone, fax, internet) [16].

In addition, the organisation should include 
an independent head of quality management, inde-
pendent in the sense that this person is not directly 
involved in the organ donation programme [1-4].

Depending on the organisation of each na-

tional health care system, this schema may need ad-
justments locally without significant deviation from 
the key issues of the recommendations mentioned 
above.

Importantly, organ donation activities must be 
supported, and their quality checked, by the health-
care provider and/or regional management.

17.5.1.2. Education, continuous training and research
Personnel involved in procurement should 

receive specific initial training under a programme 
certified by the corresponding national/European 
agency, organisation or professional association (for 
instance, the Board of Transplant Coordination cer-
tification of the UEMS/European Union of Medical 
Specialists – Transplantation Section, which oper-
ates in close collaboration with the European Society 
for Organ Transplantation1), the training should be 
appropriate to the duties assigned to them and they 
should participate regularly in continuing medical 
training courses on specific topics related to donation 
[11, 14, 16].

Regarding the surgical aspects of organ pro-
curement, including the ability to assess donor suit-
ability and the ability to recover multiple organs, it 
is recommended that participating surgeons be certi-
fied as transplant specialists (for instance, by UEMS, 
the European Board of Transplant Surgery2). Equiv-
alent national systems would fulfil this recommenda-
tion too.

The effectiveness of all training programmes 
should be monitored by regular assessment of 
the competence of personnel. Training should be 
documented and training records should be kept. 
Training plans including induction, refresher and 
continued training must be developed for individual 
staff members and a defined ongoing competency as-
sessment programme must be implemented for rele-
vant personnel.

Personnel must also be trained in quality prin-
ciples relevant to their duties and in the broad ethical 
and regulatory framework in which they work. 

Each donation team should also define objec-
tives for research projects, conference communica-
tions and scientific publications relating to donation 
[16].

1 ht tps://uemssurg.org /d iv isions/t ra nspla ntat ion/
transplant-coordination.

2 ht tps://uemssurg.org /d iv isions/t ra nspla ntat ion/
transplant-surgery.

https://uemssurg.org/divisions/transplantation/transplant-coordination
https://uemssurg.org/divisions/transplantation/transplant-coordination
https://uemssurg.org/divisions/transplantation/transplant-surgery
https://uemssurg.org/divisions/transplantation/transplant-surgery


463

17. ACHIEVING AND MEASURING QUALITY IN ORGAN DONATION AND TRANSPLANTATION

17.5.2. Operational (or key) processes

These processes are linked directly to the reali-
sation of the service; they form the operational core of 
our activity and add value. In our case they represent 
all the processes related to the effective obtaining of 
donors and organs (and tissues) for transplantation, 
and include work instructions, process checklists and 
protocols, escalation processes, case review meet-
ings, evaluation processes, the change management 
process and data collection processes.

17.5.2.1. Donation process – implementation of 
protocols and checklists

The following aspects of the donation process 
should be included in the protocols and monitored 
[5, 16, 17]:

a� Donor identification and referral, including 
a systematic approach to evaluating the po-
tential for organ donation in every end-of‐life 
care pathway (DBD or DCD) and the necessity 
of referring to the donation team all possible 
donors, whatever their medical situation (age, 
past medical history, etc.). The donation team 
should also monitor the progress of each pos-
sible donor in ICUs on a daily basis [18, 19] (for 
further information, see Chapter 2).

b� Donor assessment and donor selection. All po-
tential donors should be carefully assessed by 
the donation team in order to establish their 
suitability for organ donation; they should be 
assessed and selected according to agreed prin-
ciples and/or national regulations (see chapters 
6 and 7).

c� Death determination by both neurologic and 
circulatory criteria. Each hospital should 
have developed and implemented SOPs and 
standard documentation (protocols) to permit 
and regulate brain death and circulatory death 
declarations in adults and children according 
to the legal framework. Every potential donor 
should be promptly diagnosed following com-
prehensive, accurate and documented method-
ology (see chapters 3 and 12).

d� Donor treatment/maintenance should be per-
formed in an ICU with adequate means and 
under the supervision of an intensive care 
specialist according to best clinical practices; 
checklists and guidelines for donor mainte-
nance should be available and updated regu-
larly [20] (see Chapter 5).

e� Family support and granting of consent, ac-
cording to the regulations of the relevant 
member state [19] (see Chapter 4).

f� Operating theatre organisation, organ pro-

curement and organ sharing. There should be 
a clearly defined procurement protocol (in-
cluding obligatory documentation) and every 
hospital should follow the established rules for 
organ sharing at a regional or national level 
(see Chapter 11).

g� Organ preservation, packaging, labelling, 
organ transport (in-hospital, inter-hospital) 
and logistics. There should also be procedures 
for packaging of organs, with the necessary bi-
ological samples and documentation, in ship-
ping containers (e.g., as in Article 8 of Directive 
2010/53/EU), and for transport of organs and 
biological specimens; traceability and donor 
anonymity should be guaranteed; logistical 
and auxiliary services for transport of organs 
and biological specimens should be ensured 
24/7 (including air transport, if necessary); 
during the entire process, all containers should 
be clearly labelled and there should be instruc-
tions concerning the type and method of label-
ling (see Chapter 11).

h� Communication procedures with the national/
regional co-ordination system should be in 
place, and the donation team should notify 
each potential donor in real time.

i� Development of training, promotional and ed-
ucational activities to spread the culture of do-
nation and transplant, directed at healthcare 
professionals, donor unit personnel (physicians 
and nurses) and the community (e.g. school ac-
tivities, public conferences and mass media).

j� Archiving of documents, in accordance with 
national legislation.

After each donation operation, a debriefing 
should take place with the donation team and all 
personnel involved in the operation (from the iden-
tification to the recovery, packaging and delivery of 
organs) in order to improve the process quality [16].

17.5.2.2. Quality indicators (or key performance 
indicators/KPIs)

A quality system should periodically measure 
and evaluate relevant aspects of healthcare by means 
of quality indicators (QIs). QIs are measurements that 
indicate the presence of a phenomenon or event and 
its intensity. The objective of monitoring is to iden-
tify problems or situations that could be improved or 
deviations from standard practice; indicators act as 
alarms, warning us about possible anomalies [21].

Any set of indicators should ideally include a 
combination of the three types of evaluation:
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a� structure: resources and organisation of care 
(e.g. protocol, circuit);

b� process: the way care is provided (e.g. adher-
ence to protocol, efficacy); 

c� results: achievement of goals (e.g. mortality, 

adverse events and reactions, nosocomial in-
fections).

In order to have sufficient information to de-
termine the level of quality of the service, a selected 
group of indicators has to be monitored.

Table 17.1. The most important indicators applied in the Dopki pilot (key indicators in blue)

a. Indicators of the potential for deceased organ donation 
Of the number of deaths:

Brain deaths (possible and confirmed) × 100
Hospital deaths

Brain deaths (possible and confirmed) × 100
ICU deaths

Brain deaths (possible and confirmed) × 100
Number of persons who died within the hospital whose primary and/or 

secondary diagnosis contained at least one of the ICD codes [11] represent-
ing diseases potentially progressing towards a situation of brain death

Brain deaths (possible and confirmed) × 100
Number of persons who died within the ICU whose primary and/or sec-

ondary diagnosis contained at least one of the ICD codes [11] representing 
diseases potentially progressing towards a situation of brain death

b. Indicators of areas for improvement in the deceased donation process
Of the number of brain deaths (possible and confirmed): 

Brain deaths not referred × 100
Brain deaths

Brain deaths lost because of medical contraindications to organ donation × 100
Brain deaths

Brain deaths lost because of maintenance problems × 100
Brain deaths

Brain deaths lost due to refusal for organ donation × 100
Brain deaths

Brain deaths lost due to coroner refusal for organ donation × 100
Brain deaths

Brain deaths lost due to organisational problems × 100
Brain deaths
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Brain deaths lost for other reasons × 100
Brain deaths

Of the total number of families approached and judicial requests to proceed with organ donation:

Number of families who refused organ donation × 100
Number of families approached to request organ donation

Number of coroner refusals of organ donation × 100
Number of judicial requests for organ donation

c. Indicators of global effectiveness in the deceased donation process
Regarding the number of deaths:

Actual donors × 100
Hospital deaths

Actual donors × 100
ICU deaths

Actual donors × 100
Brain deaths (possible and confirmed)

Other

Multiple-organ donors × 100
Actual donors

Utilised donors × 100
Actual donors

Organs procured × 100
Actual donors

Organs utilised × 100
Actual donors

Organs utilised × 100
Utilised donors

Actual donor: A donor from whom at least one organ has been procured for the purpose of transplantation.
Utilised donor: An actual donor from whom at least one organ has been transplanted.
Source: [13].

In relation to organ donation, two sets of in-
dicators have been described which, although they 
complement each other, are quite different in terms 
of philosophy, objectives and methodology. One set 
of indicators was published in the Guide of recom-

mendations for quality assurance programmes in the 
deceased donation process, developed by the Dopki 
project (Improving the Knowledge and Practice of 
Organ Donation, 2006-09) [13], and the other set was 
developed in the Odequs project [15-16].
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Table 17.2. Quality indicators applied in the Odequs project

Living donation Applies to Type Standard
1 Approval for living donation from a council* LD process 100 %

2 Participation of the centre in a living donor registry LD process 100 %

3 Identification of potential living kidney donors LD outcome 20 %

4 Long-term follow-up of living donors LD process 100 %

5 Evaluation of potential living donors LD outcome 80 %

Deceased donation Applies to Type Standard
1 Donation process procedures DBD/DCD structure 100 % 

2 Proactive Donor Identification Protocol DBD/DCD structure 100 % 

3 Donation team full-time availability DBD/DCD structure 100 % 

4 Donation team members with ICU background DBD/DCD structure 50 % 

5 Dedicated time Key Donation Person DBD/DCD structure 100 % 

6a Documentation of key points of the donation process DBD/DCD structure 100 % 

6b Documentation of reason for non-donation DBD/DCD process 100 % 

7 Patient/ family consent DBD/DCD outcome 90 % 

8 Identification of all possible donors in ICU DBD process 75 % 

9 Uncontrolled in-hospital DCD donor identification DCD process 100 % 

10 Controlled DCD donor identification DCD process 100 % 

11 Existence of controlled DCD donation protocols DCD structure 100 % 

12 Referral of possible DBD donors DBD process 100 % 

13 Discarded organs documented DBD/DCD process 100 % 

14 Evaluation of brain-dead donors DBD process 100 % 

15 Donor management DBD process 90 % 

16 Unexpected cardiac arrest DBD outcome 3 % 

17 DCD organ donor preservation DCD process 85 % 

18 Seminars on organ donation DBD/DCD process ≥ 1 

19 Documentation of evaluation of potential donors DBD/DCD process 100 % 

20 Brain death identification DBD outcome 50 % 

21 Conversion rate in DBD donors DBD outcome 75 % 

22 Conversion rate in uncontrolled DCD donors DCD outcome 85 % 

23 Conversion rate in controlled DCD donors DCD outcome 90 % 

24 Kidneys transplanted from uncontrolled DCD donors DCD outcome 80 % 

25 Kidneys transplanted from controlled DCD donors DCD outcome 90 %

DBD: donation after brain death; DCD: donation after circulatory death; ICU: intensive care unit; LD: living donor.
*A council is an ad hoc multidisciplinary group that evaluates the LD to ensure safety and best outcome for both patients, fol-
lowing the principles laid down by the transplant centre’s ethical committee.
Source: Project Odequs (Organ Donation European Quality System) [16].

17.5.2.2.1. Quality indicators developed by the Dopki 
project

These recommendations on QIs are based on 
the experience and knowledge acquired in the Dopki 
project, particularly on the state of the art in QAP in 
the deceased donation process in each of the partici-
pating countries [22-26]. This project included group 
discussions on specific aspects and the pilot expe-
rience which took place in a group of 30 volunteer 
hospitals in 12 European countries, with the aim of 
validating the pre-agreed methodology.

QIs developed by the Dopki Project were 
grouped as follows [13]:

a� Indicators of the potential for deceased organ 
donation.

b� Indicators of areas for improvement in the de-
ceased donation process. 

c� Indicators of global effectiveness in the de-
ceased donation process. 

Indicators developed during the Dopki pilot 
experience are shown in Table 17.1. Out of those, six 
key indicators were identified (highlighted in blue in 
the table).

The Dopki consortium stated that, in applying 
this set of indicators to specific hospitals, certain hos-
pital variables or factors need to be taken into account 
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that may justify the existence of differences between 
hospitals that, at least on the surface, seem to have 
similar characteristics. Among such factors, the fol-
lowing must be considered: the epidemiology of dis-
eases concerned and hence the number of persons 
dead as a result of a devastating brain injury within a 
hospital or ICU; the presence of neurosurgical facil-
ities in the hospital; the number of hospital and ICU 
beds; the ICU workload (the greater the workload in 
an ICU, the lower the potential for post mortem organ 
donation) or differences in age and ethnicity between 
populations, which could have an influence on some 
aspects (e.g. consent rate) [13].

A QAP in the deceased donation process is pri-
marily a self-assessment of the whole process of organ 
donation, jointly performed by intensive care special-
ists and donor co-ordinators in every hospital. It in-
volves a systematic review of all medical records of 
patients who have died in ICUs, and possibly in other 
similar units, being performed on a regular basis in 
order to analyse any undetected potential donors and 
establish means for improvement. After implementa-
tion of the self-assessment, the programme should be 
complemented by regular external audits performed 
by experts from other hospitals, regions or countries, 
in order to further improve the process and provide 
greater transparency.

For clinical use of this group of indicators, it is 
important to note the following [13]:

a� DOPKI recommendations are exclusively 
focused on the process of DBD.

b� The groups of indicators form part of a QAP 
implemented at national/regional level and 
usually managed by the corresponding trans-
plant organisations so, to a certain extent, they 
may be mandatory.

c� Reference values (national or regional) should 
be available with which to compare the results 
obtained after implementing the indicators, 
particularly taking into account the socio- 
demographic characteristics, economic situa-
tion and available healthcare structure in the 
respective area.

d� By the very nature of the QAP, its scope is 
focused almost exclusively on the actions of in-
dividuals and outcomes, focusing less on the 
analysis and evaluation of processes and on the 
implementation of improvement plans.

17.5.2.2.2. Quality indicators developed by the 
Odequs project

The Odequs consortium developed a quality 
management system to assess the performance of 

organ procurement at hospital level. The specific ob-
jectives were to identify best practices in the three 
different types of organ donation (DBD, DCD and 
LD) and to design QIs to assess the organisational 
structures, clinical procedures and outcomes. Indi-
cators developed were tested in selected hospitals in 
12 European countries to assess their feasibility and 
usefulness. Healthcare workers were trained before-
hand on how to use the QIs, checklists and auditing 
procedures [15].

The main fields considered in assessing the or-
ganisational structures were: 

a� legal framework, 
b� accreditation and certification, 
c� organisation, 
d� human and material resources, 
e� education, 
f� research. 

In terms of clinical procedures and outcomes, 
the main aspects assessed were: 

a� donor identification, 
b� clinical evaluation, 
c� death diagnosis, 
d� donor maintenance, 
e� family/personal consent, 
f� organ viability, 
g� surgical procurement/preservation,
h� number of donors/organs/transplants.

From the analysis of best practices in organ 
donation conducted by the 16 donation experts, a 
quality criteria list of 123 items was compiled on the 
basis of expert opinions, literature review and eviden-
tial research. Once they had received specific training 
designed for this task, the same group of experts de-
veloped and agreed on a list of 31 key quality indi-
cators based on the most important quality criteria 
previously identified [16]. The list of QIs developed 
by Odequs is shown in Table 17.2, specifying the 
type of organ donation where applicable (LD, DBD 
and/or DCD), type of indicator (structure, process or 
outcome) and level of the standard.

All the indicators developed have the same 
structure. As examples, Table 17.3 and Table 17.4 show 
two QIs of deceased donation: Documentation of 
reason for non-donation, valid for the DBD/DCD 
population (Table 17.3); and Controlled DCD donor 
identification (Table 17.4). Each one of the QIs in-
cludes the following data [16]:

a� name of the indicator,
b� justification (why the indicator is relevant and 

of practical use),
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Table 17.3. Deceased Donation indicator 6b in the Odequs 
project: documentation of reason for non-donation

Name 6b. Documentation of reason for non- 
donation

Justifica-
tion

Proper documentation of the cause of non- 
donation ensures that it will be possible later to 
review and analyse donor losses. This is the basis 
that will enable continuous improvement.

Strength 
of evi-
dence

Recommendation C

Dimen-
sion

Appropriateness

Formula n1
× 100n2

where:
n1 = number of referred failed donors in whom 
the cause of no donation is properly document-
ed
n2 = number of referred failed donors

Explana-
tion of 
terms

Donor referral: see glossary (Appendix 2)
Possible donor: see glossary (Appendix 2)
Failed donor: Possible donor who did not 
become an actual donor.
Cause of non-donation properly documented: 
if in the records of the patient there is a note 
stating the cause by which the patient did not 
become an actual donor.

Popula-
tion

All possible referred donors who did not 
become actual donors

Type Process

Data 
source

Donation team records

Expect-
ed result

100 %

Com-
ments

Note: in order to standardise the evaluation of 
causes of donor’s loss the recommendation is to 
implement a closed list of possible causes.

Source: Project Odequs (Organ Donation European Quality 
System) [15].

c� strength of evidence (Recommendation A: con-
sistent, good-quality patient-oriented evidence; 
Recommendation B: inconsistent or limit-
ed-quality patient-oriented evidence; and Rec-
ommendation C: consensus, disease- oriented 
evidence, usual practice, expert opinion, or 
case series for studies of diagnosis, treatment, 
prevention or screening),

d� dimension (characteristics of the healthcare in 
order to be considered good-quality care, e.g. 
effectiveness and appropriateness, efficiency),

e� formula for rate-based indicators,
f� clarification of terms (explanation or defini-

tions of terms included in the formula that are 
ambiguous),

g� type (structure, process or outcomes),
h� data source (medical records or other clinical 

documents, direct observation, questionnaires, 
etc.),

i� expected results,
j� comments and bibliography (scientific sound-

ness, face validity, reliability, references to liter-
ature regarding scientific evidence, etc.).

The feasibility of implementation of the QI 
should be assessed by two types of evaluation:

a� Internal audit, performed by a team from the 
same hospital. 

b� External audit, performed by an outside team 
(national or international).

The Odequs Quality System can be summa-
rised as follows:

a� Odequs is designed as a quality management 
system that incorporates regular monitoring 
of a series of QIs that will allow us to identify 
problems or situations that can be improved, 
with the commitments to take action at the 
time when the practice evaluated presents 
below- standard results, to discuss these results, 
to analyse the causes and to define and imple-
ment improvement plans (e.g. Shewhart PDCA 
cycle: Plan–Do–Check–Act, sometimes called 
PDSA: Plan–Do–Study–Act).

b� It is focused on evaluating the three types of 
donation: LD, DBD and DCD.

c� It covers all three aspects of donation ser-
vices: structure, procedures and outcomes, and 
therefore provides a broader evaluation.

d� It is a proactive approach to improvement of 
healthcare processes and systems that will lead 
to improved processes and outcomes, rather 
than improving the outcomes alone.

Another EU-funded project should be men-
tioned here: the Accord Joint Action (2012-15) has a 
work package (Work Package 5) focused on deceased 
donation and more specifically on collaboration 
between ICUs and donor co-ordinators. It applies 
the PDSA methodology, as a rapid improvement tool 
based on a common framework and the self-assess-
ment of hospitals involved, in 15 countries all over 
Europe [27].

17.5.3. Support processes

These are processes that offer support to oper-
ational processes. These processes do not contribute 
directly to what the customer/patient wants/needs 
but they do help the key processes to achieve it, and 
they include:
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Table 17.4. Deceased Donation indicator 10 in the Odequs 
project: cDCD donor identification

Name 10. Controlled DCD donor identification
Justifica-
tion

Organ donation is a priority programme for the 
majority of a country’s health systems. DCD 
donation has proved to be an adequate supply 
of organs for transplantation and can repre-
sent 10 %-20 % of the total number of organs 
available. These data confirm the importance of 
identifying all patients who undergo WLST in 
ICUs and who could become DCD donors.

Strength 
of evi-
dence

Recommendation C

Dimen-
sion

Effectiveness

Formula n1
× 100n2

where:
n1 = number of patients who underwent WLST, 
were apparently medically suitable for organ 
donation AND were correctly identified and 
referred
n2 = number of patients who underwent WLST 
and were apparently medically suitable for 
organ donation

Explana-
tion of 
terms

WLST: withdrawal of life-sustaining therapies, in 
an ICU patient.
Identified and referred: the patient is reported 
to the donation team (or transplant centre) as 
soon as the decision to withdraw life-sustaining 
therapies is made by the ICU medical team.
Apparently medically suitable for organ dona-
tion: at the moment of the decision to withdraw 
life-sustaining therapies it is not known if the 
patient has a malignancy (see Chapter 9 for 
details), sepsis with multiorgan failure or symp-
tomatic HIV infection.

Popula-
tion

All patients admitted to the ICU to whom WLST 
is applied during the period studied.
Exclusion criteria: only withdrawing (not with-
holding) life support is considered.

Type Process

Data 
source

Medical records and donation team referral 
registry

Expect-
ed result

100 %

Com-
ments

Note: In order to ensure the feasibility of the 
indicator the recommendation is to document 
accurately the time when WLST is decided, the 
time when it is performed and the time of death.
The definition of Potential DCD Donor in the 
Critical Pathway includes the statement ‘the 
cessation of circulatory and respiratory functions 
is anticipated to occur within a time frame that 
will enable organ recovery’. As the accuracy of 
the different systems to predict such an event is 
low, we have decided to exclude this point from 
the indicator. This eliminates subjectivity and 
improves its accuracy.

DCD: donation after circulatory death; ICU: intensive care unit; 
WLST: withdrawal of life-sustaining therapy.
Source: Project Odequs (Organ Donation European Quality 
System) [15].

a� audits, quality evaluation and outcomes,
b� documentation and registries,
c� traceability,
d� investigation and reporting of non- 

conformance: vigilance system,
e� risk assessment and mitigation,
f� change control,
g� complaints and recalls,
h� premises, equipment, materials and contrac-

tual arrangements.

Each of these support processes is discussed 
below, in the rest of section 17.5.

17.5.3.1. Audits, quality evaluation and outcomes
An audit is a documented review of procedures, 

records, personnel functions, equipment, materials 
and facilities to evaluate adherence to quality cri-
teria and national/governmental laws and regula-
tions. During an audit, performance is reviewed to 
ensure that items that should be carried out in terms 
of quality management are being done and docu-
mented; if this is not the case, it provides a framework 
to allow improvements to be made.

Auditing is an essential tool to ensure ongoing 
improvements, and may be performed in different 
ways:

a� Self-assessment: donation team personnel 
review each step in the process.

b� Internal audit: performed by the organisation’s 
own quality personnel, who must be qualified 
for auditing.

c� External audit: carried out by independent 
bodies, often designated as approved or by 
competent authorities; external audit is often 
required for accreditation or licensing pur-
poses.

Following international recommendations, as 
a complement to self-assessments, each procurement 
organisation should perform an annual external 
audit of the organ-donation process and should im-
plement corrective measures when needed [12, 14, 16].

17.5.3.2. Documentation and registries
Documentation must enable all steps and all 

data affecting the quality and safety of the organs to 
be checked and traced, from donor to recipient and 
vice versa. Written documentation enables/facilitates 
standardisation of the organ donation process and 
prevents errors that may result from oral commu-
nication. Where oral communication is necessary, 
audio recordings may be useful.

Documentation should be version-controlled, 
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be regularly reviewed and cover at least the following 
items:

a� A quality manual (a document that gives an 
overview of the quality-related activities of the 
procurement organisation).

b� SOPs, including documentation for all ac-
tivities that influence the quality and safety 
of organs and tissues and cells, including the 
quality management system itself (e.g. docu-
ment control, change control, recall, complaints, 
non-conformance, contractual arrangements; 
internal and external audits).

c� Records of performance of operations (e.g., 
donor selection, procurement reports, organ 
allocation).

d� Specifications.
e� Identification of risks and a risk-mitigation 

plan.
f� Other procedures (e.g., equipment validation, 

calibration, cleaning and maintenance).
g� Training and competency of personnel.

Documents should be approved by appropriate 
and authorised persons. Any alterations made to a 
record should be dated and signed.

Documents relating to the selection of donors, 
preparation and quality control should be retained for 
a minimum of 30 years after donation in EU member 
states, in accordance with Directive 2010/53/EU [5]. 
International and national regulations on data pro-
tection have to be taken into consideration. Data can 
also be stored in soft-copy form, for instance on com-
puter or microfilm. Users should have access only to 
those categories of data for which they are authorised 
and for the purposes authorised.

A computerised record-keeping system ensures 
the authenticity, integrity and confidentiality of all 
records, but retains the ability to generate true paper 
copies. The hardware and software of computers 
should be regularly checked to ensure reliability. 
Computer programs should be validated before use. 
Only authorised persons should make changes to 
computerised systems and any such changes should 
be validated before use. In addition, appropriate hard-
ware and software should be in place to guarantee 
secure back-up, data protection and logging of user 
activities. Hospitals and other facilities should have 
an alternative record-keeping system that ensures 
continuous operation in the event that computerised 
data are not available.

17.5.3.3. Traceability
In accordance with the traceability system 

implemented in each country (or internationally, if 

applicable), each procurement organisation must 
maintain records that allow the location and un-
equivocal identification of each organ at any stage in 
the chain from donation to transplantation or dis-
posal. The system must fully respect the confidenti-
ality of both donor and recipient, and data security 
measures should be in compliance with European 
Union and national provisions.

Each donor and the associated organs, tissues 
and cells must be assigned a unique identifier that 
may also serve as a lot/batch number to identify the 
material during all stages, from collection to distri-
bution and utilisation. This unique number should be 
used to link the donor to all tests, records, grafts and 
other material (e.g. preservation solutions, preserva-
tion devices) and, for tracking purposes, to the recip-
ient. Records should include: identification, clinical 
and laboratory evaluation of the donor; verification 
of the conditions under which the material was pro-
cured, processed, tested and stored; and the final des-
tination and recipient of the donor material. Records 
should indicate the identities of personnel involved 
in each significant step of the operation and the dates 
and time of those steps [5].

There should be regular audits of the system to 
ensure traceability as part of the internal audit system.

17.5.3.4. Investigation and reporting of non-
conformance: vigilance system

Non-conformance includes deviations, inci-
dents, accidents and serious adverse reactions and 
events (SAR/SAE) in relation to organ donation 
processes.

Organisations involved in the donation– 
transplantation process should record and document 
incidents and deviations from established procedures 
and specifications. Procedures should be in place to 
identify the problems to be corrected, and to inform 
the relevant authorities as appropriate according to 
the national vigilance system [5]. For further details 
of the biovigilance system, see Chapter 16. 

Priority should be given to the investigation 
and reporting of incidents with a demonstrated or 
potential risk to cause serious adverse reactions, for 
example, unexpected transmission of an infectious 
or malignant disease from a donor to a recipient or 
any incident during the process that might lead to 
a problem in a recipient. Unexpected infections or 
malignancies in recipients must be reported without 
delay, as early warning may facilitate interventions 
or prophylactic measures that could mitigate adverse 
outcomes in other recipients of organs or tissues 
from the same organ donor (possibly in another unit, 
region or country). For this reason, where it is con-
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sidered that a non-conformance other than an SAR/
SAE may have the potential to impact another pro-
curement organisation or transplantation centre, the 
details of the non-conformance should be formally 
communicated to them so that they may undertake 
such investigations and actions as they may consider 
necessary. 

All reported and documented incidents, de-
viations, events and reactions should be carefully 
discussed and analysed to identify possible areas of 
improvement and to avoid repetition. The effective-
ness of corrective and/or preventive actions should 
be monitored and assessed, in line with quality risk 
management principles. 

Open reporting of errors and incidents should 
be encouraged for improvement in practices to be 
shared among all institutions involved in all Council 
of Europe member states.

17.5.3.5. Risk assessment and mitigation
Donor selection, procurement, manipulation 

and distribution of organs should be subject to a com-
prehensive risk assessment [5]. Where appropriate, a 
process-flow diagram listing all relevant steps, pro-
cesses, re-agents, tests and equipment can form the 
basis for this assessment exercise. Risk- mitigation 
strategies should then be developed (specific proto-
cols) to protect transplant-associated products, pa-
tients, personnel, and the process itself and other 
linked or related processes. For further details about 
the communication of risk, see Chapter 19.

For example, risks might derive from: donor 
selection and screening, procurement procedures, 
preservation and transport, biological properties 
of procured organs, the absence of standardised 
quality control tests or the use of potentially infective 
materials.

17.5.3.6. Change control
Arrangements should be in place for the pro-

spective evaluation of planned changes, and their ap-
proval prior to implementation, taking into account 
regulatory notification and approval where required. 
Any changes to the processes, materials, equipment 
and facilities that may impact the quality and safety 
of organs should be reflected in documentation and, 
where relevant, written procedures. After implemen-
tation of any change, an evaluation should be un-
dertaken to confirm that the quality objectives were 
achieved and that there was no unintended delete-
rious impact. 

Where temporary and time-limited changes are 
implemented, provisions should be in place to ensure 
and verify the changes are reversed as appropriate. 

17.5.3.7. Complaints and recalls
All complaints and concerns about any aspect 

from donation to transplant – from any source, in-
cluding: donating hospitals and transplantation 
centres, patients, staff, third party health profes-
sionals, transplantation centres in other jurisdictions 
and third-party service providers (material that may 
be in contact with the donor or the organs, like phar-
maceutical products, preservation liquids, laboratory 
re-agents, etc.) and if the complaints or concerns may 
be potentially harmful to the recipients or may repre-
sent a health public problem – should be documented, 
carefully investigated and dealt with in a timely 
manner and immediate actions taken as required.

Effective written procedures must exist for 
recalling defective/potentially harmful products 
[28]. These written procedures must encompass any 
review procedures that may be necessary. The proce-
dures should be communicated to the end users. A 
mechanism for appropriate review and assessment 
of actions taken to address complaints should be 
established.

17.5.3.8. Premises, equipment, materials and 
contractual arrangements

Premises and equipment must be designed, 
located, constructed, adapted and maintained to 
suit the operations to be carried out. Their layout 
and design must aim to minimise the risk of errors 
and permit operations to proceed in an orderly se-
quence, and should allow for effective cleaning and 
maintenance in order to avoid any adverse effect 
on the quality and safety of the organs intended for 
transplantation.

a. Premises
Premises for each step in the transplant process 
should be specified (e.g. where the donation 
process will be carried out, allowing for confi-
dential, personal interviews) and comply with 
existing recognised regulations.
Donor selection should be performed on the 
premises of the donating hospital where the 
donation process is carried out. The procure-
ment and transplantation of organs must take 
place in operating theatres which are designed, 
constructed, maintained and operated in ac-
cordance with adequate standards and best 
medical practices.
All laboratory investigations (e.g. tissue typing 
for human leukocyte antigens and cross-
matching, screening for infections, pathology 
investigations) should be done in certified lab-
oratories, using methods and techniques that 
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are certified and quality-controlled by internal 
and external methods. 
All outsourced activities should be handled 
with attention to ensure that all changes are 
communicated and managed.
Storage areas should be of sufficient capacity to 
allow orderly storage of the various categories 
of materials and components. There should 
be dedicated, secure and monitored areas for 
the storage of different types of organ. Storage 
conditions for organs and materials should be 
controlled, monitored and checked. Appro-
priate alarms should be present to indicate 
when storage temperatures fall outside accept-
able levels in cases of donor material stored for 
further processing. Alarms should be regularly 
checked. SOPs should define the actions to be 
taken in response to alarms.

b. Equipment
There should be a controlled list of equipment 
utilised by the procurement organisation. All 
critical equipment that might influence the 
quality and safety of the organ should be iden-
tified and validated.
Adequate and standardised equipment for the 
entire organ retrieval process should be avail-
able 24/7 (surgical equipment, preservation 
fluids, transport boxes etc.) [15].
All equipment that might influence the quality 
or safety of transplant-associated products 
should be designed, validated and maintained 
to suit its intended purpose and to minimise 
any hazard to donors, recipients or opera-
tors. Maintenance, monitoring, cleaning and 
calibration should be documented, and these 
records should be appropriately maintained.

c. Materials
Detailed specifications of re-agents and other 
materials that might influence the quality or 
safety of transplant-associated products are 
required. Only materials from qualified sup-
pliers that meet the documented requirements 
should be used. Manufacturers should provide 
a certificate of compliance for every lot/batch 
of such materials. 
Equipment and materials should conform to 
international standards and European and 
national licensing arrangements, where these 
exist.
Inventory records should be kept for trace-
ability and to prevent use of materials after 
their expiry date. Deviations in the quality 

and performance of equipment and mate-
rials should be investigated and documented 
promptly [28]. The outcomes of these investiga-
tions should be reported in a timely manner to 
the person responsible and corrective actions 
taken. For substantial deviations, a notice 
should be sent to the manufacturer and, where 
appropriate, reported to the HA.

d. Contractual arrangements
Where steps influencing the quality or safety 
of organs intended for transplantation, i.e. pre-
scribed activities, are outsourced to a third 
party, there should be a contract or agreement 
in place that describes the roles and responsi-
bilities of all parties in maintaining the quality 
chain and the quality requirements for the 
service provided.
Arrangements relating to procurement ser-
vices independent of the procurement centre, 
testing laboratories, processing, storage, trans-
port companies, or any service provided by/
for an organisation in another country, should 
be documented, and compliance with pro-
fessional standards should be ensured by all 
parties involved.

17.6. Quality management in organ 
transplantation

The characteristics of transplantation, regard-
less of organ type, make this process a model of 

multidisciplinary care. The complexity, involvement 
of different specialties, levels of care and speed re-
quired in transplant situations make the combination 
of co-ordination and quality management essential 
in this area of healthcare [29].

Multiple variables affect organ transplantation 
(type of organ transplant, living or deceased donors, 
urgent or elective transplant etc.), and a global ap-
proach needs to be taken for the transplant process. 
In general, the term ‘transplant/transplantation 
centre’ will be used for all those health centres that, 
by fulfilling the established requirements, are duly 
authorised to perform some type of organ transplant.

Following a similar pattern to the previous 
section, the different quality criteria used for organ 
transplant are now reviewed under the following 
headings:

a� Organisational issues: legal framework, func-
tional organisation and personnel

b� Education and continuous training
c� Transplant process: implementation of proto-

cols and checklist
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d� Quality indicators (or key performance indica-
tors/KPIs)

e� Audits and quality evaluation
f� Documentation and registries, traceability, 

vigilance system, assessment and mitigation 
of risks, complaints and recalls, and resource 
management.

17.6.1. Organisational issues: legal framework, 
functional organisation and personnel

A transplant centre that performs any type of 
organ transplant, with organs from living and/or de-
ceased donors, must have specific authorisation/ ac-
creditation from the competent HA to conduct such 
activity [7].

As multidisciplinary functional units, trans-
plant centres must have an establishment plan and an 
organisational structure with well-defined responsi-
bilities and hierarchies in all areas of activity (medical, 
surgical, anaesthesia, nursing etc.). In all cases, func-
tional management positions must be filled by physi-
cians, nurses or other healthcare professionals who 
specialise in the area in which they work. Transplant 
centres must have specific and qualified personnel, in 
adequate and sufficient number so that each stage of 
the process can be carried out throughout the year, 
including the holidays and at all times of the day or 
night (24/7). There must also be an organisational 
and functional description of the different positions, 
which should include the profiles and qualifications 
required, and the activities corresponding to each 
functional group [29].

Transplant centres must have formal internal 
communication in the form of regular meetings in 
which all healthcare personnel concerned take part 
(and administrative personnel if necessary). In these 
meetings, key issues are analysed, such as: 

a� Evaluation of recipients and consensual deci-
sion on transplant indication and patient pri-
oritisation.

b� Information on and evaluation of morbidity of 
transplant centre patients.

c� Decisions made on treatment strategies for pa-
tients who are to be placed on a waiting list.

d� Follow-up of the status of patients on a waiting 
list.

e� Analyses of outcomes individually and com-
pared with other groups or areas.

f� Other informational or organisational issues. 

A record of the issues dealt with at each meeting 
should be kept in the form of minutes. The outcomes 
achieved by the programme should be made public 
on a regular basis (usually annually) with the pub-

lication of a report on healthcare, teaching and re-
search activities.

Transplant centres should ensure that they 
carry out all the studies and procedures required, in 
accordance with the best medical practice, to guar-
antee the proper assessment of transplant candidates 
as well as their follow-up, either at the centre itself or 
through co-ordinating centres.

Also, transplant centres must have adequate 
physical space to suit the needs of the different areas 
for inpatients and outpatient follow-up visits.

In addition, transplant centre personnel should 
ideally also include an independent head of quality 
management, independent in the sense that this 
person is not directly involved in the organ donation 
programme.

Finally, according to Directive 2010/53/EU, 
member states in the EU shall ensure that the HA 
draws up and makes publicly accessible an annual 
report on activities of procurement organisations and 
transplant centres, including the types and quantities 
of organs procured and transplanted [5].

17.6.2. Education and continuous training

All staff involved in transplant activities 
must be suitably qualified or trained, competent to 
perform their tasks and provided with the relevant 
training [5]. Transplant centres must have an integra-
tion plan for new members of staff. This plan should 
include a description of the activities to be performed, 
the people responsible for training and mentoring at 
each stage and the duration of each stage, and the 
person responsible for validating the new staff mem-
ber’s training.

Surgeons involved in transplant activities 
should be encouraged to have specific training under 
a programme certified by the corresponding na-
tional/European agency, organisation or professional 
association (for instance, the European Board of 
Transplant Surgery, UEMS, mentioned before).

There should be a continuing professional 
development programme for all transplant centre 
personnel, based on properly identifying training 
requirements (through surveys, analysing adverse 
events, implementation of new treatments, tech-
niques or procedures, etc.), which should be aimed 
at all transplant team members. All training activi-
ties should be properly documented, along with the 
training outcomes achieved, and the training’s effec-
tiveness in meeting the intended objectives.
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17.6.3. Transplant process: implementation of 
protocols and checklist

The healthcare activities needed to perform 
transplants and the quality characteristics they entail 
must be described. The transplant process includes 
different stages, which should be properly monitored 
and written into procedures, protocols and checklists 
[29-31]:

a� Assessment and consensus, with the aims of 
assessing and agreeing whether a transplant 
is indicated for the patient and, if so, estab-
lishing a degree of urgency or priority and 
specific measures to optimise results. Trans-
plant centres should have procedures and pro-
tocols that define and provide for the process 
of assessing a patient as a transplant candidate 
in order to ensure that it can be done in the 
shortest time possible. Subsequently, a multi-
disciplinary committee must decide whether 
to place a patient on the corresponding waiting 
list, leaving a written record of the decisions 
taken.

b� Management of patients on the waiting list for 
transplantation, which includes: 

i. clinical, organisational and administrative 
criteria for placing patients on the transplant 
centre’s waiting list and regional/national reg-
istries (as applicable);

ii. clinical monitoring of patients on the waiting 
list to enable optimisation of the overall situ-
ation of patients so that they arrive in the best 
condition possible for transplantation;

iii. establishing the level of priority for transplan-
tation if warranted (based on the use of prog-
nostic scores);

iv. appropriate allocation of grafts in accordance 
with donor–recipient eligibility;

v. communication: at this stage, patients (and in 
most cases their immediate family members) 
should be properly informed, both verbally and 
in writing, of the need for transplant, as well as 
the different phases of the process and the pos-
sible complications. Patients who agree must 
grant their consent to be placed on the waiting 
list as well as to undergo the transplantation 
when the time comes. There should be an ed-
ucational programme for patients and families 
on the self-care required for getting into the 
best physical and psychological shape possible 
to prevent early and late post- transplant com-
plications and on the importance of complying 
with the therapeutic regimen.

c� Peri-operative management of transplanted 
patients, which should be defined and written 
into protocols related to: 

i. procuring donor organs of all types (living 
or deceased donors, in hospital or out of hos-
pital, whether obtained by the centre’s staff or 
by another centre) and ensuring the validity of 
the organ obtained;

ii. transportation of organs, including medical 
team, packaging, labelling, safety and integri-
ty, identification, real-time monitoring of tem-
perature and traceability of the organ during 
the process; the transport procedure should 
be validated and also performed by a qualified 
courier;

iii. correctly allocating organs to recipients;
iv. correctly preparing patients;
v. optimising the time to start of surgery and im-

mediate results in transplanting the organ; 
vi. transplanting the appropriate organ in line 

with the recipient’s clinical characteristics; 
vii. organising and co-ordinating the various pro-

fessionals and units involved in order to ensure 
that needs are met and possible contingencies 
accounted for.

d� Post-transplant hospitalisation, which estab-
lishes the care required for patient recovery 
during the immediate and early post-operative 
periods after transplantation (in the ICU and 
the subsequent hospitalisation in the ward) and 
the monitoring of complications and optimi-
sation of treatment to prevent organ rejection 
and immunosuppression-associated toxicity.

e� Post-transplant follow-up, which establishes 
appropriate clinical follow-up after hospital dis-
charge in order to increase patient survival and 
quality of life and to minimise and/or antici-
pate the possible complications that frequently 
occur during the first year after transplanta-
tion: infections, acute drug-related toxicity, 
immune disorders, reactivation of the under-
lying disease, etc. For this post-transplant fol-
low-up, there should be clinical protocols (e.g. 
follow-up visits, possible complications and 
treatment for them) and drug treatment (e.g. 
immunosuppression, use of antibiotics). The 
mid- and long-term follow-up of transplanted 
patients should also be ensured and continu-
ously documented. This is crucial not only for 
the survival of the patient and their graft, but 
also more generally for the whole scientific 
community to learn from past transplants.
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Figure 17.1. Individual quality metrics grouped by domain of quality and mapped against the organ types where 
the metrics could apply

Kidney Liver Heart

 All organs (kidney, liver, heart, lung, kidney/pancreas, small bowel, multivisceral) 

Referral and 
wait listing

Time to referral; Wait time (referral to 1st evaluation); Timely wait listing; Wait time (evaluation to final 
disposition); Time to deceased donor transplant; Evaluation, process and referral efficiency rates; Wait 
list time (last 12 months); Wait list volume; Patient notification – wait list; Days from referral to financial 

clearance, and from clearance to 1st appointment, and to listing; Organ acceptance rate; Transplant 
discussion; Patients screened for evaluation; Patients evaluated; Patients ruled out; Wait list mortality

Acceptance of risky donors, recipients; Appointment no-shows; Refused organs, and those 
accepted elsewhere; Cost of evaluation, wait-listed patient; number of evaluation visits

Referrals by ethnicity

Pre-emptive transplant MELD score documented

Living donor conversion rate

In-patient 
transplant 
surgery

Operation, warm, cold ischaemia time; Cyclosporine levels; Patient request for analgesics; Catheter 
removal; Respiratory exercise blood use (post-op); Extubation; LOS; ICU LOS; LOS index

Surgery no-show rate; Blood use – surgery; Confirmation of discharge date

Empathetic care; Information consistency; Patient knowledge of post-discharge care; 
Patient satisfaction; Patient assessment of health care quality; Functional status

Medication reconciliation rate and quality; Blood type verification; Provision, discontinuation of antimicrobial prophylaxis; 
Complications; Safety and never events; Hospital-acquired conditions; Infections (surgical site, urinary tract, bloodstream); 

Global surgical complications; Peri-operative mortality; In hospital mortality; Early retransplantation; Pneumonia in ICU

Delayed graft function; Graft 
function at discharge

1st non-function; Retransplanted 
due to 1st non-function or 
hepatic artery thrombosis

Anastomosis type

Tracheostomy, stroke or 
prolonged vent

Short-term 
follow-up

Composite peri-operative quality metric

Medication errors/adverse reactions; Unplanned return to OR; Very early hospital readmission; 
Early hospital readmission; 30-day mortality, morbidity, complication rate

O/E 1 month graft and death

Long-term 
follow-up

Cardiovascular risk factor detection and treatment; Graft and patient survival

Quality of life; Quality of life during the transition of care; Symptom control

Failure to rescue; Failure to rescue graft; Acute graft rejection; Graft rejection 
in transition of care; Long-term readmission rate; Infections

Graft function; O/E 1 year 
graft loss and death

Late retransplantation 
rate; Quality index

Treatment of risk factors

Blood pressure; Haemoglobin; 
Complications post-biopsy

Programme

Transplantation ratio; Transplant centre volume

Programme costs; Rate of generic immunosuppressants

Enrolment in speciality pharmacy programme

Access Effectiveness Efficiency Equitable Patient-centred Safety

Note: Only the kidney, liver and heart had organ-specific metrics (i.e., metrics that could not be applied to other organs). O/E, observed 
to expected; ICU, intensive care unit; LOS, length of stay; MELD, model for end-stage liver disease.
Source: adapted from Brett KE, et al. Quality Metrics in Solid Organ Transplantation: A Systematic Review, Transplantation (2018) [46].
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17.6.4. Quality indicators (or key performance 
indicators/KPIs)

Some medical societies and working groups 
have defined their systems of transplant quality man-
agement by selecting various QIs that, when moni-
tored, enable relevant aspects of the process to be 
measured and evaluated periodically [32-45]. These 
monitoring systems should include, as a minimum, 
the frequency of measurements, the system of col-
lecting information and the person(s) responsible for 
collection (for further information, see §18.4.2).

A very complete and systematic review has 
identified 317 quality metrics in solid organ trans-
plantation (of all types) that it has condensed into 
114 QIs with sufficient detail to be measured in prac-
tice. Only for kidney, liver and heart transplants did 
the review find organ-specific QIs (i.e. metrics that 
could not be applied to other organs) [46]. Figure 17.1 
summarises the QIs by grouping them by domain 
of quality (access, effectiveness, efficiency, equitable, 
patient- centred, safety) and period of care (referral 
and waiting list, inpatient transplant surgery, short-
term follow-up, long-term follow-up, programme), 
and mapping them against the different organs to 
which they could be applied in future quality im-
provement initiatives.

Adopting a monitoring system based on indi-
cators involves a commitment from the transplant 
centre to act – whenever the practice being evaluated 
gives results outside the established standards – by 
analysing the results obtained, identifying the causes 
and implementing improvement cycles where appro-
priate (e.g. the PDCA/PDSA cycles). It is crucial that 
all professionals involved keep this commitment in 
mind; otherwise the measurement becomes routine 
and has no utility in the management of the unit [21]. 

In order to avoid a too-exhaustive description, 
we have selected some indicators that could be used, 
with minor modifications and regardless of the type 
of organ transplant, to evaluate organ transplantation 
in the different phases discussed in section 17.6.3. Im-
portantly, we can also incorporate indicators for the 
process of communication of risks (see Chapter 19).

The list of selected indicators is shown in 
Table 17.5, specifying definition of the indicator, 
formula used to calculate it and the type of indi-
cator (process, structure or results). The standards to 
be met have not been included, because these differ 
for each type of organ transplant. More detailed in-
formation is available in references [32-46]. Impor-
tantly, a QI monitoring system should give feedback 
to those contributing through regular reports on 
quality and safety, thereby facilitating data-driven 

improvements in the processes of organ donation 
and transplantation. 

Table 17.5. Some quality indicators that can be used in 
deceased organ transplantation, regardless of organ

Indicators for evaluation and consensus
Patients studied within 30 days of referral to the TC
• Definition: percentage of patients who have been evalu-

ated (whether placed on the waiting list or not, after an 
evaluation) by the TC within 30 days of the appointment 
request.

• Formula: Number of patients in a given period with 
study completed within 30 days of request for appoint-
ment for transplant evaluation/Number of patients in 
the same period referred for transplant evaluation × 100.

• Type: Process

Quality of clinical report by doctor responsible for referring 
a candidate to the TC
• Definition: percentage of clinical reports that are full 

clinical reports (those specifying all the information 
contained in the evaluation checklist for the potential 
recipient) sent by the doctor responsible for referring a 
transplant candidate to the multidisciplinary committee.

• Formula: Number of full reports sent to the committee 
in a given period/Total reports sent to the committee in 
the same period × 100.

• Type: Process

Indicators of management of patients waiting for a 
transplant
Frequency of pre-transplant follow-up visits
• Definition: percentage of patients on the transplant 

waiting list who are seen in follow-up visits at a frequen-
cy of more than 60, 90 or 120 days (as applicable).

• Formula: Number of patients on the waiting list seen in 
visits in a given period at a frequency of more than 60, 
90, 120 days (as applicable)/Total number of patients on 
the waiting list × 100.

• Type: Process

Mortality of patients on the waiting list
• Definition: percentage of patients excluded from the 

transplant waiting list because of death or disease 
progression.

• Formula: Number of patients excluded from the waiting 
list in a given period (because of death or disease pro-
gression)/Total number of patients placed on the waiting 
list in the same period × 100.

• Type: Outcome

Peri-operative indicators
Peri-operative mortality
• Definition: percentage of transplant patients who die 

during a period starting from the start of surgery and 
including the first 24 h post-transplant.

• Formula: Number of deaths during the first 24 h of trans-
plantation/Total number of transplant patients for the 
same period × 100.

• Type: Outcome

Occurrence of primary graft failure
• Definition: percentage of transplant patients who devel-

op ‘primary graft dysfunction’.
• Formula: Number of transplant patients in a given 

period who develop ‘primary graft dysfunction’ causing 
re-transplantation or death/Total number of transplant 
patients × 100.

• Type: Outcome
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Cold ischaemia time
• Definition: percentage of organs preserved by cold 

ischaemia (time between clamping blood supply to the 
organ in the donor and restoring blood supply in the re-
cipient) for more than 3, 5, 10, 15 and 20 h (as applicable, 
depending on the type of transplantation).

• Formula: Number of organs in a given period preserved 
by cold ischaemia for more than 3, 5, 10, 15 and 20 h (as 
applicable)/Total number of organs transplanted in the 
same period × 100.

• Type: Process

Rate of non-transplanted organs with no justifiable 
 objective reason
• Definition: percentage of non-transplanted organs after 

initial acceptance, with no justifiable objective reason 
(ideally, a histological study showing the impossibility of 
use).

• Formula: Number of non-transplanted organs after 
acceptance in a given period/Number of transplanted 
organs (based on applicable national acceptance criteria 
for deceased donors) in the same period × 100.

• Type: Outcome

Indicators of post-transplant hospitalisation
In-hospital mortality post-transplant
• Definition: percentage of transplant patients who die 

within the first 24 h/up to 30 days post-transplantation.
• Formula: Number of transplant patients who died within 

the first 24 h and up to 30 days post-transplantation/
Number of transplant patients × 100, for the same 
period.

• Type: Outcome

Early re-operation rate
• Definition: percentage of transplant patients requiring 

a second, unscheduled operation in the subsequent 15 
days because of a complication.

• Formula: Number of transplant patients in a given peri-
od undergoing re-operation in the first 15 days/Number 
of transplant patients in the same period × 100.

• Type: Outcome

Early mortality post-transplant with functioning 
 transplanted organ
• Definition: percentage of transplant patients who die 

during hospitalisation post-transplant with a correctly 
functioning transplanted organ.

• Formula: Number of transplant patients who died during 
post-transplant hospitalisation with normal transplanted 
organ function/Number of transplant patients × 100, for 
the same period.

• Type: Outcome

Post-transplant follow-up indicators
Re-transplant rate
• Definition: percentage of re-transplants overall in the 

series of transplants (not valid in kidney transplantation).
• Formula: Number of re-transplants in a given period/

Total number of transplants in the series × 100.
• Type: Outcome

Survival of transplant patients
• Definition: survival rate of transplant patients in the 

series at 1, 3, 5 and 10 years post-transplant.
• Formula: Number of transplant patients alive at the time 

of each threshold or analysis (1, 3, 5 and 10 years)/Num-
ber of transplant patients at the beginning of the period. 
Actuarial survival curves (Kaplan–Meier method).

• Type: Outcome

Graft survival
• Definition: overall rate of graft survival in the series of 

transplants at 1, 3, 5 and 10 years post-transplant.
• Formula: Number of functioning organs at the time of 

each threshold or analysis (1, 3, 5 and 10 years)/Number 
of grafts transplanted at the beginning of the period. 
Actuarial survival curves (Kaplan–Meier method).

• Type: Outcome

Mortality post-transplant with functioning transplanted 
organ
• Definition: percentage of transplant patients who die 

with a well-functioning transplanted organ.
• Formula: Number of transplant patients who died with 

normal transplanted organ function/Number of trans-
plant patients × 100, for the same period.

• Type: Outcome

Transplant patients’ satisfaction
• Definition: level of overall satisfaction of transplant pa-

tients evaluated by means of a satisfaction survey.
• Formula: overall measurement of user satisfaction after 

scoring each item on the survey.
• Type: Outcome

TC: transplant centre.
Source: [32-46].

In the last decade, patient-reported outcome 
measures (PROMs) have been included as QIs in 
healthcare and they are increasingly recognised by 
regulators, clinicians and patients as valuable tools 
to collect patient-centred data [47]. PROMs are 
direct responses from patients without alteration or 
interpretation by a clinician. In addition, they may 
improve patient–provider communication, increase 
adherence and improve clinical outcomes. Perhaps 
the most crucial component of patient engagement is 
incorporating the lived patient experience in health-
care delivery [48].

PROMs have also been used in the field of 
transplantation and provide important information 
on the impact of a disease and/or its treatment from 
the patient perspective [46, 49]. Although transplant 
programmes may be hesitant to collect PROMs 
because of the need for additional resources, evi-
dence suggests that incorporating these indicators 
into practice may lead to improved clinical outcomes 
(see Chapter 18) [48, 50].

17.6.5. Audits and quality evaluation

As in the donation process (see §17.5.3.1), the 
viability of a QI monitoring system should be eval-
uated by internal and external audits, thus enabling 
improvement measures to be subsequently taken as 
needed.

17.6.6. Documentation and registries, 
traceability, vigilance system, 
assessment and mitigation of risks, 
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complaints and recalls, and resource 
management

The entire process – starting from reception 
of the organ through to the transplantation and 
post-operative care – should be clearly documented, 
and criteria for each aspect should be defined. It is 
not exceptional to find that errors occurred because 
the documentation before transplantation was 
lacking. Clinicians should be made very attentive to 
documenting each step after receiving the transplant 
organ.

In order to detect possible inconsistencies in 
data collection, it is important to have a data-control 
system. Relevant data should be reviewed at trans-
plant centre level, and at the allocation office, as a 
measure to automatically control the plausibility of 
data (e.g., laboratory values with normal creatinine 
and very high values for urea are not plausible).

The quality criteria relating to all of these 
support processes can be superimposed on those 
mentioned in the respective sections on quality man-
agement in organ donation, and so the reader is en-
couraged to review sections 17.5.3.2 to 17.5.3.8.

17.7. Final remarks

Although implementing a quality management 
system in the process of donation and organ 

transplantation may seem to be a complex process 
likely to involve an increased workload for the health-
care professionals concerned, the many advantages of 
doing so offset the initial effort. Some of these advan-
tages include:

a� Task systematisation and standardisation of 
criteria in daily activities.

b� Support in visualising, analysing and im-
proving workflow.

c� Involvement of personnel in daily activities, 
which contributes to better teamwork.

d� Definition, measurement and analysis of QIs, 
which makes results-based decision making 
easier.

e� Increased transparency and satisfaction of pa-
tients and healthcare professionals, and there-
fore improved trust in the transplant system 
(which in turn might be beneficial for organ 
donation).

f� Valuable management tool and increased moti-
vation of healthcare personnel.

g� Promotion of continuous improvement.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
randomised clinical trials, should focus on the 
following research gaps:
1 How to develop and implement a quality 

management system in organ donation and 
transplantation – at local, regional or national level 

– that includes quality improvement criteria, quality 
indicators and systematic internal and external 
donor auditing to monitor the level of quality of the 
service.

2 Identify best practices to ensure that all patients who 
are potential DBD and DCD donors are converted 
into actual donors.

3 Determine the best way to train healthcare 
professionals to proactively participate in donation 
programmes.

4 Develop standards that normal healthcare practice 
has to meet to be considered as good-quality in the 
donation and transplantation field.

5 Study the application of key performance indicators 
in donation and transplantation to determine the 
level of quality of the programme. 

6 Examine the use of patient-reported outcome 
measures (PROMs) in the field of transplantation as a 
tool for improving clinical outcomes.

7 Develop value-based-care criteria for the evaluation 
of donation and transplantation programmes.
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Chapter 18. Measuring outcomes in transplantation

18.1. Introduction

The aim of organ donation and transplantation is 
to try to provide all recipients on the waiting list 

with a chance to survive with an adequate quality of 
life. Therefore, organ transplantation should prefer-
ably occur just in time before end-stage organ failure 
becomes life-threatening or significantly impacts life 
expectancy and quality of life.

For donor relatives and/or the donors we are 
obliged to use any organ with the best chance of long-
term function in the recipient selected. For organs 
and recipients with a limited functional and survival 
expectancy due to medical, biological (e.g., age) or 
transplantation factors, we have to find a balance in 
how we use such organs and transplant them into 
such recipients successfully. We have to weigh these 
factors and we have to make the best decision for both 
the recipient and the donor. We have to realise that 
sometimes it might be the best option not to choose 
the patient on the waiting list with the highest chance 
of dying or the longest waiting time, in order to avoid 
a futile transplantation. 

This concept is probably best described with 
a ‘benefit score’ [1-2]. We are still dealing with a 
serious shortage of donor organs, so decisions are 
sometimes not in the best interest of a specific 
patient, but decisions should also consider the best 
interest of most patients in need of an organ. In 
order to monitor whether such decisions are correct 
or not, we have to ask ourselves whether all factors 

have been considered properly. Measuring and ana-
lysing outcomes will help to properly weigh all the 
factors involved, thereby enabling quality and safety 
control.

In organ transplantation we are dealing with a 
complex combination of donor, recipient and trans-
plantation factors, including a large number of con-
founders that interact with each other in generating 
the outcome. Caution is also needed in the interpre-
tation of data, because stakeholders and shareholders 
have various interests in the perception of results. 
Besides, the number of subjects investigated is usually 
limited and outcomes may be skewed.

The aim of this chapter is to provide some guid-
ance on how to measure outcomes after transplan-
tation in order to support the guidance in previous 
chapters on improving quality and safety, and how 
to best deal with the current shortage of organs with 
regard to allocation/organ offering.

18.2. End-points to measure, study 
period and confounders

As in any scientific study, end-points should be 
clearly defined. It should be explained what out-

comes (e.g., patient or graft survival, death- censored 
or non-death-censored) are to be measured and 
whether short- or long-term results are evaluated [3]. 
Furthermore, it is important to describe the intention 
of the study and possible applications of the study 
results.
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18.2.1. End-points to measure

Outcomes are usually measured by survival 
analysis. A survival analysis measures the time from 
the starting point of an observation, such as time of 
transplantation or entry onto waiting list, until oc-
currence of an event, such as graft failure or recipient 
death, and it is analysed for a certain study period. 
Another way of measuring outcome is by following 
up a recipient until a fixed time point when someone 
checks whether some event or measurement has 
been observed or not, e.g. patient- or graft survival, 
occurrence of acute rejection or return to work, or 
glomerular filtration rate (GFR) at one year after 
transplantation. Each method has its advantages and 
limitations. 

Most commonly end-points are measured by 
survival analysis [4-7]:

a� Patient survival: time interval from transplan-
tation to death of a recipient independently of 
graft-failure events. Therefore, the observation 
of patient survival should be extended beyond 
the end-point of graft-failure events or the 
record should state that observation has ended 
at this point. 

b� Graft survival: time interval from transplanta-
tion to graft failure, regardless of whether graft 
failure or recipient death occurs first.

c� Graft survival death-censored: time interval 
from transplantation to graft failure, with the 
event of recipient death with a functioning 
graft censored, assuming that the recipient 
died with a functioning graft. This may be used 
to mitigate the issue of competing risks such 
as death with functioning graft versus graft 
failure caused by other issues. Then the as-
sumption of proper graft function needs to be 
explained well because the event of death due 
to insufficient or poor graft function cannot be 
excluded. 

Each end-point has its justification with pros 
and cons [5-6]. Best practice is to report all end-points 
or to clarify the use of only one particular end-point, 
such as graft survival, because multiple risk factors 
can cause graft failure in a set of combinations (e.g. 
death with a suboptimal functioning graft and recip-
ient-related factors). 

A second issue is the definition of graft failure, 
which should be clearly defined. For example, disre-
garding the event of re-transplantation, graft failure 
may be defined as:

a� in kidney transplantation: return to dialysis, or 
GFR below a threshold value; 

b� in liver, heart and lung transplantation: return 

to waiting list due to malfunction, or actual 
date of retransplantation; 

c� in pancreas transplantation: need for use of 
exogenous insulin (and how much) or Hb1Ac 
> 48 mmol/mol (> 6.5 %) according to the WHO 
diabetes definition.

It is obvious that, for such alternative failure 
events, the first occurrence of one of the alternative 
events should be imputed.

In kidney transplantation, either GFR or eGFR 
may be considered as the endpoint. Other surrogate 
markers can be discussed (e.g. albuminuria, donor 
specific anti-HLA antibodies), but they are not ap-
proved or validated yet. Other composite surrogate 
early endpoints have been proposed and investigated 
but not validated for clinical trials yet, e.g. iBox [8], 
total eGFR slope [9]. The interest in surrogate end-
points is that investigators want or need to predict 
outcome based on a representative marker as indi-
cator to extrapolate a failure event occurring in the 
future, which can actually be assumed based on 
measured changes in that marker now.

18.2.2. Alternative outcome measures

Besides looking at survival as an outcome, it 
may be interesting to specifically look at other out-
comes to better address where potential problems 
within the whole chain of transplantation exist and 
where potential improvements may have the highest 
impact. For example peri-operative complications are 
internationally scored by surgeons using the Clavien–
Dindo classification [10]. For comparing differences 
between groups the Comprehensive Complication 
Index (an index based on the Clavien–Dindo classifi-
cation) is probably even better suited [11].

Patient-Reported Outcome Measures (PROMs) 
can be included in studies as primary or secondary 
end-points and are increasingly recognised by regula-
tors, clinicians and patients as valuable tools to collect 
patient-centred data [12]. PROMs could be defined as 
‘any report of the status of a patient’s health condition 
that comes directly from the patient, without inter-
pretation of the patient’s response by a clinician or 
anyone else’ (according to the U.S. Food and Drug 
Administration). PROMs may be a patient’s report of:

a� disease symptoms or side effects,
b� functional outcome variables or
c� multidimensional constructs such as health- 

related quality of life (HR-QoL).

PROMs are often included as important clin-
ical trial end-points and should be differentiated 
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from other types of patient-reported data, such as 
Patient-Reported Experience Measures (PREMs) or 
patient-reported behaviours, which may also be in-
cluded as clinical trial end-points.

Most often, PROMs are assessed using ques-
tionnaires, often referred to as PROM measures. Val-
idated PROM measures are used in clinical trials, as 
opposed to asking participants open-ended questions 
about their outcomes, to ensure that the questions, 
response options and general approach to assessment 
are standardised for all participants.

PROMs provide important information on 
the impact of a disease and/or its treatment from 
the patient perspective. Therefore, PROMs should 
be included in studies as well as clinical practice to 
ensure that the impact of a disease or treatment is ad-
equately assessed. Ongoing methodological research 
is important for determining what constitutes best 
practice when applying PROMs in medical research 
(see §17.6.4). 

18.2.3. Study period

Occurrence of a particular complication can 
also be analysed in relation to the time interval from 
transplantation until manifestation of the complica-
tion, which might be acute rejection or diagnosis of 
ischaemia-type biliary lesion (ITBL) in liver trans-
plantation. There should also be consideration of the 
issue of competing risks, as in death of the recipient 
for other reasons or re-transplantation for other 
reasons.

This is a key problem: what to do with subjects 
in a study who cannot be observed for the occurrence 
of an event because they have dropped out of the 
study due to competing failure events or have been 
lost to follow-up for unknown reasons. In such a case 
the subject has no chance to experience the event of 
interest. One example of how to handle this problem 
would be a decision to censor deaths during the ob-
servation period  when conducting survival analysis 
that focuses on graft failure. Equally problematic are 
fixed measurements at certain time points, such as 
numbers returning to work within one year after 
transplantation, if some recipients have died post- 
operatively with a non-transplant-related issue.

It should also be clearly indicated whether 
outcome is measured on the basis of intention to treat 
or on the basis of an actually occurring intervention. 
In both cases it should be mentioned what was or is 
done with the cases not receiving the intervention or 
the cases where there was deviation from the inten-
tion to treat.

18.2.4. Confounders

The examples in section  18.2.2 show that 
looking exclusively at one risk factor will not give a 
correct view without adjustment for confounders. On 
the other hand, failure events or complications may 
be caused by one common bundle of risk factors; for 
example, graft failure and/or ITBL may be caused as 
a result of prolonged ischaemia times, incorrect flush 
of organ and bile ducts at procurement, prolonged 
anastomosis time or arteriosclerosis. This requires 
careful analysis of all the individual factors and their 
contribution to the global result. 

For survival analysis, the following methods 
are often used: 

a� Kaplan–Meier analysis, which shows up the in-
fluence of a single risk factor on the time in-
terval after transplantation until the failure 
event occurs, without adjustment for con-
founders. The risk factor can be dichotomous 
or a group of classes, or it may be a continuous 
variable split into certain categories. With ‘in-
creasing risk’ of the risk factor, a monotonously 
increasing sequence of curves should be visible 
without any criss-crossing of the curves. Fur-
thermore, the number of cases at risk dimin-
ishes with time and therefore care should be 
taken in deriving strong conclusions if ‘the 
numbers at risk’ are too low.

b� In Cox regression models, multiple variables 
can be considered for their combined influ-
ence on outcome. This may be stated as adjust-
ment for confounders. The risk of a specific 
risk factor is described by the Hazard ratio: the 
risk is significantly increased when the Hazard 
ratio and the 95 % confidence interval are above 
1, and there is protection from risk when both 
are below 1. When the 95 % confidence interval 
crosses 1, there is no significant change in risk. 
Still no adjustment exists for confounders not 
considered in the model. Therefore, selection 
of variables in the statistical model is crucial 
and should be explained properly. For contin-
uous variables in the model, the Hazard ratio 
should be explained as related to increment 
in one unit or increment over the whole pop-
ulation. In such multivariable models, con-
clusions about a single factor require careful 
consideration of the confounders analysed too. 
For proper analysis of competing risk events 
the sub- distribution hazards according to the 
method of Fine and Gray can be used – espe-
cially for long-term analysis. Otherwise the 
same principles apply as have been mentioned 
for Cox regression [13-18].
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It is recommended that outcome studies are 
planned and results are discussed with an expert in 
medical statistics because valid and reliable data 
require careful study planning, and pitfalls exist in 

the interpretation of data in survival analysis. For 
details, please refer to the specific literature (e.g. 
further statistical test used). Some examples of sur-
vival analysis are shown in Table 18.1. Further, good 

Table 18.1. Some examples of organ-specific outcome measurements

Indicator Heart Lung Liver Kidney Pancreas Intestine
Patient survival Time interval: death; Clarify cause of death
Graft survival 
(uncensored for 
death of recip-
ient)

Time interval 
until death with 
functioning 
graft or re- 
transplantation 
or return to 
assist device or 
graft-ectomy, 
whichever occurs 
first.

Time interval 
until death with 
functioning 
graft or re- 
transplantation 
or graft-ectomy 
or return to 
ECMO, whichever 
occurs first. 

Time interval 
between trans-
plant and graft 
loss secondary 
to either re- 
transplantation 
or recipient 
death, whichever 
occurs first.

Time interval 
until return to 
dialysis or death, 
whichever occurs 
first.
Alternatively 
time interval 
to return to 
dialysis can be 
determined by a 
cut-off value of 
the glomerular 
filtration rate 
(GFR).

Time interval 
until return to 
exogenous insu-
lin use (e.g. ≥ 0.5 
IU/kg/day for 
> 90 consecutive 
days) or HbA1c 
> 48 mmol/mol 
(6.5 %) (diabetes 
according 
to WHO) or 
recipient death, 
whichever occurs 
first. 

Time interval until 
death with func-
tioning graft or 
re- transplantation 
or failure (e.g. 
re- introduction of 
enteral nutrition) 
or graft- ectomy, 
which ever occurs 
first.

Currently several definitions are used, so this parameter requires clarification, including the cause of failure.

Graft survival 
(censored for 
death of recip-
ient)

As above but censored for death of recipient with functioning graft as a no-failure event. This is a very critical 
issue, because authors must meticulously state the exact definitions, being used in the article, of when they 
consider a graft as still functioning or not functioning. In cases of marginal or impaired organ function, the 
interaction of recipient death and poor graft function cannot be ruled out.

Graft-related 
complications

It is arguable whether occurrence of particular complications may be used as an outcome measurement or 
not, and also how the time interval between transplantation and event is considered. This must be defined in 
the study protocol.

e.g. coronary 
heart disease

e.g. bronchiolitis 
obliterans

e.g. biliary leak-
age; ITBL

e.g. proteinuria e.g. pancreatitis, 
thrombosis 

Functional pa-
rameter

e.g. cardiac 
output

e.g. gas ex-
change

e.g. coagulation, 
liver enzymes

e.g. GFR e.g. HbA1c, 
amount of insulin 
used

Delayed graft 
function (DGF)

Usually defined as a yes/no event based on items listed below and as outlined in the study protocol

e.g. until weaned 
off inotropics or 
assist device

e.g. until weaned 
off ventilator or 
ECMO

In liver trans-
plants, it is re-
ferred to as slow 
or intermediate 
graft function 
(SGF or IGF). In 
that case, cut-off 
levels need to 
be stated in the 
manuscript. 

Despite multiple 
definitions of 
DGF in kidney 
transplants, 69 % 
of studies use 
this definition: 
DGF is the need 
for dialysis within 
the first week 
after transplanta-
tion [10] 

e.g. until weaned 
off insulin

Primary 
non-function of 
graft (PNF) 

e.g. never 
weaned off ino-
tropics or assist 
device

e.g. never 
weaned off 
ventilator and/or 
ECMO

e.g. re-transplan-
tation or death 
without initial 
function

e.g. never 
weaned off 
dialysis

e.g. never 
weaned off 
insulin 

Reperfusion 
damage

Duration of stay 
at ICU

Time interval

Duration of hos-
pital stay 

Time interval

Quality of life Parameters to be extracted from rehabilitation medicine

ECMO = extracorporeal membrane oxygenation. 
Time interval: can be either two measurements as fixed time points (start time, end time) or a single measurement of duration of 
transplantation or elapsed time until specific event occurs. This list is not exhaustive, and the factors mentioned can be combined 
with each other. In the literature, multiple definitions are used for graft function or failure that might be justified in the context of that 
specific published study.
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examples of quality indicators are provided in §17.6.4 
and Figure 17.1. These examples are ready-to-use indi-
cators, which need careful consideration of the issues 
outlined in this chapter before final conclusions can 
be drawn.

In outcome analysis, static end-points need 
exact definitions, which need to be unambiguously 
specified in the study protocol. These end-points can 
be categorical measurements or metric measurements 
associated with a time point. Also the defined param-
eters must include the time that is to elapse before 
checking whether this event has occurred or not (see 
Table 18.1 describing examples of organ- specific end-
points). Absolute numbers of cases and their percent-
ages are of interest in dichotomous factors as well 
as in the distribution of continuous variables. It is 
helpful to adjust single parameters for confounders 
by appropriate regression models. Again, it is recom-
mended that results are discussed with an expert in 
medical statistics as pitfalls exist in study design and 
interpretation of data.

18.3. Selection of and adjustment 
for covariates or treatment 
bias

Care is required when selecting variables to be 
included in an outcome analysis study [5-6, 19]. 

Enough data exist to show that outcome depends on 
donor quality and the recipient’s medical condition, 
but also on the expertise of a centre and other trans-
plantation factors such as organ preservation and 
donor management. Overlooking important con-
founders will result in incorrect analysis. Without 
proper consideration of this risk, the study will fail 
to yield reliable data and the results might become 
questionable. 

Depending on the case-mix of the population 
investigated, different results may be expected: nat-
urally, centres specialising in paediatric transplanta-
tion will have different data from centres specialising 
in adult transplantation, and units transplanting 
organs from extended-criteria donors will have out-
comes that probably are different to those achieved 
in units not utilising this donor source. Proper cor-
rection for case-mix will be required. The use of pro-
pensity scores is currently advocated as a method 
to compensate for the bias caused by confounders 
not expected (e.g., overlay due to effects of immune- 
suppressive treatment in a study). However, adequate 
identification of possible confounders and correction 
for risk factors is essential before methods such as 
propensity scores are used.

Therefore it is important to adjust for covari-
ates by multivariable methods before a result of single 
variable analysis can be confirmed [5-6, 19]. The study 
report should include all details about risk factors 
considered but also risk-factors that have or have not 
been considered, due to lack of data or sample size, 
for example. When an association exists between 
multiple risk factors, which all have an impact on 
outcome, then using a single risk factor – that subse-
quently depends on the other factors – has to be done 
with caution [20]. 

When defining end-points for measuring out-
comes and selecting risk factors that potentially in-
fluence these outcomes, it has to be kept in mind that 
all relevant clinical factors are to be included in the 
statistical model [5-6]. A transparent explanation of 
this process is mandatory. Best practice is to perform 
external validation of the thesis in an independent 
study group [18]. It is recommended that validation of 
such risk factors is repeated over time, because their 
influence might be due to chance or they might even 
become outdated in their prognostic contribution 
(e.g., the risk factor of donor hepatitis C viraemia will 
change in its relevance due to possible treatment by 
direct-acting antiviral agents in the recipient). 

Two reviews – about quality metrics in solid 
organ transplantation and variables to be collected in 
transplantation for improving risk prediction – have 
summarised which risk factors should be considered 
to predict outcome and what is their expected impact. 
In this context always arises the issue of how to 
handle missing data and how to report this problem 
properly [23].

When outcome-prediction models are to be 
imported from one healthcare system into another, 
it is essential that the validation process is repeated 
with a representative study population within such a 
healthcare system. However, discrimination and cali-
bration of the prognostic system might then fail and 
the whole process of developing a prognostic scoring 
system would have to be repeated. Two important 
limitations exist. For investigation of a particular risk 
factor in many populations, there may be an insuf-
ficient number of cases and/or events observed and 
therefore no conclusions with proper risk adjustment 
are possible. Furthermore, for most study groups in 
the range of the extreme values of risk factors, a pre-
dictive model performs well, whereas in the majority 
of the cases within the range of intermediate values 
of the risk factor no acceptable degree of discrimina-
tion exists (e.g., Donor Risk Index for kidneys [24]). 
These issues have to be explained well.
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18.3.1. Long-term follow-up versus short-term 
follow-up

Ideally, we would have decades of data from 
monitoring the long-term function of grafts, using 
patient-, graft- and death-censored measures of graft 
survival as well as quality-of-life measurement of the 
recipient over the timeline of survival. Manifesta-
tion of complications due to existing risk factors or 
avoidance of complications by interventions could 
be monitored precisely in their short-term and long-
term effects.

Unfortunately we cannot wait decades to adapt 
interventions and decisions while withholding op-
timised organ-replacement therapy for future re-
cipients. Therefore science has to look for surrogate 
markers to predict long-term function by short-term 
observations and extrapolation of the assumed risk 
into the future, for example by patient-, graft- and 
death-censored graft survival as well as quality- 
of-life measurement of the recipient, limited to short 
periods of one, two, three or five years. In a second 
step, studies should confirm the primary assump-
tions by long-term follow-up.

Most complications occur during the early 
period after transplantation (typically the first two 
years) but, after this first and steep incline of risk, 
complication rates plateau to a more constant level 
over time. However, some risk factors have a higher 
impact during the early post-transplant period (e.g., 
infection during the early phase of intensive immu-
nosuppression or pancreatic graft thrombosis [25]) 
whereas others become more important in the longer 
term (e.g., death due to cancer after many years of 
immunosuppression). This requires adjustment in 
the methods of measuring outcome. It is evident that 
early complications could be well described with only 
a short follow-up period, whereas long-term com-
plications and outcomes would be missed in such a 
study.

The issue of time-dependent covariates and 
competing risks should be considered too. For 
example, when monitoring outcomes for patients 
put on the waiting list, then it would be of interest 
to know what happens in candidates not being given 
a transplant versus candidates with transplants after 
having survived a certain waiting time and being 
exposed to the event of graft failure [26]. Data-driven 
analytics-based models may assist in the complex de-
cision of whether to accept or forgo a current offer in 
anticipation of a future higher-quality offer [27].

18.3.2. Surrogate markers for long-term 
function

Surrogate markers for long-term survival or 
assumed indicators for reliable prognosis in long-
term survival should be described in the research-
er’s consideration of their assumptions. The proof of 
concept should be provided by long-term measure-
ment of hard end-points (e.g., by survival analysis or 
description of quality of life achieved). For example, 
enough data exist for the surrogate marker GFR 
measured and prognosis after kidney transplantation 
regarding graft survival. On the other hand, several 
studies have shown that kidney grafts from donors 
with acute kidney injury can be used without impact 
on outcome, while they also report the need for 
post-operative dialysis requirements. Clearly, delayed 
graft function (DGF) cannot be used as a surrogate 
marker in such studies because all patients would fall 
within the definition for DGF. This needs careful ex-
planation of what is being investigated.

18.3.3. Centre effect and duration of study 
period

Adjustment for centre effect and length of study 
period should be considered too [29-30]. Depending 
on the case-mix of the donor and recipient popula-
tions investigated, different results are observed. This 
must be considered, when communicating the indi-
cators as suggested in section 17.6.

There are various means of analysing or pre-
senting centre-specific outcome measures and cor-
recting for different risk profiles per centre. These risk 
profiles depend heavily on access to suitable donor 
organs and the number of patients on the waiting 
list in the particular centre analysed. For example, 
centre outcome could be analysed by comparing only 
‘benchmark’ cases, that is, reference donor organs 
transplanted into referent recipients [31]. However, 
due to current organ scarcity most transplantations 
are being performed using extended-criteria donor 
organs in higher-risk recipients and benchmark 
cases include only about 25 % of all transplantations 
performed, varying widely between centres (8-49 %). 
Another option is to correct for ‘case-mix’ by cor-
recting for higher-risk donor and recipient parame-
ters [32].

For a study with a long period of recruiting 
cases, a bias for changes in medicine should be con-
sidered. This can be corrected by noting specific study 
periods in relation to known milestones in medicine 
or, if they are not applicable, by including a contin-
uous variable of study time. 

In a small series there is a risk of bias caused 
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by the interest of the study and recruiting of subjects. 
Pilot studies are under pressure to push patients 
through the study period in order to obtain results. 
This issue requires confirmation by monitoring the 
usability of study data in clinical practice by inde-
pendent control studies and proper follow-up of the 
initial study population. 

In the case of an analysis of a single centre, all 
adjustments for confounders or involved risk factors 
should be applied in order to eliminate the issue of 
a policy of avoiding risk behaviour due to external 
control with open access. Since we have an organ 
shortage, single centres should not be punished 
for using higher-risk organs when they are able to 
achieve results equivalent to other centres. However, 
transparency should be promoted and therefore it is 
essential to show or publish results. Of course, results 
should be shown in the context of donor quality 
and recipient condition, and adequate correction 
for involved risks (case-mix) is essential. This does 
not exclude careful monitoring of a trend analysis 
towards failure accumulation in a single institution 
caused by other issues.

Furthermore, due to different policies in 
healthcare systems, centre effects may not be attrib-
utable to donor-, recipient- or procedure-related risk 
factors but to other issues based on the concept of 
that particular healthcare system [33].

18.3.4. Pressure to publish

Most studies are under pressure to publish 
quickly. Exhaustive waiting for long-term results 
might not be in the interest of stakeholders or share-
holders. Furthermore, study results might be misin-
terpreted to better match the interests of the readers; 
negative results are often less attractive to the pub-
lisher but might sometimes be equally important.

18.4. Challenge of statistics

For readers of studies who are not familiar with all 
details of statistics, the interpretation of data and 

conclusions is difficult. Authors should consider this. 
When talking about models, authors should always 
state clearly how good the prognostic values are and 
what limitations exist. 

Regarding the quality of predictive models, 
c-statistics might be helpful: according to Harrell, a 
c-value of 0.5 corresponds to a random experiment 
of flipping a coin, while values of > 0.7 are acceptable 
as predictions and values of > 0.9 can be regarded as 
perfect predictions. In the transplantation setting it 
will be difficult to achieve a c-index of > 0.7 because 

we want to predict outcomes for people who have re-
ceived an organ transplant, a procedure that is always 
influenced by many uncontrollable factors and events, 
with low numbers of cases. (Note that c-values are 
time- and outcome-dependent [35].) This uncon-
trollable aspect should be well considered, especially 
when such models are used to discard or to use donor 
organs without further individual risk–benefit as-
sessment of the donor–recipient combination. 

18.4.1. Profiles of risk factors change over time

Established models used in discussion of risk 
factors have to be re-evaluated regularly for their 
validity because donor populations and recipient 
populations change in their case-mix over time 
(e.g., donor age, cause of death, co-morbidities, re-
cipient age, human leukocyte antigen immuni-
sation, therapy concepts, new and more effective 
immune- suppressive drugs or other technologies). 
Risk factors themselves may change, or new risk 
factors may become apparent. New procedures (e.g., 
machine perfusion, normothermic regional reperfu-
sion, minimally invasive procedures) may improve 
outcome and may subsequently change donor-risk 
evaluation. Therefore it is necessary to continually re- 
examine the models and concepts in use in order to 
identify changes and re-educate users with the aim 
of changing attitudes to risk–benefit assessment to 
ensure that it is properly performed.

18.4.2. Monitoring of trends in performance

Although we are faced with limited resources 
financially as well as in the number of organs, we 
have to ensure that an appropriate and optimal 
quality is achieved for each transplantation [5, 36]. 
Centres and/or regions that, after correction for risk 
factors based on the case-mix of recipients and donor 
grafts, show a performance above average should be 
monitored to help other centres in copying best prac-
tice. At the same time, outliers below average should 
be evaluated for identification of known or possible 
new risk factors explaining the inferior outcomes. It 
is important to keep in mind that unavoidable differ-
ences may exist between various centres, regions and 
countries [33]. 

Within centres and healthcare systems a trend 
in outcome data should be monitored too in order 
to identify changes in risk factors at an early stage 
[37]. When monitoring such data it is important to 
identify whether, either at single institutions or in 
the healthcare system as a whole, there is any inap-
propriate risk-avoiding behaviour when selecting 
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transplant recipients and grafts with the sole purpose 
of positively influencing outcome measures. Note 
that the monitoring of outcomes of transplantation 
should include the whole process, starting with entry 
of patients onto the waiting list and their exposure to 
transplant-associated risks later on [26, 29-30]. Trans-
plantation outcomes well below average may be ex-
plained by risk avoidance or risk acceptance in the 
choice of recipients or grafts.

Different methods have been applied to monitor 
such trends, each method having its own strengths 
and weaknesses. Despite careful interpretation of the 
data, a low number of cases per transplantation unit 
might be a limiting factor for the application of re-
gression models. In order to have an appropriate set of 
primary data in registries, all resources of electronic 
data availability should be used (e.g., waiting list da-
tabase, donor database, allocation database) so that 
double documentation of existing data is avoided and 
clinically relevant data can be added to the registry. 
Personal data protection should be assured when 
analysing registry data. 

For research purposes, secondary data analysis 
might help to monitor for trends in the whole health-
care system. For a primary approach, some quality 
indicators exist and are in use, with and without ad-
justment for risk factors (see §17.6 and published na-
tional data).

18.5. European transplant 
registries

Different transplantation registries exist in 
Europe within the Council of Europe member 

states as well as internationally. In the European 
Union the EDITH project is proposing a European 
kidney transplant registry [38]. Within this project 
a dataset useful for studies will be provided. This 
translates into the conclusion that we need an agree-
ment on which data should be collected prospectively 
in donation and transplantation studies for analysis 
quality. From the point of view of this guide, this 
project should be expanded to all organs in order to 
assure quality and safety as well as transparency in 
organ transplantation. Previous chapters have pro-
vided guidance on how to manage the donation and 
transplantation process. Thereby the standardised 
data used for cross-border organ exchange may be 
considered as one set of data to be used. 

18.6. Conclusion

Measuring outcome after transplantation is 
complex. No perfect method exists to give 

the user a complete picture. Instead, each approach 
has its limitations and merits. If a combination of 
methods produces an easy-to-understand result, 
then the outcome reported should be interpreted 
with caution and will sometimes need further inves-
tigation, whether it is a desirable or undesirable result. 

Especially when performing analysis for 
quality assurance of centre-specific performance, all 
efforts must be undertaken to educate all staff about 
what is inappropriate risk-avoiding behaviour, so that 
medical professionals and non-medical people do not 
try to avoid all risk. On the other hand, it cannot be 
accepted that a poorly performing institution can 
hide behind multiple excuses (e.g., data protection, 
burden of data collection for quality assessment). 
Therefore, central data collection, transparency, anal-
ysis and quality assessment are essential in any or-
ganisation to monitor and further improve outcomes 
after transplantation [38]. The key message of the 
SONG project (Standardised Outcomes in Neph-
rology) is ‘Clinical trials that report important and 
relevant outcomes can help patients and their clini-
cians make decisions about treatment’ [39]. There-
fore, it is helpful to perform studies of outcomes with 
appropriate transparency as well as reproducible 
methods and standards.

Research agenda

From the literature and discussion of the available 
evidence, several topics have been identified for 
which evidence is inconsistent, insufficient or non-
existent. The authors of this guide recommend that 
future research, where possible in well-designed 
randomised clinical trials, should focus on the 
following research gaps:
1 Effectiveness of collaboration by European 

registries in providing data for confirmation of the 
content in chapters 6 to 13 of this Guide.

2 Exclude bias related to national healthcare systems.
3 Are the methods and end-points suggested in 

Table 18.1 really helpful, or are they based on 
unconfirmed assumptions?

4 Do alternative end-points exist that would allow 
prediction of long-term outcome on the basis of 
short observation periods?
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Chapter 19. Communication of risk and shared decision-
making

19.1. Introduction

Patient safety and transparency regarding the 
risks and benefits of transplantation are critical 

elements across the entire process of transplantation. 
Both safety and transparency are essential to build 
and maintain trust between transplant physicians, 
patients and (where appropriate) living donors (LD), 
and to preserve public trust in transplantation. Ad-
vances in surgical techniques, immunosuppressive 
medication, assessments of donor-related risks, and 
peri-operative and post-operative management of 
LDs and transplant recipients have made organ trans-
plantation a safe and effective treatment for end-stage 
organ disease or failure. Nevertheless, transplanta-
tion is not without risk. As discussed earlier in this 
Guide, risks can be associated with the surgical pro-
cedure, lifelong immunosuppressive regimens and 
transmission of infectious diseases (see Chapter 8), 
malignancies (see Chapter 9) or other diseases (see 
Chapter 10). Likewise, LD transplantation carries 
potential risks in peri-operative and post-operative 
phases for LDs and, as for deceased donor transplan-
tation, risks of disease transmission to transplant re-
cipients (see Chapter 13). It is one of the fundamental 
duties of all involved experts to minimise these risks.

The duty to communicate the risks and benefits 
of transplantation to transplant recipients and LDs 
is a legal and ethical requirement, unless the patient 
explicitly requests and undersigns non-disclosure of 
certain risks. From a legal perspective, physicians are 
expected to disclose any information and any risks 

that the patient might consider important for them in 
order to make an informed decision, whereas, from 
an ethical perspective, informed consent fulfils the 
principle of patient autonomy. However, the outlook 
that patients and physicians have on risks and bene-
fits and on which information is necessary to make 
an informed decision can be diverging. The process 
of informed consent is inherently a tension between 
the principles of beneficence/non-maleficence (‘do 
no harm’) and patient autonomy. This means that the 
clinical perspective, including clinical indications 
based on well-established protocols, does not neces-
sarily match patients’ preferences and individual, sub-
jective considerations or specific life circumstances. 
The term ‘communication’ derives from the Latin 
word communis, which means ‘common’ [1]. There-
fore, ‘to communicate’ (Latin commūnicāre) is inher-
ently related to the concept of sharing and putting in 
common. ‘Communication’, within this context, can 
thus be used interchangeably with ‘interaction’, high-
lighting the intrinsically relational nature of consent, 
which must not be intended as a merely informative 
process.

Additionally, whenever serious adverse reac-
tions and/or events (SAREs) occur – such as disease 
transmission as a result of transplantation or the 
death of an LD, and others, such as renal failure – a 
co- ordinated, timely and thoroughly planned com-
munication strategy with all relevant stakeholders is 
critical to preserve public trust and to minimise the 
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potential for indirect negative effects on people’s will-
ingness to donate. 

The purpose of this chapter is twofold. First, it 
aims to provide some guidance regarding the com-
munication of risk to transplant candidates, recip-
ients and LDs in a variety of settings, with a focus 
on the process of informed consent. Second, it seeks 
to deliver indications on the need for strategies to be 
adopted for appropriate communication with stake-
holders following the occurrence of SAREs in the 
practice of organ donation or transplantation. In the 
process, it identifies existing gaps so as to inform the 
agenda for future research. 

19.2. Communication of risk and 
consent for solid organ 
transplantation

Communication of risk requires consideration of 
multiple donor, recipient and transplant-related 

factors which may vary case by case. Although tools 
and protocols exist for donor and recipient clinical 
assessments, each patient must be treated individu-
ally. This is critical to evaluation of the risk–benefit 
ratio for individual recipients and LDs and, equally, 
to ascertain that the patient’s or LD’s perspective has 
been incorporated in the decision-making process 
leading to organ transplantation or living donation. 
Life goals, needs, values and preferences will be 
unique to individual transplant candidates, recipi-
ents and LDs, and may diverge from what physicians 
consider to be the best clinical solution.

Organ transplantation is a lifelong process, 
and proper communication should be in place early 
in the course of pre-transplant evaluation and across 
the entire continuum of care, so as to foster trust and 
enable shared decision making (SDM). Enforcing 
a lifetime relationship is critical because risks can 
emerge in the follow-up, with the potential to com-
promise successful outcomes of transplantation and 
living donation. SDM is broadly recognised as the 
most desirable and ethical model of the patient–phy-
sician relationship, moving away from earlier pa-
ternalistic models of care [2]. SDM is defined as “an 
approach where clinicians and patients share the 
best available evidence when faced with the task of 
making decisions, and where patients are supported 
to consider options, to achieve informed preferences” 
[3]. SDM includes two core elements: communication 
of risk and clarification of patient values. The former 
occurs when healthcare professionals communicate 
the benefits and harms of a medical treatment based 
on the best scientific evidence at a given time. Clari-

fication of values entails elucidating what is most im-
portant to patients and their families [4]. 

Therefore, it follows that consent is more than 
just a signature on a piece of paper. Rather, as stated 
in the Report of the International Bioethics Com-
mittee of UNESCO, it is a relational process “where 
discussion with the patient is needed at several suc-
ceeding points in time, through an ongoing dialogue” 
[5]. Regarding this aspect, Brenner and colleagues 
have pointed out that the informed consent form is 
not a substitute for patient education; rather, it serves 
to provide evidence that discussions have occurred 
[6]. Therefore:

a� informed consent forms should be understand-
able, and the process should be intended as a 
means to educate the patient – and to ensure 
that comprehension has been achieved – rather 
than a tool to prevent lawsuits;

b� the physician/surgeon should abstain from pa-
ternalistic approaches in dealing with uncer-
tainty and should rather turn uncertainty into 
an opportunity to build a therapeutic alliance 
with the patient;

c� proper patient education does not entail pro-
viding the patient with a comprehensive list 
of all the potential complications of medical 
treatment. In contrast, a well-informed patient 
should be one who actively participates in a di-
alogue about the risks that are most relevant to 
the individual decision-making process;

d� a concise, comprehensible note in the patient’s 
medical record notifying that discussions have 
occurred with the patient and (or) the patient’s 
family may be more effective than a signed but 
lengthy and difficult-to-read form.

When faced with high-risk procedures, en-
tailing low levels of certainty, and in the presence 
of two or more treatment alternatives, the processes 
of informed consent and SDM overlap [7]. Some 
research suggests that SDM has the potential to 
positively affect multiple patient outcomes. It is fre-
quently associated with affective-cognitive outcomes 
(understanding, satisfaction, trust), but less often 
with behavioural (adherence, treatment decisions, 
health behaviours) and health outcomes (symptom 
reduction, quality of life, physiological measures) [8]. 
Other studies reveal that SDM interventions incor-
porating multiple sessions may improve patients’ af-
fective (e.g. satisfaction), behavioural (e.g. adherence) 
and health outcomes (e.g. depression and well-being), 
especially when making longer-term decisions and 
in chronic disease settings. Also, in patients with 
chronic illnesses, the active involvement of patients 
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through SDM increases the likelihood of adherence 
to health behaviours, and engagement in health- 
promoting or health-maintaining behaviours [9, 10]. 
In the organ transplantation setting, SDM serves the 
function of integrating the clinical perspective on 
the best, evidence-based medical options with the 
patient’s individual circumstances, leaving the final 
decision to the patient. Further, it recognises respect 
for patient autonomy and helps physicians illuminate 
their own biases relative to what they deem to be the 
best course(s) of action through interaction with the 
patient [11]. 

Essential elements of SDM include: explana-
tion of the health problem, presentation of available 
options and discussion of their benefits, risks and 
costs, assessment of patient values and preferences, 
discussion of patient’s “own perceived ability to 
perform a specified behaviour or set of behaviors” and 
provision of recommendations, verification and clar-
ification of patient’s understanding, decision-making 
or deferral of decision, and arrangement of follow-up 
[12]. Multiple strategies and tools have been devel-
oped to foster and supplement the patient– physician 
relation and physician counselling. However, not 
all have been studied in the specific setting of 
organ donation and transplantation. Among these, 
patient decision aids (PDAs) – i.e. “interventions de-
signed to help people make specific and deliberative 
choices among options (including the status quo) by 
making the decision explicit and by providing (at the 
minimum) information on the options and outcomes 
relevant to a person’s health status” [13] – have been 
shown to be effective in improving patients’ knowl-
edge about available treatment options; in making 
them feel more informed and clearer about what is 
most important to them; in helping them have more 
accurate expectations of possible benefits and harms 
of their options; and in fostering more active partici-
pation in decision-making [14]. However, many other 
strategies and interventions have been put forward to 
improve informed consent and will be presented later 
in this chapter. 

19.3. Communication of risk to 
transplant candidates

At the time of assessment for transplantation, pa-
tients are confronted with the choice of whether 

to pursue a transplant, to determine whether they will 
be able to manage the complexity of post- transplant 
requirements, to opt for a living (when applicable) or 
deceased donor and to consider a variety of options 
related to the potential for diminished graft quality 

(see §6.1.2 and Chapter 7) and donor risk profiles (see 
§6.1.1, Chapter 8, Chapter 9 and Chapter 10). 

At the time of enrolment for transplantation, 
transplant candidates are provided with informa-
tion about transplantation, and their consent to 
transplant should be ascertained through multiple 
discussions of the risks and benefits associated with 
the available options, culminating in the candidate’s 
decision to accept or decline the offer of an organ. 
Studies suggest that these discussions should include 
the best available estimates of the patient’s present 
and expected quality of life, along with information 
about mean waiting time based on blood type [15], 
the life expectancy of the average graft or the patient, 
the need for immunosuppression with its side effects 
and potentially adverse consequences such as cancer 
or infections, and other pertinent factors. Also, the 
risks associated with declining an organ offer and 
remaining on the waiting list must be presented [16] 
(see §6.1 and Table 19.4).

Therefore, prior to registration on transplant 
waiting lists, patients should be informed not only 
about the general risks of the surgical transplan-
tation procedure, but also about the possibilities of 
disease transmission from donor to recipient. They 
should be advised that additional information or test 
results clarifying the risk of disease transmission 
may become available only after transplantation. In 
this case, transplant candidates must be reassured 
that, in the unlikely event of disease transmission, 
appropriate post-transplant testing, prevention and/
or therapy will be offered to mitigate the risk or the 
severity of disease transmission. Additionally, can-
didates must be informed that there may be risks 
associated with a new outbreak of latent infectious 
diseases under immunosuppression, such as reacti-
vation of Cytomegalovirus or other diseases. Discus-
sions of complications due to immunosuppressive 
therapy are equally needed, since these can increase, 
particularly if enhanced immunosuppressive proto-
cols (using mono- or polyclonal antibodies as induc-
tion therapy) are used. 

19.3.1. Communication about organ quality and 
donor-related risks

The persistent discrepancy between demand and 
supply of organs for transplantation has en-

couraged the development of strategies aimed at ex-
panding the donor pool. Expanded criteria donors 
(ECD) (see §6.1.3), non-standard risk donors (see 
§6.1.2), and donors after circulatory death (DCD) 
(see §6.1 and Chapter 12) are some examples. These 
pose new challenges to the informed consent process. 
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Several scholars have advocated the need to stand-
ardise the content, the way of communicating and 
the amount of information to be provided to patients 
at different time points of the transplant process so 
as to provide equal opportunities to wait-listed can-
didates [17, 18, 19]. 

Yet, variability in the timing and content of 
consent practices is widespread. A multicentre study 
across 35 European liver transplant centres found 
that 20 centres (65 %) provided information about 
ECDs to transplant candidates at the time of wait-
listing, one (3 %) when an ECD liver became available 
and 10 (32 %) at both times. A special consent was re-
quested of liver transplant candidates in 13 centres, 
whereas information on the donor’s serology and 
donor’s high-risk behaviours was given to potential 
recipients in 20 and 6 centres respectively [20]. One 
single-centre Dutch study of liver transplant candi-
dates and recipients found that the risk of disease 
transmission that patients were willing to tolerate was 
7 %, which rose to 12 % after receiving information 
about the rate of wait-list mortality. This finding was 
consistent across respondents, regardless of demo-
graphics or patient status (i.e. transplant v� wait-listed 
patients). Most wait-listed patients (between 59.8 % 
and 74.8 %) wished to be informed when there was 
an increased risk of infectious or malignant disease 
transmission, bile duct strictures and/or early graft 
failure. As for the preferred timing of when to receive 
information on donor-related risks, more than half 
of the patients wanted this to happen at the time of 
the organ offer; of these, more than 90 % wished to 
be involved in SDM [17]. Consistent with this, a pre-
vious study revealed that the vast majority (83 %) of 
wait-listed liver transplant candidates wanted to have 
an equal or dominant role in organ acceptance deci-
sions [21]. Similarly, a study of kidney patients found 
that most patients (63 %) were willing to take part in 
the decisions regarding the quality of deceased donor 
kidneys [22]. Yet, research has shown that patients 
often have limited understanding of the different 
options and the corresponding outcomes relative to 
waiting list mortality, likelihood of transplant and 
organ quality [21, 23]. 

Patients’ confusion about the distinction 
between issues of organ quality and increased in-
fectious risks along with related concerns of infec-
tious disease transmission (i.e. HIV, HBV, HCV), 
and desire for thorough information to make well- 
informed decisions have been previously reported 
in kidney transplant candidates [24]. Several studies 
have put forward the need to communicate risks in 
a way that is meaningful and easily comprehensible 
to the patient. A study of 332 written consent forms 

from 75 US transplant centres found that the vast ma-
jority of these were too difficult to read. Although it 
has been recommended that consent forms should be 
written at an average reading level of 5th to 8th grade 
(age 10 to 14), most were written at ‘College Freshman’ 
level (age 18) [25].

Some scholars suggest providing an actual 
quantification of risk, along with illustrative ex-
amples, so as to support both the patient’s and the 
provider’s decision making [18, 26]. Empirical re-
search has demonstrated that PDAs are effective 
as another way to improve patient knowledge and 
decision making across different settings in organ 
transplantation. Studies found a significantly higher 
knowledge (P < 0.001) of transplantation in kidney 
transplant candidates who were exposed to PDAs [27, 
28]. Also, significantly better knowledge of treatment 
options (P < 0.001), more accurate expectations about 
risks and benefits (P < 0.001), lower decision conflicts 
(P = 0.0007) and durable decisions (P = 0.06) were re-
ported in a group of lung transplant candidates who 
benefited from a PDA as opposed to the usual care 
group [29]. As for liver transplant candidates, knowl-
edge about HBV and HIV transmission significantly 
improved after exposure to a PDA, with a consequent 
higher awareness that they might be offered a less-
than-perfect liver (P = 0.001) and a higher willingness 
to consider acceptance of such offer (P < 0.001) [30]. 
Other strategies have been implemented to improve 
patient understanding and decision-making capacity, 
both in the specific field of organ transplantation and 
in other areas of clinical practice (see Table 19.4). 

While SDM is the most desirable model for 
decision making in medical care, a variety of factors 
may prevent it from being adopted in transplant clin-
ical practice [31]. Among these factors, cross-centre 
variability in the criteria for defining ECDs [32, 33] 
and physicians’ understanding of and attitudes to 
donor risks have been identified as potential contra-
indications to SDM [15, 16]. Opponents of the use of 
SDM in the communication of organ quality and 
donor-related risks contend that discussion of risks 
and benefits at the time of the organ offer can be 
challenging given the limited time available for de-
cision making. Donors may present individual risk 
factors that can be difficult to assess and explain in a 
timely, evidence-based manner to the transplant can-
didate. However, unilateral decision-making would 
be ethically unacceptable. Therefore, pre-emptive 
decision-making is generally advocated [11, 15, 31, 34].
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Table 19.1. Information to be given before enrolment on 
the transplant waiting list

a. The screening process, including the information re-
quested and investigations done prior to offering organs 
(see §6.2, §6.3, Table 6.4 and Chapter 12)

b. The information about the donor that may be shared 
with the recipient before or after transplantation (see 
Table 19.3)

c. The categories and types of donors and organs rele-
vant to the individual (see §6.1, §6.1.1, §6.1.2, §6.1.3 and 
Chapter 12)

d. The risks associated with all organs and those that may 
derive from the varying characteristics of the donor 
(such as lifestyle, cause of death), from the organ itself 
and from the logistics of the transplant

e. The benefits of transplantation

f. The short- and long-term risks and implications of trans-
plantation

g. The importance of long-term follow-up and relevant 
tests (which may include measurements of, for example, 
alcohol or illicit drugs), compliance with medical advice 
and need for immunosuppression

h. The consequences of non-transplantation

i. The possibility of and reasons for possible suspension or 
removal from the transplant waiting list

j. Explanation of the risks associated with: 
• Organ transplantation

– Risks of surgery (e.g. haemorrhage)
– Donor factors signifying a risk of transmissible infec-

tious disease (including Cytomegalovirus), malignancy 
or other conditions/diseases that may affect the health 
of the recipient (see §6.1.2, chapters 8, 9 and 10):
· previous use of intravenous drugs
· high-risk sexual behaviour
· previous history of malignancy
· residence in areas of some epidemic infections

– Donor factors potentially affecting short- and long-
term graft function (see §6.1.3 and Chapter 7)
· age of donor
· cause of death of donor 
· type of donor: DCD compared with DBD, the nature of 

the risk varying between organs (see chapters 6 and 
12)

· higher body mass index of donor
· length of stay in an ICU prior to donation
· split or reduced liver
· longer warm and cold ischaemia times

• Immunosuppression:
– Class-specific (e.g. increased risk of some de novo malig-

nancies and infections)
– Drug-specific (e.g. calcineurin inhibitor-associated renal 

impairment and diabetes)
• Risks of acute rejection (but with the high likelihood of 

response to treatment in most cases)
• Risks associated with transplantation (e.g. increased risk 

of cardiovascular disease)

k. The transplant candidate must be informed that speci-
fying factors that are unacceptable in a donor organ will 
avoid the risks associated with a transplant using that 
organ but may put him/her at increased risk of dying be-
fore an ‘acceptable’ graft becomes available (see §6.1.1)

l. Patients must be informed that they will have the right 
to decline offered organs where there is evidence of 
significantly increased risk of either graft dysfunction or 
risk to the recipient’s health (such as the transmission of 
infection)

m. Patients must be informed that, at the time of the organ 
offer, they may not be given all the information about 
the donor they request but will be informed if the 
donor is associated with a greater risk of transmission 
of infection or malignancy, or risk of non-function or 
greater technical complications. The potential recipient 
will not be informed of the reasons for the increased risk. 
It should also be anticipated that the following informa-
tion will not be transmitted to the recipient at the time 
of the organ offer:

• name (or initials)
• occupation or social class
• date of birth
• place of donation
• ethnicity

The following information will only be transmitted to the 
recipient upon request 

• sexual, alcohol or drug history

n. Transplant candidates must be informed that it is not 
often possible to quantify the degree of increased risk

o. Transplant candidates must acknowledge that not all the 
information requested may be available before a deci-
sion to accept or reject the offer is made and sometimes 
relevant information is available only after implantation

p. The potential recipient must be informed that no organ/
donor/transplant is free of risk

Source: adapted from NHSBT/BTS. National Health Service 
Organ Donor Register. Guidelines for consent for solid organ 
transplantation in adults, 2015.

19.3.1.1. Communication prior to enrolment on the 
transplant waiting list

Multiple studies argue that discussion of the 
risks and benefits associated with different types of 
donor in relation to organ quality and risk of disease 
transmission should be initiated early in the process 
of assessment for transplantation, and periodically 
reiterated. Transplant candidates may experience a 
diminished quality of life or deterioration of their 
clinical condition and, in parallel, their willingness 
to accept non-standard risk donor organs or ECDs 
may vary over time [11, 18, 24, 31]. It is therefore ad-
visable to explain the options and potential risks as-
sociated with accepting – or not accepting – an organ 
from a non-standard-risk donor or ECD at the time 
of listing for organ transplantation. At this time of 
the transplant process, an informed-consent form 
(written at 5th-8th grade/age 10-14 reading level) [25] 
must be signed by the transplant candidate, together 
with any additional specific informed-consent forms 
for ECDs, non-standard risk donors (infectious/
malignant risk) or DCDs according to the patient’s 
preferences. In order to ensure a comprehensive com-
munication of the risks and benefits of transplanta-
tion to enable a more informed consent process, the 
NHS Blood and Transplant (NHSBT) and the British 
Transplantation Society (BTS) have jointly developed 
guidelines for consent for solid organ transplanta-
tion in adult patients [35], recommending that the 
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transplant candidate be given information about the 
aspects listed in Table 19.1.

19.3.1.2. Maintaining consent while on the waiting 
list

Depending on a variety of factors, time will 
likely elapse from enrolment on the transplant 
waiting list to transplantation itself. Therefore, the 
criteria under which a given recipient would/could 
accept an organ may change over time as a result of 
a change in their clinical and/or psychosocial condi-
tion. This is why it is important that recipient willing-
ness to accept non-standard-risk donor organs, ECDs 
and/or DCDs should be re-evaluated regularly, par-
ticularly when there are changes in an individual’s 
clinical status or diminished quality of life. Therefore, 
the time the candidate remains on the waiting list is 
not neutral [19], and the recommendation is to follow 
the NHSBT/BTS guidance [35] shown in Table 19.2.

Table 19.2. Maintaining consent while on the waiting list

a. The statement of consent includes confirmation that all 
the areas outlined previously have been covered by the 
transplant team and understood by the patient, or that 
the patient has consented to transplantation but explic-
itly requested not to be informed of the risks.

b. Clinicians should ensure that the patient awaiting a 
transplant remains aware of the risks and benefits of 
transplantation, especially when the patient’s clinical 
condition changes and the balance of risks may be 
altered. 

c. The patient should be advised to let the treating clini-
cians and transplant centres know if there is any material 
change to their position on consent in between formal 
reviews; this may arise if their condition deteriorates or if 
they wish for temporary suspension from the list.

d. Patients should be given the opportunity to review and 
revise their decisions for transplantation regularly and, 
where appropriate, the characteristics of the organ they 
would not wish to receive. The timing of such a review 
will depend on the condition of the patient and the type 
of transplant.

e. The patient needs to understand the importance of 
initiating a review if there is any non-medical change in 
their situation that is material to their consent.

Source: adapted from NHSBT/BTS, Guidelines for consent for solid 
organ transplantation in adults, 2015 [35].

19.3.1.3. Communication at the time of the organ 
offer

At the time of the organ offer, the specific, in-
formed consent and the preferences of the recipient 
should be taken into account in the allocation pro-
cedure. Particularly, it is recommended to discuss 
with the recipient the donor information shown in 
Table 19.3, while avoiding revealing any details that 
might make the donor identifiable [34-36].

Table 19.3. Discussion before final consent and 
acceptance of an organ

a. Donor information (see Chapter 6, Chapter 7,  
Chapter 12):

• Age range (by decade)
• Gender
• Type of death (such as trauma or cerebrovascular event)
• Type of donor (DCD or DBD) 

b. Whether the donor poses a greater risk of transmission 
of infection or malignancy. This applies when the trans-
plant candidate has expressed willingness to accept 
these donor organ types previously. 
Other studies have stressed that, in this event, a special 
consent form must be signed by the potential recipient 
after the provision of the following information [34, 36]:

• the infection(s) that may be transmitted and the likely 
risk of transmission

• the potential severity of infection
• the ease of treating the infection should transmission 

occur
• whether all testing of the donor has been completed
• the risk of significant morbidity and mortality without 

transplantation at this time
• benefit of accepting this organ at this time [34] (see 

chapters 6 and 8)
The same should be done in the presence of a greater 
risk of transmission of malignancy (see §6.1.2 and 
Chapter 9).

c. Whether the donor organ has a particular risk of poor 
function (such as acute tubular necrosis in a kidney; 
severe steatosis in a liver) and other factors potentially 
affecting short- and long-term graft function (see §6.1.2 
and Chapter 7)

• age of donor
• cause of death of donor 
• type of donor: DCD compared with DBD, the nature of 

the risk varying between organs (see chapters 6 and 12)
• higher body mass index of donor
• length of stay in an ICU prior to donation
• split or reduced liver
• prolonged warm and cold ischaemia times

d. To respect the donor’s anonymity, the following in-
formation should NOT be transmitted to the recipient 
either at the time of the organ offer or after transplanta-
tion:

• name (or initials)
• occupation or social class
• date of birth
• place of donation
• ethnicity

The following information should only be transmitted 
upon request

• sexual, alcohol or drug history 

Source: adapted from NHSBT/BTS. Guidelines for consent for 
solid organ transplantation in adults, 2015 [35]. 

Following transplantation, in the unlikely 
but potential event of infectious and/or malignant 
disease transmission, the decision about further 
action (e.g. graft removal and/or therapy) should be 
shared between the physician team and the recipient. 
Regarding communication and reporting of SAREs, 
see Chapter 16 for biovigilance issues and §19.5 for 
issues concerning communication to the broader 
public. 
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19.3.2. Communication strategies and tools to 
improve transplant candidate education 
or understanding and to enable shared 
decision making

Beyond the timing, content and details of the 
process of informed consent, throughout the dif-
ferent stages of the transplant process listed in this 
chapter, it is recommended that transplant pro-
grammes consider implementing communicative 
strategies to improve transplant candidate education 
and understanding, and to foster SDM [18, 25-31, 35, 
37, 38] as in Table 19.4.

Table 19.4. Communicative strategies to improve 
transplant candidate education and understanding, and 
to foster SDM

a. Use a checklist to make sure that all the areas outlined 
throughout the previous sections have been covered 
by the transplant team both prior to enrolment on the 
waiting list (Appendix 28) and at the time of the organ 
offer (Appendix 29).

b. Risks should be explained in a manner that is best un-
derstood by the recipient and may include a mixture of 
diagrams and numeric illustrations. 

c. The degree of risk associated with a particular transplant 
procedure or donor/organ type should be explained 
and illustrated against the risk of remaining on the 
waiting list and/or to forego transplantation – but avoid 
emotive terms for grafts (such as suboptimal, marginal, 
high risk). 

d. The risks presented should be current and appropriate 
to the experience of the centre; national figures may be 
used where they are consistent with local data.

e. It is usually helpful to involve other members of the pa-
tient’s family or friends in the education regarding trans-
plantation and risk, particularly where co- morbidity in 
the recipient may impair comprehension.

f. Helpful for all transplant candidates and their family 
and friends to meet those who have already received a 
transplant. While this will give an incomplete picture of 
the procedure, it will help to understand and so lead to 
more informed consent.

g. Potential recipients should be provided with written ed-
ucational material (written at 5th- to 8th-grade reading 
level) so as to allow understanding of the information 
provided.

h. Graphs, figures, and examples should be used to illus-
trate absolute risk estimates (avoid descriptive terms 
such as common, rare, possible, unlikely).

i. Balance relative risk with absolute risk and benefit (don’t 
quote relative risk in isolation).

j. Personalise risk: data are derived for populations but 
need application to the individual.

k. Support the patient to evaluate available options based 
on their goals, preferences and concerns. 

l. Use of electronic forms of communication (e.g. emails) 
to guarantee continuity of communication between 
patients and healthcare providers should be considered.

m. Where available, patient decision aids can be useful 
tools to supplement the process of informed consent 
and to foster shared decision-making. 

n. Use of visual aids (e.g. a diagram depicting where the 
candidate is in the process of assessment for transplan-
tation) should be employed to improve understanding. 

o. Transplant candidates should be encouraged to ask 
questions of their physician team and should be 
empowered to do so. Providing patients with prompt 
question sheets can be a valuable support for them 
to make relevant questions about transplantation and 
stimulate discussions between patients and physicians 
(the U.S. Department of Health and Human Services [39] 
has a valuable example).

p. Interactive informed-consent interventions (i.e. those 
that intentionally promote active patient involve-
ment and bidirectional communication), such as test/
feedback and teach-back techniques, and digital 
interventions, can be an effective means to improve 
comprehension. 

q. Implement interventions for patients with limited health 
literacy, limited numeracy, limited language proficiency, 
or visual or hearing impairments, and emphasise the use 
of qualified medical interpreters with working knowl-
edge of transplantation.

r. Make communication tools and materials available in 
the patient’s cultural and language preferences.

19.4. Communication of risk to 
living donors

Living donors (LD) are a unique group of healthy 
individuals who undergo elective surgery for 

the benefit of another person. The ethical and legal 
aspects, as well as issues relative to consent and au-
thorisation for living donation have been addressed 
earlier in this Guide (see §13.2 and §13.3). As for trans-
plant recipients, at the time of evaluation for kidney/
liver donation, LDs must be informed that their 
consent to donation will unfold through (not just one, 
but) several discussions of the risks and benefits of 
living donation, culminating in the LD candidate’s 
decision of whether or not to ultimately confirm their 
willingness to donate. Also, because some risks are 
uncertain or evolving, it is essential to embrace a 
long-term relationship with the LD, specifying that 
the process of living donation will not come to an end 
at the time of LD surgery [40]. 

Standardised informed-consent procedures 
should include surgical information (mortality 
and other major complications), medical informa-
tion (minor complications, length of hospital stay, 
screening procedure, long-term effects of dona-
tion), psychosocial (risks of living with one kidney, 
follow-up, inflicted stress, depression, benefits, pos-
sible impacts on lifestyle), financial (expenses to 
be borne by donors, potential impact on ability to 
obtain life and health insurance, potential impact on 
ability to hold future employment) and other infor-
mation (voluntary nature, legitimate ways out, recip-
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ient bene fits, risk of graft loss in recipient, alternative 
donation procedures, sick leave duration) [41]. 

19.4.1. Communication about risks and benefits 
of living donation 

It is well established that consent must be vol-
untary, without coercion and fully informed. Studies 
suggest that the written and oral information pro-
vided to patients varies substantially across different 
countries and transplant centres. A study of 16 bro-
chures used to inform live donor kidney transplant 
(LDKT) candidates and collected from 14 European 
and non-European centres found that some brochures 
met high standards whereas others were considered 
inadequate [42]. Similarly, a survey of transplant pro-
fessionals in 177 transplant centres across 40 coun-
tries found considerable variation between countries 
and between centres in their risk communication 
and informed-consent process with LDKT candi-
dates. Findings revealed that, although the majority 
of respondents informed potential donors about the 
increased risk of developing end-stage renal disease, 
the remaining 42 % said that there was no increased 
risk or avoided discussion of this risk completely. As 
for information about financial and psychosocial 
risks, most practitioners either minimised their like-
lihood or did not initiate discussion of these risks at 
all [43]. Similarly, a survey of transplant surgeons in 
the Netherlands found variations in consent practices 
for LDKT across centres and even among surgeons 
at the same centre. Communication of possible com-
plications was inconsistent, with risk of death being 
always disclosed by only 50 % of respondents [44]. 

Similar findings are reported in living donor 
liver transplant (LDLT). A systematic review of US 
studies revealed that informed consent for LDLT is 
suboptimal because donors do not sufficiently ap-
preciate the information received during the in-
formed-consent process [45]. A survey of donor 
consent processes at 132 US kidney transplant pro-
grammes found large discrepancies in the types of 
risk disclosed. Half of the transplant programmes 
presumed consent for the donor evaluation [46]. A 
qualitative study of LDLT candidates equally found 
that their actual understanding of donation was inad-
equate, despite their subjective perception of having 
received satisfactory information [47]. Research 
suggests that LD candidates’ understanding can be 
improved by supplementing the informed-consent 
processes with comprehension assessment tools, 
e-health educational tools and more comprehensible 
oral and written disclosure of information [25, 40, 41, 
45, 47]. 

Although attaining a standardised consent 
format is virtually impossible given the heteroge-
neity of the LD pool and the differences in political, 
cultural and religious background between coun-
tries, several studies have advocated a standardised 
informed-consent process to offer equal educational 
and decision-making opportunities [41], psychoso-
cial support and culturally sensitive informative ma-
terial so as to prevent disparities across transplant 
centres [48, 49]. LD candidates must be provided 
with individually tailored quantitative estimates of 
short- and long-term risks associated with living do-
nation and of its associated uncertainty in an easily 
understandable fashion [50]. Steiner et al� recom-
mend providing the LD with visual aids describing 
absolute risks in a simple manner and using these to 
discuss the acceptable level of risk [51]. Voluntarism, 
medical suitability, benefits of LDKT for the recip-
ient, risk of graft loss (together with assessments and 
estimates of the time likely to elapse before its po-
tential occurrence), post-operative course, expected 
length of hospital stay following donation, short- and 
long-term medical and psychological risks, length of 
sick-leave, legal conditions and financial conditions 
have been put forward as critical elements of written 
consent forms to enable LD candidates to make thor-
ough, well-informed decisions [42]. 

It is likely that some risks are easier to compre-
hend than others. Transplant centres often have data 
on their post-operative complications, and the sur-
gical procedure and short-term risks are often well 
understood by donors [52]. Transplant centres should 
be encouraged to use their own data when counsel-
ling the patient rather than using generic interna-
tional figures for post-operative complications and 
short-term risks. In the same study, only half of the 
donors understood the long-term medical risks. 
Long-term risks such as the risks of hypertension, 
pre-eclampsia and end-stage renal failure may be 
more difficult to understand and quantify, both for 
the potential donors, but also for the health profes-
sionals counselling the donor. Successful communi-
cation of these risks may be a demanding task for the 
transplant professional, and may require relevant 
training and skills, along with appropriate written 
information [53]. The distinction between relative 
and absolute risks is especially important for both 
the transplant professional and the potential donor 
when discussing risks [54]. Steiner has emphasised 
the importance of thorough donor education and in-
formed consent before accepting a potential kidney 
donor [55]. This is even more important for donors 
with some type of isolated medical abnormality or 
from a population with high baseline risks of hyper-
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tension or renal disease later in life. When informing 
younger donors about risks, it is important to de-
scribe the level of uncertainty regarding the long-
term outcomes, since a normal donor evaluation is 
less predictive of future good health in younger indi-
viduals [56]. 

19.4.1.1. Communication about risks and benefits 
of living donation prior to donor candidate 
evaluation

Given the complexities inherent in the process 
of informed consent, it requires multiple discussions 
with transplant-experienced healthcare professionals 
to ensure LD candidate education and communica-

Table 19.5. Recommended content of disclosure during the evaluation of living donor candidates

Type of disclosure Information disclosed to the donor candidate
a. Handling of donor candidate’s 

personal health information
• Personal health information collected during the donor candidate evaluation is confi-

dential and protected under privacy law, similar to other personal health information
• The transplant programme will only disclose a donor candidate’s personal health 

information to the intended recipient or other parties with the donor candidate’s 
permission

• The donor candidate may be asked for permission to disclose certain personal health 
information to their intended recipient. This information may include the donor 
candidate’s identity, immunological compatibility and medical history affecting the 
risk of disease transmission

b. Risks of discovery of donor 
health information

• The programme’s policy for disclosing information and arranging follow-up care for 
each of the following:
– A health condition that may require further medical intervention
– A health condition that could affect the donor candidate’s ability to obtain insur-

ance (e.g. life, medical, disability), or the cost of insurance
– An infectious disease that must be reported to public health authorities
– A misattributed biological relationship between the donor candidate and the 

intended recipient (such as misattributed paternity in a father–child relationship) 
discovered through blood group and immuno-compatibility testing

c. Risk and expected outcomes of 
donation

• The anticipated medical, surgical, psychosocial and economic risks and outcomes of 
donation, and the uncertainty in estimating risk and outcomes

d. Treatment alternatives available 
to transplant candidates

• Treatment options for kidney failure, including dialysis and deceased donor kidney 
transplantation, and their average expected outcomes compared with living kidney 
donor transplantation

e.  Process of transplant candidate 
selection and when the intend-
ed recipient’s personal health 
information is shared with the 
donor candidate 

• Transplant candidate evaluation teams determine eligibility to receive a kidney trans-
plant based on programme criteria and clinical judgment

• Personal health information collected during the transplant candidate’s evaluation is 
confidential, protected under privacy law, and is not generally shared with the donor 
candidate unless:

• 1) the transplant programme determines that the donor candidate requires such 
information to make an informed decision about proceeding with donation, and 

• 2) the intended recipient gives permission for this information to be shared with the 
donor candidate

f. Processes of donor candidate 
evaluation, candidacy determi-
nation and follow-up

• Separate consents may be needed for some tests
• Programmes and personnel available to help donors with the financial burden of 

donation
• It may be a crime to receive any valuable consideration (money, property) for dona-

tion
• A description of what will happen if the candidate decides not to donate, emphasis-

ing the right of the candidate to decline to donate at any time with the full support of 
the transplant programme

• The transplant programme decision whether the donor candidate is eligible for 
donation based on the results of their evaluation

• If excluded from donation, information on why the donor candidate does not meet 
the programme’s criteria for donation and how the transplant programme will sup-
port the candidate

• The programme’s recommendations for follow-up care, including the timing and 
financial impacts of care and the need for regular, ongoing healthcare maintenance 
and healthy lifestyle choices

• The programme’s need to collect ongoing personal health information after dona-
tion to inform the care of the recipient, and to guide the care of the donor

• The programme’s policy on providing care to the donor after evaluation and dona-
tion

• The availability of national and regional policies to assure prompt access to dialysis 
and transplantation for living donors who develop kidney failure

Source: KDIGO 2017 [40].
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tion of risk, together with assessment of motivation, 
knowledge and understanding of the potential clin-
ical and psychosocial outcomes of donation. These 
discussions must be initiated early and begin with 
the primary nephrologist, who should provide edu-
cational content and, in non-transplanting centres, 
refer transplant candidates and potential LDs to 
transplant centres for additional education and as-
sessment [57]. According to the KDIGO clinical prac-
tice guideline on the evaluation and care of living 
kidney donors [40], it is recommended that these dis-
cussions should include disclosure of the information 
listed in Table 19.5 (for further details regarding LD 
screening, evaluation and medical and surgical risks 
specifically associated with LDKT and LDLT, refer to 
Chapter 13).

Table 19.6. Recommended actions during the living 
donor evaluation process

a. The treating physicians should ensure that all the as-
pects presented previously have been covered and that 
comprehension has been achieved by the donor.

b. Physicians should ascertain that the potential LD re-
mains aware of the risks and benefits of donation.

c. The LD should be advised to inform the treating physi-
cians about any change in their willingness to donate. 

d. The LD should be reassured that they may withdraw 
from the evaluation process at any time and that the 
transplant programme will assist in communicating the 
decision to the intended recipient. 

e. At the time of living donor surgery, the written informed 
consent of the donor must be obtained.

19.4.1.2. Communication and actions during donor 
evaluation 

The process of evaluation allows time to elapse 
from the moment the LD candidate is informed about 
the opportunity to pursue living donation through to 
the time of donor surgery. This period serves multiple 
functions, allowing time for assessment of the LD’s 
comprehension of the risks and benefits of the pro-
cedure and providing evidence of their actual, persis-
tent motivation to pursue it. A survey of medical and 
surgical directors of kidney transplant programmes 
in the US found that only a minority of transplant 
programmes (11 %) require all potential LDs to exer-
cise a so-called ‘cooling-off’ period to process all the 
information received during the informed-consent 
process. The majority either required a ‘cooling-off’ 
period only in selected cases (32 %) or did not require 
a ‘cooling-off’ period at all (57 %) [46]. Nevertheless, 
although the duration of the process is not defined 
and may vary based on the LD’s individual charac-
teristics, it is an essential requirement for valid in-
formed consent. 

Studies suggest that, in both LDKT and LDLT 
settings, the LD candidates’ decision to donate 
occurs even before donor evaluation and educational 
processes are initiated [47, 58, 59]. A qualitative study 
of 28 LDLT candidates revealed that all donors, prior 
to receiving information on the risks associated with 
living donation, initially agreed and based their de-
cision on emotions rather than logical reasoning. 
However, their first reaction of willingness to donate 
was followed by either: 

a� a process of revision of their initial position 
after receiving more detailed information of 
the potential risks and outcomes of donation, 
or 

b� avoidance of any reconsideration of these 
issues [60]. 

Table 19.7. Communicative strategies and tools to 
enhance donor educational and decision-making 
processes

a. The use of direct, simplified and repeated information 
may be helpful to facilitate comprehension. 

b. Risk and outcome data should be transformed into 
easily understandable information using adult learning 
theory and health communication best practices. 

c. Having potential donors speak with past donors who 
voluntarily consented to participate in donor education 
may help to increase understanding of the procedure. 

d. Offer a list of reputable, comprehensive and up-to-date 
websites or consider development of own website for 
targeted education of potential donors.

e. The use of comprehension assessment tools or e-health 
educational tools will be helpful.

f. Use of specific cultural and linguistic competences in 
education may improve understanding in minority 
populations.

g. Repeat-back (e.g. asking the potential donor to refor-
mulate the information received during the informed- 
consent process) and other health literacy methods 
which have proved effective in other areas of clinical 
practice may improve comprehension and enhance 
patient trust and the patient–physician partnership. 

h. A living donor informed-consent checklist should be 
employed to ascertain that all the areas addressed in 
§19.4 and Chapter 13 are covered during the informed- 
consent process (Appendix 30). 

i. LDs should be provided with a patient resource to 
explain the process in lay language. This resource should 
ideally be available in the living donor’s native language 
(Appendix 31). 

j. Consider use of motivational interviewing approaches 
to support potential LDs struggling with ambivalence 
throughout the evaluation process. 

k. Culturally appropriate home visits and other home-
based educational interventions may improve knowl-
edge and reduce disparities in more vulnerable groups 
of patients. 

l. Web-based portals and tools. 

m. Support from family and friends. 
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Table 19.8. Recommendations for risk communication to 
living donors that warrant formal study

a. Provide the potential donor with a combination of ver-
bal and written information.

b. Use plain language to make written and verbal materials 
more understandable.

c. Present data using absolute risk estimates. 

d. Present information in pictographs if graphs are includ-
ed.

e. Present data using frequencies.

f. Use an incremental risk format to highlight how post- 
donation risks change from pre-existing baseline levels.

g. Be aware that the order in which risks and benefits are 
presented can affect risk perceptions.

h. Consider use of summary tables to present all of the 
risks and benefits associated with donation.

i. Consider emphasising only the information that is most 
critical to the donor candidates’ decision making, even 
at the expense of completeness.

j. Repeatedly draw the donor candidates’ attention to the 
time interval over which a risk occurs. 

Source: Lentine KL, Segev DL 2017 [50]. 

Similarly, a qualitative study of 30 LDLT candi-
dates found that one third of the interviewed subjects 
were willing to receive thorough information with 
the aim of feeling more prepared for the procedure 
rather than for decision making itself [47]. LDs often 
base their decision to donate on the desire to help the 
recipient rather than on acknowledgment of the risks 
and benefits of the procedure [52]. However, other 
studies have shown that feelings of ambivalence (e.g. 
hesitation or uncertainty) are common among LDs 
and often go together with their intention to donate, 
with potential for inferior psychosocial outcomes fol-
lowing donation [61, 62]. 

Also, since there have been cases of infectious 
disease transmission from LD to recipient [63, 64], it 
is unclear whether LDs sufficiently appreciate their 
obligation to avoid behaviours that may put them at 
risk of acquiring infectious diseases prior to dona-
tion. Therefore, education of the LD on their behav-
ioural risk factors that may be the cause of infectious 
disease transmission to the recipient are equally rec-
ommended (for further details refer to §13.7.1). 

Based on the above premises, the time while 
the LD goes through multidisciplinary evaluations is 
critical for the LD candidate to acquire all the rele-
vant information and discuss it with their transplant 
team. Particularly important recommendations are 
summarised in Table 19.6.

19.4.2. Communication strategies and tools to 
enhance decision making in living donor 
transplantation

In the same way as for the communication 
of risk to transplant recipients, it is recommended 
that specific communicative strategies and tools are 
used with living donors to enhance decision-making 
processes in LD transplant programmes [40, 45, 47, 
65-78], as presented in Table 19.7 (see also Table 19.4 
and Appendix 32). 

In addition, based on recommendations for 
communication of risk developed in the general 
medicine and cancer literature, Lentine and Segev 
[50] have put forward a list of strategies that could be 
worth testing among LDs (Table 19.8).

19.5. Crisis management and 
communication in the event 
of serious adverse reactions 
and/or events 

The risks associated with deceased donor and 
living donor transplantation have been ex-

tensively presented throughout this chapter and 
elsewhere in this Guide. The risk of disease trans-
mission to a recipient as a result of transplantation, 
the death of a recipient or a living donor, and other 
SAREs (for definition and further details of SAREs, 
see Chapter 16) remain very rare yet inevitable events 
in the working field of organ transplantation. These 
aspects hold significant potential for crises, although 
at unpredictable points in time. Coombs describes 
crises as “unusual occurrences that cannot be pre-
dicted but are expected”, and stresses that no organi-
sation is entirely exempt from the occurrence of such 
events, even when the degree of vigilance is high [79]. 
Consistent, prior studies on LDLT highlight that, in 
this specific area, it is not a matter of determining if 
the death of a living liver donor will ever occur but, 
rather, when it will occur [80].

Many different definitions can be found for the 
term ‘crisis’. According to Heath, 

a crisis is typically defined as an untimely 
but predictable event that has actual or 
potential consequences for stakeholders’ 
interests as well as the reputation of the 
organization. … That means a crisis can 
harm stakeholders and damage the or-
ganization’s relationship with them. … 
Respond well and survive the crisis; 
respond poorly and suffer the death of 
the organization’s reputation and perhaps 
itself. [81] 
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Table 19.9. Pre-crisis, crisis response and post-crisis: best practices

Pre-crisis
Crisis prevention a. Develop systems aimed at detecting, locating and tracking potential risks for future crises.

Crisis management prepa-
ration

a. Have a crisis management plan and update it at least annually.
b. Have a designated crisis-management team that is properly trained.
c. Conduct an exercise at least annually to test the crisis-management plan and team.
d. Pre-draft select crisis-management messages, including content for dark web sites and 

templates for crisis statements. Have the legal department review and pre-approve these 
messages.

Crisis
Response to a definite 
event

a. Be quick and try to have initial response within the first hour.
b. Be accurate by carefully checking all facts.
c. Be consistent by keeping spokes-people informed of crisis events and key message points.
d. Make public safety the number one priority.
e. Use all of the available communication channels, including the internet, intranet and mass 

notification systems.
f. Provide some expression of concern/sympathy for victims (see §19.5.3).
g. Remember to include employees in the initial response.
h. Be ready to provide stress and trauma counselling to victims of the crisis and their families, 

including employees.

Post-crisis
Learning from a crisis event a. Deliver all information promised to stakeholders as soon as that information is known.

b. Keep stakeholders updated on the progression of recovery efforts including any corrective 
measures being taken and the progress of investigations.

c. Analyse the crisis management effort for lessons and integrate those lessons into the organi-
sation’s crisis management system.

Source: adapted from IRP, 2007 [83]

This definition highlights the importance of 
crisis management as a critical element to preserve 
the relationship with stakeholders, the organisation’s 
reputation, and trust towards the organisation. 

Crisis management has been defined as “a set 
of factors designed to combat crises and to lessen the 
actual damages inflicted” to “prevent or lessen the 
negative outcomes of a crisis and thereby protect the 
organization and its stakeholders … from damage” 
[79]. Given that crises are expected in certain areas, 
there is general agreement that the ability to prepare 
for the inevitable is a critical quality of any successful 
organisation. Crisis management should, there-
fore, be an ongoing process rather than an isolated 
measure to counter an SARE [79, 80, 82]. According 
to Coombs, the set of factors that compose crisis 
management can be grouped into three distinct cat-
egories that correspond with the actual phases of 
the crisis management agenda, namely 1. pre-crisis, 
2. crisis response, and 3. post-crisis [79]. The leading 
priority of the pre-crisis phase is prevention, along 
with preparation. The crisis response phase is when 
management and communication actually need to 
respond to a crisis, and the post-crisis phase seeks to 
identify elements for improvement in preparing for 
the next crisis and fulfils commitments undertaken 
during the crisis phase, including delivery of fol-
low-up information (Table 19.9). 

Research on crisis management plans (CMPs) 
in the specific field of organ donation and transplan-

tation remains scarce. General indications on crisis 
communication when unanticipated events occur in 
the process of organ donation and transplantation 
have been put forward by Van der Laan within the 
project Foedus (Facilitating Exchange of Organs 
Donated in EU Member States) [84], whereas other 
writers focus more specifically on CMPs in living 
donor programmes [80, 85]. 

19.5.1. General indications on crisis 
communication in the process of organ 
donation and transplantation 

Good crisis communication is a critical element 
of successful CMPs. Not having a pre-established, 
clear, crisis communication policy and approach in 
place at the time an unforeseen event happens adds 
complexity and represents an additional crisis that an 
organisation needs to manage. Studies show that or-
ganisations who respond in a professional fashion to 
a crisis are rewarded by their stakeholders and main-
tain trust, whereas those who are unprepared, react 
late and/or provide incomplete responses (e.g. ‘no 
comment’) to the media do not. Therefore, in the spe-
cific context of organ donation and transplantation, 
the pre-crisis phase should be initiated long before 
the actual occurrence of an SARE.

Communication in the event of a crisis is a 
unique challenge for an organisation. It requires 
specific expertise that should be delegated to a spe-
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cialised, well-trained team within the organisational 
structure. 

Van der Laan [84] proposes a model for crisis 
communication divided into three distinct phases, 
culminating in the communication with stake-
holders, the media and the public (Table 19.10).

Table 19.10. Stages and elements of the crisis-response 
phase

Stage 1: Information, scenarios, organisation

• Draw the landscape: what is happening here?
• Define the position: what is our role/responsibility in this 

situation? 
• Appoint a team of specialists (e.g. experts, spokesperson)

Stage 2: Image, assessment, decision-making 

• Fully agree about the situation and expectations (sce-
narios)

• Decide on the communication strategy: proactive/reac-
tive and key principles

Stage 3: Communicate with stakeholders, the media, 
the public 

• Make use of various communication tools: web, social 
media, email, phone

• Act according to key communication principles
• Continuous media monitoring: (tweetdeck) – what is 

said/written about this topic
• Make a time schedule for your communication mo-

ments: be aware of the principle ‘informed waiting 
reduces stress’

Source: adapted from Van der Laan J. 2016 [84]. 

During Stage 3, it is recommended to apply the 
following guidelines [84]:

a� Accuracy before speed.
b� High level of availability for the media – in-

formed waiting reduces stress.
c� Support journalists to bring them into contact 

with the ‘right’ persons. 
d� Keep control: the timing of your press releases.
e� Constantly check the stages: new information, 

new decisions? 
f� Co-operate with other parties (authorities). 
g� Always keep your employees informed.

19.5.2. Crisis-management plans in living donor 
programmes 

The post-operative risk of mortality for LDs is 
extremely low; yet, it is not zero. The death of an LD 
is a tragic and overwhelming event not only for the 
LD’s family but also for the recipient, clinical team 
and transplant programme. A survey of US living 
kidney donor (LKD) (n = 76) and living liver donor 
(LLD) (n = 17) transplant surgeons, representing 87 
unique transplant programmes, revealed that most 

respondents were concerned about either LKDs’ or 
LLDs’ deaths. However, the majority (68 %) reported 
that their organisation does not have a CMP in the 
event of an LD’s death. Based on an earlier study on 
crisis management in the event of an LLD’s death 
[80], and incorporating elements from transplant 
programmes that do have CMPs, the authors have 
built an outline of talking points to guide individual 
transplant programmes’ development of Living 
Donor Crisis Management Plans (Table 19.11) [85]. 

According to Henderson et al� [85], the first 
part of the CMP should primarily state its purpose 
and scope, including clarification of roles, design of 
communication plans and definitions of action steps 
throughout the three phases of the crisis management 
agenda. Team participation should be promoted, and 
senior institutional leadership should be included. 
Also, CMPs should consider that, in the event of a 
donor crisis, the needs of the different stakeholders 
may be competing relative to internal and external 
response and message delivery. Revision of CMPs 
should equally be scheduled annually. 

The pre-crisis phase should be aimed at out-
lining practices for donor safety and advocacy so as to 
effectively prevent the potential for adverse events by 
drawing attention to processes. Donor safety assets 
should be personalised depending on the protocols 
of individual transplant programmes. Yet, they may 
include independent living donor advocacy (ILDA) to 
support informed consent processes, peri-operative 
checklists, well-defined staffing and monitoring pro-
cedures, and a communication escalation protocol. 

In the event of a crisis, precise definition of 
team roles and communication tasks are critical for 
successful management of the crisis itself. In the 
first place, quick, accurate and consistent commu-
nication should be directed to internal and external 
stakeholders. Members, roles, hierarchy and a com-
munication pathway should be defined, and ILDAs 
should be included. Templated messages and a well-
trained spokesperson are recommended. Given that 
the donor surgeon may be essential to primary donor 
family communication, it is equally recommended to 
remove him/her from managing the crisis. 

The post-crisis phase is concerned with long-
term consequences to the programme and is aimed 
at gradually returning to normal activities. In this 
phase, designated clinicians should be identified for 
communication with the LD’s family and the recip-
ient. A communication plan for the clinical care team 
is also suggested along with supportive care, and a 
schedule for crisis management team meetings. Pro-
gramme leadership should co-ordinate reporting to 
national health authorities (for further details on re-
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porting, see §16.4.2), perform a root-cause analysis 
and develop corrective action plans. A plan to follow 
up on commitments made during the crisis phase 
(e.g. release of updates) to the public or to affected 
families is also recommended. 

19.5.3. Duty of Candour

Provision of healthcare services is associated 
with risks and, from time to time, there are unin-
tended or unexpected events that result in death 
or harm. When this happens, people want to be 
told honestly what happened, what will be done in 
response and that improvements will be made to 
prevent this from happening again.

All health professionals and healthcare organi-
sations have a Duty of Candour (DoC), which ensures 
that they are open, honest and supportive with pa-
tients and their relatives about all elements of their 
care and treatment and when there are unexpected 
or unintended incidents resulting in harm or death. 

An event which activates the DoC may fall in 
any of the following categories:

a� death of the person,
b� a permanent lessening of bodily, sensory, motor, 

physiologic or intellectual functions,
c� an increase in the person’s treatment,

d� changes to the structure of the person’s body,
e� the shortening of the life expectancy of the 

person,
f� an impairment of the sensory, motor or intel-

lectual functions of the person which has lasted, 
or is likely to last, for a continuous period of at 
least 28 days,

g� the person experiencing pain or psychological 
harm which has been, or is likely to be, experi-
enced by the person for a continuous period of 
at least 28 days,

h� the person requiring treatment by a registered 
health professional in order to prevent:

• the death of the person, or 
• any injury to the person which, if left untreated, 

would lead to one or more of the outcomes 
mentioned above.

DoC will require healthcare organisations and 
workers to:

a� notify the person affected of the event (and/or 
family/relative if appropriate),

b� provide an apology,
c� carry out a review into the circumstances 

leading to the event,
d� offer and arrange a meeting with the person 

(and/or family/relative if appropriate),

Table 19.11. Living donor crisis management plan, talking points

a. Introduction • Statement of purpose and scope
– Define crisis events (for definitions of SAREs, see §16.2, Table 16.1)

• Describe process to build plan
– Inclusive of team members and senior institutional leadership
– Consideration of stakeholders that may have competing needs
– Schedule for review/revision annually

b. Pre-crisis phase • Outline safety fundamentals that help prevent donor catastrophe
– Delineate robust staffing and monitoring procedures
– Describe communication escalation protocol with defined clinical chain of command
– Donor advocacy that supports informed consent process (ideally a donor advocate team)

c. Crisis phase • Describe crisis-management team
– Identify key personnel roles
– Define specific responsibilities, chain of command and chain of communication
– Include senior institutional leadership
– Invite ILDA

• Plan for quick, accurate, consistent messaging 
– Template messages
– Train spokesperson
– Remove donor primary surgeon from crisis management

d. Post-crisis phase • Communication plan
– Designate clinician to communicate with donor family, and with recipient
– Implement communication plan with clinical care team
– Provide supportive care for donor team 

• Address consequences and gradually resume normal activities 
– Reporting (for further details see §16.4.2)
– Root cause analysis
– Corrective action planning

• Define schedule for crisis management team meetings (suggested daily huddle)

Source: adapted from Henderson et al. 2020 [85].
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e� provide the person affected with an account of 
the event,

f� provide information about further steps taken,
g� make available, or provide information about, 

support for persons affected by the event,
h� prepare and publish an annual report on the 

DoC (organisations).

19.5.3.1. Identifying events that trigger Duty of 
Candour

In most cases, adverse events that would trigger 
the DoC procedure will be identified as part of an es-
tablished process for managing adverse events. This 
may be evident at the time of the event, or it may not 
be apparent until a review has been carried out. A 
small number, however, may be identified through 
other processes, such as complaints or morbidity and 
mortality reviews, which through review or investi-
gation identify that harm has been caused to an in-
dividual during the course of their care or treatment. 
Organisations must have a clear process in place to 
deliver the DoC and engage with the patient/family. 
It is essential that this happens in a timely manner 
following the event.

19.5.3.2. Supporting patients and families
The first consideration following an adverse 

event is that the patient must be cared for, their health 
and well-being secured, and further risk mitigated. 
The patient’s family must be involved when a patient 
has died or suffered serious harm. 

Where an adverse event has a direct impact on a 
patient, it should be discussed with them by the most 
appropriate member of the clinical team as soon as is 
practical. Information and support to the patient and 
relatives should be provided, including information 
on support systems available. Compassion and un-
derstanding should be demonstrated at all times, and 
arrangements for ongoing contact should be agreed 
with the patient/family to keep them informed of 
the progress of reviews and/or improvement plan 
implementation.

When patients and families are affected by 
adverse events, organisations should demonstrate 
transparency and openness and give an apology. 
Saying sorry is not an admission of liability, but is an 
understanding of the distress or worry experienced.

The Institute for Healthcare Improvement 
(IHI) [86] suggests that an adverse event does not 
necessarily break down the trust between patient and 
staff; however, the way in which the organisation re-
sponds after such events often does. 

Open communication about adverse events is 
part of good clinical practice and not something sep-

arate which is initiated when an adverse event occurs. 
‘Being open’ is a process of actions and behaviours, 
and it requires a culture that visibly encourages key 
behaviours, including:

• honesty,
• openness,
• appropriate sharing of information,
• a willingness to learn from experience and to 

change how the organisation functions.

19.6. Conclusion 

Informed consent is a legal and ethical require-
ment in the working field of organ donation and 

transplantation. It is a complex process and a critical 
element to guarantee safety and quality across the 
lifelong continuum of care of transplantation and 
living donation. Active transplant candidate/recip-
ient/LD participation is the cornerstone to enable 
SDM as the most desirable model for decision making 
in clinical practice. In communicating benefits and 
risks to transplant and/or LD candidates, physi-
cian teams should ensure that proper communica-
tion strategies and tools are in place to enhance the 
patient–physician partnership, to perform thorough 
educational interventions to improve knowledge of 
transplant and/or donation, to assess comprehension, 
motivation, views and preferences among the mul-
tiple options and aspects inherent in transplantation. 
In order to prevent disparities between transplant 
centres, the timing, content, details and modality of 
information and education for the transplant can-
didate, recipient and LD should combine a certain 
degree of standardisation with the need to provide 
an individualised, patient-centred approach to care.

Research agenda

1 Studies have shown that variability exists in the 
timing, content, details and modality of information 
and education for transplant candidates, recipients 
and LDs across transplant centres in Europe and 
elsewhere. However, studies are needed to assess 
how informed-consent processes for transplant 
and donor candidates are currently performed in 
transplant centres in Europe. Additionally, much 
remains to be investigated as to the most effective 
strategies to enhance the patient–physician 
partnership, improve comprehension and assess 
recipients’ and LDs’ understanding of the risks and 
benefits of transplantation or living donation. 

2 In particular, it remains unclear whether younger 
LDs sufficiently appreciate the level of uncertainty 
about the long-term outcomes of living donation, 
since regular LD evaluations are less predictive of 
future expected outcomes in this group of patients. 
Assessment of working practices for communication 
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of risk to younger LDs across European transplant 
programmes is needed, along with studies aimed 
at the development of strategies for effective 
communication and testing of comprehension. 

3 Also, communication of risk in the European 
context to more vulnerable groups of patients 
or LDs (i.e. socio-economically disadvantaged 
subjects, individuals who have migrated from other 
countries, who are from ethnic minorities or who 
have a different first language, patients with limited 
health literacy, elderly persons and other vulnerable 
categories) requires further investigation. This will 
allow determination of the requirement for targeted 
strategies to accommodate the needs of these 
vulnerable patients and guarantee provision of high-
quality care throughout the transplantation and/or 
living donation process. More evidence is needed 
regarding the clinical and psychosocial outcomes 
resulting from the use of specific communicative 
strategies and tools to supplement and enhance 
informed consent and educational processes. 
Multiple solutions have been developed to 
supplement and enhance the processes of informed 
consent and patient education in other fields of 
clinical practice. Studies are needed to assess the 
effectiveness of these practices in the specific field of 
transplantation and living donation. 

4 Research on communicative strategies and decision 
making about actions in the event of malignant and/
or infectious disease transmission is also lacking. 

5 It has also been shown that research on CMPs and 
crisis communication remains limited in Europe. 
Future studies should develop more robust 
indications to guide the development of CMPs for 
deceased and living donor transplant programmes 
across Europe.
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Appendix 1. Abbreviations and acronyms

ABO blood group according to the ABO 
system

ABRs auditory brainstem responses in 
multi modal evoked potentials 

ACLD deaths with acute primary or second-
ary cerebral lesions

ADEM acute disseminated encephalomyeli-
tis

ADH anti-diuretic hormone
ADM aggressive donor management
ADPKD autosomal dominant polycystic 

kidney disease
AE adverse event
AFP alpha fetoprotein and placental
AHA American Heart Association
AJCC American Joint Cancer Committee
ALCD acute primary or secondary cerebral 

lesion
ALL acute lymphoblastic leukaemia
ALT alanine aminotransferase
anti-CMV antibodies against Cytomegalovirus 

(total antibodies of IgG and IgM)
anti-EBV antibodies against Epstein–Barr 

virus
anti-HBc antibodies against the core antigen of 

the hepatitis B virus
anti-HBc-IgM IgM-antibodies against the core 

antigen of the hepatitis B virus
anti-HBs antibodies against the HBsAg- 

molecule of hepatitis B virus
anti-HCV antibodies against hepatitis C virus
anti-HIV antibodies against HIV
anti-HIV-1/2 antibodies against HIV subtypes 1 or 

2

anti-HIV-1 antibodies against HIV subtype 1 
only

anti-HIV-2 antibodies against HIV subtype 2 
only

AOTDTA Australian Organ and Tissue Dona-
tion and Transplantation Authority

APTT activated partial thromboplastin test
AR adverse reaction
ARE adverse reaction and/or event
AST American Society of Transplantation
AST aspartate aminotransferase
ATP adenosinetriphosphate
ATP ancillary therapeutic product
AVP arginine vasopressin
BAL broncho-alveolar lavage
Banff Banff classification of renal allograft 

pathology
BCG bacillus Calmette–Guérin
BD brain death
BDD brain death diagnosis
BD/DNC brain death or death by neurologic 

criteria
B-HCG beta human chorionic gonadotropin
BilIN biliary intraepithelial neoplasia
BKPyV BK polyomavirus
BKV BK virus
BM bone marrow
BMI body mass index
BNP B-type natriuretic peptide
CA cardiac arrest
CA competent authority
CAD coronary artery disease
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CALM contact–appoint–look ahead–make a 
decision [in dealing with strong reac-
tions]

CB cord blood
CBF cerebral blood flow
CDC Centers for Disease Control and Pre-

vention (USA)
cDCD controlled donation after circulatory 

death
CD-P-TO Committee on Organ Transplanta-

tion of the Council of Europe
CEA carcinoembryonic antigen
CEN European Committee for Standardi-

zation
CET Centre for Evidence in Transplanta-

tion
CETC Certification of European Transplant 

Co-ordinators
CGH comparative genomic hybridisation
CHIKV chikungunya virus
CI cardiac index
CIT cold ischaemia time
CJD Creutzfeld–Jakob disease
CKMB creatine kinase muscle/brain isoen-

zyme
CML chronic myeloid leukaemia
CMV Cytomegalovirus
CNS central nervous system
CNT Centro Nazionale Trapianti (Italy)
CO carbon monoxide
CO cardiac output
Covid-19 Coronavirus disease 2019
CPAP continuous positive airway pressure
CPK creatinine phosphokinase
CPK-MB creatinine phosphokinase-muscle/

brain fraction
CPP cerebral perfusion pressure
CPR cardio-pulmonary resuscitation
CQI continuous quality improvement
CRAB carbapenem-resistant Acinetobacter 

baumannii
CRE carbapenem-resistant enterobacte-

riaceae
CR-KP carbapenem-resistant Klebsiella 

pneumoniae
CT computed tomography
CTA computed tomographic angiography 

(see §3.5.1.4)
CTC circulating tumour cells
CTP computed tomographic perfusion 

(see §3.5.1.6)
CVP central venous pressure
D+/R– donor has been infected by the path-

ogen, recipient is naïve (not infected)

D+/R+ both donor and recipient have been 
infected by the pathogen

D–/R+ donor is naïve (not infected), recip-
ient has been infected by the patho-
gen

D–/R– both donor and recipient are naïve 
(not infected by the pathogen)

DAA direct-acting anti-viral agents
DBD donation after brain death or after 

neurological determination of death 
DBI devastating brain injury
DC donor co-ordinator
DCD donation after circulatory determina-

tion of death
cDCD controlled donation after circulatory 

death
uDCD uncontrolled donation after circula-

tory death
DD deceased donor
DDAVP® [a trade name for] Desmopressin
DENV dengue virus
DGF delayed graft function
DI diabetes insipidus
DIC disseminated intravascular coagula-

tion
DKG Double Kidney Transplant Group
DNA deoxyribonucleic acid
DNC death determined by neurologic cri-

teria
DO2 oxygen delivery
DoC Duty of Candour
DOD deceased organ donation
DRI donor risk index
DSO Deutsche Stiftung Organtransplanta-

tion (Germany)
DTAC Disease Transmission Advisory 

Committee (USA)
EBV Epstein–Barr virus
ECD expanded-criteria donor
ECDC European Centre for Disease Preven-

tion and Control
ECG electrocardiogram
ECLS extracorporeal life support
ECMO extracorporeal circulation with 

membrane oxygenation
ED emergency department
EDD European Donation Day
EEA European Economic Area
EEG electroencephalogram (see §3.5.2.1)
EF ejection fraction
EFQM European Foundation for Quality 

Management
EG ethylene glycol
eGFR estimated glomerular filtration rate
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ELISA enzyme-linked immunosorbent assay
ELWI extra-vascular lung water index
ENTV elective non-therapeutic ventilation
EOL end of life
EPAS ET-pancreas allocation system
ERC European Resuscitation Council
ESBL extended-spectrum beta-lactamases
ESCIM European Society of Intensive Care 

Medicine
ESGICH ESCMID Study Group of Infection in 

Compromised Hosts
ESP European Senior Program
ET essential thrombocythemia
ET Eurotransplant
EtCO2 end-tidal carbon dioxide level 
ETT endotracheal tube
EU European Union
EuSCAPE EUropean Survey on CArbapene-

mase-Producing Enterobacteriaceae
FAP familiar amyloid polyneuropathy
FDG fluorodeoxyglucose 
FFP fresh frozen plasma
FiO2 fraction of inspired oxygen
FISH fluorescence in situ hybridisation
FMF familial Mediterranean fever
FOUR full outline of unresponsiveness 

(coma scale)
FP framework programmes
FSME [German term for] endemic viral 

tick-borne encephalitis
FWIT functional warm ischaemic time
GBM glioblastoma multiforme
GCS Glasgow Coma Scale
G-CSF granulocyte-colony stimulating 

factor
GDRI geographical disease risk index
GFR glomerular filtration rate
GGT gamma-glutamyl transferase
GIST gastro-intestinal stromal tumour
GLP good laboratory practice
GMP good manufacturing practice
GN Gram negative
HAM HTLV-associated myelopathy
HAV hepatitis A virus
HBsAg surface antigen of hepatitis B virus
HBV hepatitis B virus
HCG human chorionic gonadotropin
HCP health care provider
HCV hepatitis C virus
HDV hepatitis D virus
HEA hydroxyethylamidons
HELLP syndrome of haemolysis, elevated 

liver enzymes, low platelets
HES hydroxyethyl starch

HEV hepatitis E virus
HHV8 human herpes virus-8
HIV human immunodeficiency virus
HIV-1-p24-Ag p24-antigen of HIV, subtype 1
HLA human leukocyte antigen
HMP hypothermic machine perfusion
HMPAO hexamethylpropyleneaminoxime

99mTcHMPAO 99mTc-labelled hexamethylpropylene-
aminoxime [tracer used in scintigra-
phy]

HOTT Combating trafficking in persons for 
the purpose of organ removal

HPA hypothalamic-pituitary axis
HPC haematopoietic progenitor cell
HPyVs human polyomaviruses
HR heart rate
HRP hypothermic regional perfusion
HRT  hormonal replacement therapy 
HSV Herpes simplex virus
HTK Histidine-tryptophan-ketoglutarate
HTLV1/2 human T-lymphotropic virus/human 

T-cell-leukaemia virus subtype 1/2
ICHS intracerebral haemorrhage scale
ICOD intensive care to facilitate organ do-

nation
ICP intracranial pressure
ICU intensive care unit
ID-card identification card
IGRA interferon-gamma release assay
IHS intracerebral haemorrhage scale
ILCOR International Liaison Committee of 

Resuscitation
INR international normalised ratio
IPITTR Israel Penn International Transplant 

Tumor Registry
IRHCTT International Registry on Hand and 

Composite Tissue Transplantation
IRI ischaemia/reperfusion injury
ISHLT International Society of Heart and 

Lung Transplantation
ISN International Society for Nephrology
ISOL intracranial space-occupying lesion
ISUP International Society of Urological 

Pathology
ITBL ischaemia-type biliary lesions
ITBVI intra-thoracic blood volume index
IV intravenous
IVC inferior vena cava
IVS intraventricular septum
IVSd thickness of intraventricular septum 

in diastole
iVx inactivated vaccine
JCAHO Joint Commission on the Accredita-

tion of Healthcare Organizations
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JCI Joint Commission International
JCPyV JC polyomavirus
JPAC Joint Professional Advisory Commit-

tee
KDIGO Kidney disease: improving global out-

comes [guidelines]
KDP key donation person
KPD kidney paired donation
KSHV Kaposi sarcoma herpes virus
LCMV lymphocytic choriomeningitis virus
LD living donor
LDH lactate dehydrogenase
LD-LR living donor liver resection
LDLT living donor liver transplantation
LDN living donor nephrectomy
LH left hepatectomy
LLH left lateral hepatectomy
LOD living organ donation
LTBI latent tuberculosis infection
LV left valve
LVEF left ventricular ejection fraction
LVx live vaccine
MAID medical assistance in dying
MALORY MALignancy in Organ donors and 

Recipient safetY
MAP mean arterial pressure
MCL medio-calvicular line
MDR multidrug-resistant
MELD model of end-stage liver disease
MERS-CoV Middle East respiratory symptom 

coronavirus
MGUS monoclonal gammopathies of un-

determined significance
MI-LDN minimally living donor nephrectomy
MPHO medical products of human origin
MPN myeloproliferative neoplasm
MRI magnetic resonance imaging
MRSA methillicine-resistant Staphylococcus 

aureus
MRT magnetic resonance tomography
MSM men who have sex with men
NAT nucleic acid amplifying technique 

(‘nucleic acid testing’)
NEC neuro-endocrine carcinoma
NET neuro-endocrine tumour
NHMRC National Health and Medical Re-

search Council
NICU neonatal intensive care unit
NIHSS National Institute for Health Stroke 

Severity Scale
Notify WHO Vigilance and Surveillance 

Database for MPHO
NR non-reactive
NRP normothermic regional perfusion

NSE neuron-specific enolase
NTO national transplant organisation
NURSE naming–understanding–respecting–

supporting–exploring [dealing with 
emotions]

OHES out-of-hospital emergency services
OMF osteomyelofibrosis
ONT Organización Nacional de Trasplan-

tes (Spain)
OPO organ procurement organisation
OPTN Organ Procurement and Transplan-

tation Network (USA)
OTC ornithine transcarbamylase
pa pulmonary artery
paCO2 pulmonary artery carbon dioxide
PaCO2 partial pressure of carbon dioxide
PanIN pancreatic intraepithelial neoplasia/

lesions
paO2 pulmonary artery oxygen
PaO2 partial pressure of oxygen
PAOP pulmonary arterial occlusion pres-

sure
PASS phaeochromocytoma of the adrenal 

gland: scaled score
PBC primary biliary cirrhosis
PBPC peripheral blood progenitor cells
PCC phaeochromocytoma
PCR polymerase chain reaction
pDBD paediatric donation after the neuro-

logical determination of death 
PDCA plan–do–check–act cycle
pDCD paediatric donation after the circula-

tory determination of death 
PDSA plan–do–study–act cycle
PEEP positive end-expiratory pressure
PET positron emission tomography
PGL paraganglioma
PHS public health service (USA)
PICU paediatric intensive care unit
PLAP placental alkaline phosphatase
PMF primary myelofibrosis
PML progressive multifocal leukoencepha-

lopathy
PNF primary non-function
PNF permanent non-function
P-PASS pre-procurement pancreas allocation: 

suitability score
PROMs patient-reported outcome measures
PSA prostate-specific antigen
PT prothrombin time
pTis tumour in situ
PTLD post-transplant lymphoproliferative 

disorders
PV polycythaemia vera
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pvO2 pulmonary vein blood-gas determi-
nation

QA quality assurance
QAP quality assurance programme
QC quality criterion
QI quality indicator
QIP quality improvement programme
QMS quality management system
QoL quality of life
RCA root cause analysis
RCC renal cell carcinoma
RCT randomised controlled trial
RH right hepatectomy
RL risk level
ROI regions of interest (during measure-

ment in studies of CTP)
RP responsible person
SaBTO Advisory Committee for the Safety of 

Blood, Tissues and Organs (UK)
SAE serious adverse event
SaO2 oxygen saturation 
SAR serious adverse reaction
SARE serious adverse reaction and/or event
SARS-CoV-2 severe acute respiratory syndrome 

Coronavirus 2
SCD standard criteria donor
SCS static cold storage
SEPs somatosensory evoked potentials in 

multimodal evoked potentials 
SIRS systemic inflammatory response syn-

drome
SMA superior mesenteric artery
SoHO substances of human origin
SOL space-occupying lesion
SOP standard operating procedure
SOT solid-organ transplantation
SPECT single-photon-emission computed to-

mography

SPIKES setting–perception–invitation–
knowledge–emotions–strategy/
summary [breaking bad news]

SSRI selective serotonin re-uptake inhibi-
tor

STD sexually transmitted disease
SVI stroke volume index
SVR systemic vascular resistance
SVRI systemic vascular resistance index
TA-NRP thoraco-abdominal NRP
TB tuberculosis
TBE tick-borne encephalitis
TC transplant centre
TCA tricyclic anti-depressant
TCD transcranial Doppler
TPHA Treponema pallidum haemagglutina-

tion
TPM transplant procurement management
TSE transmissible spongiform encepha-

lopathies
TST tuberculosis screening test
TTS The Transplantation Society
uDCD uncontrolled donation after circula-

tory death
UK United Kingdom
UNOS United Network for Organ Sharing 

(USA)
UTI urinary tract infection
UW University of Wisconsin
V&S vigilance and surveillance
VCA vascularised composite allograft
VZV varicella–zoster virus
WHO World Health Organization
WIT warm ischaemia time
WLST withdrawal of life-sustaining therapy
WNV West Nile virus
X-ray X radiation
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Acirculatory time See ‘Primary warm ischaemia time’.

Actual organ 
donor 

An actual organ donor is defined as a 
person (living or deceased) from whom 
at least one organ has been procured 
for transplant purposes.

Adverse event An undesired and unexpected occur-
rence associated with any stage of the 
chain from donation to transplantation 
that might lead to harm in solid-organ 
transplant recipients or living organ 
donors. See also ‘Serious adverse event’.

Adverse reaction An unintended response, including a 
communicable disease, in the recipient 
or in the living donor that might be 
associated with any stage of the chain 
from donation to transplantation. See 
also ‘Serious adverse reaction’.

Agonal phase The period from withdrawal of ventilato-
ry support until circulatory arrest.

Allocation The process for the assignment and 
distribution of organs.

Ancillary tests Auxiliary or supplementary tests used 
for the determination of death by neu-
rologic criteria. Ancillary tests can assess 
electro-physiological activity or brain 
blood flow.

Apnoea test Procedure to evaluate the cessation of 
the spontaneous breathing reflex regu-
lated by the respiratory centres located 
in the brainstem. 

Asystolic time See ‘Primary warm ischaemia time’.

Audit Periodic, independent, documented ex-
amination and verification of activities, 
records, processes and other elements 
of a quality system to determine their 
conformity with specific internal or 
external requirements. Audits may be 
conducted by professional peers, inter-
nal quality system auditors or auditors 
from certification bodies. 

Banff classification Schema for nomenclature and classi-
fication of renal allograft pathology, 
established in 1991 by Kim Solez and 
Lorraine Racusen in Banff, Canada. This 
classification has become the main 
instrument for setting standards in renal 
transplant pathology and is widely used 
in international clinical trials of new 
anti-rejection agents. 

Brain death Death determined by neurologic criteria 
on the basis of evidence of irreversible 
loss of neurological functions, in per-
sons with acute primary or secondary 
devastating cerebral lesions, induced by 
intracranial events or the result of extra-
cranial phenomena, such as hypoxia.

Cell The smallest transplantable and func-
tional unit of life.

Circulatory death Death determined by circulatory criteria 
based on evidence of irreversible or per-
manent loss of the circulatory function. 

Clinical triggers Specific medical criteria that, when 
met, should result in referral of the 
possible deceased organ donor to the 
donor co-ordinator or the staff of the 
corresponding organ procurement 
organisation by the treating physician. 

Cold ischaemia 
time

The elapsed time between the cooling 
of an organ after its blood supply has 
been cut off and the time when the 
organ is reperfused by circulation in the 
recipient. This interval can occur while 
the organ is still in the body or after it 
is removed from the body, and applies 
only to organs stored by static cold stor-
age. In cases of machine perfusion, it is 
not appropriate to use the term without 
providing more detailed information on 
the conditions (solutions, temperatures, 
oxygenation etc.) applied. 
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Compensation Reimbursement strictly limited to 
making good the expenses and incon-
venience related to the donation.

Competent 
Authority 

See ‘Health Authority’.

Consent to dona-
tion/ authorisation 
of donation 

Legally valid permission from a person 
to donate an organ. In cases of living 
donation, this person must be given 
appropriate information beforehand 
about the purpose and nature of the 
intervention as well as its consequences 
and risks.

Consented eligible 
organ donor

An eligible organ donor with consent 
given in whom an operative incision 
has been made with the intention of 
organ procurement for the purpose of 
transplantation. 

Controlled dona-
tion after circula-
tory death

Donation from a person whose death 
has been established by circulatory cri-
teria, following an expected circulatory 
arrest.

D+/R− Combination of a seropositive donor 
and a seronegative recipient for a given 
infectious disease. This combination 
should raise questions about the 
prophylactic measures to be taken to 
protect the recipient from harm. 

D+/R+ When both the donor and the recipient 
have been infected by a given patho-
gen.

D−/R+ Combination of a seronegative donor 
and a seropositive recipient for a given 
infectious disease.

D−/R− When both the donor and recipient are 
naïve for (i.e. have not been infected by) 
a given pathogen.

Delayed graft 
function

Manifestation of acute graft injury, with 
attributes unique to the transplant pro-
cess, in which the graft takes up func-
tion with some delay after implantation. 
See also ‘Intermediate graft function’.

Devastating brain 
injury

Neurological injury where there is an 
immediate threat to life from a neu-
rologic cause and where limitation of 
therapy is being considered in favour of 
palliative and end-of-life care.

Diabetes insipidus Form of diabetes caused by a deficiency 
of the pituitary hormone vasopressin, 
which restricts the rate of water excre-
tion in the kidney. Clinical triggers for 
identification of this complication in de-
ceased organ donors, related to the fail-
ure of the hypothalamic-pituitary axis, 
are polyuria (in the case of appropriate 
volume therapy) and hypernatraemia.

Distribution The process of transport and delivery of 
organs after they have been allocated.

Donation after 
brain death

Donation from a person who has been 
declared dead on the basis of the irre-
versible loss of neurological functions. 

Donation after 
circulatory death

Donation from a person who has 
been declared dead on the basis of 
circulatory criteria. Depending on the 
clinical scenario in which cardiac arrest 
occurs, it can be classified as controlled 
or uncontrolled and in one of the 
four Maastricht categories. See also 

‘Controlled donation after circulatory 
death’ and ‘Uncontrolled donation after 
circulatory death’.

Donor A person, living or deceased, who is a 
source of one or several organs.

Donor assessment 
and selection

The process of determining the suit-
ability of a potential donor, living or 
deceased, to donate. This process allows 
a prediction of whether the transplanta-
tion of one or several of their organs will 
be safe for the recipient(s).

Donor card Personal document stating agreement 
to organ donation.

Donor 
characterisation 

The process of collecting the relevant 
information on the characteristics of 
the donor needed to evaluate their 
suitability for organ donation, in order 
to undertake a proper risk assessment, 
minimise the risks for the recipient and 
optimise organ allocation.

Donor 
co-ordinator 

Person responsible for the proactive 
identification of potential donors at 
hospital level and for co-ordination 
and support of all the subsequent steps 
supporting organ donation, including 
organ procurement and distribution. 
They may also be called ‘transplant 
co-ordinator’, ‘key donation person’ or 
other names. 

Donor risk index Scoring system describing organ quality 
in a population from whom this score 
has been derived by multivariable sta-
tistical methods.

Elective non- 
therapeutic 
ventilation

The initiation of mechanical ventilation, 
in patients with a devastating brain 
injury in whom further treatment is 
deemed futile, with the aim of incorpo-
rating the option of organ donation into 
their end-of-life care.

Eligible organ 
donor 

A person who has been found medically 
suitable to become an organ donor. 

Expanded-criteria 
donor

A donor in whom co-morbidities exist 
that may compromise organ function. 
This concept should not be confused 
with the non-standard-risk donor, for 
which see ‘Non-standard-criteria donor’.

Export The process of transporting human 
organs, tissues or cells intended for 
human application to another country 
where they are to be processed further 
or used.

Failed donor A possible donor who did not become 
an actual donor.
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False negative A test result which improperly indicates 
absence of a condition (the result is neg-
ative) when in reality the condition is 
present. An example of a false negative 
would be if a test designed to detect 
a given infection returned a negative 
result but the person actually did have 
the infection. Some common causes of 
a ‘false negative’ result include haemod-
ilution, window period, investigation 
of the incorrect body compartment or 
inappropriate test quality.

False positive A test result which improperly indicates 
presence of a condition (the result is 
positive) when in reality the condition 
is absent. An example of a false positive 
would be if a test designed to detect 
a given infection returned a positive 
result but the person actually did not 
have the infection. Some common 
causes of a ‘false positive’ include 
contamination, cross-reactivity or inap-
propriate test quality.

Follow-up Subsequent evaluation of the health of 
a patient, living donor or recipient, for 
the purposes of monitoring the results 
of the donation or transplantation, 
maintenance of care and initiation of 
post-donation or post-transplant inter-
ventions. See also ‘Surveillance’ (which 
is part of ‘Follow-up’).

Functional warm 
ischaemia time

The period between the first episode of 
significant hypoperfusion and the start 
of in situ preservation.

Good practice A method or technique that has consist-
ently shown results superior to those 
achieved by other means and which is 
currently used as a benchmark.

Graft Part of the human body that is trans-
planted in the same person or another 
person to replace a damaged part or to 
compensate for a defect.

Haemodilution Dilution of serum or blood sample used 
for laboratory investigations, due to 
infusions and transfusions.

Health Authority In the context of this Guide, a national 
or regional body to which the govern-
ment has delegated the responsibility 
for ensuring that organ donation and 
transplantation are appropriately 
promoted, regulated and monitored in 
the interests of patient safety and public 
transparency. The terms Regulatory 
Authority, Regulatory Agency or, in the 
EU, Competent Authority are equivalent 
to it. 

Implantation See ‘Transplantation’.

Import The process of transporting human 
organs, tissues or cells into one country 
from another for the purpose of further 
processing or use. 

Imputability Assessment of the probability that a 
reaction in a living donor or a recipient 
may be attributed to the process of 
donation or transplantation, or to an 
aspect of the safety or quality of the 
transplanted organ, tissue or cell. 

Informed consent A person’s voluntary agreement, 
based upon adequate knowledge and 
understanding of relevant information, 
to donate an organ or to undergo a 
diagnostic, therapeutic or preventive 
procedure.

Intensive care to 
facilitate organ 
donation

The initiation or continuation of in-
tensive care measures in patients with 
a devastating brain injury, in whom 
further treatment is deemed futile, with 
the aim of incorporating the option of 
organ donation into their end-of-life 
care.

Intermediate graft 
function

The terms ‘slow graft function’ and 
‘intermediate graft function’ are used 
in liver transplantation as equivalent to 
delayed graft function in kidney trans-
plantation for the delayed start of graft 
function after transplantation. See also 

‘Delayed graft function’.

Ischaemia time The period during which an organ is 
deprived of its blood supply. See ‘Cold 
ischaemia time’ and ‘Warm ischaemia 
time’. See also ‘Functional warm ischae-
mia time’, ‘Lukewarm ischaemia time’, 

‘Primary warm ischaemia time’ and ‘Total 
ischaemia time’.

Labelling The process, including the steps taken 
to identify the packaged material, of 
attaching all appropriate information to 
a container or package so that the infor-
mation is clearly visible on the exterior 
of the carton, receptacle or packaging. 

Living donor A living person from whom organs, 
tissues or cells have been removed 
for the purpose of transplantation. A 
living donor has one of these possible 
relationships with the recipient:

A. Related
A1. Genetically-related:
First-degree genetic relative: parent, 
sibling, offspring.
Second-degree genetic relative: grand-
parent, grandchild, aunt, uncle, niece, 
nephew.
Other than first or second degree genet-
ically related, e.g. cousin.
A2. Emotionally related:
Spouse (if not genetically related), in-
law, adopted, friend.

B. Unrelated = Non-related
Not genetically or emotionally related.

Lukewarm ischae-
mia time

The uncontrolled period between the 
events of stopping of organ perfusion 
and proper storage of the graft in cold 
storage or on machine perfusion.
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Lung-protective 
treatment 

Strategy applied in potential organ 
donors with the goal of increasing the 
number of lungs eligible for transplant. 
It includes these methods to prevent 
atelectasis and infection: continuous 
mucolysis, humidification of respiratory 
gases, aspiration of secretions, changes 
of body position and head-of-bed eleva-
tion (if no contraindications). 

Model for end-
stage liver disease 

Scoring system for predicting survival 
in end-stage liver disease based on 
laboratory data for bilirubin, creatinine 
and international normalised ratio.

Negative Any ‘negative’ test result indicates only 
that the pathogen has not been detect-
ed. The medical community documents 
this as ‘negative’ without knowing 
whether the pathogen was missed or 
whether it did not exist. Equivalent to 

‘non-reactive’.

Next of kin A person’s closest living relative(s).

Non-reactive See ‘Negative’.

Non-resident 
donor or recipient

A person donating an organ or receiving 
a transplant who does not reside perma-
nently in the country where donation or 
transplantation takes place. 

Non-standard- 
criteria donor 

Donor in whom evidence of disease- 
transmission risk exists. The risk can 
be graded according to risk levels 
(which differ for infectious diseases and 
malignancies). This concept should not 
be confused with the ‘expanded-criteria 
donor’ concept.

Normothermic 
regional perfusion

In situ perfusion of organs with oxygen-
ated blood using a device applied at 
normothermic temperatures.

Notify WHO Vigilance and Surveillance Data-
base for medical products of human 
origin.

Operating 
procedure 

See ‘Procedure’.

Opting-in dona-
tion system 

A system where consent to donation has 
to be given explicitly from the donor 
or the next of kin. Also called ‘explicit 
consent’ or ‘informed consent’ system. 

Opting-out dona-
tion system 

A system where donation can take place 
if there is no objection registered to 
donation. In practice, operational vari-
ations exist, just as with the ‘opting-in’ 
system in Europe, because the family 
still plays a prominent role in the deci-
sion-making process. Also (inappropri-
ately) called ‘presumed consent’ system.

Organ A differentiated part of the human 
body, formed by different tissues, that 
maintains its structure, vascularisation 
and capacity to develop physiological 
functions with a significant level of 
autonomy. A part of an organ is also 
considered to be an organ if its function 
is to be used for the same purpose as 
the entire organ in the human body, 
maintaining the requirements of struc-
ture and vascularisation.

Organ 
characterisation 

The process of collecting the relevant 
information on the characteristics of the 
organ, needed to evaluate its suitability, 
in order to undertake a proper risk 
assessment, to minimise the risks for 
the recipient and to optimise organ 
allocation. 

Organ procure-
ment organisation

A healthcare establishment, a person, a 
team or unit of a hospital, or any other 
body which undertakes or co-ordinates 
the procurement of organs and is 
authorised to do so by the responsible 
Health Authority under the regulatory 
framework in the member state con-
cerned.

Positive Any ‘reactive’ test result that indicates 
either current or past exposure to a 
pathogen, after exclusion of a false posi-
tive result. Equivalent to ‘reactive’.

Possible organ 
donor 

A patient with a devastating brain injury 
or lesion or a patient with a circulatory 
failure who is apparently medically 
suitable for organ donation.

Potential organ 
donor 

A potential DBD (donation after brain 
death) donor is a person whose 
clinical condition is suspected to fulfil 
brain-death criteria. A potential DCD 
(donation after circulatory death) donor 
is either a person whose circulatory 
and respiratory functions have ceased, 
and cardio-pulmonary resuscitation 
measures are not to be attempted or 
continued, or a person in whom the 
cessation of circulatory and respiratory 
functions is anticipated to occur within 
a time frame that will enable organ 
recovery.

Pre-emptive 
transplantation 

In renal transplantation this term is used 
for cases where transplant is performed 
prior to the start of dialysis as renal 
replacement therapy.

Preservation The use of chemical agents, alterations 
in environmental conditions or other 
means during processing to prevent or 
inhibit biological or physical deteriora-
tion of organs between procurement 
and transplantation.

Presumed consent See ‘Opting-out donation system’.

Primary 
non-function 

The situation when a graft never func-
tions following transplantation. 

Primary warm 
ischaemia time

Primary WIT (asystolic or acirculatory 
time) is the period between circulatory 
arrest and the start of in situ preserva-
tion. 

Procedure Description of the operation(s) or 
process(es) to be carried out, the 
precautions to be taken and measures 
to be applied that relate directly and 
indirectly to the transplant process from 
donation to transplantation.

Procurement The removal of organs, tissues or cells 
from a donor for the purpose of trans-
plantation. The terms ‘recovery’ and 

‘retrieval’ are equivalent to it.
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Protocol A combination of a standard operating 
procedure and standard documenta-
tion.

Quality assurance Describes the actions planned and per-
formed to provide confidence that all 
systems and elements that influence the 
quality of the product are working as 
expected, individually and collectively. 

Quality control Part of quality management, focused on 
fulfilling quality requirements. 

Quality criteria Conditions that have to be met by the 
healthcare practice in order to be con-
sidered a good-quality practice.

Quality 
improvement 

Describes the actions planned and per-
formed to develop a system to review 
and improve the quality of a product or 
process.

Quality indicator A defined measurement that indicates 
the presence and intensity of a phe-
nomenon or event. 

Quality 
management 

A system that monitors and co- 
ordinates activities in an organisation to 
ensure consistent quality in care, safety 
and use of resources. This general term 
encompasses everything that can affect 
the final quality of organs, tissues and 
cells.

Quality system The organisational structure, defined 
responsibilities, procedures, processes 
and resources for implementing quality 
management, including all the activities 
that contribute to quality (directly or 
indirectly).

Reactive See ‘Positive’.

Recipient A person who receives transplanted 
organs, tissues and/or cells.

Recovery See ‘Procurement’.

Registry A repository of data collected on organ 
donors and/or transplant recipients for 
the purpose of outcome assessment, 
quality assurance, healthcare organisa-
tion, research and surveillance.

Risk assessment Identification of potential hazards, with 
an estimate of the likelihood that they 
will cause harm and of the severity of 
the harm if it does occur. 

Self-assessment A comprehensive and systematic review 
of the organisation’s activities and 
results, referenced against the quality 
management system or a model of ex-
cellence, which can help identify areas 
requiring improvement.

Serious adverse 
event

Any undesired and unexpected occur-
rence associated with any stage of the 
chain from donation to transplantation 
that might lead to the transmission of 
a communicable disease, to death or 
life-threatening, disabling or incapac-
itating conditions for patients or that 
results in, or prolongs, hospitalisation or 
morbidity.

Serious adverse 
reaction

An unintended response – including 
a communicable disease in the living 
donor or in the recipient, and which 
might be associated with any stage of 
the chain from donation to transplan-
tation – that is fatal, life-threatening, 
disabling or incapacitating, or which 
results in (or prolongs) hospitalisation or 
morbidity.

Slow graft 
function

The terms ‘slow graft function’ and ‘in-
termediate graft function (IGF)’ are used 
in liver transplantation as equivalent to 
delayed graft function in kidney trans-
plantation for the delayed start of graft 
function after transplantation.

Standard-criteria 
donor 

A donor manifesting no evidence 
of disease-transmission risk and no 
co-morbidities compromising organ 
function.

Strout test Concentration test for the diagnosis 
of acute Chagas disease. This test has 
a sensitivity of 80-90 % and is recom-
mended in the case of patients strongly 
suspected of having acute Chagas 
disease and returning negative results 
for the direct fresh-blood exam. 

Surveillance The systematic ongoing collection, 
collation and analysis of data for public 
health purposes, and the timely dissem-
ination of public health information for 
assessment and public health response, 
as necessary. See also ‘Follow-up’ (which 
includes surveillance).

Tissue An aggregate of cells joined together by, 
for example, connective structures and 
performing a particular function. 

Total ischaemia 
time 

The time from cessation of adequate 
circulation to an organ (cross-clamping) 
in a donor until arterial reperfusion in 
the recipient. During this period, mul-
tiple organ-preservation technologies 
can be applied.

Traceability Ability to locate and identify an organ at 
each stage in the chain from donation 
to transplantation/disposal, including 
the ability to identify the donor, the 
donor hospital and the recipient(s) at 
the transplant centre(s), and to locate 
and identify all relevant non-personal 
information relating to products and 
materials coming into contact with that 
organ.

Transmissible 
disease 

Any clinically evident illness (i.e. with 
characteristic medical signs and/
or symptoms of disease) that results 
from – or could result from – the 
infection, presence and growth of 
micro- organisms in an individual recip-
ient, having originated from the organs, 
tissues or cells applied.

Transplantation/ 
implantation/ 
grafting 

Surgical procedure in which an organ 
(or organs) from a donor is (are) inserted 
into a recipient with the aim of restoring 
function(s) in the body. 
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Transplant centre A healthcare establishment which un-
dertakes the transplantation of organs 
and is authorised to do so by the Health 
Authority under the national regulatory 
framework.

Uncontrolled 
donation after 
circulatory death

Donation from persons whose death 
has been established by circulatory 
criteria, following an unexpected circu-
latory arrest.

Utilised organ 
donor 

An actual donor from whom at least one 
organ has been transplanted.

Vigilance Alertness to or awareness of adverse 
events, adverse reactions or complica-
tions related to the donation and clinical 
application of human organs, tissues 
and cells, involving an established 
process for reporting at local, regional, 
national or international level. 

Warm ischaemia 
time (WIT)

The time an organ remains at body tem-
perature after its blood supply has been 
reduced or cut off but before it is cooled 
or reconnected to a blood supply.

Warm ischaemia 
time: international 
usage

Netherlands: WIT means primary WIT. 
UK: WIT means functional WIT. US: WIT 
means time from withdrawal of life sup-
port in donor to in situ preservation.

Warm ischaemia 
time in controlled 
DCD

In cDCD, total WIT extends from the 
moment when ventilatory support 
is withdrawn until the start of in situ 
preservation (with cold preservation 
fluid or abdominal regional perfusion). It 
includes the agonal phase, primary WIT 
and functional WIT.

Warm ischaemia 
time in uncon-
trolled DCD

In uDCD, total WIT extends from the 
moment the donor suffers the sudden 
and unexpected cardiac arrest until the 
start of in situ preservation (with cold 
preservation fluid or abdominal region-
al perfusion). 

Window period The time between potential exposure 
to an infectious pathogen and the point 
when the test will give an accurate 
result. During the window period a 
person can be infected with the patho-
gen and transmit it to others but have a 
negative or non-reactive test result.
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Appendix 3. Criteria for the identification of potential 
donors after brain death in a retrospective 
clinical chart review (Spain)

The Spanish quality assurance programme for the 
deceased donation process has established cri-

teria to identify potential donation after brain death 
(DBD) donors during a retrospective clinical chart 
review.* By using these criteria, professionals per-
forming potential donor audits can classify patients 
in one of five categories of potential DBD donor – 
confirmed, highly probable, possible, not assessable 
or not poten tial – in a consistent and reproducible 
manner. A conservative assessment of the potential 
donor pool would take into account only the ‘con-
firmed’ or ‘highly probable’ DBD donor cases. A less 
conservative approach would also take into account 
the ‘possible’ DBD donor cases.

Situation 1: confirmed potential DBD donor
To consider a patient as a confirmed potential 

DBD donor, any of the following circumstances must 
be present:

• All legal requirements to confirm brain death 
have been properly reflected in the clinical 
chart.

• A neurologist or a neurosurgeon has examined 
the patient and has recorded that brain death 
has occurred, and there is no evidence against 
this diagnosis.

* De la Rosa G, Domínguez-Gil B, Matesanz R et al� 
Continuously evaluating performance in deceased 
donation: the Spanish Quality Assurance Program. 
Am J Transplant 2012; 12(9): 2507-13 (https: //doi.
org.10.1111/j.1600-6143.2012.04138.x).

• An intensive care physician has recorded that 
brain death has occurred, and there is no evi-
dence against this diagnosis.

Situation 2: highly probable potential DBD donor
A patient is considered a highly probable poten-

tial DBD donor in the following circumstances:
• aetiology + conditions + 1 finding (at least) in 

clinical examination + 1 clinical sign (at least); 
or

• aetiology + conditions + 2 findings (at least) in 
clinical examination.

For more detail, see Table A3.1.

Situation 3: possible potential DBD donor
A patient is considered a possible potential 

DBD donor in the following circumstances: 
• aetiology + conditions + 1 finding (at least) in 

clinical examination; or
• aetiology + conditions + 1 clinical sign (at least).

For more detail, see Table A3.1.

Situation 4: not assessable as a potential DBD 
donor

A patient is not assessable as a potential DBD 
donor in any of the following circumstances:

• The aetiology of the process is known, severe 
and consistent with brain death, but there is no 
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additional information in the clinical chart or 
the clinical chart is not available.

• The aetiology of the process is known, is severe 
and can lead to brain death, but the diagnosis 
could not be confirmed because life-sustaining 
therapies were withdrawn.

• The aetiology of the process is known, is severe 
and can lead to brain death, but the patient 
was exposed to barbiturates or neuromuscular 
blocking drugs at the moment of cardiac arrest.

• Infratentorial processes with no legal diagnosis 
of brain death.

Situation 5: not considered as a potential DBD 
donor

In circumstances other than those described 
above, the patient will not be considered a potential 
DBD donor.

Table A3.1. Issues to be considered, based on the 
available information in the clinical chart, 
when defining a person as being a highly 
probable or a possible potential donor after 
brain death

Aetiology of the process causing death
It must be one of the known aetiologies of brain death and 
must be severe enough to cause brain death.

Conditions
Absence or no evidence of spontaneous breathing and 
movements.

Findings in clinical examination
• Progressing non-reactive mydriasis, i.e. de novo non- 

reactive mydriasis in a patient with a severe neurological 
condition, in the context of a severe clinical deteriora-
tion and which is not explained by drug interference.

• Absence of at least one of the following brainstem 
reflexes: corneal, oculocephalic, oculovestibular, cough 
and gag.

• Negative atropine test.

Clinical signs
• Abrupt arterial hypotension, other causes apart from 

brain death having been discarded.
• Abrupt polyuria, other causes apart from brain death 

having been discarded.
• Refractory and progressive intracranial hypertension 

(intracranial hypertension which has evolved in the min-
utes or hours prior to death, towards limits that provoke 
a cere bral perfusion pressure of 0 or close to 0 mmHg, 
with no response to therapy).
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Appendix 4. Synopsis of national codes for neurological 
determination of death in infants and children 
in 10 European countries

Modified from Petry A; Lücking KM; Krüger M (unpublished data)
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Austria

Österreichisches Bundesinstitut für Gesundheitswesen (ÖBIG), Oberster Sanitätsrat: Empfehlungen zur Durchfüh-
rung der Hirntoddiagnostik bei einer geplanten Organentnahme (2013)*

Concept of cessation of brain function yes

Concept of cessation of brain stem function no

Concept of cessation of cardiocirculatory 
function

yes

Doctors (number) 2

Paediatrician mandatorily involved no, but experienced specialists (neurologists, neurosurgeons, intensive care 
physicians)

Preconditions irreversible loss of function of the cerebrum, the cerebellum and the brain stem;
presence of acute primary or secondary brain damage

Exclusion of presence of acute primary or secondary brain damage

Measurement of drug level only for high dose barbiturates (alternative: detection of cerebral circulatory 
arrest)

Known aetiology yes

Core temperature ≥ 34 °C

Clinical examination without ancillary tests yes, for primary supratentorial cause (if EEG or detection CCA not possible) with 
age-dependent observation period

Coma yes (GCS 3)

Apnoea yes

Absence of brain stem reflexes yes

Pupillary response to light yes

Oculocephalic reflex yes

Vestibulo-ocular reflex yes

Corneal reflex yes

Motor response to pain in the distribution 
of cranial nerve V

yes

Motor response to pain outside the distri-
bution of cranial nerve V

yes

Gag reflex yes

Tracheal reflex yes

Jaw jerk yes

Ciliospinal reflex yes

Oculocardial reflex not defined

* https://transplant.goeg.at/sites/transplant.goeg.at/files/2017-06/Empfehlungen%20zur%20Durchf%C3%BChrung%20der%20
Hirntoddiagnostik%20bei%20einer%20geplanten%20Organentnahme%20inkl.%20Protokoll.pdf.

https://transplant.goeg.at/sites/transplant.goeg.at/files/2017-06/Empfehlungen%20zur%20Durchf%C3%BChrung%20der%20Hirntoddiagnostik%20bei%20einer%20geplanten%20Organentnahme%20inkl.%20Protokoll.pdf
https://transplant.goeg.at/sites/transplant.goeg.at/files/2017-06/Empfehlungen%20zur%20Durchf%C3%BChrung%20der%20Hirntoddiagnostik%20bei%20einer%20geplanten%20Organentnahme%20inkl.%20Protokoll.pdf
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Austria

Sucking reflex not defined

Flaccid tetraplegia yes

Atropine test yes

Others no

Number of clinical tests 2

Preterms not defined

Age limit to diagnose brain death 7 days

Newborn 7 days until 2 months

Newborn particularities 2nd clinical examination after 72 h, if EEG or proof of CCA not possible; sole clini-
cal examination only in case of primary supratentorial damage

Infant 2 months to 2 years

Infant particularities 2nd clinical examination after 72 h, if EEG or proof of CCA not possible; sole clini-
cal examination only in case of primary supratentorial damage

Toddlers > 2 years

Toddler particularities primary supratentorial: 2nd exam after 12 h or AT
secondary: mandatory AT
primary infratentorial: mandatory AT
2nd clinical examination in all cases

Limit on use of same criteria as for adults 2 years

Differentiation of primary and secondary 
brain damage

yes

Differentiation of infratentorial and supra-
tentorial brain damage

yes

Ancillary tests [not specified]

Cerebral blood flow yes

EEG yes

EP no

Ancillary tests to shorten or replace obser-
vation period

yes, cannot replace second clinical examination
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Belgium

Unités multidisciplinaires (2007): Transplantation (Centre) Diagnostic de mort encéphalique (2007)* 

Concept of cessation of brain function yes

Concept of cessation of brain stem function no

Concept of cessation of cardiocirculatory 
function

yes

Doctors (number) 3

Paediatrician mandatorily involved doctors of the ICU; or, if not available: neurologist who has done EEG or neuro-
surgeon who has looked after patients

Preconditions irreversible damage of the entire brain (hemispheres and brainstem)

Exclusion of toxic cause of coma (hypnotics, sedatives, alcohol, drugs), endocrine cause, 
metabolic cause or secondary cause (hypothermia < 32 °C)

Measurement of drug level not defined 

Known aetiology yes

Core temperature ≥ 32 °C

Clinical examination without ancillary tests yes, whenever conditions and age are fulfilled: 6 h after start of coma and 
apnoea

Coma yes

Apnoea yes

Absence of brain stem reflexes yes

Pupillary response to light yes

Oculocephalic reflex yes

Vestibulo-ocular reflex yes

Corneal reflex yes

Motor response to pain in the distribution 
of cranial nerve V

no

Motor response to pain outside the distri-
bution of cranial nerve V

no

Gag reflex yes

Tracheal reflex yes

Jaw jerk no

Ciliospinal reflex no

Oculocardial reflex yes  or atropine test

Sucking reflex no

Flaccid tetraplegia no

* http://www.erasme.ulb.ac.be/.

http://www.erasme.ulb.ac.be/
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Belgium

Atropine test not defined

Others yes  or oculocardial reflex

Number of clinical tests 1  (adults and children older than 1 year of age)

Preterms not defined

Age limit to diagnose brain death not defined

Newborn <2 months

Newborn particularities 2nd examination after 48 h observation period

Infant 2 months to 1 year

Infant particularities 2 clinical examinations with observation period of 24 h

Toddlers > 1 year

Toddler particularities one clinical examination 6 h after beginning of unconsciousness and apnoea

Limit on use of same criteria as for adults 1 year

Differentiation of primary and secondary 
brain damage

no

Differentiation of infratentorial and su-
pratentorial brain damage

no

Ancillary tests

Cerebral blood flow yes

EEG yes

EP yes

Ancillary tests to shorten or replace obser-
vation period

not defined
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Denmark

Sundhedsstyrelsen, Dansk Neurokirurgisk Selskabs „Hjernedødsudvalg“  Konstatering af Hjernedød (2013)*

Concept of cessation of brain function yes

Concept of cessation of brain stem function no

Concept of cessation of cardiocirculatory 
function

yes

Doctors (number) 2

Paediatrician mandatorily involved the treating physician, plus another physician who must be (mandatory): spe-
cialist in neurology, neurosurgery or clinical neurophysiology

Preconditions unconsciousness, lack of reaction, apnoea; brain damage not treatable and 
leads to death; unconsciousness and loss of spontaneous breathing for at least 
6 h; blood pressure > = 90 mmHg; pupils medium or rigid

Exclusion of other causes of unconsciousness and absence of reaction: intoxication with 
alcohol, sedatives, narcotics, muscle relaxants, sedatives, antiepileptic drugs; 
all diseases that can cause unconsciousness or changes in blood count must be 
corrected

Measurement of drug level not defined  

Known aetiology yes

Core temperature ≥ 35 °C

Clinical examination without ancillary tests yes, if preconditions given and other causes of coma excluded: two clinical 
examinations with an interval of at least one hour

Coma yes

Apnoea yes

Absence of brain stem reflexes yes

Pupillary response to light yes

Oculocephalic reflex yes

Vestibulo-ocular reflex yes

Corneal reflex yes

Motor response to pain in the distribution 
of cranial nerve V

yes

Motor response to pain outside the distri-
bution of cranial nerve V

yes

Gag reflex yes

Tracheal reflex yes

Jaw jerk no

Ciliospinal reflex no

Oculocardial reflex no

* http://www.tilogaard.dk/Hjernedoedsundersoegelse_december_2013.pdf.

http://www.tilogaard.dk/Hjernedoedsundersoegelse_december_2013.pdf
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Denmark

Sucking reflex no

Flaccid tetraplegia no

Atropine test no

Others no

Number of clinical tests 2

Preterms not defined  

Age limit to diagnose brain death 1 year

Newborn not defined  

Newborn particularities not defined  

Infant < 1 year

Infant particularities guideline: mandatory ancillary test (law: no brain death diagnostic possible 
because no reliable criteria)

Toddlers > 1 year

Toddler particularities 2 clinical examinations with observation period of 1 h

Limit on use of same criteria as for adults 1 year

Differentiation of primary and secondary 
brain damage

yes

Differentiation of infratentorial and su-
pratentorial brain damage

yes

Ancillary tests

Cerebral blood flow yes

EEG no

EP no

Ancillary tests to shorten or replace obser-
vation period

no
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France

Agence de la biomédecine : Recommandations formalisées d’experts sur la prise en charge des patients en vue d’un 
prélèvement d’organes (donneurs en état de mort encéphalique et à cœur arrêté)(2019)*

Concept of cessation of brain function yes

Concept of cessation of brain stem function no

Concept of cessation of cardiocirculatory 
function

no (procedure in progress)

Doctors (number) 2

Paediatrician mandatorily involved no, but experienced specialists in PICU and NICU (intensive care physicians) 

Preconditions irreversible destruction of the whole brain function (hemispheres and brain 
stem)

Exclusion of intoxication,  clinical examination influenced by drugs, blood pressure ≥ appro-
priate for age, unstable metabolic and endocrinal disorders 

Measurement of drug level mainly for barbiturates

Known aetiology yes

Core temperature ≥ 35 °C

Clinical examination without ancillary tests clinical examination supported by TCD

Coma yes (GCS 3)

Apnoea yes

Absence of brain stem reflexes yes

Pupillary response to light yes

Oculocephalic reflex yes

Vestibulo-ocular reflex yes

Corneal reflex yes

Motor response to pain in the distribution 
of cranial nerve V

yes

Motor response to pain outside the distri-
bution of cranial nerve V

yes

Gag reflex yes

Tracheal reflex yes

Jaw jerk no

Ciliospinal reflex yes

Oculocardial reflex yes

Sucking reflex yes

Flaccid tetraplegia no

* https://www.agence-biomedecine.fr/Recommandations-formalisees-d-experts-sur-le-prelevement-et-la-greffe.

https://www.agence-biomedecine.fr/Recommandations-formalisees-d-experts-sur-le-prelevement-et-la-greffe
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France

Atropine test no (but alternative to oculocardial reflex) 

Others no

Number of clinical tests 2

Preterms not defined

Age limit to diagnose brain death ≥ 37 WGA

Newborn 0-28 days

Newborn particularities 2 clinical examinations by 2 doctors, and highly recommended CCA on TCD 
monitoring, mandatory AT (angio > EEG)

Infant 29-365 days

Infant particularities 2 clinical examinations by 2 doctors, and highly recommended CCA on TCD 
monitoring, mandatory AT (EEG or angio)

Toddlers > 1 year

Toddler particularities 2 clinical examinations by 2 doctors, and highly recommended CCA on TCD 
monitoring, mandatory AT (EEG or angio)

Limit on use of same criteria as for adults no

Differentiation of primary and secondary 
brain damage

no

Differentiation of infratentorial and su-
pratentorial brain damage

no

Ancillary tests

Cerebral blood flow yes

EEG yes (2 EEG with 4 h interval, and more caution below 1 month)

EP no

Ancillary tests to shorten or replace obser-
vation period

no
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Germany

Bundesärztekammer: Richtlinie gemäß §16 Abs. 1 S. 1 Nr. 1 TPG für die Regeln zur Feststellung des Todes nach §3 
Abs. 1 S. 1 Nr. 2 TPG und die Verfahrensregeln zur Feststellung des endgültigen, nicht behebbaren Ausfalls der 
Gesamtfunktion des Großhirns, des Kleinhirns und des Hirnstamms nach §3 Abs. 2 Nr. 2 TPG, Vierte Fortschreibung 
(2015)*

Concept of cessation of brain function yes

Concept of cessation of brain stem function no

Concept of cessation of cardiocirculatory 
function

no

Doctors (number) 2

Paediatrician mandatorily involved yes, mandatory for death before 1 year of age, recommended in deaths from 2 
to 14 years of age

Preconditions acute severe primary or secondary brain damage

Exclusion of intoxication, damping drugs, neuromuscular blockage, reversible brainstem 
or peripheral nervous system  disorders, circulatory shock, coma in endocrine, 
metabolic or inflammatory disease

Measurement of drug level yes, for newborns and infants (especially when anticonvulsivants, sedative, 
analgesics)

Known aetiology yes

Core temperature ≥ 35 °C

Clinical examination without ancillary tests yes, for primary supratentorial or secondary cause of brain damage from begin-
ning of 2nd year of life

Coma yes

Apnoea yes

Absence of brain stem reflexes yes

Pupillary response to light yes

Oculocephalic reflex yes

Vestibulo-ocular reflex yes

Corneal reflex yes

Motor response to pain in the distribution 
of cranial nerve V

yes

Motor response to pain outside the distri-
bution of cranial nerve V

yes

Gag reflex yes

Tracheal reflex yes

Jaw jerk no

Ciliospinal reflex no

Oculocardial reflex not defined

* http://www.bundesaerztekammer.de/fileadmin/user_upload/downloads/irrev.Hirnfunktionsausfall.pdf.

http://www.bundesaerztekammer.de/fileadmin/user_upload/downloads/irrev.Hirnfunktionsausfall.pdf
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Germany

Sucking reflex not defined

Flaccid tetraplegia no

Atropine test yes

Others no

Number of clinical tests 2

Preterms <37 WGA not applicable

Age limit to diagnose brain death ≥ 37 WGA

Newborn 0-28 days

Newborn particularities 2nd clinical examination after 72 h, mandatory ancillary test

Infant 29-730 days

Infant particularities 2nd clinical examination after 24 h, mandatory ancillary test

Toddlers > 730 days

Toddler particularities primary supratentorial: 2nd exam after 12 h or AT
secondary: 2nd exam after 72 h or AT
primary infratentorial: mandatory AT

Limit on use of same criteria as for adults 1 year

Differentiation of primary and secondary 
brain damage

yes

Differentiation of infratentorial and su-
pratentorial brain damage

yes

Ancillary tests

Cerebral blood flow yes

EEG yes

EP BAEP yes; others not less than 2 years of age

Ancillary tests to shorten or replace obser-
vation period

yes, can replace second clinical examination when age > 2 years
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Hungary

Magyar Közlöny: A Kormány tagjainak rendeletei: Az emberi erőforrások minisztere 12/2012. (VIII. EMMI rendelete az 
egészségügyről szóló 1997. évi CLIV. törvénynek a szerv- és szövetátültetésre, valamint -tárolásra és egyes kórszö-
vettani vizsgálatokra vonatkozó rendelkezései végrehajtásáról szóló 18/1998. (XII. 27.) EüM rendelet módosításáról 
(2012)*

Concept of cessation of brain function yes

Concept of cessation of brain stem function no

Concept of cessation of cardiocirculatory 
function

not defined

Doctors (number) 3

Paediatrician mandatorily involved not defined

Preconditions not defined

Exclusion of intoxication and drug overdose; neuromuscular blockade shock; metabolic or 
endocrinological coma; fulminant inflammatory brain disease

Measurement of drug level not defined

Known aetiology yes

Core temperature ≥ 35 °C

Clinical examination without ancillary tests yes, with observation period

Coma yes

Apnoea yes

Absence of brain stem reflexes yes

Pupillary response to light yes

Oculocephalic reflex no

Vestibulo-ocular reflex yes

Corneal reflex yes

Motor response to pain in the distribution 
of cranial nerve V

yes

Motor response to pain outside the distri-
bution of cranial nerve V

no

Gag reflex yes

Tracheal reflex yes

Jaw jerk no

Ciliospinal reflex no

Oculocardial reflex no

Sucking reflex no

* http://www.ovsz.hu/sites/ovsz.hu/files/szervadomanyozas_dokumentum/csatolmanyok/tajekoztato_rendelet_modositas-
rol/18-1998-rendelet-modosito.pdf.

http://www.ovsz.hu/sites/ovsz.hu/files/szervadomanyozas_dokumentum/csatolmanyok/tajekoztato_rendelet_modositasrol/18-1998-rendelet-modosito.pdf
http://www.ovsz.hu/sites/ovsz.hu/files/szervadomanyozas_dokumentum/csatolmanyok/tajekoztato_rendelet_modositasrol/18-1998-rendelet-modosito.pdf
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Hungary

Flaccid tetraplegia no

Atropine test no

Others not defined

Number of clinical tests not defined

Preterms not defined

Age limit to diagnose brain death 0 days

Newborn 0 days until 5 weeks

Newborn particularities observation period 72 h

Infant 5 weeks to 3 years

Infant particularities observation period 24 h

Toddlers > 3 year

Toddler particularities primary brain damage: 12 h; secondary brain damage: 72 h

Limit on use of same criteria as for adults 3 years

Differentiation of primary and secondary 
brain damage

yes

Differentiation of infratentorial and su-
pratentorial brain damage

no?

Ancillary tests

Cerebral blood flow yes

EEG no

EP no

Ancillary tests to shorten or replace obser-
vation period

yes
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Poland

Monitor Polski, Dziennik Urzędowy Rzeczypospolitej Polskiej, Warszawa, dnia 17 stycznia 2020 r., Poz. 73, Obwieszcze-
nie Ministra Zdrowia z dnia 4 grudnia 2019 r. w sprawie sposobu i kryteriów stwierdzenia trwałego nieodwracalnego 
ustania czynności mózgu (2020)*

Concept of cessation of brain function yes

Concept of cessation of brain stem function no

Concept of cessation of cardiocirculatory 
function

yes, separate act, established in 2010

Doctors (number) 2

Paediatrician mandatorily involved no, but two doctors must be involved: first, a neonatologist or anaesthesiolo-
gist; second, a neurosurgeon, neurologist or paediatric neurologist

Preconditions catastrophic brain injury, brain stem areflexia, absence of confounders 

Exclusion of exclusion of intoxication, metabolic disturbances, hypothermia <35 °C, hypoten-
sion – MAP within age limits

Measurement of drug level yes, but may be ignored in cases of elapsed elimination time or positive brain 
blood perfusion test

Known aetiology yes

Core temperature ≥ 35 °C

Clinical examination without ancillary tests yes, with exception of the presence of confounders or infratentorial brain 
damage

Coma yes

Apnoea yes

Absence of brain stem reflexes yes

Pupillary response to light yes

Oculocephalic reflex yes

Vestibulo-ocular reflex yes

Corneal reflex yes

Motor response to pain in the distribution 
of cranial nerve V

yes

Motor response to pain outside the distri-
bution of cranial nerve V

no

Gag reflex yes

Tracheal reflex yes

Jaw jerk no

Ciliospinal reflex no

Oculocardial reflex no

* https://isap.sejm.gov.pl/isap.nsf/DocDetails.xsp?id=WMP20200000073.

https://monitorpolski.gov.pl/M2020000007301.pdf
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Poland

Sucking reflex no

Flaccid tetraplegia no

Atropine test no

Others not defined

Number of clinical tests 2

Preterms WGA< 37 not applicable

Age limit to diagnose brain death >37 WGA and >48 h after birth

Newborn 0-28 days

Newborn particularities primary observation time between onset of brain stem areflexia and first exami-
nation >48 h, 2nd examination after next >24 h

Infant > 28 days of age, infants and toddlers without differences, as one uniform group

Infant particularities not defined

Toddlers > 28 days 

Toddler particularities 1st examination after > 24 h;  2nd examination after next 24 h

Limit on use of same criteria as for adults > 28 days, observation time and time distance between two series of clinical 
tests are longer

Differentiation of primary and secondary 
brain damage

yes

Differentiation of infratentorial and supra-
tentorial brain damage

yes

Ancillary tests  

Cerebral blood flow yes  

EEG yes

EP yes

Ancillary tests to shorten or replace obser-
vation period

yes, may shorten observation period to 3 h in children > 28 days
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Spain

Ministerio de Sanidad, Servicios Sociales e Igualdad: Boletín oficial del Estado Real Decreto 1723/2012, de 28 de 
diciembre, por el que se regulan las actividades de obtención, utilización clínica y coordinación territorial de los 
órganos humanos destinados al trasplante y se establecen requisitos de calidad y seguridad. BOE Núm. 313 (2012)* 

Concept of cessation of brain function yes

Concept of cessation of brain stem function no

Concept of cessation of cardiocirculatory 
function

yes

Doctors (number) 3

Paediatrician mandatorily involved no, but it is obligatory to have a neurologist or neurosurgeon and the head of 
the department or his/her representative

Preconditions irreversible loss of brain function

Exclusion of haemodynamic instability; inadequate oxygenation and respiration; metabolic 
and endocrine changes that can cause coma; metabolic and endocrinological 
changes; sedative substances and pharmaceuticals that can cause coma; neuro-
muscular inhibitors

Measurement of drug level extended observation period

Known aetiology yes

Core temperature ≥ 33 °C in adults, ≥ 36 °C in children up to 24 months

Clinical examination without ancillary tests yes, almost always: observation time 6 h for known structural lesion; 24 h for 
anoxic encephalopathy

Coma yes

Apnoea yes

Absence of brain stem reflexes yes

Pupillary response to light yes

Oculocephalic reflex yes

Vestibulo-ocular reflex yes

Corneal reflex yes

Motor response to pain in the distribution 
of cranial nerve V

yes

Motor response to pain outside the distri-
bution of cranial nerve V

yes

Gag reflex yes

Tracheal reflex yes

Jaw jerk no

Ciliospinal reflex no

Oculocardial reflex no

* https://www.boe.es/diario_boe/txt.php?id=BOE-A-2012-15715.

https://www.boe.es/diario_boe/txt.php?id=BOE-A-2012-15715


543

APPENDIX 4. NATIONAL CODES FOR NEUROLOGICAL DETERMINATION OF DEATH IN INFANTS AND CHILDREN

Spain

Sucking reflex yes (newborns and infants)

Flaccid tetraplegia no

Atropine test yes

Others rooting reflex

Number of clinical tests 2 or more (newborns and preterms)

Preterms <37 WGA possible although no accepted international guidelines; observation 
period of 48 h, period can be shortened by ancillary tests

Age limit to diagnose brain death no

Newborn >37 WGA until 30 days

Newborn particularities observation period of 24 h

Infant >30 days to 24 months

Infant particularities observation period of 12 h

Toddlers > 2 years

Toddler particularities observation period 6 h in cases of known structural lesion, 24 h in anoxic en-
cephalopathy

Limit on use of same criteria as for adults 2 years

Differentiation of primary and secondary 
brain damage

yes

Differentiation of infratentorial and supra-
tentorial brain damage

yes

Ancillary tests

Cerebral blood flow yes

EEG yes

EP yes

Ancillary tests to shorten or replace obser-
vation period

yes
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Switzerland

Schweizerische Akademie der Medizinischen Wissenschaften (SAMW): Feststellung des Todes mit Bezug auf Organ-
transplantationen Medizin-ethische Richtlinien (2011)* 

Concept of cessation of brain function yes

Concept of cessation of brain stem function no

Concept of cessation of cardiocirculatory 
function

yes

Doctors (number) 2

Paediatrician mandatorily involved continuing education in paediatric intensive care or neuro-paediatrics

Preconditions irreversible loss of function of the brain including the brain stem

Exclusion of metabolic cause of coma relaxation; suspected brain infection or polyradiculitis 
cranialis; sign of any drug or toxic cause

Measurement of drug level not defined

Known aetiology yes

Core temperature ≥ 35 °C

Clinical examination without ancillary tests yes >1 year of life (2 clinical examinations at the same time), infants: 2 clinical 
examinations with observation interval of 24 h

Coma yes

Apnoea yes

Absence of brain stem reflexes yes

Pupillary response to light yes

Oculocephalic reflex yes

Vestibulo-ocular reflex yes

Corneal reflex yes

Motor response to pain in the distribution 
of cranial nerve V

yes

Motor response to pain outside the distri-
bution of cranial nerve V

yes

Gag reflex yes

Tracheal reflex yes

Jaw jerk no

Ciliospinal reflex no

Oculocardial reflex not defined

Sucking reflex not defined

Flaccid tetraplegia no

* https://www.samw.ch/dam/jcr:9f60a9e3-b52a-4584-aa10-3dbd39c6d9e5/richtlinien_samw_tod_organtransplantation.pdf.

http://www.samw.ch/de/Ethik/Richtlinien/Aktuell-gueltige-Richtlinien.html
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Switzerland

Atropine test yes

Others no

Number of clinical tests 2

Preterms not defined

Age limit to diagnose brain death > 28 days

Newborn 0-28 days (44 with postm.)

Newborn particularities no organ donation because of ethical and medical reasons

Infant 29-365 days

Infant particularities 2nd clinical examination after 24 h

Toddlers > 1 year

Toddler particularities four-eyes principle (clinical examinations at the same time)

Limit on use of same criteria as for adults 1 year

Differentiation of primary and secondary 
brain damage

yes

Differentiation of infratentorial and supra-
tentorial brain damage

no

Ancillary tests

Cerebral blood flow yes

EEG no

EP no 

Ancillary tests to shorten or replace obser-
vation period

not defined
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United Kingdom

Academy of Medical Royal Colleges: A code of practice for the diagnosis and confirmation of death (2008)*

RCPCH: Diagnosis of death by neurological criteria (DNC) in infants less than two months old – clinical guideline 
(2015)† 

Concept of cessation of brain function no

Concept of cessation of brain stem function yes

Concept of cessation of cardiocirculatory 
function

yes

Doctors (number) 2

Paediatrician mandatorily involved two paediatricians, registered for more than five years and competent in the 
procedure, and at least one of them should be a consultant

Preconditions irreversible cessation of brain stem function

Exclusion of intoxication, sedative drugs, neuromuscular blocking agents, severe electrolyte, 
acid-base or endocrine abnormality

Measurement of drug level yes

Known aetiology yes

Core temperature ≥ 35 °C

Clinical examination without ancillary tests yes

Coma yes

Apnoea yes

Absence of brain stem reflexes yes

Pupillary response to light yes

Oculocephalic reflex no

Vestibulo-ocular reflex yes

Corneal reflex yes

Motor response to pain in the distribution 
of cranial nerve V

yes

Motor response to pain outside the distri-
bution of cranial nerve V

no

Gag reflex yes

Tracheal reflex yes

Jaw jerk no

Ciliospinal reflex no

Oculocardial reflex no

* https://www.aomrc.org.uk/reports-guidance/ukdec-reports-and-guidance/code-practice-diagnosis-confirmation-death/.
† https://www.rcpch.ac.uk/resources/diagnosis-death-neurological-criteria-dnc-infants-less-two-months-old-clinical-guide-

line/.

https://www.aomrc.org.uk/reports-guidance/ukdec-reports-and-guidance/code-practice-diagnosis-confirmation-death/
https://www.rcpch.ac.uk/resources/diagnosis-death-neurological-criteria-dnc-infants-less-two-months-old-clinical-guideline/
https://www.rcpch.ac.uk/resources/diagnosis-death-neurological-criteria-dnc-infants-less-two-months-old-clinical-guideline/


547

APPENDIX 4. NATIONAL CODES FOR NEUROLOGICAL DETERMINATION OF DEATH IN INFANTS AND CHILDREN

United Kingdom

Sucking reflex no

Flaccid tetraplegia no

Atropine test no

Others no

Number of clinical tests 2

Preterms <37 WGA not possible because development of brain stem reflexes of preterms 
not well known, reflex paths not completely myelinated

Age limit to diagnose brain death ≥ 37 WGA

Newborn >37 WGA until 2 months

Newborn particularities in post-asphyxiated infants, or those receiving intensive care after resuscitation: 
period of at least 24 h of observation before clinical testing

Infant not defined

Infant particularities not defined

Toddlers > 2 months

Toddler particularities 2 clinical examinations with no observation period between them; only 
short observation interval before for normalisation of blood gases and other 
 parameters

Limit on use of same criteria as for adults 2 months

Differentiation of primary and secondary 
brain damage

no

Differentiation of infratentorial and supra-
tentorial brain damage

no

Ancillary tests

Cerebral blood flow yes

EEG yes

EP yes

Ancillary tests to shorten or replace obser-
vation period

no
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Appendix 5. Procurement surgery in brain-death donors: 
tasks for the anaesthesiologist

This appendix gives information on the manage-
ment of procurement surgery by the anaesthesi-

ologist in the operating room (theatre), with specific 
goals and strategies to optimise the outcome for the 
organ recipient.

General
1. Donor management will be continued until 

organ preservation (see Chapter 5). 
2. Often volume depletion will be underestimated 

at the intensive care unit (ICU) prior to 
procurement surgery: volume resuscitation 
until urine output > 1 mL/kg/h, mean arterial 
pressure (MAP) > 60 mmHg, central venous 
pressure (CVP) 4-8 mmHg, SvO2 > 70 %, lactate 
< 2 mmol/L.

3. If diabetes insipidus continues to persist: anti-
diuretic hormone (ADH) substitution, correct 
Na+ (< 155 mmol/L). Avoid hypokalaemia (may 
result in ventricular fibrillation, e.g. by electro-
coagulation): K+ 3.5-4.5 mmol/L). Try to achieve 
a blood glucose < 180 mg/dL.

4. If the donor is haemodynamically unstable: 
during preparation of the large retroperitoneal 
vessels, alteration in blood pressure occurs (e.g., 
vena cava compression due to manipulation of 
the vessels), which may be corrected by short-
acting agents. Thereby the effect of intervention 
is seen with delay, and inverse events may 
occur because the cause of lack of venous 
return does not exist any more (e.g. no longer 
vena cava compression). In cases of arterial 
hypertension, the MAP usually drops by itself. 

After tapering catecholamines, sevoflurane may 
be used because of its controllable side-effect of 
vasodilation and its short action. Haemodynamic 
instability may be exacerbated by hypovolaemia 
(before and during procurement). Hypotension 
with hypoperfusion impact on long-term organ 
function is higher than when using vasopressors.

5. Spinal reflexes exist in brain-death donors. 
They occur during positioning on the table, 
incision of abdominal walls (skin nerves) and 
retroperitoneal preparation (e.g. plexus solaris). 
They should be blocked by muscle-relaxing 
agents (as well as opiates to block the spinal 
receptors). During further surgery such spinal 
vegetative reactions may induce tachycardia 
up to 120 bpm, flushing and sweating when 
preparing area of plexus solaris and/or adrenal 
glands.

6. Avoid uncontrolled hypothermia.
7. Continue lung-protective ventilation (to achieve 

PaO2 > 100 mmHg, O2-saturation > 98 %, PEEP 
≥ 8 cmH2O). In cases of lung procurement, 
the lung team will suggest adjustment of 
ventilation. If no lung procurement, ensure 
proper oxygenation and ventilation of other 
organs without further consideration of long-
term lung damage.

Preparation prior to surgery in intensive 
care unit
1. All relevant documents should go to the 

operating room (cross-check with co-ordinator).
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2. Transfusions are usually not needed (if Hb 
> 7 g/dL). The only exception might be heart 
preservation with normothermic machine 
perfusion when appropriate erythrocyte 
function is needed for priming the system 
(check with co-ordinator and heart team): 
then Hb should be at 10.0 g/dL. In case of 
untraceable bleeding (e.g. rupture of vertebral 
artery) you may need multiple units without 
prior crossmatch and may want to switch to 
cDCD/uDCD technology.

3. Actual monitoring data, blood gas analysis 
(BGA), coagulation, electrolytes and 
haemoglobin.

4. All syringe pumps and/or infusion pumps 
are continued during transport and in the 
operating room (with backup for 3 h).

5. For transport to the operating room: prepare 
according to standards of transfer for any ICU 
patient (consider transport and emergency 
equipment); many hospitals apply muscle 
relaxants before departure from ICU (spinal 
reflexes, see General point 5 above). During 
transport, spinal-vegetative reflexes may occur 
(MAP goes up).

6. Pre-operative antibiotics according to 
indication at hospital standards, if requested at 
all. Selective decontamination of the intestine is 
not necessary unless requested. Acid-blocking 
agents are no longer required. Continue 
thrombosis prophylaxis.

7. Check for special medications with co-
ordinator and teams (e.g. 250-500 mg bolus 
methylprednisolone).

Preparation prior to surgery in operating 
room
1. See advice above, and use standard emergency 

equipment for a patient haemodynamically 
unstable with severe systemic pro-inflammatory 
response (SIRS). Prepare Heparin 25 000 IU.

2. Ensure access available to draw blood samples 
for BGA etc., convenient monitoring including 
diuresis. For positioning: ask surgeons.

3. Before skin incision: team timeout.
4. For organ preservation, have available two 

infusion poles: 10-15 L physiologic sterile flush 
solution (e.g. 0.9 % NaCl), check whether 
defibrillator and/or sterile paddles are available 
in case of a heart procurement. During organ 
preservation, the scrub nurse will need enough 
suction equipment to collect about 20 L within 
a few minutes.

5. Avoid heat loss until organ preservation.

Special issues per organ
Basic surgery: Recycle knowledge from the modules 
of hemicolectomy with retroperitoneal inspection, 
Whipple surgery, sternotomy, lung surgery until 
organ preservation.
Pancreas: Depending on surgical strategy, pancreas 
with duodenal segment will be mobilised prior to 
organ preservation (inclusive gastrectomy). Prior 
to stapling, some centres prefer to decontaminate 
the duodenum with 300-500 mL of diluted povi-
done–iodine and they will ask to remove the gastric 
tube. Controversy exists about indication of further 
intestinal decontamination. During mobilisation of 
the pancreas, vasoactive mediators will be delivered, 
causing severe fluctuation of MAP.
Liver: In stable donors, in situ splitting may be consid-
ered (consider basic knowledge of hemihepatectomy). 
Heart: During opening of the pericardium and 
marking of the large vessels, depression of the circu-
lation may occur with arrhythmia (especially in case 
of volume depletion and electrolyte disorders).
Lung: Bronchoscopy by lung team (FiO2 = 1, multiple 
BGA, equipment provided by lung team). Lung team 
may perform recruitment under visual and manual 
protection of the lung against barotrauma. Then 
adjust ventilation according to instruction of the 
lung surgeon. Optionally, BGA from the lung veins 
may be helpful to check whether a single lung can be 
used or whether lung segments may be resected at the 
recipient hospital if indicated. Continue ventilation 
during organ preservation according to the instruc-
tions of the lung surgeon.
Intestine: Pre-procurement briefing necessary with 
responsible surgeon. 
For every organ: Blood specimen must be drawn 
before organ preservation (ask co-ordinator).

After dissection of all organs and vessels
The following steps (depending on kind of 

procurement) occur after dissection of all organs 
and vessels. Heparinisation (20 000-30 000 IU IV, 
or 300 IU/kg IV) prior to cannulation (of abdominal 
aorta for preservation of all abdominal organs, of 
ascending aorta for the heart, of pulmonary artery 
for lung). Some teams apply prostacyclin (100-200 µg 
IV) before crossclamp (please be aware of imme-
diate vasodilation: blood pressure drops irreversibly 
within a few seconds). Prior to crossclamp, the heart 
team will/should ask for removal of central venous 
catheter. After crossclamp, lung ventilation should 
be continued in accordance with lung surgeon’s 
advice. In case of normothermic heart preservation, 
1 000 mL of blood may be drawn from aorta with an 
acceptable hypotension of < 30 secs. Please note that, 
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for all these steps, instructions have to be given by the 
procurement teams. 

Then crossclamp of aorta and opening of vena 
cava/ left ear of heart and start of flush by organ. The 
use of the preservation solution is done according to 
manufacturer’s guidance by the procurement teams. 
All anaesthesiologic interventions are stopped except 
for continued lung ventilation. Here the lung surgeon 
will ask for targeted ventilation manoeuvres prior to 
stapling of trachea upon removal of the lung from 
the thoracic cavity. During organ preservation with 
vascular flushout by preservation solution, topical 
cooling will be applied by a sludge prepared from 
4 °C cold solution by the procurement team. After the 
flush the procurement teams must perform final dis-
section of each organ, which will leave the body in 
this sequence: 
a� heart, 
b� lung, 
c� intestine, 

d� liver, 
e� pancreas, 
f� kidney, 
g� spleen or lymphnodes for compatibility testing, 
h� vessel tool kits (arteriovenous iliaca communis, 

aortic arch) for reconstruction. 
Surgery is done when the wound has been 

closed. After organ preservation and during final dis-
section of all organs, all venous and arterial lines as 
well as other indwelling material must be removed 
with the aim that proper post-procurement respect is 
possible for donor relatives. (Only exception: coroner 
or state attorney explicitly requests hospital not to 
remove any line).

Suggested further reading
Anderson TA, Bekker P, Vagefi PA. Anesthetic 

considerations in organ procurement surgery: a nar-
rative review. Can J Anaesth 2015 May; 62(5):529-39.
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Appendix 6. Checklist for the anaesthesiologist in the 
operating room

Specific goals and strategies to optimise the outcome for the organ recipient

General

1. Volume resuscitation until:

• urine output > 1 mL/kg/h  yes  no  n/a

• MAP > 60 mmHg  yes  no  n/a

• CVP 4-8 mmHg  yes  no  n/a

2. Diabetes insipidus persists?

• ADH substitution  yes  no  n/a

• correct Na+ (< 155 mmol/L)  yes  no  n/a

• correct K+ to 3.5-4.5 mmol/L)  yes  no  n/a

• achieve a blood glucose < 180 
mg/dL

 yes  no  n/a

3. Haemodynamically unstable?

• need to use short-acting agents 
to increase MAP?

 yes  no  n/a

• need to use sevoflurane in case of 
arterial hypertension? 

 yes  no  n/a

4. Are spinal reflexes present during 
procedure?

• need to use muscle-relaxing 
agents?

 yes  no  n/a

• need to use opiates to block the 
spinal receptors?

 yes  no  n/a

• need to control spinal vegetative 
reactions?

 yes  no  n/a

5. Uncontrolled hypothermia 
avoided?

 yes  no  n/a

6. Lung-protective ventilation with 
PEEP ≥ 8 cmH2O (to achieve PaO2 
> 100 mmHg, SpO2 > 98 %)

 yes  no  n/a

or adjusted according to the lung 
team (only for lung procurement)

 yes  no  n/a

Preparation at the intensive care unit prior to surgery

7. Transfusions needed (Hb < 7g/
dL)? or

 yes  no  n/a

• > 10 g/dL (exception for heart 
preservation with normothermic 
machine perfusion)

 yes  no  n/a

8. Chart with updated data:

• monitoring  yes  no  n/a

• blood-gas analysis (BGA)  yes  no  n/a

• coagulation  yes  no  n/a

• electrolytes  yes  no  n/a

• haemoglobin  yes  no  n/a

9. All syringe and/or infusion pumps 
are maintained and have backup 
battery for 3 hours

 yes  no  n/a

10. For transport to the operating 
room:

• standard precautions as for 
critically ill patient (including 
emergency equipment)

 yes  no  n/a

• donor paralysed before departure 
from ICU

 yes  no  n/a

11. Preoperative antibiotics adminis-
tered?

 yes  no  n/a

12. Thrombosis prophylaxis contin-
ued?

 yes  no  n/a

13. Need of special medications 
confirmed with co-ordinator and 
teams (e.g. 250-500 mg bolus 
methylprednisolone)

 yes  no  n/a

Note: ADH anti-diuretic hormone; CVP central venous pressure; ICU intensive care unit; MAP mean arterial pressure; n/a not
applicable; OR operating room.



554

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

Preparation prior to surgery in the operating room

14. Adequate monitoring including 
arterial line, urinary output; for 
positioning, ask surgeons

 yes  no  n/a

15. Avoid heat loss until organ pres-
ervation

 yes  no  n/a

16. Prepare Heparin 25 000 IU  yes  no  n/a

17. For organ preservation, have 
available two infusion poles and 
10-15 L of adequate sterile solu-
tion (4 °C) 

 yes  no  n/a

18. During organ preservation, pre-
pare suction equipment to collect 
about 20 L within a few minutes

 yes  no  n/a

19. Check that defibrillator and/or 
sterile paddles are available in 
case of heart procurement

 yes  no  n/a

20. Before skin incision: team timeout  yes  no  n/a

21. Prepare to draw blood specimen 
before organ preservation (ask 
co-ordinator for which organs)

 yes  no  n/a

Special issues

Follow instructions given by the pro-
curement team depending on kind of 
procurement

 yes  no  n/a

Stop all anaesthesiology interven-
tions when lung ventilation is no 
longer indicated

 yes  no  n/a

Sequence of organ procurement is: 
heart, lung, intestine, liver, pancreas, 
kidney, spleen or lymph nodes

 yes  no  n/a

Surgery is done when the wound has 
been closed

 yes  no  n/a

For proper post-procurement protocol/respect by donor 
relatives:

Remove all venous and arterial lines 
as well as other indwelling material. 
(Only exception: coroner or state 
attorney explicitly requests hospital 
not to remove any line.)

 yes  no  n/a

Note: ADH anti-diuretic hormone; CVP central venous pressure; ICU intensive care unit; MAP mean arterial pressure; n/a not
applicable; OR operating room.
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Appendix 7. The use of steroids in the management of 
deceased donors

Summary of findings

Although retrospective studies, including some 
large registry studies, have shown improved organ 
donation rates and transplant outcomes with 
donor steroid treatment, there is no evidence from 
randomised controlled trials (RCTs) across heart, lung, 
liver and kidney transplantation that donor treatment 
with steroids improves organ donation/transplant 
rates or transplant outcomes. The difference between 
the RCTs and cohort studies may lie in the incomplete 
correction for confounding factors in retrospective 
studies. Another reason for the discrepancy could be 
the small size of most RCTs so far conducted, which 
may be underpowered for small potential differences 
in outcomes such as: number of organs retrieved and 
graft survival. However, the most recently published 
RCT in renal transplantation was adequately powered 
and showed no significant difference in DGF, acute 
rejection or graft survival.

Clinical question
‘Does the intravenous administration of steroids 
to potential deceased organ donors improve trans-
plant rates and/or transplant outcomes?’

PICOS
Population: Adult patients over the age of 18 admitted 
to an ICU with the diagnosis of death by neurological 
criteria as a potential organ donor.
Intervention: Intravenous administration of ster-
oids in the ICU, including methylprednisolone or 
hydrocortisone at any dose (e.g. 15 mg/kg of methyl-

prednisolone or 100 mg in bolus plus 200 mg/24h of 
hydrocortisone).
Comparator: Placebo-controlled, standard of care, 
no therapy, and different therapy. Treatment com-
parisons of interest will include methylprednisolone 
therapy in monotherapy and/or combination therapy 
regimens against each other or against an alternative 
control group.
Outcomes: The primary outcome will be the number 
of organs transplanted by donor. The secondary out-
comes will be early organ function (heart, lung, liver 
and kidney).
Study Design: Systematic reviews, with or without 
meta-analysis to be included and randomised con-
trolled trials.

Search strategy and results
The Transplant Library (TL) was searched from 

inception to 26 May 2020. The TL includes all ran-
domised controlled trials and systematic reviews in 
the field of solid organ transplantation published as 
full text or in abstract form, sourced from MEDLINE, 
EMBASE and the Cochrane Library.

The search strategy used is as follows:
1. Steroid.mp. or exp Steroids/
2. Prednisolone.mp. or exp Prednisolone/
3. Exp Methylprednisolone Acetate/ or Methyl-

prednisolone.mp. or exp Methylprednisolone 
or exp Methylprednisolone Hemisuccinate

4. Hydrocortisone.mp.or exp Hydrocortisone/
5. Predn$.m_titl.
6. Corti$.m_titl
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7. Hormon$.m_titl.
8. Hydrocort$.m_titl.
9. Methylpred$.m_titl.

10. Donor.ab. or donor.titl.
11. Donation.ab or donation.titl.
12. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9
13. 10 or 11
14. 12 and 13

Searches identified 202 potentially relevant 
references; from these, 15 references were selected 
for full text review. One additional study was identi-
fied from review references. Nineteen references met 
the inclusion criteria defined above. Of these, 4 were 
systematic reviews, and 15 reported outcomes from 9 
randomised controlled trials.

Systematic reviews
Turco et al. (2019). Hormone replacement therapy in 
brain-dead organ donors: a comprehensive review 
with an emphasis on traumatic brain injury. The 
Journal of Trauma and Acute Care Surgery 86(4): 702-9.

This review included 15 cohort studies, fo-
cussing on donors with traumatic brain injury. The 
authors included all hormone replacement therapy 
with varying combinations of thyroid hormone, 
insulin and corticosteroids. The review is narrative 
and does not include any meta-analysis; 14 of the 
included studies demonstrated an increased organ 
procurement rate with hormone replacement therapy, 
although the effects of each hormone type in isolation 
are difficult to extract. It should be noted that this 
review appears to miss a number of the RCTs identi-
fied below and the risks of bias and confounding are 
only discussed in general.

D’Aragon et al. (2017). Effect of corticosteroid 
administration on neurologically deceased organ 
donors and transplant recipients: a systematic review 
and meta-analysis. BMJ Open. 7(6): e014436.

This well-conducted systematic review included 
11 RCTs; 8 studies used methylprednisolone adminis-
tration in the study arm versus usual care or placebo, 
while 3 used either methylprednisolone or hydro-
cortisone in combination with liothyronin, versus 
placebo. A single dose of methylprednisolone intra-
venously was the most common regimen, ranging 
in dose from 1 g to 5 g. No individual trial reported 
results suggesting increased organ recovery rates 
with steroids. One study reported reduced transam-
inase levels following liver transplantation within 10 

days where the donor had received steroids (Kotsch: 
see below), but another, similar sized study found 
similar transaminase levels (Amatschek: see below). 
Meta-analysis is presented in this systematic review 
for a composite graft dysfunction outcome com-
bining: creatinine level, creatinine clearance, dialysis, 
listing for kidney transplant or death at different time 
intervals, using 6 studies in renal transplantation and 
2 studies in liver transplantation, showing no signifi-
cant effect of corticosteroids.

Dupuis et al. (2014). Corticosteroids in the 
management of brain-dead potential organ donors: a 
systematic review. British Journal of Anaesthesia. 113(3): 
346-59.

This is a well-conducted systematic review in-
cluding 11 RCTs (as in D’Aragon et al� 2017, above) but 
also including 14 observational studies; 10 of the 14 
observational studies reported organ recovery rates, 
9 finding an improvement in the number of organs 
retrieved when using corticosteroids. Overall quality 
of included studies was poor and with a high risk 
of confounding due to retrospective cohorts and 
concomitant use of other hormone therapy, such as 
thyroid hormones or vasopressin. 

Rech et al. (2013). Management of the brain-dead 
organ donor: a systematic review and meta-analysis.
Transplantation 95(7): 966-74.

This systematic review looks at various aspects 
of donor management, including the use of steroids. 
The authors included 20 RCTs in total and 6 of these 
RCTs analysed the effect of steroids (alongside thyroid 
hormones in 2). The authors concluded that the use 
of methylprednisolone did not increase lung procure-
ment rates, nor improve renal function after kidney 
transplantation. No meta-analysis was performed for 
the effect of steroids on transplant outcomes.

Randomised controlled trials
Reindl-Schwaighofer et al. (2019). Steroid pretreatment 
of organ donors does not impact on early rejection 
and long-term kidney allograft survival: Results from 
a multicenter randomized, controlled trial. American 
Journal of Transplantation. 19(6): 1770-76.

Wilflingseder et al. (2010). Impaired metabolism 
in donor kidney grafts after steroid pretreatment. 
Transplant International. 23(8): 796-804.

Kainz et al. (2010). Steroid pretreatment of organ 
donors to prevent postischemic renal allograft failure: 
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a randomized, controlled trial. Annals of Internal 
Medicine. 153(4): 222-30.

The long-term outcomes from this good quality, 
multicentre RCT in renal transplantation have been 
published since the reviews discussed above and are 
therefore not included in any of those reviews. A total 
of 455 renal transplant recipients received kidneys 
from donors randomised to receive 1 g methylpredni-
solone or placebo; a blinded study drug was provided 
to be administered. The study was powered for sig-
nificant changes in delayed graft function and 5-year 
graft survival. There were extremely low numbers of 
kidneys not transplanted in both arms of the study. 
There was no significant difference seen in delayed 
graft function, nor biopsy-proven acute rejection. At 
5 years after transplantation there was no significant 
difference in graft survival and no difference in esti-
mated GFR; 5-year follow up was available for 97 % of 
randomised patients.

Jafari et al. (2018). Down-regulation of inflammatory 
signaling pathways despite up-regulation of Toll-
like receptors; the effects of corticosteroid therapy 
in brain-dead kidney donors, a double-blind, 
randomized, controlled trial. Molecular Immunology. 
94: 36-44.

This is a small RCT comparing 2 different reg-
imens of methylprednisolone for brain dead donors 
with live donor renal transplantation. The paper con-
centrates on serum markers of inflammation rather 
than clinical outcomes. The first treatment group had 
increased levels of pro-inflammatory cytokines such 
as IL-1, IL-6 and TNF-alpha. As these levels were 
lower in the second treatment arm (which received 
more methylprednisolone) the authors have con-
cluded that treatment with non-standard methylpred-
nisolone reduces inflammation close to the level seen 
in live donors, but standard treatment increases the 
immunogenicity of organs prior to retrieval. Serum 
creatinine of recipients is presented to 6 months after 
transplant, showing a significantly higher creatinine 
in those whose donor received 15 mg/kg/day of meth-
ylprednisolone, but similar levels between kidneys 
from live donors and brain-dead donors who re-
ceived additional methylprednisolone. 

Amatschek et al. (2012). The effect of steroid 
pretreatment of deceased organ donors on liver 
allograft function: a blinded randomized placebo 
controlled trial. Journal of Hepatology. 56(6): 1305-9.

This is a good quality, multicentre RCT in liver 
transplantation whereby 90 donors were randomised 
to receive 1 g methylprednisolone or placebo. There 

was no significant difference in 3-year recipient sur-
vival or biopsy-proven acute rejection, but the study 
was not powered for these outcomes; it was designed 
to assess the serum trajectory of liver transaminases 
as a surrogate for ischaemia-reperfusion injury, also 
finding no significant difference in this outcome.

Venkateswaran et al. (2009). The haemodynamic 
effects of adjunctive hormone therapy in potential 
heart donors: a prospective randomized double-blind 
factorially designed controlled trial. European Heart 
Journal 30(14): 1771-80.

Venkateswaran et al. (2009). The proinflammatory 
environment in potential heart and lung donors: 
prevalence and impact of donor management and 
hormonal therapy. Transplantation 88(4): 582-8.

Venkateswaran et al. (2008). Early donor management 
increases the retrieval rate of lungs for transplantation. 
Annals of Thoracic Surgery 85(1): 278-86.

Venkateswaran et al. (2010). Echocardiography in the 
potential heart donor. Transplantation 89(7): 894-901.
James et al. (2010). The effects of acute 
triiodothyronine therapy on myocardial gene 
expression in brain stem dead cardiac donors. Journal 
of Clinical Endocrinology & Metabolism 95(3): 1338-43.

This RCT in potential lung and heart donors 
compares combinations of methylprednisolone, tri-
iodothyronine, both drugs or placebo. The study was 
of good quality and included 80 potential cardiac 
donors and 120 potential lung donors. The early 
management of potential lung donors in the trial 
arm included several interventions that are not part 
of standard care and a post hoc analysis was done 
to assess the outcomes of donors receiving ster-
oids. Methylprednisolone was not associated with 
increased donation rate of lungs, nor lung trans-
plant outcomes. Methylprednisolone did not impact 
cardiac index of potential cardiac donors, cardiac 
transplant rate, nor outcomes of cardiac transplant. 
Use of hormone replacement had no effect on bio-
markers of inflammation.

Kotsch et al. (2008). Methylprednisolone therapy in 
deceased donors reduces inflammation in the donor 
liver and improves outcome after liver transplantation: 
a prospective randomized controlled trial. Annals of 
Surgery 248(6): 1042-50.

This is a well-conducted RCT in liver trans-
plantation whereby donors were randomised to 
placebo or 250 mg methylprednisolone bolus fol-
lowed by 100 mg/h infusion. The study was powered 
to detect a 50 % difference in serum AST on day 1 
after transplantation. The study found that both 
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AST and ALT were significantly reduced for the first 
10 days for livers from donors receiving steroid pre- 
treatment, and that treated livers had a reduced risk 
of biopsy-proven acute rejection in the first 6 months 
(protocol biopsies). There were no significant differ-
ences in INR, lactate or serum albumin during the 
first 10 days and there is no information about pro-
curement rates or graft loss.

Mariot et al. (1991). Evaluation of tri-iodothyronine and 
cortisol treatment in the brain-dead patient. Annales 
Francaises d’Anesthesie et de Reanimation 10(4): 321-8.

This double-blind study randomised 40 po-
tential donors to receive either T3 and cortisone or 
placebo. The authors found no difference in haemo-
dynamic stability, metabolic profile or suitability for 
transplantation between groups.

Soulillou et al. (1979). Steroid-cyclophosphamide 
pretreatment of kidney allograft donors. A control 
study. Nephron. 24:193-7

This is a small RCT (34 recipients) of renal 
transplants; deceased donors were randomised to 
5 g methylprednisolone + 5 g cyclophosphamide 

compared to saline placebo infusion. Patients and 
outcome assessors were blinded to the treatment al-
location. There was no significant difference in renal 
function or graft survival up to 12 months.

Jeffery et al. (1978). A randomised prospective study of 
cadaver donor pretreatment in renal transplantation. 
Transplantation: 25:287-9.

In this relatively small RCT (52 recipients) of 
renal transplants; deceased donors were randomised 
to 5 g methylprednisolone + 7 g cyclophosphamide 
compared to usual treatment. After 12 months there 
was no significant difference in graft survival, graft 
function or acute rejection.

Chatterjee et al. (1977). Pretreatment of cadaver 
donors with methylprednisolone in human renal 
allografts. Surg Gyn Obst. 145:729-32.

In this RCT 50 donors were randomised to 
receive 5 g methylprednisolone or standard treatment. 
There was no significant difference in the number of 
transplants or graft survival at 1 and 3 months after 
transplant.
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Appendix 8. The use of thyroid hormones in the 
management of deceased donors

Summary of findings

Although many retrospective studies, including 
large registry studies, demonstrate improved organ 
recovery rates from donors treated with thyroid 
hormones, this benefit is not confirmed in any of the 
randomised controlled trials (RCTs) identified. None of 
these randomised studies demonstrate differences in 
haemodynamic parameters or stability in donors, or 
in post-transplant organ outcomes. This may be due 
to incomplete correction for confounding variables in 
retrospective studies, or due to a lack of power in the 
small RCTs identified.

Clinical question
‘Does the intravenous administration of thyroid hor-
mones to potential deceased organ donors improve 
transplant rates and/or transplant outcomes?’

PICOS
Population: Adult patients (aged 18 or over) admitted 
to an ITU with the diagnosis of death by neurological 
criteria, being considered as a potential organ donor.
Intervention: Administration of intravenous thyroid 
hormones in the ICU. Hormones include a dose of 
tri-iodothyronine (T3) or thyroxine (T4). Hormones 
can be administered in isolation, or as part of a com-
bination therapy regimen.
Comparator: No hormone, placebo or alternative 
therapy (including alternative thyroid hormones or 
treatment combinations).
Outcomes: Primary outcome was the number of 
organs transplanted by donor. Secondary outcomes 

include proportion of potential donors proceeding to 
donation, graft function and measures of donor sta-
bility (e.g. inotrope use, cardiovascular parameters).
Study design: Systematic reviews or randomised con-
trolled trials.

Search strategy and results
The Transplant Library (TL) was searched from 

inception to 20 May 2020. The TL includes all ran-
domised controlled trials and systematic reviews in 
the field of solid organ transplantation published as 
full text or in abstract form, sourced from MEDLINE, 
EMBASE and the Cochrane Library.

The search strategy used is as follows:
1. exp THYROID HORMONES/ 
2. exp THYROXINE/ 
3. (T3 or T4 or thyro$ or triiodothyronine).ti,ab. 
4. or/1-3

Searches identified 70 potentially relevant refer-
ences; 16 references met the inclusion criteria defined 
above. Of these, 3 were systematic reviews, and 13 
reported outcomes from 6 randomised controlled 
trials; 2 additional randomised controlled trials were 
identified from the reference lists of previous reviews.

Systematic reviews

Turco et al. (2019). Hormone replacement therapy in 
brain-dead organ donors: a comprehensive review 
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with an emphasis on traumatic brain injury. The 
Journal of Trauma and Acute Care Surgery 86(4): 702-9.

This narrative review identified 15 cohort 
studies, focussing on donors with traumatic brain 
injury. Rather than concentrating solely on thyroid 
hormones, the authors included all hormone replace-
ment therapy with varying combinations of thyroid 
hormone, insulin and corticosteroids. They found 
that 93 % of studies demonstrated an increased organ 
procurement rate with hormone replacement therapy, 
although the effects of thyroid hormones in isolation 
are difficult to extract. It should be noted that this 
review appears to miss a number of the RCTs iden-
tified below.

Rech et al. (2013). Management of the brain-dead 
organ donor: a systematic review and meta-analysis.
Transplantation 95(7): 966-74.

This systematic review looks at various 
aspects of donor management, including the use of 
thyroid hormones. The authors identified 6 studies 
exploring the use of thyroid hormones in donors. 
They meta-analyse 4 of these with cardiac index as 
an outcome, finding no difference in cardiac index 
between donors given thyroid hormone versus not. 
No other outcomes are subjected to meta-analysis, 
and the authors do not explore the impact on dona-
tion rates.

Macdonald et al. (2012). A systematic review and 
meta-analysis of clinical trials of thyroid hormone 
administration to brain dead potential organ donors. 
Critical Care Medicine 40(5): 1635-44.

This comprehensive review looks specifically 
at studies of thyroid hormone administration to 
brain-dead donors. The authors identify 37 studies – 
16 cohort studies and 7 RCTs. Whereas retrospective 
studies (including some large registry-based studies) 
all demonstrated a benefit to thyroid hormone ad-
ministration, the RCTs all conclude a lack of any 
measurable clinical benefit. The authors suggest that 
this may be due to a lack of correction for confounders 
in the non-randomised studies; it may also be due to 
lack of power in individual RCTs. It is worth noting 
that most RCTs included recruited potential cardio-
thoracic organ donors, rather than abdominal-organ 
alone donors, and very few donors in these studies 
were unstable.

Randomised controlled trials

Dhar et al. (2020). A randomized trial of intravenous 
thyroxine for brain-dead organ donors with impaired 
cardiac function. Progress in Transplantation 30(1): 48-
55.

Dhar et al. (2019). A randomized trial comparing 
triiodothyronine (T3) with thyroxine (T4) for 
hemodynamically unstable brain-dead organ donors. 
Clinical Transplantation 33(3): e13486.

This is the only recent RCT published since the 
comprehensive review from Macdonald et al� (above). 
This small study randomised potential cardiac donors 
with impaired ejection fraction to T4 or not. Out-
comes did not improve with T4, and organ recovery 
did not show a significant difference (although there 
was a trend towards increased donation rates in this 
small cohort).

Sharpe et al. (2013). Oral and intravenous thyroxine 
(T4) achieve comparable serum levels for hormonal 
resuscitation protocol in organ donors: a randomized 
double-blinded study. Canadian Journal of Anaesthesia 
60(10): 998-1002.

This small Canadian study compares the use of 
oral and intravenous T4 in 32 potential organ donors. 
Vasopressor use, T3 and T4 levels and rates of organ 
recovery did not differ between groups, leading the 
authors to conclude that orally administered T4 is 
suitable as an alternative to intravenous T4 in the 
management of donors.

Venkateswaran et al. (2009). The haemodynamic 
effects of adjunctive hormone therapy in potential 
heart donors: a prospective randomized double-blind 
factorially designed controlled trial. European Heart 
Journal 30(14): 1771-80.

Venkateswaran et al. (2009). The proinflammatory 
environment in potential heart and lung donors: 
prevalence and impact of donor management and 
hormonal therapy. Transplantation 88(4): 582-8.

Venkateswaran et al. (2008). Early donor management 
increases the retrieval rate of lungs for transplantation. 
Annals of Thoracic Surgery 85(1): 278-86.

Venkateswaran et al. (2010). Echocardiography in the 
potential heart donor. Transplantation 89(7): 894-901.
James et al. (2010). The effects of acute 
triiodothyronine therapy on myocardial gene 
expression in brain stem dead cardiac donors. Journal 
of Clinical Endocrinology & Metabolism 95(3): 1338-43.

This study in potential lung donors takes a 
factorial design, comparing combinations of methyl-
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prednisolone, tri-iodothyronine, both or placebo. 
There was no effect of intervention on lung or heart 
recovery, cardiac index or pulmonary function. Use 
of hormone replacement had no effect on biomarkers 
of inflammation.

Perez-Blanco et al. (2005). Efficiency of 
triiodothyronine treatment on organ donor 
hemodynamic management and adenine nucleotide 
concentration. Intensive Care Medicine 31(7): 943-8.

This small study of 52 potential donors ran-
domised donors to IV tri-iodothyronine versus 
placebo. The investigators assessed haemodynamics, 
inotrope use and adenine nucleotides on biopsy of 
the extracted organs. No benefit was seen in the ad-
ministration of tri-iodothyronine.

Goarin et al. (1996). The effects of triiodothyronine on 
hemodynamic status and cardiac function in potential 
heart donors. Anesthesia & Analgesia 83(1): 41-7.

This study investigates the use of IV T3 versus 
placebo in 37 DBD donors. The authors found no dif-
ferences in cardiac function or haemodynamic func-
tion in patients treated with T3.

Randell and Hockerstedt (1992). Triiodothyronine 
treatment in brain-dead multiorgan donors–a 
controlled study [see comment]. Transplantation 54(4): 
736-8.

Randell and Hockerstedt (1993). Triiodothyronine 
treatment is not indicated in brain-dead multiorgan 
donors: a controlled study. Transplantation Proceedings 
25(1 Pt 2): 1552-3.

This early, small RCT from Helsinki ran-

domised 25 potential donors to tri-iodothyronine 
or control. The authors found no benefit to tri- 
iodothyronine in donor haemodynamics or the out-
comes of transplanted livers.

Mariot et al. (1991). Evaluation of tri-iodothyronine 
and cortisol treatment in the brain-dead patient. 
[in French]. Annales françaises d’anesthésie et de 
réanimation 10(4): 321-8.

This double-blind study randomised 40 po-
tential donors to receive either T3 and cortisone or 
placebo. The authors found no difference in haemo-
dynamic stability, metabolic profile or suitability for 
transplantation between groups.

Jeevanandam (1997). Triiodothyronine: spectrum of 
use in heart transplantation. Thyroid. 7(1):139‐45.

The second part of this 3-part study ran-
domised 30 potential donors to T3 administration or 
placebo. No differences were seen in donor stability or 
post-transplant function in liver or kidney recipients.

García-Fages et al. (1991). Effects of substitutive 
triiodothyronine therapy on intracellular nucleotide 
levels in donor organs. Transplant Proc. 23(5):2495‐6.

García-Fages et al. (1993). Hemodynamic and 
metabolic effects of substitutive triiodothyronine 
therapy in organ donors. Transplant Proc. 25(6):3038‐9.

This study in 44 potential donors investigates 
the use of T3. The main outcome was adenine nucle-
otide levels in explanted organs – increases were seen 
in kidney and pancreas, but not other organs. No dif-
ferences in haemodynamic parameters were found 
between groups.
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Appendix 9. The use of therapeutic hypothermia in the 
management of deceased donors

Summary of findings

There is extremely limited clinical evidence for the use 
of therapeutic hypothermia for donors following brain 
death. There is one randomised controlled trial (RCT) 
in renal transplantation, which does show a significant 
reduction in DGF, and this was a good quality RCT. 
The same effect on reducing DGF is supported by one 
large cohort study. There is no evidence that organ 
donation/transplant rates are improved by therapeutic 
donor hypothermia. There is no comparative data to 
support therapeutic hypothermia for non-renal organs, 
but it does not seem to be harmful taking the results 
of the sole RCT. Cohort studies analysing the impact 
of spontaneous donor hypothermia describe poorer 
heart allograft survival associated with spontaneous 
hypothermia, reduced eligibility for organ donation 
and reduction in organs per donor. However, it is 
likely that there are multiple confounders that make 
spontaneous hypothermia a very unreliable predictor 
for the effect of therapeutic hypothermia. The paucity 
of clinical evidence makes the one RCT even more 
impressive. Good quality RCTs will be needed to 
investigate the impact of therapeutic hypothermia on 
non-renal organs.

Clinical question
‘Does therapeutic hypothermia of potential deceased 
organ donors improve transplant rates and/or trans-
plant outcomes?’

PICOS
Population: Adult patients over the age of 18 admitted 
to an ICU with the diagnosis of death by neurological 
criteria as a potential organ donor.
Intervention: Therapeutic hypothermia. 
Comparator: Normothermia, standard of care, no 
therapy, and different therapy.
Outcomes: The primary outcome will be the number 
of organs transplanted, by donor. The secondary out-
comes will be early organ function (heart, lung, liver 
and kidney).
Study designs: Human studies only. RCTs, cohort 
studies, case-control studies, case series of more than 
1 donor.

Search strategy and results
The Transplant Library (TL) was searched from 

inception to 28 July 2020. EMBASE was searched 
from 1974, and MEDLINE from 1946, to 28 July 2020. 
The TL includes all randomised controlled trials 
and systematic reviews in the field of solid organ 
transplantation published as full text or in abstract 
form, sourced from MEDLINE, EMBASE and the 
Cochrane Library.

The search strategy used is as follows:
1. Exp Organ Transplantation/
2. Exp Transplantation/
3. Donor .ti.ab OR donation .ti.ab
4. Hypotherm$ .ti.ab
5. exp Hypothermia, Induced/ or exp Hypother-

mia/
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6. 1 OR 2
7. 4 OR 5
8. 3 AND 6 AND 7
9. Humans .sh

10. 8 AND 9

Searches identified 386 potentially relevant 
references. Only 4 references met the inclusion cri-
teria defined above. Of these, none were systematic 
reviews, and 2 reported outcomes from just 1 ran-
domised controlled trial. Three additional references 
described the results from 2 large cohort studies ana-
lysing spontaneous donor hypothermia, rather than 
therapeutic hypothermia. These have been described 
for comparison.

Systematic reviews
No systematic reviews were identified that met 

the inclusion criteria.

Randomised controlled trials

Niemann et al. (2015). Therapeutic hypothermia in 
deceased organ donors and kidney-graft function. 
N Engl J Med. 373(5): 405-14.

Malinoski et al. (2019). Therapeutic hypothermia 
in organ donors: follow-up and safety analysis. 
Transplantation. 103(11): e365-8.

This is a good quality RCT with maintained al-
location concealment and modified intention-to-treat 
analysis (transplanted organs only). Donors received 
minor cooling to 34-35 degrees centigrade, with 
non-invasive cooling techniques, or were maintained 
at 36.5-37.5 degrees centigrade. There was a signifi-
cant reduction in DGF rate for kidneys transplanted 
from the hypothermia group (28 %) compared to the 
normothermia group (39 %). The trial was stopped 
early by the data and safety monitoring board on 
the basis that efficacy had been demonstrated before 
completion of recruitment (370 donors enrolled, of 
500 targeted). The greatest potential benefit was seen 
in expanded criteria donors, where the rate of DGF 
was significantly reduced from 57 % to 31 %. DGF in 
this study was defined as the need for any dialysis 
in the first week after transplantation. The overall 
rate of organs transplanted from the two study arms 
was similar. During the study period the organ pro-
curement teams did not use hypothermic machine 
perfusion.

Follow-up data of 565 kidney, 262 liver, 94 heart, 
99 lung and 25 pancreas transplants from donors 

included in this trial were obtained from national 
registries. There were no statistically significant dif-
ferences in the adjusted and unadjusted 1-year kidney 
graft survival rates. However, a subgroup analysis 
by donor type showed that donor hypothermia was 
associated with higher 1-year graft survival in the 
subgroup of standard criteria donors. There were 
no significant differences in graft survival of other 
organs, which may be confounded by small numbers.

Cohort studies

Wright et al. (2019). The impact of therapeutic 
hypothermia used to treat anoxic brain injury after 
cardiopulmonary resuscitation on organ donation 
outcomes. Organ Donation Research Consortium 
(ODRC) Anoxic Organ Donor Study Group. Ther 
Hypothermia Temp Manag. Dec;9(4):258-64.

This is a large cohort study of 1 098 organ 
donors with hypoxic brain injury following CPR, 
46 % of whom had received therapeutic hypothermia 
as part of their management prior to death, and these 
were compared to donors who did not receive this 
therapy prior to death. There was no significant in-
crease in the number of organs transplanted from 
donors who received therapeutic hypothermia, except 
for a greater proportion of intestinal transplantation 
(8 % versus 5 %); 1-year graft survival for heart, lung, 
kidney and liver transplants was similar between 
groups. There was significantly less DGF in renal 
transplants from donors receiving therapeutic hypo-
thermia (24 % versus 30 %). Multivariate analysis was 
conducted to adjust for potential confounding factors, 
and this showed an independent association between 
therapeutic hypothermia and reduced risk of DGF 
(OR = 0.75). DGF in this study was defined as the need 
for any dialysis in the first week after transplantation. 
The administration of therapeutic hypothermia was 
conducted by each donor hospital to their protocols 
and therefore may vary in terms of mean tempera-
ture and duration of cooling.

Schnuelle et al. (2018). Impact of spontaneous 
donor hypothermia on graft outcomes after kidney 
transplantation. Am J Transplant. Mar;18(3):704-14.

Schnuelle et al. (2018). Impact of donor core 
body temperature on graft survival after heart 
transplantation. Transplantation. Nov;102(11):1891-1900.

Spontaneous donor hypothermia study
This cohort study of 487 renal transplants and 

99 heart transplants was conducted using data col-
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lected during the randomised dopamine trial by the 
same group. Cox regression analysis was used to 
account for multiple confounding factors, and no 
independent association was found between spon-
taneous donor hypothermia (core body tempera-
ture < 36 degrees centigrade) and 5-year kidney graft 
survival. However, there was a significant reduction 
in DGF associated with spontaneous donor hypo-
thermia in both the unadjusted and adjusted anal-
yses (OR = 0.56 and OR = 0.42). DGF in this study was 
defined as 2 or more dialysis sessions post-operatively. 
In contrast to the beneficial effects on kidneys, lower 
core body temperature was associated with signifi-
cantly inferior heart allograft survival. It should be 
noted that the lowest core body temperature category 
was as low as 32 degrees centigrade. Also the core 
body temperature was the last measurement taken 
prior to procurement, 4-20 hours beforehand, which 
may not represent the donor condition over a period 
of time. The 5-year follow-up completion was excel-
lent (over 99 % of transplants); despite this the study 
is underpowered to detect a clinically significant re-
duction in graft survival for kidneys.

Joseph et al. (2014). Hypothermia in organ donation: 
a friend or foe? The Journal of Trauma and Acute Care 
Surgery. 77(4):559-63.

Spontaneous donor hypothermia study
This is a large registry analysis of all trauma pa-

tients approached for organ donation during a 5-year 
period at one centre in the USA. Donors were strati-
fied by spontaneous hypothermia rather than thera-
peutic hypothermia; 416 patients were included, and 
hypothermia was defined as core body temperature 
less than 36 degrees centigrade. The study found that 
patients who were hypothermic on admission were 
significantly less likely to be eligible for organ dona-
tion (45 % versus 97 %) and donated fewer organs per 
donor (2.4 versus 2.8).

Case series

Baumgartner (1989). Cardiopulmonary bypass with 
profound hypothermia. An optimal preservation 
method for multiorgan procurement. Transplantation. 
47(1):123-7.

In this case series, 10 brain dead donors were 
cooled to 10-15 degrees centigrade prior to dissection 
and retrieval of organs. The average time of bypass 
was 46 minutes (range 22-80 minutes); 10 heart-lung 
grafts, 17 kidneys, 1 liver and 1 pancreas were retrieved 
for transplantation. The paper focuses on the feasi-
bility of the technique. Early transplant outcomes are 
presented in the paper, but there are no comparative 
data and the numbers are small.
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Appendix 10.  Rationale document for Medical and Social 
History Questionnaire (United Kingdom)

This appendix shows the Rationale document for 
the Medical and Social History Questionnaire 

(Information document INF947/6.1), including the 
questionnaire itself, as used in the United Kingdom 
since July 2019. The Rationale document is adjusted 
to all formal and informal rules valid in the health-
care system of the United Kingdom. In the healthcare 
systems of other member states, different formal and 
informal rules exist, and questionnaires must be ad-
justed to the rules that apply in their jurisdiction (e.g. 
see Appendix 12).

Rationale document for medical and 
social history questionnaire

Introduction

• The purpose of donor characterisation is to de-
termine whether a potential donor is suitable to 
donate any organ or tissue, and then to deter-
mine which organs and tissue can be donated. 
Whilst, following assessment of an individual’s 
medical and social history, organ and tissue 
donation may be possible, it may be that not 
all organs or tissues are suitable due to specific 
organ/tissue requirements.

• This document aims to provide a rationale for 
specific information that is required to assess 
a potential donor’s suitability for organ/tissue 
donation and should be used in conjunction 
with the NHS Blood and Transplant FRM4211 
Medical and Social History Questionnaire 
(MaSH).

• The purpose of the MaSH questionnaire is to 
collate relevant information for donor charac-
terisation; this can help determine risk factors 
for the transmission of disease from donor to 
recipient. It is the responsibility of the Spe-
cialist Nurse Organ Donation/Specialist Nurse 
Tissue Donation/Tissue Donor Co-ordinator to 
collect comprehensive information on medical, 
behavioural and travel history and relay all 
the information obtained to the organ recip-
ient and tissue procurement centres. In addi-
tion, for organs it is the responsibility of the 
implanting surgeon to assess the risk–benefit 
of transplant for their individual patients. For 
tissue, the final decision on donor acceptance 
is often made after reviewing additional infor-
mation available post-donation and it is the re-
sponsibility of the tissue establishment to make 
the final decision on donor suitability.

• All specialist nursing staff trained to use this 
document must recognise when to expand 
questions in order to obtain more details, what 
additional information might be required and 
when to seek advice. It is expected that the 
donors referred for tissue donation meet donor 
selection guidelines (see link below) or have 
had an individual risk assessment on donor 
suitability.

• The conditions which will cause the deferral of 
a potential donation vary significantly between 
organs and tissue, including ocular tissue. For 
many of the questions asked, the principle will 
be to gain as much relevant information as pos-
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sible, clearly document the information and 
inform recipient centres. For tissue donation 
this is also relevant; however, suitability can 
also be confirmed by reference to the current 
version of the UK Blood Transfusion Services 
document Tissue Donor Selection Guidelines 
for Deceased Donors (TDSG-DD).

• This rationale is a guide and should not replace 
discussions with transplant centres, tissue 

establishments, microbiologists and other 
experts where necessary. The Advisory Com-
mittee for the Safety of Blood, Tissues and 
Organs (SaBTO) guidance on the microbio-
logical safety of human organs, tissue and cells 
used in transplantation will also provide more 
information on many of the questions below.

Patient assessment section

Whilst the MaSH document does give 
‘unknown’ as an option to minimise organ/tissue de-
ferrals, it is preferred wherever possible this option 
is not used. As such when opening the conversation 

with the family we request they answer with ‘yes’ or 
‘no’. In terms of the country of residence question, you 
are classed as a resident if you have lived somewhere 
for 6 months and over.

Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

FOR PAEDIATRIC 
DONATION: has 
your child been 
breast-fed in the 
past 12 months?

There is a risk of vertical transmission of some 
blood-borne viral infections from the mother to 
her child via breast milk.

Although testing of the milk donor would be 
desirable, it is acknowledged that this may not 
be possible and this should not be a contra-
indication for donation; discuss accordingly. 
Transplant centres should be informed. Prior to 
donating breast milk, microbiological screening 
will have been carried out in the maternity unit.

The mother’s medical, social and 
behavioural history should be assessed 
and both a maternal and infant blood 
sample must be taken for full microbio-
logical screening.

As organ donation. 

NOTE: for all 
patients under the 
age of 18 months 
and any child 
who has been 
breast-fed in the 
last 12 months, a 
blood sample for 
microbiological 
testing is required 
from the mother, 
as well as from the 
patient.

Some infections can be transmitted from 
the mother in utero, at birth, perinatally and 
through breast feeding. Examples of some 
of those blood-borne viruses, which are also 
transmissible by transplantation, are CMV, HIV, 
HBV, HTLV and HCV.

Testing the mother identifies potential infec-
tious risk for the baby and if positive, will inform 
need for further testing in the case of organ do-
nation; for tissue donation, a positive maternal 
result is a contra-indication for infant donation. 
(See additional action on the right).

Donor characterisation testing portfolio has 
expanded over time; to avoid difficulties in 
obtaining sufficient blood sample from small 
babies, there are instances when a maternal 
sample can be used as a surrogate.

In the case of deceased neonatal or 
infant tissue donors the following 
blood samples are required:

• A maternal sample is required when 
an infant is less than 18 months of age 
or when an older child has been breast 
fed within the 12-month period prior to 
donation.

• For still births and neonates less 
than 48 hours after birth, no sample is 
required.

• For neonates between 48 hours and 
28 days after birth, a sample is only 
required if there are identifiable risks 
of possible viral transmission, e.g. re-
ceiving blood components/products or 
undergoing a surgical procedure.

• For infants more than 28 days after 
birth, a sample is always required.

As organ donation. 

Under EU Tissues and Cells 
Directive, if the mother is 
infected with HIV/HBV/HCV/
HTLV or is at risk of these 
infections, an infant under 
the age of 18 months or 
who has been breastfed in 
the past 12 months cannot 
be accepted as a tissue 
donor, regardless of the re-
sults of the tests; maternal 
sample is required to es-
tablish mother’s status and 
assess donor suitability.

For ALL female 
patients aged 
between 12 and 
55 years of age

Is there a possi-
bility that your 
relative could be 
pregnant?

There is a requirement to establish pregnancy 
status in female organ donors; this is standard 
best practice for females of childbearing age 
undergoing surgery.

If pregnancy is confirmed or suspected, 
the donation process should be paused, 
and expert advice should be sought to 
enable individual case assessment.

No action required.

General health information
Was/did your relative or you (if completing as mother of paediatric donor):
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Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

1. Did your relative 
visit a general 
practitioner in the 
last two years?

2. Was your 
relative currently 
seeing or waiting 
to see a general 
practitioner or any 
other healthcare 
professional?

These are broad questions to ascertain if there 
are any long-term/current health problems. 
If the answer to either is yes, it is important 
to obtain as much information as possible 
including symptoms, diagnosis, investigations 
and medications prescribed; include names of 
hospitals if relevant to allow further clarification 
as required.

Note: It is important to obtain accurate informa-
tion on past/current medical history. Therefore, 
it is a requirement that the GP is contacted 
to complete the NHSBT GP questionnaire 
(FRM1602).

Attempts should always be made to 
contact the GP prior to the retrieval of 
organs. If following these attempts, the 
GP cannot be contacted, the NHSBT 
GP assessment MUST be sent by the 
next working day. Any new relevant 
information must be shared appro-
priately. If the patient has no GP then 
ensure this information is documented 
for recipient centres to be aware.

As organ donation. 

3. Did your relative 
ever take regular 
medication?

This is a broad question to ascertain if there are 
any long-term/current health problems. Include 
type of medication, length of therapy and 
reason for treatment.

Rationale for acne, prostate and psoriasis medi-
cation: Finasteride (prostate), Dutasteride (Avo-
dart) or one of the following acne treatments: 
roaccutane, etretinate, acitretin, isotretinoin, 
alitretinoin, tamoxifen and dutasteride – All 
these medications are teratogenic and are 
excreted from the body at different rates at dif-
ferent times and can therefore be transmitted 
through tissue.

Document information clearly to alert 
accepting surgeons.

Refer to TDSG-DD guide-
lines re deferral period 
required for each of the 
named drugs – if donation 
will take place beyond the 
deferral period, accept 
donation; if donation takes 
place within the deferral 
period for the medication, 
defer donor unless the 
tissue bank can perform 
individual risk assessment 
based on risk–benefit 
analysis.

4a. Did your 
relative have a 
history of allergies 
to medication, 
food or other 
substances?

Aiming to establish all substances that the 
donor was allergic to; if the donor does have 
a history of allergy it is important to get infor-
mation as to the type of allergy i.e. mild rash or 
severe anaphylactic type reaction.

There is the potential that the organ recipient 
would develop the same type of allergy as the 
donor.

Document information clearly to alert 
accepting surgeons.

No action required.

4b. Did your 
relative have any 
health problems 
due to exposure 
to toxic sub-
stances such as 
pesticides, lead, 
mercury, gold, 
asbestos, cyanide, 
agent orange etc?

Some toxic substances may linger in the body 
for several years and could potentially be trans-
mitted through transplanted tissue/organs.

Document information clearly to alert 
accepting surgeons.

It is HTA requirement 
based on EU Commission 
Directive 2006/17/EC that 
tissue donation from 
donors with the history of 

“ingestion of or exposure to 
a substance (such as cya-
nide, mercury, lead, gold) 
that may be transmitted 
to recipients in a dose that 
could endanger their life” 
must be excluded. Expert 
advice must be sought for 
individual risk assessment.

5a. Was your rela-
tive a diabetic? If 
yes, were they on 
insulin?

5b. Is there a 
family history of 
diabetes?

If yes, is it insu-
lin-dependent 
diabetes?

Because diabetes can have an effect on a 
number of organs particularly development of 
diabetic nephropathy in the kidneys, this infor-
mation helps inform transplant centres when 
considering organs for transplantation.

Increased risk of kidney disease runs in families.

If yes, absolute contraindication for 
pancreas and islet donation.

Refer to POL188 (Contraindications to 
Organ Donation).

If yes, absolute contra-
indication for pancreas 
and islet donation

No action required for 
other tissues.

6. Did your 
relative suffer 
from any chronic 
or autoimmune 
illness or disease 
of unknown 
cause?

Some diseases of unknown aetiology, such as 
multiple sclerosis, inflammatory bowel and 
Crohn’s disease, may have an as yet unrecog-
nised infectious cause. More importantly, if 
there is a current condition that is suspected to 
be of infectious origin but a cause has not been 
identified, there is a risk of transmission.

Some chronic neurological or cardiac con-
ditions for instance, may have an infectious 
aetiology which is unsuspected at time of death 
such as Chagas disease, a condition that is not 
commonly considered in the UK as it is not 
endemic.

Clinical assessment as appropriate. In 
light of other relevant information, 
including epidemiology; e.g. family or 
own history of gastro intestinal dysmo-
tility, cardiac arrhythmia and residency 
in Chagas endemic area.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.
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Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

7. Did your relative 
ever suffer from 
any bone, joint, 
skin or heart 
disease?

Responses will inform transplant centres and 
tissue establishments when assessing the 
patient’s suitability to donate.

Document information clearly to alert 
accepting surgeons.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.

8. Did your 
relative ever have 
hepatitis, jaundice 
or liver disease?

Jaundice can have infectious causes, such as 
viral hepatitis, and non-infectious causes, such 
as gallstones. Enquire regarding dates, causes, 
diagnosis, investigations.

Document information clearly to alert 
accepting surgeons.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.

9. Did your relative 
recently suffer 
from significant 
unplanned weight 
loss?

Recent unplanned weight loss may be an 
indication of illness, including malignancy. It is 
important therefore to obtain the reason for the 
weight loss, the estimated amount of weight 
loss, if it was investigated or accompanied by 
other problems.

Document weight loss information 
clearly to alert accepting surgeons.

As organ donation.

10. Did your rela-
tive ever undergo 
any investigations 
for cancer or 
were they ever 
diagnosed with 
cancer?

The presence, or previous history, of malignancy 
poses a risk of transmission of malignant cells 
to a recipient. If yes, obtain further information 
regarding dates, diagnosis and treatments.

If investigations such as mammograms, smear 
tests, PSA testing for prostate cancer and so on 
have been completed, ensure it is clearly stated 
whether these were part of routine national 
screening or due to any concerns or symptoms 
to allow a risk–benefit assessment of the likely 
implications.

It is important to assess the type, grade 
and time scales of any malignancy, as 
certain types are contraindicated in 
organ donation. Refer to POL188 (Con-
traindications to Organ Donation).

If organ and tissue dona-
tion is contraindicated, 
corneal donation may be 
possible. Refer to current 
version of TDSG-DD.

11. Did your rela-
tive have a history 
of eye disease, 
receive any med-
ications for eye 
problems (e.g. eye 
drops) or undergo 
eye surgery or 
laser treatment?

This question is specifically designed to assess 
the suitability of ocular tissue; note that glau-
coma surgery might involve the use of alloge-
neic scleral tissue and it is therefore important 
to elicit whether a patient with glaucoma has 
undergone surgery and where, even if further 
surgical details are not known to the family at 
the time of the family interview

Not applicable to organ donation If answer yes to this 
question refer to current 
TDSG-DD as donation may 
be contraindicated.

12. Did your rela-
tive ever have any 
operations? 

If the answer is yes, it is important to obtain as 
much information as possible, such as reasons 
for surgery, as this may provide important past 
medical history. In particular. any operations for 
malignancy, neurosurgery or operations where 
organs/tissue were transplanted.

Document information clearly to alert 
accepting surgeons.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.

13. Did your 
relative ever have 
any surgery on the 
brain or spine?

Before 1993 dura mater from deceased donors, 
which has been documented to transmit CJD, 
may have been used in brain and spinal surgery. 
Therefore where this answer is yes, the patient 
is at increased risk of CJD. Clarity should be 
sought on type of procedure, dates and loca-
tion/hospital where procedure occurred. 

Document information clearly to alert 
accepting surgeons.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated. 

14. Did your 
relative ever have 
an organ or tissue 
transplant?

This will provide information regarding any 
previous requirement of immunosuppression 
or risk of CJD transmission if within specific time 
frames, and will inform decision making. 

Document information clearly to alert 
accepting surgeons.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.

15. Was your rela-
tive ever told not 
to donate blood?

If answered yes, reason for this must be clarified. 
Some deferrals are due to reasons such as a 
patient’s age or weight; however, there may be 
other reasons such as infection risk, including 
being at CJD risk for public health purposes.

Document information clearly to alert 
accepting surgeons.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.
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Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

16. Did your 
relative receive 
a transfusion of 
blood or blood 
product(s) at any 
time?

This should include type of product, such as 
Fresh Frozen Plasma (FFP), Platelet, Cryoprecipi-
tate or Immunoglobulin as these are human de-
rived products. The reason for the transfusion 
should also be obtained as this may provide 
significant medical history. Establish in which 
country the transfusion occurred as donor 
screening policies vary by date and country and 
this information is helpful. 

Transfusions have been known to transmit 
bacterial, viral, protozoal and prion infections, 
such as variant CJD. Testing of blood donors for 
markers of infection varies by country and by 
date, so level of risk will also vary. 

Please document all transfusions given during 
this admission, as well as historical transfusions 
if known.

Any transfusions should be noted and 
the laboratory completing the micro-
biology testing should be informed 
if the potential donor received any 
transfusions within the last 3 months. 
Antibodies can be acquired passively 
through transfusions so a positive anti-
body test in a post-transfusion sample 
may need to be interpreted accordingly. 
The laboratory interpretation must take 
this into account and the information 
should be passed on to the transplant 
centres. Transfusion history should 
be explored as part of the review of 
medical records and importantly the 
prescription chart for the current ad-
mission (NB if a potential donor has had 
more than one admission within the 3 
days prior to the current, then prescrip-
tion charts for these admissions should 
also be reviewed).

Documenting all transfusions (not just 
the ones relevant for haemodilution 
calculation) would give a full picture 
should there ever be the need to 
investigate a potential transfusion- 
transmitted infection.

As organ donation.

17. Did your 
relative suffer 
from any type of 
brain disease such 
as Parkinson’s or 
Alzheimer’s dis-
ease, or dementia?

Neurological disease may be of infectious or 
non-infectious origin or a neurodegenerative 
condition of unknown aetiology e.g. Parkinson’s 
disease or Alzheimer’s disease.

Not applicable to organ donation. If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.

18. (A-D) Did your 
relative suffer 
from any one or 
more of the fol-
lowing problems: 
memory problems 
or confusion, 
change in person-
ality or behaviour, 
or were they 
unsteady on their 
feet?

CNS conditions have a range of underlying 
pathologies, and for the purposes of organ and 
tissue donation it is important to identify and 
exclude those that might be of infectious origin 
or of unknown aetiology such as neurodegen-
erative conditions (e.g. Parkinson’s disease or 
Alzheimer’s disease).

As relevant CNS conditions are not necessarily 
always fully diagnosed at time of death, it is im-
portant to identify potentially relevant clinical 
signs and symptoms as possible indicators of 
relevant disease processes.

Slowly progressive neurological symptoms, 
including paraparesis, may have a yet undiag-
nosed viral aetiology (e.g. HTLV). 

New symptoms such as behavioural changes, 
confusion with or without fever and other 
symptoms, may be part of a yet undiagnosed 
infectious CNS process. 

It is important to establish time of onset, 
duration, severity and trend of neurological 
and psychiatric symptoms in order to assess 
their relevance. For example, patients with 
sporadic CJD would be expected to deteriorate 
noticeably from month to month. Being unable 
to live independently is a good indication of 
severity of any neurological condition, e.g. a 
patient with dementia is usually unable to live 
on their own. 

Clinical assessment will exclude other rele-
vant underlying conditions that may also be 
present beside the primary cause of death (e.g. 
altered behaviour of new onset, which may be 
infectious in origin, followed by a fall or RTA). 
The cause of death may not be a deferral for 
donation; however, the underlying, as yet undi-
agnosed condition may have led to the incident 
leading to death.

Not applicable to organ donation. If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.
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Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

19. Did your rela-
tive have a family 
history of prion 
disease, such as 
CJD, or were they 
ever told that they 
were at risk of 
prion disease?

Individuals at familial risk of prion-associated 
disease are those who have two or more blood 
relatives with a prion-associated disease or 
where the family has been informed they are at 
risk following genetic testing and counselling. 
These patients are at increased risk of prion 
disease transmission.

Assessment must be made on a case-
by-case basis and expert advice sought 
where necessary. ‘At risk’ and familial 
history are not an absolute contraindi-
cation to organ donation. 

Refer to POL188 (Contraindications to 
Organ Donation).

If answer yes, patient is 
contraindicated for tissue 
donation.

If the donor has had 
genetic testing and been 
found not to be at risk for 
prion disease – accept.

20. Did your rela-
tive ever receive 
human pituitary 
extracts, e.g. 
growth hormones 
or fertility treat-
ment or test injec-
tions for hormone 
imbalance?

Human pituitary extracts have been known to 
have been contaminated and have led to the 
transmission of CJD. They have not been used 
in the UK since 1985; however, it is uncertain 
when their use was stopped in other countries.

Metrodin HP was an infertility treatment used 
up to 2003. However, patients treated after 2003 
will not have been treated with this. Metrodin 
HP was manufactured from urine (sourced in 
Italy) and therefore was a risk of CJD.

Donated eggs are classed as tissue donation 
due to the risk of CJD transmission.

Document information clearly to alert 
accepting surgeons.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.

21. Did your 
relative ever have 
any significant 
infection?

Significant infections can be regarded as any 
infection where an individual has required 
investigations, hospitalisation or a specialist 
referral.

Infections identified in this section may be 
transmissible during transplantation depending 
on the detail. Therefore it is important to ascer-
tain diagnosis, treatments and dates.

Refer to POL188 (Contraindications to 
Organ Donation). Initiate discussions at 
early stages, as appropriate.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.

22. Did your 
relative come into 
contact with an 
individual with an 
infectious disease 
within the last 
month?

Potential donors who have been in recent 
contact with an infectious disease may be in the 
asymptomatic stage of an infection at the time 
of donation.

It is also helpful to know what type of contact 
the patient had. 

Initiate discussions at early stages, as 
appropriate.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated.

23. Did your rela-
tive have any signs 
of infection, e.g. 
colds, flu, fever, 
night sweats, 
swollen glands, di-
arrhoea, vomiting 
or skin rash within 
the last month?

Answers to this question will add to the clinical 
picture. It is important to enquire as to any 
treatment given, investigations, duration of 
illness. Further investigations may be required.

Initiate discussions at early stages, as 
appropriate.

Night sweats may be 
secondary to menopausal 
symptoms – having this 
information documented 
is important as this type 
of night sweats allows the 
tissue to be released.

24. Did your 
relative have any 
immunisations 
within the last 2 
months?

Immunisations with live vaccine may cause 
severe illness in people who are immuno-
suppressed. By eight weeks any infection 
caused by the immunisation should have been 
controlled and so should not be passed on 
through donated organs or tissues. Very recent 
vaccination with HBV vaccine for instance (7 
days) can give positive result for HBsAg during 
screening, which does not mean infection. (No 
other vaccines affect the result of routine donor 
characterisation tests.)

Asking for type of flu vaccination (i.e. injection 
versus nasal spray) will help confirm whether 
the vaccination used was inactivated or a live 
vaccine.

List of common live and inactivated vac-
cines should be checked at: https://www.
transfusionguidelines.org/dsg/ctd/appendicies/
appendix-4-table-of-immunizations.

Laboratory completing the donor mi-
crobiological screen must be informed 
if recent HBV vaccination.

As organ donation.

https://www.transfusionguidelines.org/dsg/ctd/appendicies/appendix-4-table-of-immunizations
https://www.transfusionguidelines.org/dsg/ctd/appendicies/appendix-4-table-of-immunizations
https://www.transfusionguidelines.org/dsg/ctd/appendicies/appendix-4-table-of-immunizations
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Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

25. Did your rela-
tive have tattoo-
ing, body piercing, 
botox injections, 
acupuncture, 
colonic irrigation, 
faecal transplan-
tation or any 
other cosmetic 
treatments that 
involve piercing 
the skin in the last 
3 months? 

Any piercing of the skin for these reasons may 
carry a risk of viral disease transmission depend-
ing on the standards of practice. It is important 
to confirm when and where the treatment 
has been carried out, i.e. in the UK or not, and 
whether in licensed premises or not. If carried 
out in certain establishments, i.e. NHS or other-
wise licensed establishments, tissue donation 
will be possible. During the 3-month period, if 
infection has occurred, it may not be detected 
by serological tests (window period).

Colonic irrigation may be unregulated if not on 
NHS; as such there may be an increased risk of 
rectal mucosa damage and infection.

Faecal microbiota – this is one of a number of 
treatments that can be done through the NHS 
or non-NHS – it is human derived and so has risk 
of blood-borne virus.

Microblading and Microneedling – these pro-
cedures have become more popular in recent 
years and involve piercing of the skin. Unclear 
licensing requirements of people who carry out 
these procedures. Consideration must be given 
to all cosmetic procedures which may pierce 
the skin.

Document information clearly to alert 
accepting surgeons. Include relevant 
information in the virology request 
form to aid interpretation of results.

If answer yes to this 
question refer to current 
TDSG-DD as tissue dona-
tion may be contraindi-
cated depending on where 
and when this happened.

If faecal microbiota is car-
ried out in the NHS or by 
a registered professional, 
so we know the donor is 
being screened and tested, 
then accept the donor; if 
done outside the NHS/not 
by a registered profes-
sional then defer if the 
treatment was in the last 
3 months – if more than 3 
months ago accept.

If the donor or donor 
family state that tattoo/
body piercing etc. was 
done in a high-street shop, 
we assume the shop is 
abiding by the law and is 
therefore licensed – there 
is no need to look for 
further evidence as to 
whether the shop was 
licensed or not.
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Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

26. In the last 
12 months has 
your relative 
been bitten or 
scratched by any 
animal (strays, 
pets, wild, farm 
or ticks) or been 
bitten by a 
human. Or, has 
your relative ever 
been bitten or in 
close contact with 
bats anywhere 
in the world or 
been bitten by a 
mammal outside 
the UK?

Exposure to animal secretions (e.g. bites or ex-
posure to saliva through broken skin) may result 
in infections, for example rabies. In the UK the 
risk of rabies comes from contact with infected 
bats. Outside the UK, bites and scratches from 
infected mammals (most commonly dogs and 
cats but any mammal can get infected – see 
below) can be a source of rabies in endemic 
countries.

A potential exposure to rabies is significant at 
any time so, if the patient’s family mentions a 
significant exposure, obtain information regard-
less of time elapsed.

Close contact with animals, including domestic 
family pets, may lead to zoonotic infections 
(infections transmitted between animals and 
humans), which may then be transmitted 
through transplantation. A significant number 
of families will have family pets. The main risk 
is if the donor has been bitten by an animal or 
there has been unusual contact between an 
animal (particularly if unwell) and the donor.

Exposure to bats:

In the UK, bat handlers are encouraged to 
receive rabies vaccination. Exposure is regarded 
as direct contact of bat saliva or neuronal tissue 
with broken skin or mucosa. If a bat is found in 
the room of a sleeping, previously sleeping or 
intoxicated person or child, this is classed as 
exposure as the person may not be aware they 
have been bitten and bites may not be visible. 
Otherwise, just being close to a bat does not 
constitute an exposure.

Exposure to terrestrial (predominantly land 
living) mammals:

Knowledge of any transdermal bite or scratch, 
lick to broken skin, contact of saliva with 
mucous membranes requires further discussion. 
Examples of animals known to have transmitted 
rabies: racoons, foxes, monkeys.

Transmission of rabies through transplantation 
has been described when diagnosis of rabies in 
the donor had been missed despite presence 
of compatible signs and symptoms at the time 
of death.

Tick bites can transfer infections, e.g. the agents 
that cause Lyme’s disease, tick-borne enceph-
alitis etc.

If the answer to this question is yes, as 
much information as possible must be 
ascertained. Important questions to ask 
include:

Place of incident (country, region, area).

Type of animal (raccoon, skunk, fox, etc).

What was the injury (bite, scratch, lick 
to broken skin, mucosal exposure to 
saliva?) When did it happen?

Was the animal vaccinated against 
rabies? Was the animal observed by 
anyone in the 14 days following the 
incident (animals with active rabies 
would die within 2 weeks)?

Circumstances of incident - e.g. Was the 
bat dead or alive? Was the dog bite pro-
voked or unprovoked? Was it directly 
on bare, broken or unbroken skin?

Was any medical advice sought 
afterwards? Any treatment? (e.g. rabies 
hyperimmunoglobulin and rabies 
vaccine).

Would anyone else have further infor-
mation or have witnessed the incident?

Tissue donation is con-
traindicated if the patient 
has ever been bitten by a 
non-human primate, has 
any animal bite where the 
wound is infected or not 
healed, or if it is less than 
12 months since being 
bitten anywhere in the 
world by any mammal 
outside the British Isles. 

Refer to current TDSG-DD.

Travel risk assessment
This group of questions is designed to establish the risks of a potential donor being/having been at risk of an infection which is not en-
demic within the UK. Due to the evolving patterns of infections worldwide, when a detailed travel history has been obtained it is neces-
sary to consult both the TDSG-DD at www.transfusionguidelines.org/dsg/ctd and the Geographical Disease Risk Index (GDRI) at www.
transfusionguidelines.org.uk/dsg/gdri for up-to-date information on the risk assessment criteria. It is the responsibility of the specialist 
nursing staff to gather appropriate information, including date, duration of travel, destination and purpose of trip; and whether the donor 
was well or unwell during their travel and on returning to the UK – the travel-associated risk may vary by region with some countries, e.g. 
malaria risk only in some parts of Türkiye or Zika risk in the USA. It is important to get as much information as possible, to document it and 
communicate it to transplant centres.

http://www.transfusionguidelines.org/dsg/ctd
http://www.transfusionguidelines.org.uk/dsg/gdri
http://www.transfusionguidelines.org.uk/dsg/gdri
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Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

27. Did your 
relative ever travel 
or live outside 
the UK (including 
business trips)?

Certain infections are distributed geographi-
cally and the risk of exposure will depend on 
the length of time and activities performed in 
the area. For some infections, risk is highest for 
residents of endemic areas (e.g. malaria and 
Chagas), regardless of how long ago they have 
left the area.

Individuals who have lived in malaria-affected 
areas, particularly from early age, may develop 
a partial immunity to malaria through repeated 
exposure; they very often have no symptoms, 
despite infection being present. The malaria 
antibody screening test will identify that the 
donor had infection at some point; a NAT test 
will identify detectable parasite in the blood at 
the time of donation.

In general terms, most risk of tropical acute 
infections such as Dengue, Chikungunya and 
Zika exists during the 4 weeks after return from 
endemic areas, hence dates of recent travel are 
an important part of the risk assessment.

Due to continually changing guidance 
in relation to this aspect refer to current 
GDRI.

Document if any additional tests are 
being processed.

Initiate discussions at early stages, as 
appropriate.

Due to continually chang-
ing guidance in relation to 
this aspect refer to current 
TDSG-DD and GDRI.

28. In the last 12 
months, did your 
relative travel 
outside the UK (in-
cluding business 
trips)?

Any travel within last 12 months may trigger 
further investigations for potential diseases 
such as malaria.

Certain infections are distributed geographi-
cally and the risk of exposure will depend on 
the length of time and activities performed in 
the area. Full details are important, including 
area, dates, duration, nature of visit, type of 
activities.

Due to continually changing guidance 
in relation to travel refer to current 
GDRI.

Document if any additional tests are 
being processed.

Initiate discussions at early stages, as 
appropriate.

Due to continually chang-
ing guidance in relation to 
this aspect refer to current 
TDSG-DD and GDRI.

29. Did your 
relative ever have 
malaria or an 
unexplained fever 
which they could 
have picked up 
whilst abroad?

Malaria and other endemic infections such as 
West Nile Virus and T. cruzi can be transmitted 
by blood, organs, tissues and cells.

Full details are required, including date and 
duration of visit, and any treatments or investi-
gations undertaken.

Due to continually changing guidance 
in relation to this aspect refer to current 
GDRI.

Document if any additional tests are 
being processed.

Due to continually chang-
ing guidance in relation to 
this aspect refer to current 
TDSG-DD and GDRI.

30. Was your 
relative unwell 
whilst abroad or 
in the first month 
on their return to 
the UK?

If patient was unwell while abroad or within 1 
month of returning to the UK, the infection may 
have been contracted while abroad – depend-
ing on the country visited this may include 
infections that would require additional tests 
to be processed, or would contraindicate tissue 
donation, e.g. malaria, Zika, West Nile Virus etc.

History of relevant epidemiology and symp-
toms are important and an individual risk 
assessment needs to be initiated as early as 
possible to enable appropriate discussions and 
any testing, if required.

Depending on country visited check 
GDRI to see what infection risk if any 
is linked with that country/region of 
country and decide whether additional 
tests are required e.g. malaria testing 
and discuss with transplant surgeons 
and document.

Due to continually chang-
ing guidance in relation to 
this aspect refer to current 
TDSG-DD and GDRI.

31. Did your rel-
ative ever live or 
travel outside the 
UK for a contin-
uous period of 6 
months or more?

Certain infections are distributed geographi-
cally and the risk of exposure will depend on 
the length of time and activities performed in 
the area. For some infections, risk is highest for 
residents of endemic areas, regardless of how 
long ago they have left the area.

Individuals who have lived in a malaria-af-
fected area, particularly from an early age, may 
develop a partial immunity to malaria through 
repeated exposure; they very often have no 
symptoms, despite infection being present.

Due to continually changing guidance 
in relation to this aspect refer to current 
GDRI.

Document if any additional tests are 
being processed.

Due to continually chang-
ing guidance in relation to 
this aspect refer to current 
TDSG-DD and GDRI.
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Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

32. Did your 
relative ever go to 
Central America, 
Mexico or South 
America for a con-
tinuous period of 
1 month or more?

Individuals who have ever been in certain areas 
such as impoverished, rural communities (refer 
to SaBTO guidelines) of Central America, Mexico 
or South America for a period of 4 weeks or 
more may be at risk of T. cruzi infection. Full 
details are important including area, dates, 
duration, nature of visit, type of activities.

For those who were born, or who have lived for 
a prolonged time or whose mothers were born 
in endemic areas for Chagas disease, family his-
tory or own history of cardiac (e.g. arrhythmia) 
or gastro-intestinal abnormalities are significant 
and should be noted.

Due to continually changing guidance 
in relation to this aspect refer to current 
GDRI.

Document if any additional tests are 
being processed.

Due to continually chang-
ing guidance in relation to 
this aspect refer to current 
TDSG-DD and GDRI.

33. Was your rela-
tive’s mother born 
in Central America, 
Mexico or South 
America?

T. cruzi infection can be passed vertically from 
mother to child so that a child born outside this 
area and who has never travelled to this area is 
still at risk of infection if their mother was born 
within the stated areas.

Document if any additional tests are 
being processed.

Due to continually chang-
ing guidance in relation to 
this aspect refer to current 
TDSG-DD and GDRI.

Behavioural risk assessment
To the best of your knowledge did your relative:

34a. Consume 
alcohol?

The effect of alcohol can impact on the quality 
of liver tissue. If yes, it is important to obtain 
as much information as possible. How much 
did the patient drink per day? What was it they 
drank (e.g. beer, spirits, wine etc)?

Document information clearly to alert 
accepting surgeons.

34b. Smoke to-
bacco or any other 
substances?

Smoking in a donor is established to reduce 
both early and late survival after lung trans-
plant. Current smoking is worse than past 
smoking.

There is also a relation with extent of smoking 
history – i.e. pack-year totals, although this is 
less clearly defined.

It is likely, by analogy to the decrease in cancer 
risk, that not smoking for more than 10 years 
largely equates to being a non-smoker, al-
though there may already be structural damage 
to the lungs.

If yes, it is important to obtain as much 
information as possible. How much did the 
patient smoke, what did they smoke and if they 
stopped smoking, when did they stop?

Donor age, for lungs otherwise acceptable, 
does not appear to affect outcome until the 
donor is > 65, and even then the effect is small. 
The effect of advanced age is much less than 
the effect of smoking. As a result, it is now 
recognised that lifetime non-smokers, or those 
who have stopped for more than 10 years, are 
able to donate lungs up to the age of 75.

Evidence suggests that E-cigarettes (such as 
vapers) are not harmful to lung tissue.

Other substances – looking for evidence of pre-
carious/risky behaviours if the patient is taking 
a substance that cannot be obtained legally.

Document information clearly to alert 
accepting surgeons.

34c. Take any rec-
reational drugs?

Looking for evidence of precarious/risky 
behaviours particularly if the patient is taking a 
substance that cannot be obtained legally.

Document information clearly to alert 
accepting surgeons.

Evidence of a potentially 
precarious/risky lifestyle – 
if only smoking cannabis, 
accept; if injected illegal 
drugs in the last 12 months, 
defer; if taking other oral 
recreational drugs would 
need a risk assessment.
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Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

Based on information obtained from blood donors who tested positive and epidemiological data from larger populations, it is known that 
certain groups of people may be at increased risk of infection by HIV, HCV, HTLV and HBV. Unfortunately, it is not possible to exclude all cases 
of infection by relying on blood testing alone as infected donors may not be identified in the very early stages of infection, commonly re-
ferred to as the ‘window period’. This refers to the period between being infected and the appropriate test being able to detect the infection. 
It takes several days/weeks for an infected individual to start forming antibodies, and a number of weeks before the antibody levels are high 
enough to be detected by using an antibody detection test; however, tests that are based on antigen detection will identify the infection 
earlier. During this window period the potential “negative” donor is infectious. The focus of this group of questions is to identify behavioural 
risks that can be associated with increased risk of infection. It is particularly important to note recent risks; whilst any established blood-
borne infections will be detected through screening, very recent ones may not. Information must be passed on to the testing laboratory and 
transplant centres.

35. Is it possible 
any of the follow-
ing apply to your 
relative:

35a. Was, or 
may have been, 
infected with HIV, 
hepatitis or HTLV?

These blood-borne viruses can all be transmit-
ted via organ/tissue donation.

Refer to POL188 (Contraindications to 
organ donation).

If yes to this question 
tissue donation is contra-
indicated.

35b. Within the 
last 12 months 
have they 
injected or been 
injected with 
non-prescribed 
drugs, including 
performance- 
enhancing drugs 
or injectable 
tanning agents?

Individuals with a history of intravenous drug 
use remain the largest group diagnosed with 
HCV infection in the UK. They also have a higher 
rate of HIV and HBV infection. Ascertain if 
there was frequent exposure and dates of any 
exposure.

Injectable tanning agents are illegal and their 
manufacture is not controlled.

Document information clearly to alert 
accepting surgeons.

Carry out risk assessment 
depending on the details 
provided.

35c. Been in 
prison or a 
juvenile detention 
centre for more 
than 3 consecu-
tive days in the 
last 12 months?

NB: This excludes 
those who have 
been in a police 
cell for < 96 hours.

Individuals in prison are at a higher risk of being 
exposed to transmissible viruses through sexual 
contact and intravenous drug abuse.

Ascertain details of dates and duration.

Document information clearly to alert 
accepting surgeons.

If yes to this question 
tissue donation is contra-
indicated.

35d. Taken medi-
cation to prevent 
HIV infection, 
e.g. PrEP/pre-/
post- exposure 
prophylaxis?

There is the potential for a significantly reduced 
antibody response to HIV in an HIV-infected 
individual taking PrEP – a low-titre infection 
(being treated) or a lower, blunted antibody re-
sponse will mean that the HIV infection may be 
missed with current testing methods. This infor-
mation must be passed to the testing laboratory 
and discussed at early stages as modification of 
the testing algorithm may be required.

This information must be passed to 
the testing laboratory and discussed 
at early stages as modification of the 
testing algorithm may be required.

As organ donation.

36. Has your 
relative ever had 
sex – consensual 
or otherwise?

This question needs to be asked of all donors 
irrespective of age. This includes the mother of 
neonates.

Document information clearly to alert 
accepting surgeons.

If yes, is it possible 
that your relative:

36a. Was given 
payment for sex 
with money or 
drugs in the last 3 
months?

Individuals who receive payment for sex are 
at a higher risk of contracting HIV/HBV/HCV 
and other sexually transmitted diseases. The 
increased risk could be related to the high 
number of sexual partners, the potential 
promiscuity of these partners and possible 
drug- related habits.

Document information clearly to alert 
accepting surgeons.

If yes to this question 
tissue donation is contra-
indicated.

36b. Ever had a 
sexually transmit-
ted infection?

If the answer is yes, ascertain type of infec-
tion, treatment and dates and where treated. 
Untreated STIs may eventually cause damage to 
many organs and tissues or could be transmit-
ted to the recipient.

Document information clearly to alert 
accepting surgeons.

Acceptance criteria are 
specific for each condition; 
refer to current TDSG-DD.
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Question Reason for asking 
the question

Additional action to take re 
organ donation

Additional action 
to take re tissue 
donation

37. Did your 
relative have sex, 
consensual or 
otherwise in the 
last 3 months?

Document information clearly to alert 
accepting surgeons.

If yes, is it possible 
that in the last 
3 months your 
relative had sex 
with:

37a. (For male 
patients only) 
another man?

Men who have sex with men have a much 
higher prevalence of HIV infection and other 
sexually transmitted diseases.

Document information clearly to alert 
accepting surgeons.

If yes to this question 
tissue donation is contrain-
dicated.

37b. (For female 
patients only) 
a man who has 
ever had sex with 
another man?

The sexual partners of individuals who fall into 
the above category (37a) are at higher risk of 
HIV infection and other sexually transmitted 
diseases.

Document information clearly to alert 
accepting surgeons.

If yes to this question 
tissue donation is contrain-
dicated.

37c. Anyone 
who is HIV- or 
HTLV-positive?

37d. Anyone who 
has hepatitis?

37e. Anyone who 
had a sexually 
transmitted 
disease?

37f. Anyone who 
has ever been 
given payment for 
sex with money or 
drugs?

37g. Anyone 
who in the last 
12 months has 
injected, or been 
injected, with 
non-prescription 
drugs, including 
performance- 
enhancing drugs, 
injectable tanning 
agents?

Transmission of blood-borne sexually transmit-
ted diseases is higher in individuals who fall into 
these categories.

Document information clearly to alert 
accepting surgeons.

Other than Q37i (see 
below) – If yes to any of 
these questions tissue do-
nation is contraindicated.

37h. Anyone 
who may ever 
have had sex in a 
part of the world 
where AIDS/HIV 
is very common 
(this includes 
most countries in 
Africa)?

There is a higher risk of contracting some sexu-
ally transmitted infections in some parts of the 
world where they are more common. 

37i. Anyone who 
has developed 
an illness related 
to travel such as 
Zika?

If the donor has had sexual 
contact with anyone with 
a diagnosed infection in 
the previous 6 months, 
e.g. Zika, then there needs 
to be a risk assessment – 
when was the infection/
sexual contact, can we test, 
do we need to defer or can 
we accept based on the 
type of tissue 

38. Having an-
swered all the pre-
vious questions, is 
there anyone else 
who you think 
may provide more 
information?

The highest ranking/nearest relative may not be 
the person with the most relevant and current 
information to answer questions of a sensitive 
nature about the donor. If the answer is “yes” to 
this question, every effort should be made to 
identify and contact that individual to get the 
relevant information from that person as well.
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Medical and Social History Questionnaire in its original (2014) form
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Appendix 11. Donor patient history questionnaire (Germany, 
English-language version)

Patient’s history questionnaire
identification

date and time

interviewer  attending physician  co-ordinator

kind of interview  personal  telephone

resources used  hospital physician  general practitioner  donor relative

 other

any obstacles during interview

1. Medical treatment (during past 12 months)  yes  no  unknown

outpatient treatment  yes  no  unknown

contact data to outpatient treatment

reason for outpatient treatment

inpatient treatment  yes  no  unknown

contact data to inpatient treatment

reason for inpatient treatment

any transfusions during outpatient or inpatient treatment?  yes  no  unknown

if yes, where and indication
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2. Pre-existing illness/disease or past medical illness/previous surgery  yes  no  unknown
diabetes*  yes  no  unknown

arterial hypertension*  yes  no  unknown

coronary artery disease*  yes  no  unknown

hepatitis/jaundice*  yes  no  unknown

tuberculosis*  yes  no  unknown

venereal disease or sexually transmitted disease*  yes  no  unknown

other infections (e.g. malaria)*  yes  no  unknown

breast tumour/malignancy*  yes  no  unknown

melanoma or skin tumour/malignancy*  yes  no  unknown

intestinal/colon tumour/malignancy*  yes  no  unknown

prostatic tumour/malignancy *  yes  no  unknown

gynaecological or obstetric tumour/malignancy*  yes  no  unknown

other tumour/malignancy*  yes  no  unknown

disease of central nervous system/neurological or psychiatric illness*  yes  no  unknown

autoimmune diseases*  yes  no  unknown

haematologic diseases/coagulation disorders  yes  no  unknown

if yes: received coagulation products of human origin*  yes  no  unknown

any other pre-illness*  yes  no  unknown

previous surgery*  yes  no  unknown

* if yes, specify details

3. Medications/substance abuse/drugs/injections, etc.
regular medications*  yes  no  unknown

if yes: specify medication

regular use of pain medications/analgesics  yes  no  unknown

smoking*  yes  no  unknown

if yes: duration, amount (pack-years)

alcohol abuse*  yes  no  unknown

if yes: duration, amount

injections without medical indication (iv, im, sc) during past 12 months*  yes  no  unknown

evidence for drugs consumed (e.g. stimulants, amphetamine, LSD, marijuana, 
cocaine)*

 yes  no  unknown

drugs consumed iv/nasal*  yes  no  unknown

tattoos, piercings, acupuncture (during past 12 months)*  yes  no  unknown

* if yes, specify details

4. Abnormality during past 12 months (B-Symptoms)  yes  no  unknown

fever/unexplained fever attacks or elevation of body temperature  yes  no  unknown

night sweats  yes  no  unknown

headache  yes  no  unknown

loss of weight  yes  no  unknown

diarrhoea  yes  no  unknown

swelling of lymph nodes  yes  no  unknown

dysmenorrhoea/haemorrhage  yes  no  unknown
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5. Affiliation to at-risk group for recent HIV HBV HCV infection*
appropriate information not available*  

prostitution (during past 12 months)*  yes  no  unknown

frequently changing sexual partner (during past 12 months)*  yes  no  unknown

sexual partner with HIV, HBV or HCV infection or at-risk group (during past 
12 months)*

 yes  no  unknown

imprisonment (during past 12 months)*  yes  no  unknown

men who have sex with men (MSM) (during past 12 months)*  yes  no  unknown

children of mothers HIV-infected or at-risk group for HIV infection (especially 
< 18 months or breastfed during past 12 months)*

 yes  no  unknown

long-term stay in area with high prevalence for HIV, HBV or HCV*  yes  no  unknown

other evidence for increased risk (e.g. contact to open wound/blood/mucosa 
of persons at risk for HIV, HCV, or HBV infection, Treponema pallidum antibody 
reactive or other window-period-infection)*

 yes  no  unknown

* if yes, specify details

6. Exclusion from blood donation*  yes  no  unknown

* if yes, specify (reason, bloodbank)

7. Stay (during past 3 months) or immigration from outside northern or 
central Europe*

 yes  no  unknown

* if yes, specify where, duration of stay

8. Vaccinations (within the past 4 weeks)*  yes  no  unknown

if yes, please mark

  influenza (if inhaled)   varicella   tick-borne  encephalitis  rotavirus

 polio (if oral)  measles  mumps  rubella  cholera (if oral)  yellow fever

 BCG  smallpox   Salmonella typhi (if oral)  other

9. Multidrug resistant organisms  yes  no  unknown

if yes, specify (what kind)

10. Animal bite/injury by animal  yes  no  unknown

if yes, specify which animal

11. Exist signs of pregnancy  yes  no  unknown

if yes, specify
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12. Additional remarks  yes  no

Date and name of physician/signature

Date and name of donor co-ordinator/signature

This questionnaire aims to ensure that disease transmission risks are not missed although limitations may exist. If in any section a ‘yes’ 
is marked, the donor co-ordinator should initiate appropriate investigations in order to clarify whether risk factors for transmissible 
diseases exist or not in a particular donor.



593

Appendix 12. Physical examination of an organ or tissue 
donor (Dutch Transplant Foundation)

The rationale for this form is to standardise the 
physical examination for potential organ and tissue 
donors. This form is equivalent to the one shown in 

the EDQM Guide to the quality and safety of tissues 
and cells for human application, 4th edition, Appendi

x  15. Table A12.1 (below) provides a rationale 
document for physical examination. [1, 2]

Table A12.1. Rationale document for physical examination questionnaire

Question/investigation Reason for doing this Additional action to take re donation

Weight/height/general condi-
tion/dietary condition

1. Exact measurements of body height and 
body weight (often possible) 
2. Cachexia may be caused by malnutrition 
or other disease (e.g. cancer)
3. Overweight etc. may link to unknown 
metabolic disorders (e.g. diabetes, metabolic 
syndrome)

1. help to avoid size mismatch during alloca-
tion for recipients.
2. identify cause of cachexia or reason for 
compromised general condition
3. check for such diseases and secondary end 
organ damage

Abnormal ocular finding (e.g. leu-
koma, conjunctivitis)

Other diseases unidentified (e.g. cataract 
surgery, emerging viral infections, trachoma) 

Identify reason (e.g. previous surgery, meta-
bolic disease, cancer, infection)

White spots or other lesions in the 
mouth

E.g. unexplained infection such as candid-
iasis (examine in ventilated donor also if 
possible)

Identify reason 

Jaundice or icterus (eye) Impaired liver function or acute liver disease Identify reason (e.g. acute hepatitis)
Scar at any place in the body Surgical scars hint at previous surgery, which 

may have been previous oncologic surgery 
for treatment of cancer.

Identify reason; consider CT-scan pre- 
procurement, assess situs at procurement 
carefully with histopathological examination 
of any suspicious mass

Non-medical injection Intravenous drug abuse or other non-sterile 
medical procedure

Consider non-standard risk for e.g. HIV, HBV 
or HCV, or other infection 

Tattoo/piercing Was this done within less than 6 months and 
if so under unsterile conditions?

Consider non-standard risk for e.g. HIV, HBV 
or HCV infection if twice yes 

Rash/scab/skin lesion (non-anal) 
anywhere on body

Skin lesions are an indicator for multiple dis-
eases (e.g. infection, skin cancer, melanoma)

Identify cause of skin lesion

Blue/purple (grey/black) spot/
lesion on skin anywhere on body

Orientating examination for skin cancer (e.g. 
melanoma) is better than doing nothing

In doubt apply ABCDE scheme (see Table 
B), initiate excision with histopathological 
examination or dermatologic examination

Haematoma, contusions, abrasion 
injury, fractures, etc.

1. Helps to explain trauma mechanism
2. E.g., haematoma may link to coagulation 
disorders

1. Check for damage to other organs
2. Check for further details
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Question/investigation Reason for doing this Additional action to take re donation

Enlarged lymph nodes (e.g. palpa-
tion cervical, axilla, groin)

Undetected infection or cancer Identify cause of lymph node enlargement

Enlarged liver, other space occu-
pying lesion (SOL) in abdomen, 
thorax or mamma

Liver disease (e.g., acute hepatitis, but note: 
cirrhotic liver may not be enlarged). Other 
SOL suspicious for cancer etc. 

Identify cause of liver disease and/or SOL 
(continue as suggested for scars).

Genital lesion (e.g. insertion 
trauma/peri-anal lesion/other 
lesions)

1. May be related to undisclosed lifestyle or 
sexual activity or e.g. abuse in children
2. undetected cancer

1. Consider non-standard risk for e.g. HIV, HBV, 
HCV infection transmitted sexually
1+2. requires further investigations

Donor identification:

Donor number:

Date of birth: Gender: M  
F 

Date recovery:

Identification verification: No   Yes 

Consent: No   Yes 

Recovery team members:

Start time recovery: Eye tissue Skin

Heart valves MS tissue

Thoracic aorta Femoral arteries

Complications during procedure: No   Yes 

General appearance: Good   Moderate   Poor 

Height:  cm Weight:  kg

(O) Ocular abnormalities No   Yes   Unable to visualise 

(WS) White spots in the mouth No   Yes   Unable to visualise 

(J) Jaundice No   Yes 

(LN) Abnormal lymph node(s) No   Yes Location? 
Size? 
Consistency?

(L) Enlarged liver No   Yes 

(H) Haematoma/bruises No   Yes 

(GL/PL) Genital and/or perianal lesions No   Yes 

(NMI) Non-medical injection sites No   Yes 

(SL) Skin lesions No   Yes Requires description

(S) Scars No   Yes   Old   Recent 

(Ta/Pi) Tattoos/piercings No   Yes   Old   Recent 

(IV) IV/Arterial line (P) Pacemaker/ICD (BN) Bone needle 

(MP) Needle entry site (medical 
procedures)

(D) Drainage (St) Stoma
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(BC) Needle site blood collection (C) Cast (Ca) Catheter

(B) Bandage (I) Autopsy/organ recovery incision (De) Decubitus

Describe findings/tattoos

Consultation No   Yes 

Photos taken? No   Yes 

Notes
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Table A12.2. ABCDE Scheme for orientating skin examination

A. Asymmetry If one half is not identical to the other half, suspect melanoma.

B. Border irregularity Notched, scalloped, ragged or poorly defined borders should lead 
us to suspect melanoma.

C. Colour Naevi usually have a uniform colour; if there is colour variability 
from black-brown to red-blue grey or white, suspect melanoma.

D. Diameter/Difference If the diameter is > 6 mm, suspect melanoma. Small lesions with 
some of the previous characteristics should also lead us to suspect 
melanoma. If there are multiple lesions with a more or less regular 
aspect but among them there is one that has a very “ugly” aspect 
compared to the rest (ugly duckling sign), suspect melanoma.

E. Evolution If there has been an evolution or change in appearance of a lesion, 
suspect melanoma. Any change – in size, shape, colour, elevation 
or another trait, or any new symptom such as bleeding, itching or 
crusting – points to danger.

Images: https://www.skincancer.org/skin-cancer-information/melanoma/melanoma-warning-signs-and-images/.
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Appendix 13. Donor and organ information forms

Appendix 13.1. Donor information form 
(Eurotransplant, English-language version)

Appendix 13.2. Organ information form of the 
Foedus project (Agence de la biomédecine, 
France, English-language version)

Appendix 13.3. Organ offer information form 
of Scandiatransplant

Appendix 13.4. Deceased Donor organ report 
form of Scandiatransplant

The forms shown in this appendix are used for 
donor characterisation as well as for data ex-

change between European countries when cross-
border organ exchange is intended. Staff should 
prefer to store and exchange the data electronically 
and use the form only as backup.

13.1. Donor information form (Eurotransplant, English-language version)

The donor information form is used within the 
Eurotransplant area (Austria, Belgium, Croatia, 

Germany, Hungary, Luxembourg, Netherlands) for 
data exchange during organ offer by the allocation 
office according to the data provided by the organ 

procurement organisation. This form is modified in 
its design when used within the IT systems of the 
different states. The donor and organ characteristics 
described in this questionnaire are based on the con-
siderations outlined in chapters 6 and 7.



598

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION



599

APPENDIX 13. DONOR AND ORGAN INFORMATION FORMS
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13.2. Organ information form of the Foedus project (Agence de la 
biomédecine, France, English-language version)

This organ information form is used within the 
Foedus project to ensure safe and effective organ 

exchange across borders between different countries 
and their organ-exchange organisations. The donor 

and organ characteristics described in this question-
naire are based on the considerations outlined in 
chapters 6 and 7.
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APPENDIX 13. DONOR AND ORGAN INFORMATION FORMS
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APPENDIX 13. DONOR AND ORGAN INFORMATION FORMS
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13.3. Organ offer information form of Scandiatransplant

This organ offer information form is used within 
Scandiatransplant to ensure safe and effective 

organ exchange across borders between different 
countries and their organ-exchange organisations. 
The donor and organ characteristics described in this 
questionnaire are based on the considerations out-
lined in chapters 6 and 7.
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          This is an organ offer for:
Kidney-R Liver Heart Intestine Donor NO:

Kidney-L Liver-Domino Lung-R  Heartbeating donor

Pancreas Liver-Split Lung-L  Non heartbeating donor

Transplant Coord Mobile +
Procurement center Phone +

City (Hospital) Fax +

Country Distance from airport

Blood group Pos Neg Weight kg Height cm

Age: F M

Cause of death Date of admission Vent. since

Blood pressure Diuresis Temperature

Hypotensiv period Duration Cardiac arrest Duration

Medication Inotropic drugs

Alcohol/drug abuse: Smoker Pack year

Medical history

ECG Yes No N.D. HLA: A

ECHO Yes No N.D. B

Coronary angiography Yes No N.D. C

Chest X-ray Yes No N.D. DR

DQ

CMV Pos Neg N.D. FiO2 % FiO2 % 100% - 5 min
HIV Pos Neg N.D. pH pH

HbsAg Pos Neg N.D. PCO2 PCO2

Anti HCV Pos Neg N.D. PO2 PO2

Anti Hbc Pos Neg N.D. BE BE PEEP

Anti Hbs Pos Neg N.D. Sat 100 % Sat % CVP

Syfilis Pos Neg N.D.

Creatinine Alc phos Na (Sodium)

B-Glucose GGT K (Potassium)

Amylase PK-INR CRP

Bilirubin TPK

ASAT Hb

ALAT CK-MB

Start of operation is planned at hours minutes

Explantation is already performed  -  Cross clamp at: hours

Reason for refusal at centre of origin:

ROTA-list (Heart-within Sctp) 1. 2. 3. 4. 5.

ROTA-list (Lungs-within Sctp) 1. 2. 3. 4. 5.

ROTA-list (Liver-within Sctp) 1. 2. 3. 4. 5.

Date: Time: Transplant Coord:

We need Your answer within

Time of death

MAP:
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Reference values

Analyse

F: < 90 µmol/L F: 50-90 µmol/L
M: < 100 µmol/L M: 60-100 µmol/L

F: < 0,61 µkatl/L F: 15-35 U/L
M: < 0,76 µkatl/L M: 16-45 U/L

F: < 0,76 µkatl/L F: < 35 U/L
M: < 1,10 µkatl/L M: 5 < 50 U/L

F: < 0,76-1,3 µkat/L F: < 40 U/L
M: < 1,4-2,0 µkat/L M: < 60 U/L

F: 117-153 g/L F: 117-155 g/L

M: 134-170 g/L M: 134-167 g/L

F: 165-387 109/L

M: 145-348 109/L

Troponine I < 0,03 µg/L < 0,12 µg/L

Troponine T < 0,03 µg/L < 15 ng/L

25-120 U/L 25-120 U/L10-65 U/L

15-35 U/L

10-70 U/L

4-20 µmol/L 5-25 µmol/L

105-235 U/L 105-205 U/L

35-105 U/L 35-105 U/L

15-115 U/L

3,4-8,2 E9/L 3,5-8,8 109/L

7-10 mmol/L

150-360 E9/L 145-390 109/L

0,7-1,2 0,9-1,1

0-7 µg/L < 10 U/L

3,3-4,9 mmol/L 3,2-4,7 mmol/L

137-145 mmol/L 134-144 mmol/L

3-26 µmol/L

< 0,10 µg/L

< 10 mg/L < 10 mg/L

0,8-1,2

10-115 U/L

105-255 U/L

35-105 U/L

15-45 U/L

10-70 U/L

< 10 mg/L

< 12 U/L

3,4-4,3 mmol/L

135-148 mmol/L

4,0-11,0 109/L

11,6-16,6 g/dl

125-400 109/L

< 1,2

< 4,0 µkat/L

< 1,9 µkat/L

Bilirubin < 26 µmol/L

Pa-Amylase 0,40-2,0 µkat/L

< 10 mg/L

CK-MB < 5 µg/L

3,6-4,6 mmol/L

137-145 mmol/L

3,5-8,8 109/L

GGT

LD

Alc Phos

ASAT (SGOT)

ALAT (SGPT)

CRP

K-Potassium

Na-Sodium

Leucocytes

Hb

Trombocytes

PK-INR

Sweden Norway Helsinki Denmark

Creatinine 50-105 µmol/L 50-105 µmol/L

B-Glucose 4-6 mmol/l 3,7-5,1 mmol/L 4,0-6,1 mmol/L 4,2-6,3 mmol/L

 2009-11-17/ACC
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13.4. Deceased donor organ report form of Scandiatransplant 

This organ report form is used within Scandia-
transplant to summarise organ procurement 

data characteristics as outlined in chapters 6, 7 and 
11.

Corr: 2017-05-19

Date (ddmmyy): Surgeons:

Donor Proc. Center: Tx Coord:

Donor Hospital: Phone:

Signature - Transpl. Coord.

THIS ORGAN FORM CONCERNS THE FOLLOWING ORGAN:

 Kidney Right  Liver  Pancreas  Heart  SL Right  DL

 Kidney Left  Liver Split  Pa-Islets  Heart-Lung  SL Left  Recond. L  Intestine

DONOR:

Donor no:  Initials:

Cause of death:

Local number: Length: Weight:

ABO (Rh):       Female Male

VIROLOGY:
CMV IgG:  Pos  Neg  N.D.
HBsAg:  Pos  Neg  N.D.
Anti-HBc  Pos  Neg  N.D.
Anti-HBs  Pos  Neg  N.D.
Anti-HCV:  Pos  Neg  N.D.
Anti-HIV:  Pos  Neg  N.D.
Toxo IgG  Pos  Neg  N.D.
Syfilis:  Pos  Neg  N.D.

DONOR OPERATION / PERFUSION:

Start donor op: hours Heparin: Solu-Medrol:

Start of perfusion: hours Mannitol: Other:

Perf. solution: Aorta: ml Back table: ml

Porta: ml Back table: ml

Heart: ml

Lung: ml

Perf in donor: Excellent         Good            Bad Into ice box: hours

On back table: hours Start of machine perf: hours

GRADE OF LIVER  STEATOSIS: ANY SPECIFIC COMMENTS:

None
Mild (< 30%)
Moderate (30-60%)
Severe (> 60%)

Visual:
Biopsy: PERMISSION FOR RESEARCH:

Samples enclosed:  Spleen  Blood  Iliac artery Iliac vein  Sputum

RECIPIENT:

Scandia no: Initials: Date of birth: Date of transplant:

Revascularisation: hours Cold ischemia time: hours

DBD DCD

Organ Form - Deceased Donor

Date of birth: 

Time of death:

Yes No
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Appendix 14. Donor examination by various means

• 14.1. Donor examination by chest X-ray or al-
ternative imaging (Eurotransplant, English- 
language version)

• 14.2. Donor examination by bronchoscopy 
(Euro transplant, English-language version)

• 14.3. Donor examination by echocardiography 
(Eurotransplant, English-language version)

• 14.4. Donor examination by electrocardiogram 
(Eurotransplant, English-language version)

• 14.5. Donor examination by coronary angio-
graphy or alternative imaging (Eurotransplant, 
English-language version)

• 14.6. Donor examination by abdominal ultra-
sound or alternative imaging (Eurotransplant, 
English-language version)

• 14.7. Donor examination by standardised blood 
gas analysis with lung recruitment (Eurotrans-
plant, English-language version)
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14.1. Donor examination by chest X-ray or alternative imaging 
(Eurotransplant, English- language version)
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14.2. Donor examination by bronchoscopy (Euro transplant, English-
language version)
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14.3. Donor examination by echocardiography (Eurotransplant, English-
language version)
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14.4. Donor examination by electrocardiogram (Eurotransplant, English-
language version)
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14.5. Donor examination by coronary angiography or alternative imaging 
(Eurotransplant, English-language version)
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The rationale and indication for this investigation is outlined in Section 7.2.5. The pathway of standard-
ised examination corresponds to Figure 7.5 and Table 7.6. For further convenience the design of the form can 
be adapted to national requirements as long as the contents remain identical in order to assure electronic data 
exchange.
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14.6. Donor examination by abdominal ultrasound or alternative imaging 
(Eurotransplant, English-language version)
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14.7. Donor examination by standardised blood gas analysis with lung 
recruitment (Eurotransplant, English-language version)
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Appendix 15. Grading for biopsies at histopathological 
examinations (English-language version)

This table summarises a proposed lexicon of 
standard terms which can be used when inves-

tigating biopsies of livers, or other samples, during 
donor characterisation or at procurement. The pre-
ferred concept is to use a standardised list of values 
instead of free text because this will allow correlation 

of clinical data with findings of histopathological ex-
amination. Further exchange of samples and images 
of samples or technology of telemedicine should be 
used to compare data between investigating institu-
tions and second-opinion experts as well as donor 
and recipient centres.

Field label List of values Item needed
date of specimen dd.mm.yyyy hh:mm liver other

specimen from • brain
• heart
• lung left
• lung right
• lymph node (localisation sampling point)
• liver
• pancreas
• spleen
• stomach
• intestine (localisation see sampling point)
• kidney left
• kidney right
• urinary bladder 
• prostate
• ovary
• other (localisation see sampling point)

liver other

sampling point/additional information/indication/
leading question/clinical data

free text to describe localisation liver other

localisation of specimen • localised lesion
• representative for whole organ
• other (please specify)

liver other

specimen ID (laboratory) free text liver other

specimen incoming (date/time) dd.mm.yyyy hh:mm liver other

macroscopic aspect of specimen free text liver other
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Field label List of values Item needed
kind of specimen/biopsy • sub-capsular wedge biopsy (liver)

• wedge-biopsy
• biopsy histology
• core biopsy (via skin puncture)
• other

liver other

kind of investigation • frozen section 
• final report (after formalin fixation and paraffin 

embedded)
• other

liver other

macrovesicular steatosis (% of parenchyma as 
integral of the parenchymal surface examined)

• none (0-5 %)
• 5-10 %
• 11-20 %
• 21-30 %
• 31-40 %
• 41-50 %
• 51-60 %
• > 60 %
• not assessable

liver

additional lipid staining • no
• yes

liver

fibrosis • none
• slight (portal) fibrosis
• portal fibrosis with early stages of septum 

formation
• fibrosis with septa formation and changes of 

liver architecture 
• cirrhosis 
• not assessable

liver

microvesicular steatosis (not relevant for use of 
liver for transplantation)*

• none (or slight)
• moderate
• severe
• not assessable

liver

steatohepatitis* • none or slight inflammation (no steatohepati-
tis)

• moderate inflammation (steatohepatitis)
• severe inflammation (steatohepatitis)
• not assessable

liver

inflammatory changes of portal fields* • none or mild portal inflammation
• moderate portal inflammation
• severe portal inflammation with periportal 

spread into parenchyma
• not assessable

liver

inflammatory changes of parenchyma* • none or slight inflammation
• moderate acinar inflammation
• severe acinar inflammation
• not assessable

liver

cholangitis* • none
• chronic (see comment for specification)
• florid (see comment for specification)
• not assessable

liver

necrosis* • none or insignificant
• necrosis (see comment for specification)
• not assessable

liver

cholestasis* • none
• cholestasis (see comment for specification)
• not assessable

liver

neoplasia/malignancy • no evidence for neoplasia in specimen
• benign neoplasia (see comment for specifica-

tion)
• malignancy (see comment for specification) 
• uncertain dignity (see comment for specifica-

tion)

liver other

comment/further results/additional findings free text to describe or explain any other relevant 
finding (e.g. malignancy) as well as to mention 
other pathologies (e.g. pigmentations in liver 
biopsy)

liver other
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Field label List of values Item needed
consult investigating pathologist for medical 
issues

free text for comment by investigating pathologist liver other

→ at phone number free text liver other

* facultative fields which should be considered according to the indication for investigation.
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Appendix 16. Hepatitis C – direct-acting antiviral drugs (HCV-
DAA)

Thorough understanding of the Hepatitis C virus 
(HCV) structure and replication has led to the 

development of the direct-acting antiviral drugs 
(DAA). These drugs are small molecules that target 
non-structural (NS) viral proteins and inhibit HCV 
replication. The introduction of these agents has 
changed the treatment of patients with HCV in-
fection, with sustained virological response (SVR) 
being achieved in over 95 % of patients [1-3]. Note 
that grafts procured from HCV-viraemic donors 
can be used in HCV-non-viraemic recipients, when 
proper treatment pathway and protocol are in place; 

these include approved access to drugs and informed 
patient consent [2-3].

Pan-genotypic or genotype-specific drug com-
binations can be used (see Table A) [2]. Drug dosage 
adjustments based on renal and liver function, pre-
vious exposure to anti-viral drugs and drug interac-
tions have to be taken into account [2-4]. Treatment 
experts and up-to-date guidelines must be consulted.

From the point of view of the donation process, 
determination of the donor’s HCV genotype or viral 
load is not necessary.

Table A. Summary of recommended pan-genotypic and genotype-specific DAA combinations

Genotype

DAA combination

1a 1b 2 3 4 5 6

sofosbuvir + velpatasvir c/a/tx c/a/tx c/a/tx [c]/a/tx c/a/tx c/a/tx c/a/tx

sofosbuvir + velpatasvir + voxila-
previr

c

glecaprevir + pibrentasvir c/a/tx c/a/tx c/a/tx c/a/tx c/a/tx c/a/tx c/a/tx

sofosbuvir + ledipasvir c/a/tx c/a/tx c/a/tx c/a/tx c/a/tx

paritaprevir + ombitasvir + ritona-
vir + dasabuvir

c

grazoprevir + elbasvir c c/a c/a

These are the DAA combinations recommended by the clinical practice guideline of the European Association for the Study of the Liver 
in 2018 [2]. The specific safety advice must be checked regarding the intended use of a particular combination in a patient.
tx = combination can be used after non-hepatic organ transplantation. 
a = combination can be used in case of acute hepatitis C.
c = combination can be used in case of chronic hepatitis C.
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Appendix 17. Checklist for Covid-19 infection used in risk 
assessment of organ donors (United  Kingdom)
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FRM6439/4 – COVID-19 SNOD Checklist

Effective date: 08/07/2020 

Controlled if copy number stated on document and issued by QA 
(Template Version 03/02/2020) 

Page 1 of 3
Cross-Referenced in Primary Document: Stand-alone document 

CONTROLLED 

Please complete this checklist as per guidance 
 Questions 1 - 12 are in relation to the potential donor
 Question 13 is in relation to other patients on the ICU
 Question 14 - please complete if required

Donation should only proceed where there is NO suspicion of COVID-19. In relation to 
COVID-19 the full medical and clinical history should be considered alongside virology 
results. To help you in assessing the safety of transplantation and as part of donor 
characterisation, please consider the points below: 

Question Comments/Details 
1 Name, DOB, Donor ID, Unit Name 

2 Date and reason for admission to 
hospital 

3 Date and time of admission to ICU 

4 Location on admission and subsequent 
movement in ICU (i.e. side room, open 
bay) 

5 Chest X Ray/CT 
Please ensure the chest X ray/CT is 
reviewed by the ICU medical team. 

Any abnormalities to the chest X 
ray/CT? Yes/ No (please give details) 

Chest X Ray/CT details: 

6 Have there been changes in the chest 
X-Ray image?

Yes/No (please give details) 
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FRM6439/4 – COVID-19 SNOD Checklist

Effective date: 08/07/2020 

Controlled if copy number stated on document and issued by QA 
(Template Version 03/02/2020) 

Page 2 of 3
Cross-Referenced in Primary Document: Stand-alone document 

CONTROLLED 

7 Any history/previous diagnosis of COVID-19? 

Symptom Yes/No Date of onset of symptoms 
Fever? 
New, continuous cough? 
Loss of / change in taste or 
smell? 
Other? 
8 In relation to Q7, was COVID-19 

confirmed? 
Yes/No? 

Date of Diagnosis: 

9 Did this result in a hospital admission? 
Yes/No? 

Date of hospital admission: 

10 Any exposure to a proven or suspect 
case of COVID-19 in the last 14 days? 
(please give details) 

11 Please confirm the ITU team feel 
COVID has been reasonably 
excluded. 
(history, exam, tests, radiology) 

Yes/ No 

Accepting Centres - If further detail is required for risk assessment, please contact the SNOD. 
12 Admission testing details: 

Sample Type Indication for 
testing 

Date 
taken 

Time 
taken 

Result* 

*Failure of internal control amplification invalidates the test – no result available (system failure). The
test needs to be repeated on the same or another sample. This is not an indeterminate result.
N.B. Some patients cannot have nose swab taken (i.e. extensive trauma or bleeding); very rarely, neither
nose or throat swab can be obtained so an oral swab can be taken instead.

If the patient has any symptoms or is suspected to have COVID-19 then donation should 
NOT proceed 
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FRM6439/4 – COVID-19 SNOD Checklist

Effective date: 08/07/2020 

Controlled if copy number stated on document and issued by QA 
(Template Version 03/02/2020) 

Page 3 of 3
Cross-Referenced in Primary Document: Stand-alone document 

CONTROLLED 

Please Respect the Confidentiality of All Other Patients – Do NOT record Patient ID Details 

If there are any other patients COVID 19 positive, suspicion of COVID 19 or patients undergoing 
surveillance for COVID19, please answer the questions below: 

13 COVID 19 positive patients 
Please advise if: 
Donor in single room 
COVID-19 patients are cohorted or 
within separate side of ICU with 
cohorted staff 

Are there other patients on the ICU 
who are COVID positive or suspected 
that are relevant to the potential donor 
(Consider Infection, Prevention and 
Control measures) 

Include information such as any 
concerns or identified risks, date of 
admission and testing undertaken. 

14 Any other relevant information: 

Completed By 
Name: 

Specialist Nurse Organ Donation (SNOD)
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Appendix 18. Reporting form for rare diseases and 
intoxication (France, English-language version)
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RECORD SHEET: 
CANCER – INFECTION – POISONING – RARE DISEASE  

Click here to enter a date. 
 

Area 
 

Donor N°   Click here to enter text. 
 

ICD-10*  
 

DONOR: selected/not selected  DONOR: organ removed/ organ not removed 
 
CAUSE (if answer is negative): Click here to enter text.   

 

PATHOLOGY, PROGRESSION AND TREATMENT, BRIEF DESCRIPTION  
 

CANCER1 ☐  INFECTION ☐  POISONING ☐  RARE DISEASE ☐   OTHER2 ☐ 
 
1 if cancer: 
History of the disease (mandatory): - active cancer at the time of collection NO ☐ YES ☐  
 - donor’s history of "cured" cancer NO ☐ YES ☐ 
 - family history of cancer NO ☐ YES ☐ 

System: Click here to enter text. Organ (mandatory): Click here to enter text. 
Histological type: Click here to enter text. Extent of invasion: Click here to enter text. 
Date of diagnosis: Click here to enter text. 
Treatments: Click here to enter text. 
 
 

2 if other, specify the condition (e.g. morbid obesity, allergy, polydipsia leading to water intoxication, etc…):  Click here to enter text. 
 

Description: Click here to enter text. 
 
 
 
 
 

EXPERT CONSULTED NO  ☐  YES  ☐     Speciality: Click here to enter text.  
 

Expert’s opinion: Click here to enter text. 
 
 
 

ORGANS 
removed () 

H 
☐ 

H-L 
☐ 

RL  LL  DL 
☐   ☐   ☐ 

   TL  RL  LL 
☐  ☐   ☐ 

RK   LK DK 
☐   ☐   ☐ 

Pa 
☐ 

In 
☐ 

 

Not removed owing 
to the disease? 
 

? ? ?     ?   ? ?     ?   ? ?     ?   ? ? ? 

 

Transplanted (Y/N) 
 
Not transplanted 
owing to the 
disease? 

 
? 

? 

 
? 

? 

 
?     ?   ? 

?     ?   ? 

 
?     ?   ? 

?     ?   ? 
 

 
?     ?   ? 

?     ?   ? 

 
? 

? 

 
? 

? 

 

Anat. path. (AP) 
Transf.   (Valves) 
Destruc. (DST) 

? ? ?     ?   ?  ?     ?   ?  ?     ?   ? ?.    
 

?.    
 

Recipient No. ? ? ?     ?   ?  ?     ?   ?  ?     ?   ? ?.    
 

?.    
 

 
* INTERNATIONAL CLASSIFICATION OF DISEASES  
 
H: heart; H-L: heart- lung; RL: right lung; LL: left lung; DL: double lung; TL: total liver; RL: right liver; LL: left liver; RK: right kidney; LF: left kidney; DK: double kidney; 
Pa: pancreas; In: intestine 
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Appendix 19. Antibiotic prophylaxis in deceased organ 
donors

Summary of findings

No prospective studies were identified that 
investigated the role of routine antibiotic prophylaxis 
in deceased donors on transplant rates or post-
transplant recipient outcomes. One retrospective 
study, comparing pefloxacine prophylaxis to a 
historical control cohort without, demonstrated 
a reduction in perfusion fluid contamination and 
recipient infection with prophylaxis.
General prophylaxis in ITU patients has been shown in 
metanalyses of large numbers of RCTs to be beneficial 
for patient outcomes (risk of respiratory infection and 
overall mortality), so it is likely that many donors will 
have received some antibiotic therapy during their 
admission. In keeping with the data from the overall 
ITU population, positive cultures on BAL are common 
in potential donors, which may have implications for 
potential lung donors in particular. Use of antibiotics 
with a narrow Gram-negative spectrum have been 
associated with increased risk of multidrug-resistant 
organisms.

Clinical question
‘Does the use of antibiotic prophylaxis in potential 
deceased organ donors improve organ recovery or 
post-transplant outcomes?’

PICOS
Population: Adult patients (aged 18 or over) admitted 
to an ITU with the diagnosis of death by neurological 
criteria, being considered as a potential organ donor.

Intervention: Administration of prophylactic antibi-
otics on the ICU.
Comparator: No antibiotics, placebo or alternative 
therapy (including alternative antibiotic therapies).
Outcomes: Primary outcome was the number of 
organs transplanted by donor. Secondary outcomes 
include proportion of potential donors proceeding 
to donation, graft function, incidence of surgical site 
infection or donor-derived post-transplant infection. 
Study design: Systematic reviews, randomised con-
trolled trials or prospective or retrospective cohort 
studies.

Search strategy and results
The Transplant Library (TL) was searched from 

inception to 21 May 2020. The TL includes all ran-
domised controlled trials and systematic reviews in 
the field of solid organ transplantation published as 
full text or in abstract form, sourced from MEDLINE, 
EMBASE and the Cochrane Library.

The search strategy used is as follows:
1. exp TISSUE DONORS/
2. (donor* or donat$).ti,ab.
3. or/1-2
4. exp ANTIBIOTIC PROPHYLAXIS/
5. exp INFECTION CONTROL/
6. (Anti-Infective Agents/ or Anti-Bacterial 

Agents/ or beta-Lactamase Inhibitors/ or 
Anti-Infective Agents, Urinary/ or antibiotic.
ab,ti. or antibiotics.ab,ti. or anti-biotic.
ab,ti. or anti-biotics.ab,ti. or anti-bacterial.
ab,ti. or antibacterial.ab,ti. or bacteriocidal.
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ab,ti. or bacteriocide.ab,ti. or bacteriocides.
ab,ti. or Antiinfective.ab,ti. or Anti-infective.
ab,ti. or antiseptic.ab,ti. or antiseptics.ab,ti. 
or anti-septic.ab,ti. or anti-septics.ab,ti. 
or antimicrobial.ab,ti. or anti-microbial.
ab,ti. or microbicide.ab,ti. or microbicides.
ab,ti. or infection*.ab,ti. or biapenem.ab,ti. 
or brobactam.ab,ti. or carbapenem.ab,ti. or 
clavulanate potassium.ab,ti. or clavulanic acid.
ab,ti. or doripenem.ab,ti. or ertapenem.ab,ti. or 
fropenem.ab,ti. or imipenem.ab,ti. or l 786392.
ab,ti. or lenapenem.ab,ti. or meropenem.
ab,ti. or monobactam.ab,ti. or nacubactam.
ab,ti. or nocardicin.ab,ti. or nocardicinic acid.
ab,ti. or panipenem.ab,ti. or pirazmonam.
ab,ti. or razupenem.ab,ti. or ritipenem.
ab,ti. or sanfetrinem.ab,ti. or sulbactam.
ab,ti. or sulopenem.ab,ti. or sultamicillin.
ab,ti. or tazobactam.ab,ti. or tebipenem.
ab,ti. or thienamycin.ab,ti. or timentin.ab,ti. 
or tomopenem.ab,ti. or tribactam.ab,ti. or 
trinem derivative.ab,ti. or u 78608.ab,ti. or 
benzathine cefalexin.ab,ti. or benzathine 
cefapirin.ab,ti. or carbacephem.ab,ti. or 
cefacetrile.ab,ti. or cefaclor.ab,ti. or cefadroxil.
ab,ti. or cefalexin.ab,ti. or cefaloglycin.ab,ti. 
or cefaloram.ab,ti. or cefaloridine.ab,ti. or 
cefalotin.ab,ti. or cefamandole.ab,ti. or 
cefapirin.ab,ti. or cefatrizine.ab,ti. or cefazaflur.
ab,ti. or cefazedone.ab,ti. or cefazolin.
ab,ti. or cefbuperazone.ab,ti. or cefcanel.
ab,ti. or cefcapene.ab,ti. or cefclidin.ab,ti. or 
cefdaloxime.ab,ti. or cefdinir.ab,ti. or cefditoren.
ab,ti. or cefepime.ab,ti. or cefetamet.ab,ti. or 
cefetecol.ab,ti. or cefiderocol.ab,ti. or cefixime.
ab,ti. or cefluprenam.ab,ti. or cefmatilen.ab,ti. 
or cefmenoxime.ab,ti. or cefmetazole.ab,ti. or 
cefminox.ab,ti. or cefodizime.ab,ti. or cefonicid.
ab,ti. or cefoperazone.ab,ti. or ceforanide.
ab,ti. or cefoselis.ab,ti. or cefotaxime.ab,ti. or 
cefotetan.ab,ti. or cefotiam.ab,ti. or cefovecin.
ab,ti. or cefoxitin.ab,ti. or cefozopran.ab,ti. 
or cefpimizole.ab,ti. or cefpiramide.ab,ti. or 
cefpirome.ab,ti. or cefpodoxime.ab,ti. or 
cefprozil.ab,ti. or cefquinome.ab,ti. or cefradine.
ab,ti. or cefroxadine.ab,ti. or cefsulodin.ab,ti. 
or ceftaroline.ab,ti. or ceftazidime.ab,ti. or 
cefteram.ab,ti. or ceftezole.ab,ti. or ceftibuten.
ab,ti. or ceftiofur.ab,ti. or ceftizoxime.ab,ti. 
or ceftobiprole.ab,ti. or ceftolozane.ab,ti. or 
ceftriaxone.ab,ti. or cefuroxime.ab,ti. or 
cefuzonam.ab,ti. or cephalosporin*.ab,ti. or 
cephamycin.ab,ti. or deacetoxycephalosporin 
C.ab,ti. or deacetylcefotaxime.ab,ti. or 

deacetylcephalosporin C.ab,ti. or fleroxacin 
deacetylcefotaxime ester.ab,ti. or flomoxef.
ab,ti. or latamoxef.ab,ti. or loracarbef.ab,ti. 
or nitrocefin.ab,ti. or thiophenoxycefalotin.
ab,ti. or aztreonam.ab,ti. or carumonam.
ab,ti. or gloximonam.ab,ti. or sulfazecin.
ab,ti. or tigemonam.ab,ti. or adicillin.ab,ti. 
or almecillin.ab,ti. or aminopenicillin.
ab,ti. or amoxicillin.ab,ti. or ampicillin.
ab,ti. or apalcillin.ab,ti. or aspoxicillin.ab,ti. 
or azidocillin.ab,ti. or azlocillin.ab,ti. or 
bacampicillin.ab,ti. or bacmecillinam.ab,ti. 
or carbenicillin.ab,ti. or carfecillin.ab,ti. or 
carindacillin.ab,ti. or cloxacillin.ab,ti. or 
cyclacillin.ab,ti. or dicloxacillin.ab,ti. or 
epicillin.ab,ti. or flucloxacillin.ab,ti. or flumoxil.
ab,ti. or fomidacillin.ab,ti. or furbenicillin.
ab,ti. or fuzlocillin.ab,ti. or hetacillin.ab,ti. or 
isopenicillin N.ab,ti. or lenampicillin.ab,ti. 
or mecillinam.ab,ti. or metampicillin.ab,ti. 
or meticillin.ab,ti. or mezlocillin.ab,ti. or 
miraxid.ab,ti. or nafcillin.ab,ti. or optocillin.
ab,ti. or oxacillin.ab,ti. or penamecillin.
ab,ti. or penethamate.ab,ti. or penicillic acid.
ab,ti. or penicillin.ab,ti. or penicilloic acid.
ab,ti. or pheneticillin.ab,ti. or piperacillin.
ab,ti. or pivampicillin.ab,ti. or pivmecillinam.
ab,ti. or propicillin.ab,ti. or quinacillin.ab,ti. 
or retacillin.ab,ti. or sulbenicillin.ab,ti. or 
talampicillin.ab,ti. or tameticillin.ab,ti. or 
temocillin.ab,ti. or ticarcillin.ab,ti. or tobicillin.
ab,ti. or triplopen.ab,ti. or ureidopenicillin.
ab,ti. or avibactam.ab,ti. or brobactam.ab,ti. 
or clavulanic acid.ab,ti. or nacubactam.
ab,ti. or relebactam.ab,ti. or sulbactam.
ab,ti. or tazobactam.ab,ti. or timentin.ab,ti. 
or vaborbactam.ab,ti. or zidebactam.ab,ti. 
or albomycin.ab,ti. or Amdinocillin.ab,ti. 
or amifloxacin.ab,ti. or Amikacin.ab,ti. or 
antofloxacin.ab,ti. or Apramycin.ab,ti. or 
Avilamycin.ab,ti. or Azithromycin.ab,ti. or 
Bacitracin.ab,ti. or Bacteriocins.ab,ti. or 
Balofloxacin.ab,ti. or bekanamycin.ab,ti. or 
benzathine benzylpenicillin.ab,ti. or benzathine 
cloxacillin.ab,ti. or benzofuroquinolinium.
ab,ti. or beta-Lactams.ab,ti. or Cephaloridine.
ab,ti. or Cephacetrile.ab,ti. or Cephalexin.
ab,ti. or Cephaloglycin.ab,ti. or Cephalothin.
ab,ti. or Cephapirin.ab,ti. or Cephradine.ab,ti. 
or Cethromycin.ab,ti. or Chlortetracycline.
ab,ti. or Cilastatin.ab,ti. or Ciprofloxacin.ab,ti. 
or Clarithromycin.ab,ti. or Clinafloxacin.
ab,ti. or Clindamycin.ab,ti. or Clofazimine.
ab,ti. or Colistin.ab,ti. or Daptomycin.ab,ti. 
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or Dibekacin.ab,ti. or Doxycycline.ab,ti. or 
Edeine.ab,ti. or Enoxacin.ab,ti. or Enrofloxacin.
ab,ti. or Erythromycin.ab,ti. or Finafloxacin.
ab,ti. or Floxacillin.ab,ti. or Fluoroquinolone*.
ab,ti. or Fosfomycin.ab,ti. or Fosmidomycin.
ab,ti. or Gemifloxacin.ab,ti. or Grepafloxaci.
ab,ti. or Lactam*.ab,ti. or Levofloxacin.ab,ti. 
or Lincosamide*.ab,ti. or Lomefloxacin.ab,ti. 
or Marbofloxacin.ab,ti. or Methampicillin.
ab,ti. or Methicillin.ab,ti. or Meropenem.
ab,ti. or Moxalactam.ab,ti. or Moxifloxacin.
ab,ti. or Mupirocin.ab,ti. or Nadifloxacin.
ab,ti. or Nitrofurantoin.ab,ti. or Norfloxacin.
ab,ti. or Nystatin.ab,ti. or Ofloxacin.ab,ti. 
or Oleandomycin.ab,ti. or Pefloxacin.ab,ti. 
or Penicillanic.ab,ti. or Penicillin*.ab,ti. or 
Pipemidic Acid.ab,ti. or Prulifloxacin.ab,ti. or 
Sparfloxacin.ab,ti. or Staphylococcin.ab,ti. or 
Sulfacetamide.ab,ti. or Sulfadiazine.ab,ti. or 
Sulfaguanol.ab,ti. or Sulfamerazine.ab,ti. or 
Sulfameter.ab,ti. or Sulfamethoxypyridazine.
ab,ti. or Sulfanilamide.ab,ti. or Syringomycin.
ab,ti. or Tedizolid.ab,ti. or Teicoplanin.ab,ti. 
or Temafloxacin.ab,ti. or Tetarimycin.ab,ti. 
or Tetracenomycin.ab,ti. or Tetracycline.ab,ti. 
or Tigecycline.ab,ti. or Tobramycin.ab,ti. or 
Tomaymycin.ab,ti. or Trimethoprim.ab,ti. or 
Sulfamethoxazole.ab,ti. or Ulifloxacin.ab,ti. 
or Vancomycin.ab,ti. or doxorubicin.ab,ti. or 
adriamycin.ab,ti. or rufloxacin.ab,ti.) adj3 
(“prevention and control”.fs. or premedication/ 
or prevent*.ab,ti. or premedication.ab,ti. or 
premedications.ab,ti. or prophyla*.ab,ti.)

7. or/4-6
8. exp ANIMALS/ not HUMANS/
9. 7 not 8

Searches identified 150 potentially relevant 
references. Of these, no RCTs or systematic reviews 
matched the PICOS defined above.

Searches were therefore expanded to include 
non-randomised studies. We searched MEDLINE 
and EMBASE from inception to 21/05/2020. In order 
to create a manageable search set, the free-text donor 
criteria (2) above were refined to:

2. ((organ or renal or kidney or liver or lung or 
heart or cardiac or cardiothoracic) adj3 (donor* 
or donat$)).ti,ab.

This search yielded 2 436 potentially relevant 
references. None of these studies met the full PICO 
criteria defined above. However, a small number of 
studies that may have some relevance to the question 
are outlined below.

Systematic reviews
No systematic reviews were identified that met 

the inclusion criteria. However, the following study 
may be of interest:

Liberati et al. (2009). Antibiotic prophylaxis to reduce 
respiratory tract infections and mortality in adults 
receiving intensive care. Cochrane Database Syst Rev. 
2009(4):CD000022.

This Cochrane review metanalyses RCTs inves-
tigating the use of antibiotic prophylaxis in patients 
admitted to intensive care units. Use of antibiotics is 
associated with a reduction in risk of respiratory tract 
infections (OR 0.28, 95 % CI 0.20-0.38) and overall 
mortality (OR 0.75, 95 % CI 0.65-0.87). However, few 
of the included studies investigate the impact of 
routine prophylaxis on risk of antibiotic resistance. 
These results relate to the outcomes of general ITU 
patients, rather than potential donors.

Randomised controlled trials
No randomised controlled trials were identi-

fied that met the inclusion criteria.

Cohort studies
One retrospective cohort study was identified 

that meets the inclusion criteria defined above:

Pacholczyk et al. (1996). Bacterial infections 
transmitted from the donor: antibiotic prophylaxis in 
the donor. Transplantation Proceedings 28(1): 184-5.

This old study describes a change in prac-
tice, with a switch from no antibiotic prophylaxis 
to a single dose of pefloxacine in cadaveric kidney 
donors.  The authors provide the rates of positive per-
fusion fluid cultures, recipient infection and donor- 
attributable infection before and after the change, 
but do not present a statistical comparison. Positive 
perfusion fluid cultures were seen in 26.9 % cases 
prior to antibiotic use, and 12.7 % after. Recipient in-
fectious complications were 60.9 % before and 33.3 % 
after, and donor-transmitted infections were 7.2 % 
before and 3 % after.  Given the retrospective nature 
of the control cohort, it is possible that other changes 
in practice contributed towards the fall in infection 
rates.

The following studies do not meet the full in-
clusion criteria, but may be of interest:
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Anesi et al. (2019). Risk factors for multidrug-resistant 
organisms among deceased organ donors. American 
Journal of Transplantation 19(9): 2468-78.

This retrospective multi-centre analysis inves-
tigated risk factors for multi-drug resistant organ-
isms (MDRO) in deceased organ donors. Exposure 
to antibiotics with a narrow Gram-negative spectrum 
independently increased the risk of MDRO in the 
donor (HR 1.13, 95 % CI 1.00-1.27, p = 0.045), and the 
risk increased with duration. Overall antibiotic ex-
posure was not a risk factor. No post-transplant out-
comes are reported, hence the study does not meet 
the inclusion criteria outlined above.

Corbel et al. (2020). Microbiological epidemiology 
of preservation fluids in transplanted kidney: a 
nationwide retrospective observational study. Clinical 
Microbiology & Infection 26(4): 475-84.

This retrospective national study from France 
investigated risk factors for positive kidney perfusion 
fluids. Although it included both living and deceased 
donor transplants, over 80 % were deceased. Donor 
antibiotic therapy was associated with a lower risk of 

positive perfusion fluid cultures (OR 0.6, 95 % CI 0.5-
0.7). No other post-transplant outcomes are reported.

Shafaghi et al. (2011). Microbial pattern of 
bronchoalveolar lavage in brain dead donors. 
Transplantation Proceedings 43(2): 422-3.

This prospective study in 80 DBD donors in-
vestigated the incidence of positive BAL in potential 
lung donors. A high proportion of donors (38 %) had 
positive BAL cultures, leading the authors to con-
clude that antibiotic prophylaxis for donors may be 
warranted. However, the study did not investigate the 
impact of donor antibiotic prophylaxis directly.

Zenati et al. (1990). Influence of the donor lung on 
development of early infections in lung transplant 
recipients. Journal of Heart Transplantation 9(5): 502-8.

This small study investigated the culture results 
of tracheas from lung donors, relating them to clinical 
outcomes in recipients. Other than candida, early in-
fections in recipients were generally with organisms 
different to those seen in the donor trachea, and an-
tibiotic prophylaxis in the donor was not found to be 
a significant risk factor for infection in the recipient.
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Appendix 20.  En bloc liver–pancreas removal in deceased 
brain-dead donors

Summary of findings

Only two studies, including a cohort study and a case 
series, were identified on en bloc liver and pancreas 
removal. However, neither of the two studies defined 
their donor population as ‘> 18 years’ and ‘brain dead’. 
They also did not report outcomes related to time for 
the organs to reach cold storage temperature (4 °C). 
Hence, they did not fully meet the inclusion criteria. 
A few comparative cohort studies and case-series 
that reported on simultaneous liver and pancreas 
procurement were identified. Although the method of 
organ procurement in these studies was not described 
as ‘en bloc’, they were still included in this report and 
have been marked as ‘studies that may be of interest’. 
Studies that reported on multiple organ procurement 
from the same donors in addition to pancreas and 
liver (e.g. heart, kidneys etc.) were excluded.
In general, simultaneous liver and pancreas removal 
did not seem to have detrimental effects in transplant 
outcomes after either liver or pancreas transplantation. 
Despite the absence of data on statistical significance 
for survival outcomes, in most of the included cohort 
studies, allograft survival appeared to be slightly 
better in transplant patients receiving grafts from 
combined liver–pancreas donors compared to 
pancreas-only or liver-only donors. Studies that did 
report the test of significance, however, found that the 
differences in the survival outcomes between the two 
groups were not significant.

Clinical question

‘Does en bloc retrieval of liver and pancreas lead to 
better transplant outcomes compared to procure-
ment of liver and pancreas separately?’

PICOS
Population: Adult patients over the age of 18 who 
proceed to donation after brain death and donate 
liver and pancreas.
Intervention: En bloc removal of liver and pancreas.
Comparator: Separate removal of liver and pancreas.
Outcomes: The primary outcome was the time to 
reaching cold storage temperature (4 °C) for the 
organs. The secondary outcomes were transplant 
outcomes and complications.
Study design: Systematic reviews, randomised 
controlled trials (RCTs), comparative cohort studies 
(retrospective or prospective) or case series.

Search strategy and results

The Transplant Library (TL) was searched from 
inception to 19 August 2020. The TL includes all RCTs 
and systematic reviews in the field of solid organ 
transplantation published as full text or in abstract 
form, sourced mainly from MEDLINE/PubMed and 
hand-searches of congress proceedings.

The search strategy used is as follows:
1. exp liver/

2. exp pancreas/

3. 1 and 2

4. (liver-pancreas or pancreas-liver or ((liver$ or 
hepatic$) and pancrea$)).ti,ab.

5. 3 or 4

6. (en-bloc$ or en bloc$ or combin$ or 
simultaneous$).ti,ab.
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7. (retriev* or remov* or preserv* or procur* or 
transplant*).ti,ab.

8. 5 and 6 and 7

9. animals/

10. 8 not 9

11. limit 10 to english language

The search retrieved 6 potentially relevant 
references. None of the systematic reviews or RCTs 
identified matched the PICOS criteria defined above. 

Therefore, MEDLINE Ovid was searched from 
inception to 19/08/20. The search yielded a total of 
734 references. None of these studies fully met the 
pre-defined PICO criteria. However, a small number 
of studies that are outlined below may have some rel-
evance to the research question.

Systematic reviews

No systematic reviews were identified.

Randomised controlled trials

No randomised controlled trials were identified.

Comparative cohort studies

Only one cohort study was identified on en bloc 
liver and pancreas procurement:

Imagawa et al. (1996). Rapid en bloc technique for 
pancreas-liver procurement. Improved early liver 
function. Transplantation 61(11): 1605-9.

This study compares the functional outcomes 
of pancreas and liver transplants procured from 32 
combined liver–pancreas donors and 15 age-matched 
patients receiving grafts from liver-only donors. Of 
the 32 simultaneous liver–pancreas donors, 15 were 
obtained using the rapid en bloc method and 17 were 
procured using the in situ technique. The mean 
(± standard error) donor ages were 34 ± 3.2 years, 
30 ± 3.4 years and 33 ± 4.8 years for the in situ, en bloc 
and liver-only groups respectively. All pancreas re-
trieved using the en bloc technique had immediate 
function with no evidence of graft pancreatitis. For 
liver transplant recipients, the 1-year actuarial graft 
survival rate was 71 % for the in situ group, 87 % for 
the en bloc group and 100 % for the liver-only group, 
while 1-year patient survival rate was 76 %, 87 %, and 
100 % respectively for these three groups. The statis-
tical significance for the survival outcomes was not 
reported. The en bloc and liver-only groups showed 
significantly lower early liver graft function com-
pared to the in situ group.

Although the following studies report on si-

multaneous retrieval of liver and pancreas without 
the use of an en bloc technique, they might be of 
interest:

Dunn et al. (1991). Evidence that combined 
procurement of pancreas and liver grafts does not 
affect transplant outcome. Transplantation 51(1): 150-7.

This study compares the functional outcomes 
of liver and pancreas transplants retrieved from si-
multaneous liver–pancreas donors to those when 
only the liver or the pancreas was retrieved; 64 grafts 
were procured from simultaneous liver–pancreas 
donors, whereas 101 pancreas and 62 livers were pro-
cured from non-liver and non-pancreas donors re-
spectively. No statistical differences were observed 
in the technical failure rate, the overall 1-year graft 
survival or the 1-year actuarial patient survival in 
pancreas transplant recipients from the combined 
liver–pancreas donor group compared to the non-
liver donor group. Similar results were seen with 
regard to survival outcomes, technical failure rate 
and primary nonfunction rate of liver transplant pa-
tients receiving grafts from combined liver–pancreas 
donors versus non-pancreas donors. The authors thus 
concluded that simultaneous retrieval of liver and 
pancreas grafts had no significant detrimental effects 
in transplant outcomes after either liver or pancreas 
transplantation.

Illner et al. (1992). Pancreatic graft outcome after 
combined whole pancreas and liver retrieval. 
Transplantation Proceedings 24(3): 821.

This small study compares transplant out-
comes of 26 pancreas transplant recipients divided 
into two groups: group I, consisting of 11 patients 
that received pancreatic grafts from pancreas-only 
donors; and group II, with 15 patients receiving pan-
creas from simultaneous pancreas–liver donors. The 
1-year pancreatic graft function rate was higher in 
group II (67 %) than group 1 (45 %). Both groups had 
similar early endocrine function. Patients in group II 
were also reported to have slightly lower nonimmu-
nological pancreatic graft failure rate. However, the 
authors did not report data on statistical significance 
for any of the outcomes.

Kim et al. (1996). Combined procurement of liver and 
pancreas does not influence early graft function and 
survival. Transplantation Proceedings 28(3): 1882-4.

This retrospective study compares the out-
comes of pancreas and liver transplants procured 
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from 6 combined liver–pancreas donors, 5 non-liver 
donors and 12 non-pancreas donors. There were 
no cases of vascular thrombosis in pancreas grafts 
obtained from combined liver–pancreas donors, 
whereas 1 case of vascular thrombosis was observed 
in the pancreas allograft obtained from the non-
liver donor group. The actuarial patient survival 
at 1  month following pancreas transplantation was 
100 % in both the groups. The pancreatic graft sur-
vival at 1  month post-transplant was 100 % in the 
combined retrieval group and 66.7 % in the isolated 
pancreas retrieval group. No cases of initial nonfunc-
tion were seen in the two groups. Of the 12 liver grafts 
transplanted from the isolated liver retrieval group, 
there was 1 case of initial nonfunction and no case of 
vascular thrombosis. The liver grafts procured from 
the combined liver-pancreas group had one case of 
vascular thrombosis and no cases of initial nonfunc-
tion at 1 month post-transplant. The actuarial patient 
survival at 1 month after liver transplant was 83.3 % in 
both combined retrieval group and the isolated liver 
retrieval group, whereas the liver graft survival at 
1 month of follow-up was 83.3 % and 75.0 % in the two 
groups respectively. The study did not report data on 
the test of significance for the survival outcomes.

Morel et al. (1991). Effect of simultaneous liver retrieval, 
retrieval team, and preservation time on cadaver 
whole-organ, bladder-drained pancreatic allograft 
survival rates. Transplantation Proceedings 23(1 Pt 2): 
1640-2.

This study reports transplant outcomes for pan-
creas allografts procured from 93 simultaneous liver–
pancreas donors and 97 non-liver donors. The overall 
pancreas graft survival rates for the combined pro-
curement group and the pancreas-only procurement 
group were 87 % and 86 % at 1  month of follow-up, 
and 61 % and 55 % at 1 year of follow-up, respectively. 
The combined retrieval group had 5 cases of pancreas 
graft thrombosis and 1 case of primary nonfunction, 
whereas the pancreas-only retrieval group had 8 cases 
of thrombosis and 2 cases of primary nonfunction.

Sansalone et al. (1994). Right hepatic artery 
replacement from superior mesenteric artery in 
combined liver-whole pancreas procurement. 
Technical problems and liver graft artery 
reconstruction. Transplantation Proceedings 26(6): 
3537-9.

This study compares the outcomes of liver 
transplants obtained from 14 combined liver–
pancreas donors and 78 liver-only donors, with mean 
(± standard deviation) ages of 25 ± 4 years and 31 ± 11 
years respectively. The simultaneous liver–pancreas 

group showed a lower incidence of acute rejection 
(21.4 % v� 24.4 %) and chronic rejection (0 % v� 3.8 %) 
but a higher rate of major infection (35.7 % v� 34.6 %) 
compared to the liver-only group. The tests of sig-
nificance for the outcomes were not reported by the 
study.

Sanseverino et al. (1991). Technique of pancreas 
revascularization after combined liver and pancreas 
harvesting in the same cadaveric donor. Clinical 
Transplantation 5(1): 55-9.

This is another cohort study comparing the 
transplantation outcomes of pancreatic grafts pro-
cured from 62 combined liver–pancreas donors 
(group I) and 104 non-liver donors (group II). In 
group I, the percentage of functioning grafts was 
51.6 %, the rejection rate was 11.2 %, and the arterial 
and venous thrombosis rates were 13 % and 18 % re-
spectively. Whereas in group II, the percentage of 
functioning grafts was 29.8 %, the rejection rate was 
27.8 % and the arterial and venous thrombosis rates 
were 5.7 % and 15.3 % respectively. No significant dif-
ferences were observed between the two groups. The 
authors suggested that the lower rate of rejection and 
better allograft survival observed in group I could be 
attributed to improvements in immunosuppressive 
protocols with time.

Schlumpf et al. (1990). Combined procurement of 
pancreas and liver grafts does not affect transplant 
outcome. Transplantation Proceedings 22(4): 2074-5. 

In this study, the authors compare the trans-
plant outcomes of pancreas and liver grafts obtained 
from 64 simultaneous liver-pancreas donors and 102 
non-liver donors. The combined liver–pancreas pro-
curement group had 1-month and 1-year pancreas 
graft survival rates of 83 % and 61 % respectively, and 
a technical failure rate of 20 %. The pancreas graft re-
cipients from the non-liver group had 1-month and 
1-year graft survival rates of 83 % and 49 % respec-
tively, and a technical failure rate of 25 %. The dif-
ferences in the graft survival rates between the two 
donor groups were not significant. The 1-year liver 
graft function rate was 72 %. The authors concluded 
that the combined retrieval of liver and pancreas did 
not have any detrimental effects on the transplant 
outcomes of either organ.

Case series

Only one case series was identified on en bloc 
liver and pancreas procurement:
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Pinna et al. (1997). Rapid en bloc technique for liver and 
pancreas procurement. Transplantation Proceedings 
29(1-2): 647-8.

This study evaluated the clinical outcomes of 
pancreas and liver transplants obtained from 56 si-
multaneous liver–pancreas donors, 55 of which were 
transplanted. The liver and pancreas allografts were 
harvested using a rapid en bloc technique. The mean 
(± standard deviation) donor age was 25 ± 5 years. Of 
the liver transplants, 53 functioned immediately, one 
arrested immediately following reperfusion and one 
needed retransplantation at 3 days post-transplant 
due to primary nonfunction. Among the pancreas 
transplant recipients, 9 of them experienced graft 
loss, 4 of which were suspected to be caused by donor 
related factors and the remaining 5 due to reasons 
unrelated to the donor. 

The following studies report on simultaneous 
retrieval of liver and pancreas without the use of an 
en bloc technique. However, they might be of interest: 

Johnson et al. (1990). Simultaneous liver and pancreas 
procurement—a simplified method. Transplantation 
Proceedings 22(2): 425-6.

This is a case series involving six simultaneous 

liver and pancreas procurements and their subse-
quent transplantation. Each of the 12 transplants 
showed immediate function. In pancreas transplant 
recipients, blood glucose levels were immediately 
normalised and urinary amylase progressively rose 
to > 10 000 U/L by the third day post-transplant in 
all patients. Bile output was immediate and synthetic 
function was adequate in the recipients of liver trans-
plant. Neither of the two groups experienced any 
technical or preservation related complications. 

Mayes and Schulak (1990). Pancreas revascularization 
following combined liver and pancreas procurement. 
Transplantation Proceedings 22(2): 588-9.

This case series reports on transplant outcomes 
following procurement of 9 simultaneous liver and 
pancreas allografts. Combined pancreas–kidney 
transplant was performed in all pancreas transplant 
cases. Pancreatic function at 1 month was catego-
rised as good in 7 patients, while the remaining 2 
experienced thrombosis. Similarly, 7 patients in the 
liver transplant group also had good liver function 
at 1 month follow-up, whereas the remaining 2 died 
of haemorrhage or rejection. The authors suggested 
that these losses were likely to be technically-related 
rather than procurement-related. 
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Appendix 21.  Ante mortem heparin in DCD donors

Summary of findings

There is limited evidence regarding the outcome 
of ante mortem administration of heparin. No 
randomised controlled trials have been conducted. 
The most convincing evidence comes from registry 
analyses of US data that demonstrate that heparin 
administration is not associated with the organ 
discard rate in DCD kidneys and livers. DCD kidneys 
that received ante mortem heparin showed similar 
clinical outcomes as DCD kidneys that did not receive 
ante mortem heparin; however, DCD livers that did 
not receive heparin showed an increased risk of graft 
failure and primary non-function compared to DCD 
livers that did receive ante mortem heparin.

Clinical question
‘Does the administration of ante-mortem heparin 
improve transplant rates and clinical outcomes in 
recipients of donation after circulatory death (DCD) 
grafts?’

PICOS
Population: This study will include adult patients 
over the age of 18 who proceed to donation following 
circulatory arrest.
Intervention: Administration of ante mortem 
heparin. 
Comparator: No heparin administration.
Outcomes: The primary outcomes will be the number 
of organs transplanted from each donor. The sec-
ondary outcomes will be transplant outcomes and 
complications as well as risks for donor.

Study design: Reviews, randomised controlled trials 
or prospective or retrospective cohort studies.

Search strategy and results
The Transplant Library (TL) was searched 

from inception to 25 August 2020. The TL includes 
all randomised controlled trials and selected system-
atic reviews in the field of solid organ transplantation 
published as full text or in abstract form, sourced 
mainly from MEDLINE/PubMed and hand-searches 
of congress proceedings.

The search strategy used is as follows:
1. heparin

Searches identified 24 potentially relevant ref-
erences. One systematic review met the inclusion cri-
teria defined above.

Systematic reviews

Cao et al. (2016). Donation after circulatory death for 
liver transplantation: a meta-analysis on the location 
of life support withdrawal affecting outcomes. 
Transplantation 100(7):1513-24.

PubMed link: https://pubmed.ncbi.nlm.nih.
gov/27014794/
Commentary on the meta-analysis:
Kramer and Doig (2016). Premortem heparin 
administration and location of withdrawal of 
life-sustaining interventions in DCD: lack of high-
quality evidence precludes definitive conclusions. 
Transplantation 100(10):e102-3. 

https://pubmed.ncbi.nlm.nih.gov/27014794/
https://pubmed.ncbi.nlm.nih.gov/27014794/
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PubMed link: https://pubmed.ncbi.nlm.nih.
gov/27482963/

A secondary aim of this meta-analysis was 
to review the effect of ante mortem heparin on out-
comes in DCD liver transplantation. The review 
included 23 studies reporting on 1 184 DCD liver re-
cipients. An exploratory analysis found that the ante 
mortem heparin administration reduced the odds of 
primary non-function from 11.24 (2 studies, 95 % CI 
1.99-63.37; P = 0.006) to 3.48 (5 studies 95 % CI 1.79-
6.76; P < 0.001).

The following systematic review may also be of 
interest:

Shahrestani et al. (2017). Outcomes from pancreatic 
transplantation in donation after cardiac death: a 
systematic review and meta-analysis. Transplantation 
101(1):122-30.

PubMed link: https://pubmed.ncbi.nlm.nih.
gov/26950713/

The systematic review and meta-analysis aimed 
to describe donor approaches and recipient outcomes 
from DCD pancreas transplantation. Where possible, 
clinical outcomes were compared between DCD and 
DBD pancreas transplants. Eighteen studies were 
included reporting on data from 643 DCD pancreas 
transplant recipients. Three of 18 studies reported 
ante mortem heparin administration. An explora-
tory subgroup analysis of two studies that used ante 
mortem heparin found no difference in the incidence 
of thrombosis between DCD and DBD pancreases 
(Odds ratio (OR) 1.29; 95 % CI, 0.47-3.55; P = 0.62). 
Another subgroup analysis of two studies that did not 
use ante mortem heparin showed that there may be 
a lower incidence in thrombosis in DBD pancreases 
versus DCD pancreases (OR, 1.94; 95 % CI, 0.99-3.82; 
P = 0.05). The authors suggest that they there may be a 
role for ante mortem heparin in reducing thrombosis 
rates in DCD pancreases. 

Searches were expanded to include non- 
randomised studies. We searched MEDLINE and 
EMBASE from inception to 25 August 2020 using the 
search strategy below.

1. (cardiac or non heart-beating or circulatory or 
nonheartbeating or non-heartbeating or nhb$ 
or dcd).ti,ab.

2. heparin/ or heparin.ti,ab.
3. organ transplantation/
4. kidney transplantation/
5. pancreas transplantation/
6. exp lung transplantation/
7. exp heart transplantation/

8. liver transplantation/
9. (pancreas$ transplant$ and kidney$ trans-

plant$).tw.
10. simultaneous pancreas kidney transplant$.tw.
11. spk.tw.
12. lung transplant$.tw.
13. heart transplant$.tw.
14. liver transplant$.tw.
15. organ transplant$.tw.
16. kidney transplant$.tw.
17. pancreas transplant$.tw.
18. ((cardiac or hepatic or renal or pancreas-kidney 

or heart-lung or lung-heart) adj2 (transplant$ 
or allograft$ or graft$ or donor$ or recipient$)).
ti,ab.

19. donat$.ti,ab.
20. or/3-19
21. 1 and 2 and 20
22. exp animals/ not humans/
23. 21 not 22
24. remove duplicates from 23

This search yielded 698 potentially relevant ref-
erences. Fifty-four references were screened for full 
text review. 

Cohort studies

Narvaez et al. Transplant outcomes of donation 
after circulatory death livers recovered with versus 
without premortem heparin administration. Liver 
Transplantation 2020;26(2):247-55. 

PubMed link: https://pubmed.ncbi.nlm.nih.
gov/31755633/

The cohort study compared organ utilisation 
rates and clinical outcomes of DCD liver transplan-
tation with and without ante mortem heparin using 
US registry data. Of the 5 495 DCD livers recov-
ered for transplant, 589 (10.7 %) did not receive ante 
mortem heparin whilst the remaining 4 906 (89.3 %) 
received heparin. Liver discard was similar between 
the no heparin (30.6 %) and heparin groups (30.8 %), 
respectively (P = 0.90). A multivariate regression 
analysis adjusted for donor covariates showed that 
ante mortem heparin status was not a risk factor for 
discard rate (adjusted OR, 0.97; 95 % CI, 0.80-1.18; 
P = 0.76). Of 3 754 DCD liver-only transplants, 407 
(10.8 %) were from donors who did not receive ante 
mortem heparin and 3 347 (89.2 %) from donors who 
received ante mortem heparin. The cumulative prob-
ability of graft survival in the no heparin group was 
significantly lower compared with the heparin group. 

https://pubmed.ncbi.nlm.nih.gov/27482963/
https://pubmed.ncbi.nlm.nih.gov/27482963/
https://pubmed.ncbi.nlm.nih.gov/26950713/
https://pubmed.ncbi.nlm.nih.gov/26950713/
http://heparin.ti
http://spk.tw
https://pubmed.ncbi.nlm.nih.gov/31755633/
https://pubmed.ncbi.nlm.nih.gov/31755633/


645

APPENDIX 21. ANTE MORTEM HEPARIN IN DCD DONORS

Comparing the no heparin to heparin livers, 1-year 
graft survival was 73 % and 82 % and 5-year graft sur-
vival was 56 % and 65 %, respectively. The adjusted 
multivariate analysis showed that transplants from 
DCD livers without ante mortem heparin had a higher 
risk of graft failure and primary non-function com-
pared with those livers that received heparin treat-
ment (adjusted HR, 1.18; 95 % CI, 1.01-1.38; P < 0.05 
and 1.81; 95 % CI, 1.17-2.80; P = 0.01, respectively). 

Narvaez et al. (2019). Outcomes of DCD kidneys 
recovered for transplantation with versus without 
pre-mortem heparin administration. Clin Transplant 
33(7):e13624. 

PubMed link: https://pubmed.ncbi.nlm.nih.
gov/31162721/

The registry analysis of SRTR (Scientific Reg-
istry of Transplant Recipients) data reviewed the organ 
discard rate and clinical outcomes of DCD kidneys 
recovered from donors that received heparin versus 
donors that did not receive heparin. A total of 24 861 
DCD kidneys were recovered for transplantation, of 
which 2 304 did not receive ante mortem heparin. The 
discard rates for no‐heparin versus heparin groups 
were 20.8 % and 19.1 %, respectively (P = 0.05). A mul-
tivariate regression adjusted for donor covariates 
showed that a lack of donor heparin use was not a risk 
factor for discard (adjusted OR 1.02, 95 % CI 0.89‐1.17, 
P = 0.820). Overall graft survival of the no‐heparin 
group (n = 1791) versus the heparin group (n = 17968) 
was similar on univariate and multivariate analysis 
(adjusted HR 0.98, 95 % CI 0.87‐1.09, P = 0.640). The 
secondary outcomes mortality, delayed graft func-
tion, primary non-function and 1-year eGFR were all 
similar between groups.

Kamal et al. (2015). Outcomes of kidney transplant 
recipients from donation after circulatory death 
donors without preagonal heparin administration. 
Transplantation 99(10):e167-8. 

PubMed link: https://pubmed.ncbi.nlm.nih.
gov/26426927/

This retrospective, single centre study com-
pared outcomes of 52 kidney transplant recipients 
who received DCD kidneys that were recovered with 
(n = 23) or without heparin (n = 29). Heparin adminis-
tration was decided by the organ procurement organ-
isation. There were no differences between groups for 
delayed graft function, incidence of acute rejection at 
6 months, overall death-censored graft failure, and 
estimated creatinine clearance at 3, 6 and 12 months. 

This small study provides limited evidence that early 
graft function is similar between these groups. 

Kramer et al. (2020). Donation after circulatory 
determination of death in western Canada: a 
multicentre study of donor characteristics and 
critical care practices. Le don d’organes après décès 
cardiocirculatoire dans l’Ouest canadien : une étude 
multicentrique sur les caractéristiques des donneurs 
et les pratiques de soins intensifs. Can J Anaesth 
67(5):521-31. 

PubMed link: https://pubmed.ncbi.nlm.nih.
gov/32100271/

This multicentre, retrospective cohort study 
from Canada aimed to describe DCD practices in 
western Canada and report on associations with 
outcomes. The analysis included 257 potential DCD 
donors and 321 kidney, 81 liver and 50 lung trans-
plantations were performed. Practices varied across 
provinces. Heparin was administered in 82 % of po-
tential DCD donors (range across provinces 80–100 %). 
Heparin was routinely given before or at the time of 
WLST, or following WLST. When heparin was given 
to patients that died within two hours of WLST, the 
median [IQR] number of organs transplanted was 3 
[2–4], compared with 3 [2–4] when heparin was not 
given (P = 0.88). Patient and graft survival rates were 
not associated with heparin use versus withholding 
of heparin, timing of heparin or heparin dose. 

The two studies below do not meet the inclu-
sion criteria but may be of interest:

Butler et al. (2014). Normothermic regional perfusion 
for donation after circulatory death without prior 
heparinization. Transplantation 97 (12): 1272-8. 

PubMed link: https://pubmed.ncbi.nlm.nih.
gov/24646774/

This single centre report describes the results 
of a normothermic regional perfusion (NRP) pro-
tocol for controlled DCD donors without heparin. 
Eight DCD donors were treated with NRP. Fourteen 
kidneys, three livers, two lungs and two pancreases 
were transplanted. The authors conclude that their 
protocol has the potential to improve early outcomes 
of organ retrieved from DCD donors without heparin. 

Erasmus et al. (2010). Lung transplantation from 
nonheparinized category III non-heart-beating donors. 
A single-centre report. Transplantation 89(4):452-7. 

PubMed link: https://pubmed.ncbi.nlm.nih.
gov/20177348/

https://pubmed.ncbi.nlm.nih.gov/31162721/
https://pubmed.ncbi.nlm.nih.gov/31162721/
https://pubmed.ncbi.nlm.nih.gov/26426927/
https://pubmed.ncbi.nlm.nih.gov/26426927/
https://pubmed.ncbi.nlm.nih.gov/32100271/
https://pubmed.ncbi.nlm.nih.gov/32100271/
https://pubmed.ncbi.nlm.nih.gov/24646774/
https://pubmed.ncbi.nlm.nih.gov/24646774/
https://pubmed.ncbi.nlm.nih.gov/20177348/
https://pubmed.ncbi.nlm.nih.gov/20177348/


646

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

This small single centre report described their 
experience using nonheparinised protocol for cat-
egory III non-heart beating (NHB) donors in adult 
lung transplantation. Twenty-nine donor procedures 
resulted in 21 lung transplantations. The NHB out-
comes were compared with a group of heart-beating 

lung transplantations. Primary graft dysfunction, 
2-year patient survival, acute rejection episodes and 
development of bronchiolitis obliterans syndrome 
was similar between groups. Lung graft function 
during the first 2 years tended to be better preserved 
in the NHB group.
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Appendix 22. Single v. dual in situ cold perfusion in DCD 
donors

Summary of findings

None of the studies met the inclusion criteria of the 
PICO. A few studies were identified for DBD donors 
and one study in live donor liver transplantation. 
Overall, the limited data do not consistently show 
differences between the two perfusion methods.

Clinical question
‘Does dual arterial and portal in-situ cold perfusion 
versus single aortic in-situ cold perfusion in donation 
after circulatory death (DCD) liver grafts improve 
transplant rates and/or transplant outcomes?’

PICOS
Population: Adult patients over the age of 18 who 
proceed to donating the liver following circulatory 
arrest.
Intervention: Dual arterial and portal in situ cold 
perfusion. 
Comparator: Single aortic in situ cold perfusion.
Outcomes: The primary outcomes will be the 
number of organs transplanted from each donor. The 
secondary outcomes will be early liver function and 
post-transplant complications.
Study design: Systematic reviews, randomised con-
trolled trials or prospective or retrospective cohort 
studies.

Search strategy and results
The Transplant Library (TL) was searched from 

inception to 24 August 2020. The TL includes all ran-
domised controlled trials and systematic reviews in 
the field of solid organ transplantation published as 
full text or in abstract form, sourced mainly from 
MEDLINE/PubMed and hand-searches of congress 
proceedings.

The search strategy used is as follows:
1. Perfusion/[Limit] Liver Transplantation

Searches identified 86 potentially relevant ref-
erences. None of the references met the inclusion 
criteria.

Searches were therefore expanded to include 
non-randomised studies. We searched MEDLINE 
and EMBASE from inception to 24 August 2020 
using the search strategy below.

1. Perfusion/
2. Organ preservation/mt, st
3. exp Cold ischemia/mt, st
4. exp “Tissue and Organ Procurement”/mt, st
5. (route or single or dual or double or aort$ or 

arterial or portal or perfusion).ti,ab.
6. or/1-5
7. Hypothermia/
8. Cold temperature/
9. cold.ti,ab.

10. hypothermi$.ti,ab.
11. or/7-10
12. 6 and 11
13. liver transplantation/

http://cold.ti
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14. liver transplant$.ti,ab.
15. hepatectomy/
16. hepatectomy.ti,ab.
17. ((liver or hepatic).ti,ab. or liver/) and (graft$ or 

transplant$).ti,ab.
18. or/13-17
19. donation after circulatory death.ti,ab.
20. dcd.ti,ab.
21. donation after cardiac death.ti,ab.
22. (non heart-beating or nonheartbeating or non-

heart beating or non-heartbeating or nhb$).
ti,ab.

23. or/19-22
24. 18 and 23
25. 12 and 24
26. exp animals/ not humans/
27. 25 NOT 26

This search yielded 475 potentially relevant 
references. None of these studies met the full PICO 
criteria defined above. However, a small number of 
studies that may have some relevance to the question 
are outlined below.

Systematic reviews
No systematic reviews were identified that met 

the inclusion criteria. However, the following review 
may be of interest:

Hameed et al. (2017). A systematic review and meta-
analysis of cold in situ perfusion and preservation 
of the hepatic allograft: Working toward a unified 
approach. Liver Transpl 23(12):1615-27. DOI:10.1002/
lt.24829.

Full text link: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5725662/

The aim of the systematic review was to eval-
uate the evidence regarding a specific perfusion route 
(aortic or dual), volume and/or fluid in donation after 
brain death (DBD) liver transplantation. The exten-
sive literature search was conducted up to February 
2017 and the review included 19 unique studies (eight 
randomised controlled trials (RCTs), one quasi RCT, 
four prospective cohort studies and six retrospective 
cohort studies). In the majority of studies (12 out of 19 
studies) dual perfusion was used. Meta-analyses were 
conducted for peak alanine aminotransferase (ALT) 
and primary non function (PNF). No differences 
were found between single and dual UW perfusion 
with respect to PNF (five studies) but peak ALT was 
significantly lower in the single perfusion group (four 
studies). 

Randomised controlled trials
No RCTs were identified that met the inclu-

sion criteria. However, the following RCT may be of 
interest:

Shaji et al. (2019). Antegrade hepatic artery and portal 
vein perfusion versus portal vein perfusion alone in 
living donor liver transplantation: a randomized trial. 
Liver Transpl 25(9):1353-62.

Full text link: https://aasldpubs.onlinelibrary.wiley.
com/doi/full/10.1002/lt.25455

This is a good quality RCT in live donor liver 
transplantation comparing dual or single perfu-
sion. There was a significant difference in the in-
cidence of biliary stricture in the dual perfusion 
group versus the single perfusion group (6.5 % versus 
19.4 %, P = 0.04). There was no significant difference 
in hepatic artery thrombosis (HAT) or biliary leak. 
The study was not powered to see a difference in HAT, 
which was a safety concern for the arterial perfusion; 
however, HAT was actually numerically less in the 
study group than control group. The 3-graft survival 
was significantly better in the dual perfusion group 
compared with the single perfusion group (95.2 % 
versus 77.4 %, P = 0.004).

Chui et al. (1998). Cadaveric liver procurement using 
aortic perfusion only. Aust N Z J Surg 68(4):275-7. 
PubMed link: https://pubmed.ncbi.nlm.nih.
gov/9572337/ 

The aim of the randomised controlled trial was 
to compare aortic perfusion with combined aortic 
and portal perfusion in donation after brain death 
(DBD) liver transplantation. The RCT was conducted 
between 1994 and 1995 and included 40 donors (20 
donors in each arm). Peak AST, peak ALT and peak 
international normalised ratio (INR) were similar. 

Cohort studies
No cohort studies were identified that met the 

inclusion criteria. However, the following cohort 
study may be of interest:

Hameed et al. (2018). Aortic versus dual perfusion 
for retrieval of the liver after brain death: a national 
registry analysis. Liver Transpl. 24(11):1536-44. 

Full text link: https://aasldpubs.onlinelibrary.wiley.
com/doi/full/10.1002/lt.25331 

The aim of the registry analysis was to report 
the efficacy of aortic and dual in situ perfusion in 

http://hepatectomy.ti
http://death.ti
http://dcd.ti
http://death.ti
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5725662/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5725662/
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/lt.25455
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/lt.25455
https://pubmed.ncbi.nlm.nih.gov/9572337/
https://pubmed.ncbi.nlm.nih.gov/9572337/
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/lt.25331
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/lt.25331
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APPENDIX 22. SINGLE V. DUAL IN SITU COLD PERFUSION IN DCD DONORS

donation after brain death (DBD) liver transplanta-
tion. Data of adult Australian DBD liver donors and 
recipients were collected from the Australia and New 
Zealand Liver Transplant Registry and the Australia 
and New Zealand Organ Donation Registry between 
January 2007 and December 2016. (The authors state 
that ‘Donation after circulatory death (DCD) donors 
could not be included because dual perfusion was 
not commonly employed in this donor subset’.) A 
total 1 382 liver transplant recipients were included in 

the analysis, of which 957 liver were procured using 
aortic only in situ perfusion and 425 liver were pro-
cured using dual perfusion. There were no significant 
differences for the unadjusted 5-year graft survival 
rates. The overall patient survival rate was signifi-
cantly lower in the aortic-only group; however, after 
adjustment for confounders there were no differences 
between groups. However, a subgroup analysis of 
higher-risk donors showed that dual perfusion was 
superior in terms of graft survival. 
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Appendix 23.  Donation after circulatory death – reporting 
form (Belgium, English-language version)
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Appendix 24.  Donation after circulatory death – reporting 
form (Netherlands, English-language version)

ET Donor number: ###### Report generated on: ##.##.2018 ##:##+0100 / Database environment: beta1

Page 1 of 1

Eurotransplant Donor Data
Extra Information Non-Heart-Beating Donor for ######

General data

Center Date Donor Nr Cadaver type Contact person Contact tel.nr. Contact person OR Contact tel.nr. OR
  

ABO Rh NHBD category Reason for Non-heartbeating

Course

Switch off at Diuresis total (ml)
Saturation <80% or MAP <50 mmHG at  
Circulatory arrest (mean ABP=0) at  
Cross clamp aorta at  

Explantation/preservation data

DBTL catheter inserted / laparotomy executed at Carried out by
Kootstra signs: left Catheter insertion checked with röntgen
right Perfusion technique

Clinical data

Date Sys. bloodpressure Dia. bloodpressure Heart freq. Saturation Diuresis Breath freq. Comments
 mm HG mm HG /min % ml /min  
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Appendix 25. Biovigilance standardised notification form for 
adverse events and reactions (France, English- 
language version)
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APPENDIX 25. BIOVIGILANCE NOTIFICATION FORM FOR SAES/SARS (FRANCE)





659

Appendix 26. Incident notification form, Germany (English-
language version)
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page 1 / 2 

 
 

 
 

 

Description of SAE/SAR 

 
 

 
Organs transplanted from this donor 

Organ Recipient centre ET Recipient-No. 

Heart     
Lung left    
Lung right   
Kidney left   
Kidney right   
Liver   
Liver split left   
Liver split right   
Pancreas   
Intestine   

 
  

ET Donor-No.:   Date of procurement:  Donor region / country:  
DSO Donor-No.:  Donor age:   years  

Date/time of occurrence of SAE/SAR:  at   
Date/time of detection of SAE/SAR:  at   
SAE/SAR incident submitted:  at  by  
Date/time of this initial report:  at   

Supplementary details 

 

  



661

APPENDIX 26. INCIDENT NOTIFICATION FORM, GERMANY (ENGLISH-LANGUAGE VERSION)

 

page 2 / 2 

 

 

 
 

 

Immediate action taken / urgent measures suggested 

 
 

Please fill in the attached doctor’s report regarding the current health status of your recipient and send it  
by fax or email to the below mentioned contact data within 3 working days. 
 
 
 
 
 
  
  
  

  

This document has been generated electronically – no signature required. 
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page 1 / 2 

 

 

 

Description of SAE/SAR 

 
 

Organs transplanted from this donor 
Organ Recipient centre ET Recipient-No. 

Heart     
Lung left    
Lung right   
Kidney left   
Kidney right   
Liver   
Liver split left   
Liver split right   
Pancreas   
Intestine   

 

This document has been generated electronically – no signature required. 

ET Donor-No.:  Date of procurement:  Donor region / country:  
DSO Donor-No.:  Donor age:   

Date/time of occurrence of SAE/SAR:  at  
Date/time of detection of SAE/SAR:  at  
Date of the initial report:   
Date/time of this interim report:   at  
   

Supplementary details 
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page 2 / 2 
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page 1 / 2 
 

 

 

 Description of SAE/SAR 

 

 Final diagnosis of SAE/SAR 

 

 
Organs transplanted from this donor 

 Organ  Recipient centre ET Recipient-No. 

Heart     
Lung left      
Lung right   
Kidney left   
Kidney right   
Liver   
Liver split left   
Liver split right   
Pancreas   
Intestine   
   
   

 

 
 
  

ET Donor-No.:   Date of procurement:  Donor region / country:  
DSO Donor-No .:  Donor age:   

Date of the initial report:    
Date of the interim report:     
Date/time of this final report:    at   
   

 Result of examinations and conclusion 

 

 Preventive and corrective measures 
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page 2 / 2 
 

 

 
 
 

 Implications and possible follow-up actions 

 

  

  
  
  



666

GUIDE TO THE QUALITY AND SAFETY OF ORGANS FOR TRANSPLANTATION

 

 

 

 

 
 

 

Current health status of recipient with reference to the reported SAE/SAR 
 (Please attach original reports) 

 

 

 

 

 

 

 

 

 

 

 

 

   

Signature 

 

 

Please return to the below mentioned contact data within 3 working days. 

 

 

Name of reporting physician:  
ET Donor-No.:   

ET Recipient Centre-Code:   

ET Recipient-Number:   
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Appendix 27. Incident notification form, United Kingdom
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04/06/2021 NHSBT Incident Submission Form

https://safe.nhsbt.nhs.uk/IncidentSubmission/Pages/IncidentSubmissionForm.aspx 1/2

INCIDENT SUBMISSION FORM

Is incident deemed urgent and requires immediate action?
You will be unable to complete the rest of this form until you answer the question above.

No Yes, not notified by phone Yes, already notified by phone

•  Fields marked with * are mandatory, all other fields can be completed, if relevant, to provide information about the incident.  For help completing fields, click on 

•  To avoid losing data, please be aware this form will time out after 30 minutes of inactivity and must be completed and submitted at the same time; it is not possible to partially
complete the form and return to it later. 

•  In order to complete the form, please ensure that you have the relevant details and patient reference numbers to hand.

Submitter Details

First name

Last name

Phone number

Job title

Email address

Re-enter Email address

Incident Details

Date and time incident identified*
dd-mm-yyyy hh:mm

Max. 2000 characters

Details of incident and further action taken. In reports whereby photographs would provide further information, such as organ assessment or damage, please

attach to enable a more beneficial review* 

Attachments
Attachments are limited to a maximum of
10mb in size each. A maximum of 5
attachments may be added

No file chosenChoose file

Donor ID status* ID not allocated

Not related to an individual donor

Donor ID

NHSBT donor ID number(s) and type(s) involved in this incident

Please Select

Recipient ID status* ID not allocated / not known

Not related to an individual recipient

Recipient ID

ID number(s) of the recipient involved in this incident?

Details Of Those Involved Relevant To The Report
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04/06/2021 NHSBT Incident Submission Form

https://safe.nhsbt.nhs.uk/IncidentSubmission/Pages/IncidentSubmissionForm.aspx 2/2

•  To print a copy of this form and the incident details please use the browser's print function BEFORE submitting the form 

•  Form data can be saved in pdf format AFTER the incident has been submitted 

•  As this form only recently went live we are interested in your feedback about how you found completing this form. Please send any feedback to
NHSBT at clinicalgovernance.odt@nhsbt.nhs.uk

Submit

Organ Donation Services Team (ODST)

Please Select

Retrieval Team

Please Select

Donating hospital – search by town / city

Please type town and select from list, if not listed enter name and town

NHSBT site where incident occurred

Please Select

H & I lab

Please Select

Transplant Centre

Please Select

Coroner / Procurator Fiscal jurisdiction

Enter Coroner / Procurator Fiscal jurisdiction name

Microbiology / Virology lab

Please type town and select from list, if not listed enter name and town

Haematology / Biochemistry lab

Please type town and select from list, if not listed enter name and town

Histo-pathology lab

Please type town and select from list, if not listed enter name and town

Additional Information

The incident has also been reported to these organisations
Select organisation(s)

Reference numbers for reports to other
organisations
One per line. Please list organisation
reference number

 Please Select
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Appendix 28. Informed-consent checklist for transplant 
recipients (United Kingdom)

Benefits, risks and implications associated with solid organ transplantation (NHS Blood 
and Transplant and British Transplantation Society)

1. General risks

a. Transmission of donor cancer

I. known current/past medical history

II. unknown

b. Transmission of donor infection

I. identified (CMV, EBV, HBV, HCV, HTLV, HIV, syphilis)

II. unknown

2. Transplant related risks

a. Increased cardiovascular morbidity and mortality

b. Immunosuppression

I.  general side-effects
• increased risk of some de novo cancers, especially skin and lymphoma
• increased risk of some infections
• increased weight
• increased risk of diabetes mellitus

II.  drug-specific side-effects
• corticosteroids
• calcineurin-inhibitors
• anti-proliferatives (mycophenolate, azathioprine)
• mTOR inhibitors
• others 
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3. Organ-specific risks

a. Risk of death on the waiting list

b. Patient and graft survival probability

c. Risks of specific organ complications

d. Risks associated with types of

I. donor (such as DCD and DBD)

II. graft (such as split or damaged organ)

e. Re-graft and access to re-graft

f. Risk of non-function

g. Risk of delayed function

h. Need for renal support

i. Recurrent disease

4. Lifestyle issues

a. Need for compliance with

I. immunosuppression
II. outpatient attendances and monitoring

b. Lifestyle

I. alcohol and illicit drug use
II. pregnancy and sexual health
III. travel and immunisations

5. Benefits

a. Improved survival

b. Improved quality of life
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Appendix 29. Informed-consent checklist for transplant 
recipients at the time of the organ offer

Benefits, risks and implications associated with solid organ transplantation
(adapted from NHS Blood and Transplant and British Transplantation Society* and White et al. 2019†)

1. Donor information

a. Age range (by decade)

b. Gender

c. Type of death (such as trauma or cerebrovascular event)

d. Type of donor (DCD or DBD)

2. Donor related risks

a. Whether the donor poses a greater risk of transmission of infection or malignancy

(This applies when the transplant candidate has expressed willingness to accept these donor organ types previ-
ously) 

I. the infection(s) that may be transmitted and the likely risk of transmission
II. the potential severity of infection
III. the ease of treating the infection should transmission occur
IV. whether all testing of the donor has been completed
V. the risk of significant morbidity or mortality without transplantation at this time
VI. benefit of accepting this organ at this time 

The same applies in the event of a greater risk of transmission of malignancy

b. Whether the donor organ has a particular risk of poor function and other factors potentially affecting short- 
and long-term graft function

I. age of donor
II. cause of death of donor 
III. type of donor: DCD compared with DBD, the nature of the risk varying between organs
IV. higher body mass index of donor
V. length of stay in an ICU prior to donation
VI. split or reduced liver
VII. longer warm and cold ischaemia times

* NHSBT/BTS. Policy POL191/2: Guidelines for consent for solid organ transplantation in adults, 2015, available at https://
nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/4378/guidelines_consent_for_solid_organ_transplantation_adults.
pdf. 

† White SL, Rawlinson W, Boan P et al� Infectious disease transmission in solid organ transplantation: donor evaluation, recip-
ient risk, and outcomes of transmission. Transplant Direct 2019;5(1):e416.

https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/4378/guidelines_consent_for_solid_organ_transplantation_adults.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/4378/guidelines_consent_for_solid_organ_transplantation_adults.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/4378/guidelines_consent_for_solid_organ_transplantation_adults.pdf
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3. Donor information NOT to be transmitted to recipients 

I. name (or initials)
II. occupation or social class
III. date of birth
IV. place of donation
V. ethnicity

4. Donor information to be transmitted to recipients upon request

VI. sexual, alcohol or drug history
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Appendix 30. Living donor informed consent checklist (UNOS)

This checklist contains elements typically re-
viewed as part of OPTN routine survey activi-

ties of living donor recovery hospitals. Use of this 
checklist is not an OPTN obligation and does not 
guarantee an assessment of compliance with OPTN 
obligations upon a site survey. This checklist is in-
tended to guide the development of centre-specific 
processes and tools.

The living donor recovery hospital is respon-
sible for obtaining and documenting informed 
consent prior to organ recovery. Informed consent 
requirements apply to living kidney, liver, pancreas, 
intestine, and lung donors and must include all of 
the components listed below. Documentation of in-
formed consent must be maintained in the living 
donor medical record.

All living donors

Obtain from living donors

The living donor’s signature on a document that confirms that the donor:
• is willing to donate
• is free from inducement and coercion
• has been informed that he or she may decline to donate at any time

Provide to living donors

1.  An opportunity to discontinue the living donor consent or evaluation process in a way that is protected and 
confidential.

2.  The ILDA must be available to assist the living donor during the consent process, according to Policy 14.2: Inde-
pendent Living Donor Advocate (ILDA) Requirements.

3. Instruction about all phases of the living donation process, which includes:
• consent
• medical and psychosocial evaluations
• pre- and post-operative care
• required post-operative follow-up according to Policy 18.5: Living Donor Data Submission Requirements.
(Teaching or instructional material can include any media, one-on-one or small group interaction. Teaching or 
instruction must be provided in a language in which the living donor is able to engage in meaningful dialogue 
with recovery hospital’s staff.)
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Disclose to living donors

1.  It is a federal crime for any person to knowingly acquire, obtain or otherwise transfer any human organ for any-
thing of value including, but not limited, to cash, property, and vacations.

2. The recovery hospital must provide an ILDA.

3. Alternate procedures or courses of treatment for the recipient, including deceased donor transplantation.

4.  A deceased donor organ may become available for the candidate before the recovery hospital completes the 
living donor’s evaluation or the living donor transplant occurs.

5.  Transplant hospitals determine candidacy for transplantation based on existing hospital specific guidelines or 
practices and clinical judgment.

6.  The recovery hospital will take all reasonable precautions to provide confidentiality for the living donor and 
recipient.

7.  Any transplant candidate may have an increased likelihood of adverse outcomes (including but not limited to 
graft failure, complications, and mortality) that:

• exceed local or national averages
• do not necessarily prohibit transplantation
• are not disclosed to the living donor

8.  The recovery hospital can disclose to the living donor certain information about candidates only with permis-
sion of the candidate, including:

• the reasons for a transplant candidate’s increased likelihood of adverse outcomes
• personal health information collected during the transplant candidate’s evaluation, which is confidential and 

protected under privacy law

9.  Health information obtained during the living donor evaluation is subject to the same regulations as all medical 
records and could reveal conditions that must be reported to local, state, or federal public health authorities.

10. The recovery hospital is required to:
• report living donor follow-up information, at the time intervals specified in Policy 18.5: Living Donor Data Sub-

mission Requirements
• have the donor commit to post donation follow-up testing co-ordinated by the recovery hospital.

11.  Any infectious disease or malignancy that is pertinent to acute recipient care discovered during the donor’s first 
two years of follow-up care:

• May need to be reported to local, state or federal public health authorities
• Will be disclosed to their recipient’s transplant hospital
• Will be reported through the OPTN Improving Patient Safety Portal

12.  A living donor must undergo a medical evaluation according to Policy 14.4: Medical Evaluation Requirements for 
Living Donors and a psychosocial evaluation as required by Policy 14.1: Psychosocial Evaluation Requirements for 
Living Donors.

13.  The hospital may refuse the living donor. In such cases, the recovery hospital must inform the living donor that 
a different recovery hospital may evaluate the living donor using different selection criteria

14. The following are inherent risks associated with evaluation for living donation:
• allergic reactions to contrast
• discovery of reportable infections
• discovery of serious medical conditions
• discovery of adverse genetic findings unknown to the living donor
• discovery of certain abnormalities that will require more testing at the living donor’s expense or create the 

need for unexpected decisions on the part of the transplant team
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APPENDIX 30. LIVING DONOR INFORMED CONSENT CHECKLIST (UNOS)

15.  There are surgical, medical, psychosocial, and financial risks associated with living donation, which may be 
temporary or permanent and include, but are not limited to, all of the following:

a. Potential medical or surgical risks:
• death
• scars, hernia, wound infection, blood clots, pneumonia, nerve injury, pain, fatigue, and other consequences 

typical of any surgical procedure
• abdominal symptoms such as bloating, nausea, and developing bowel obstruction
• that the morbidity and mortality of the living donor may be impacted by age, obesity, hypertension, or other 

donor-specific pre-existing conditions

b. Potential psychosocial risks:
• problems with body image
• post-surgery depression or anxiety
• feelings of emotional distress or grief if the transplant recipient experiences any recurrent disease or if the 

transplant recipient dies
• changes to the living donor’s lifestyle from donation

c. Potential financial impacts:
• personal expenses of travel, housing, child care costs, and lost wages related to donation might not be reim-

bursed; however, resources might be available to defray some donation-related costs
• need for life-long follow up at the living donor’s expense
• loss of employment or income
• negative impact on the ability to obtain future employment
• negative impact on the ability to obtain, maintain, or afford health insurance, disability insurance, and life 

insurance
• future health problems experienced by living donors following donation may not be covered by the recipient’s 

insurance

Living kidney donors – additional requirements

Provide to all living kidney donors

Education about expected post-donation kidney function, and how chronic kidney disease (CKD) and end-stage 
renal disease (ESRD) might potentially impact the living donor in the future, to include:
a. On average, living donors will have a 25-35 % permanent loss of kidney function after donation.
b.  Although risk of ESRD for living kidney donors does not exceed that of the general population with the same 

demographic profile, risk of ESRD for living kidney donors may exceed that of healthy non-donors with medical 
characteristics similar to living kidney donors.

c.  Living donor risks must be interpreted in light of the known epidemiology of both CKD and ESRD. When CKD or 
ESRD occurs, CKD generally develops in mid-life (40-50 years old) and ESRD generally develops after age 60. The 
medical evaluation of a young living donor cannot predict lifetime risk of CKD or ESRD.

d.  Living donors may be at a higher risk for CKD if they sustain damage to the remaining kidney. The development 
of CKD and subsequent progression to ESRD may be faster with only one kidney.

e. Dialysis is required if the living donor develops ESRD.

Current practice is to prioritize prior living kidney donors who become kidney transplant candidates according to 
Policy 8.3: Kidney Allocation Points.

Disclose to all living kidney donors

Surgical risks may be transient or permanent and include but are not limited to:
• decreased kidney function
• acute kidney failure and the need for dialysis or kidney transplant for the living donor in the immediate 

post-operative period

Disclose to all female living kidney donors
Risks of preeclampsia or gestational hypertension are increased in pregnancies after donation

Living liver donors – additional requirements

Disclose to all living liver donors
Surgical risks may be transient or permanent and include but are not limited to:
• acute liver failure with need for liver transplant.
• transient liver dysfunction with recovery. The potential for transient liver dysfunction depends upon the 

amount of the total liver removed for donation.
• risk of red cell transfusions or other blood products.
• biliary complications, including leak or stricture that may require additional intervention.
• post-donation laboratory tests may result in abnormal or false positive results that may trigger additional tests 

that have associated risks.
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As part of the informed consent process, recovery hospitals must also provide transplant recipient 
outcome and transplanted organ survival data to all living donors.

Outcomes data

If the recovery hospital and the recipient hospital are the same

Then the recovery hospital must provide the living donor with both national and that hospital’s program-specific 
transplant recipient outcomes from the most recent Scientific Registry of Transplant Recipients (SRTR) program- 
specific reports, including all the following information:
1. National 1-year patient and transplanted organ survival
2. The hospital’s 1-year patient and transplanted organ survival
3.  Notification about all Centers for Medicare and Medicaid Services (CMS) outcome requirements not being met 

by the transplant hospital

If the recovery hospital and the recipient hospital will not be the same and the recipient hospital is known

Then the recovery hospital must provide the living donor with both national and the recipient hospital’s program- 
specific transplant recipient outcomes from the most recent SRTR program-specific reports, including all the 
following information:
1. National 1-year patient and transplanted organ survival
2. The recipient hospital’s 1-year patient and transplanted organ survival
3. Notification about all CMS outcome requirements not being met by the recipient hospital

If the recovery hospital and the recipient hospital will not be the same and the recipient hospital is not known

Then the recovery hospital must provide the living donor with national transplant recipient outcomes from the 
most recent SRTR reports, including national 1-year patient and transplanted organ survival.
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Appendix 31. Plain language version of Living Donor 
informed-consent requirements (Organ 
Procurement and Transplantation Network – 
OPTN)

Thinking about being a living donor? This 
is what you need to know first.

This paper explains what you need to know before 
you may agree to be a living organ donor. It is 

a patient version of the OPTN (Organ Procurement 
and Transplantation Network) informed consent 
policy. This paper explains:

• what it means to give your consent
• that only you can decide to donate
• you have the right to privacy as you get tested 

and make your decision
• the role of an Independent Living Donor 

Advocate
• what the transplant hospital staff must do 

before, during and after donation
• the risks of living organ donation, including 

the medical, mental, social and financial risks
• how your health might be affected by donation
• what information you must be given about 

how well transplant recipients do after their 
transplants

• what information about your organ recipient 
you do not have the right to receive

• your need for medical follow-up after donation.

A living donor can donate a:
• kidney
• portion of their liver, pancreas or intestine
• lobe of their lung

Some words used in this paper and their 
meaning may be helpful.

• A person who needs an organ transplant is 
called a ‘transplant candidate’. A transplant 
candidate must be on the national waiting list 
to receive an organ transplant from a deceased 
donor or a living donor.

• After a transplant candidate receives an organ 
transplant they are called a ‘transplant recip-
ient’ or ‘recipient’.

• If the living donor knows the recipient it is ‘di-
rected donation’.

• If the living donor does not know the recipient 
it is ‘non-directed donation’.

You will meet with the hospital staff who will 
help you decide if you can be a living donor. The hos-
pital staff must get your informed consent. Through 
informed consent, the hospital staff gives you infor-
mation so that you understand the benefits and risks 
of donor testing and organ donation, and that you 
agree to the testing and donation. Informed consent 
will include all the items below.

1 Consent for Living Donation

To become a living donor you must be able to 
state that:

• you want to donate
• no one forced you to donate
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• no one said they would give you something of 
value for donating

• you know that you can decide not to donate at 
any time.

The hospital staff will ask you to sign a paper 
for your medical record to show you understand 
these things.

2 Living Donation is Your Choice

You Have a Right to Privacy as You Get Tested and 
Make Your Choice

It is your choice to donate an organ. It is against 
the law for you to receive something like cash, prop-
erty or a vacation for donating an organ.

If you become a living donor, the hospital staff 
must keep your personal and medical information 
private. The hospital staff must also keep the recipi-
ent’s personal information private.

If you want to be a non-directed donor, the 
hospital staff must keep your identity private. The 
hospital staff must also keep the identity of the recip-
ient private.

If you decide not to donate, the hospital staff 
will keep your decision and reasons private.

3  The Independent Living Donor Advocate 
(ILDA)

The hospital staff will provide an independent 
living donor advocate (ILDA). An ILDA is a person 
who understands the organ donation process and 
who will
1. promote your best interests.

2. check that you have received information 
about the following topics:

• the informed consent process
• the tests needed to be a living donor, and the 

risks of these tests
• the surgery, and the care you will get after the 

surgery
• the need to have follow-up care after donation

3. help you get more information about these 
topics as needed. The ILDA should not be 
involved with the transplant candidate.

4 Hospital Staff Responsibilities

The hospital staff will tell you about the do-
nation process. The staff must give you information 
using words that you understand so that you can ask 
questions.

To be a living donor, you must have medical 
tests to make sure you are healthy enough to donate 
an organ. The hospital staff will help you understand 
the medical tests that will be needed. The hospital 
staff will also make sure you are ready mentally to 
be a donor and have a plan for your recovery (for 
example, whether you can take time off from work 
and who will help you while you recover). This is 
called a psychosocial evaluation. Your ILDA will 
make sure you understand the steps in these evalu-
ations. Your ILDA will get answers to any questions 
you have about testing, the use of personal informa-
tion and any other questions you have about donating.

After the tests, the hospital staff may decide 
that you should not be a living donor. If this happens, 
the hospital staff should tell you that you could be 
evaluated at a different hospital. Another hospital 
might decide that you may donate because every hos-
pital uses its own guidelines and judgment.

During the tests, the hospital staff may find 
that you have a medical condition that you did not 
know about. You could need to be treated for this 
condition. Also, the hospital staff could find that you 
have an infection or sexually-transmitted disease 
that you did not know about. It is the law that hos-
pitals must report some of those conditions to local, 
state or federal public health authorities. They must 
report them privately, meaning that no one else will 
be told.

The hospital staff must tell you that transplant 
candidates have other options for treatment. A trans-
plant candidate could get an organ from a deceased 
donor instead of from you. A transplant candidate 
who needs a kidney transplant could continue to get 
dialysis if they do not receive a transplant.

After you donate an organ, your hospital must 
continue to check on your health. Depending on the 
type of organ you donate, the hospital must report 
information about your health and personal status 
(e.g. ability to work) for two years after you donate. 
You must agree to take part in this follow-up. Ask the 
hospital staff how you will receive follow-up and who 
will pay for the follow-up.

A group called the Scientific Registry of Trans-
plant Recipients (SRTR) collects and keeps informa-
tion for every transplant hospital in this country. The 
information shows how well recipients do on average 
after getting transplants. The hospital staff must give 
you information about how well recipients do at the 
hospital performing the recipient’s transplant, if the 
transplant hospital is known in advance. The infor-
mation must include

• percentage of transplant recipients at that hos-
pital still alive one year after transplant
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• percentage of transplanted organs at that hos-
pital still functioning one year after transplant

• percentage of transplant recipients alive and 
transplanted organs functioning after one year, 
in the country overall.

If the transplant centre is not known, staff at 
your donation hospital must give you information 
about

• the percentage of transplant recipients across 
the country who are alive after one year

• the percentage of transplanted organs func-
tioning after one year across the country. 

Ask your ILDA if you need help understanding 
this information.

5  Information You Do Not Have a Right to 
Receive

The hospital staff can only give you some infor-
mation about the transplant candidate if the candi-
date agrees. This information includes

• any reasons why the transplant candidate may 
have increased risk for a bad result after getting 
the transplant

• any personal health information about the can-
didate that the law says is private.

The transplant candidate could have a bad 
result after the transplant. A bad result could be, for 
example, that the organ transplant does not work, the 
recipient has new medical problems or the recipient 
dies. The chance of one of these things happening to 
the recipient of your organ might be higher than it 
would be for other transplant candidates. The hospital 
might decide that the recipient would still benefit and 
that the transplant should happen anyway. The hos-
pital staff is not allowed to tell you about the trans-
plant candidate’s chances of having a bad outcome 
unless the transplant candidate agrees to share the 
information. Each hospital chooses potential donors 
and transplant candidates based on the hospital’s 
own guidelines, practices and judgment.

6 Risks of Donation

The hospital staff must make sure you know 
about the following risks. Ask your ILDA to explain 
any risks you do not understand.

Potential medical risks that could happen 
during the evaluation:

• Being allergic to a test and having a bad reaction.
• Discovery of an infection the hospital staff 

need to report.

• Discovery of a serious medical condition that 
could require more medical tests or treatment 
that you will have to pay for.

• Discovery of a genetic health risk factor or 
issue that you did not know about.

Potential surgical or medical risks that could 
happen if you donate an organ:

• Death or disease (being very overweight, older 
or having high blood pressure or other medical 
conditions could make you more likely to die 
or have a problem).

• Scars, hernia, infection, blood clots, pneu-
monia, nerve injury, pain, tiredness and other 
symptoms that are common when people have 
surgery.

• Abdominal symptoms like bloating, nausea or 
having a bowel obstruction.

Potential mental or social risks after donating:
• Problems with how you feel about your body or 

what it looks like.
• Problems with depression or fear and stress.
• Feeling sad if the transplant recipient becomes 

ill or dies.
• Changes in your lifestyle because you donated 

an organ.

Potential money problems after donating:
• Paying for travel, short-term housing and child 

care, and not being paid while you were away 
or recovering from surgery. Some money may 
be available to help you with such non-medical 
donation-related costs.

• Having to pay for costs of lifelong follow-up 
visits.

• Losing your job or your income.
• Having a hard time finding a job in the future.
• Having a hard time getting, keeping or paying 

for health insurance, disability insurance and 
life insurance.

• Future health problems that may not be covered 
by the transplant recipient’s insurance.

7 Effect on Your Future Health

Living Kidney Donors

If you donate a kidney, hospital staff must 
tell you about how living kidney donation relates to 
ongoing or chronic kidney disease and kidney failure. 
Your ILDA should help you understand these terms.

If you are thinking about donating a kidney, 
you should know these facts:
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• On average, you will permanently lose 25-35 % 
of your kidney function after donating.

• Your risk of having kidney failure later in your 
life is not any higher than it is for someone in 
the general population of a similar age, sex 
or race. However, you are more likely to have 
kidney failure than healthy people who are not 
donors.

• Chronic kidney disease most often starts in the 
middle of your life (40-50 years old). Kidney 
failure most often starts after age 60. If you 
get tested when you are young, doctors cannot 
predict how likely you are to have chronic 
kidney disease or kidney failure later in life.

• If you damage your other kidney (the one you 
did not donate), you may have a higher chance 
of having chronic kidney disease, which could 
go on to become kidney failure.

• You will need medical treatment if you start to 
have kidney failure.

• Current policy gives living donors priority on 
the national waiting list if they need to get a 
kidney transplant in the future. You can ask 
your ILDA or another transplant hospital staff 
member about this policy.

These events and others could happen during 
or after surgery, and they could be short-term or 
permanent:

• You will lose some of your kidney function.
• You could have kidney failure and need dialysis.
• If you become pregnant after donating, you are 

more likely to have high blood pressure during 
pregnancy. This is called ‘pre-eclampsia’.

Living Liver Donors

If you are thinking about donating part of your 
liver, you should know that these events and others 
could happen during or after surgery, and they could 
be short-term or permanent:

• You could have immediate liver failure and 
need a transplant.

• You could have temporary liver problems while 
you recover. This may depend on how much of 
your liver you donate.

• You may need a blood transfusion.
• Your liver may leak and you may need another 

operation to fix the leak.
• You may need more tests after you donate, 

which might also have risks.

8 After You Become a Living Donor
You must agree to give information about your 

health and general status to the hospital where you 
donated for two years after donation. The reason you 
need to have this medical follow-up is to check your 
health and to give you medical treatment as needed.

During this follow-up, like during any medical 
checkup, tests might show that you have a medical 
problem that could need to be treated, and the cost 
of the treatment might not be covered by the recip-
ient’s insurance. Also, if an infectious or sexually- 
transmitted disease is found, the hospital staff may 
need to report it, in confidence, to local, state or 
federal public health authorities, the transplant re-
cipient’s hospital and to the OPTN. The hospital staff 
will not share this information with your recipient, 
your family or any other person the staff is not re-
quired to tell by law.

If you have any questions or concerns about 
any step of living donor evaluation, donation or 
follow- up, ask your transplant hospital team.
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Appendix 32. Recommendations for communicating risks to 
potential living organ donors

1. Start early It may take weeks or months before donors have learned enough about the short- and long-
term risks to be able to make an informed decision about donation.

2. Use written materials 
to inform and explain

Written materials describing risks, using numbers and examples, help donors to understand. 
Such materials can be used both as teaching tools and as a basis for later discussions. Materials 
should be developed and tested in different demographic groups, and should be at an appro-
priate reading level.

3. Allow time Some (but not all) donors need weeks or months to learn about the potential risks and to con-
sider different aspects of donation. Let them have time to gather and process information.

4. Information should 
precede examinations

Education and information about risks should be well ahead of different physical examinations 
to ensure that potential donors are well informed on donation- and evaluation-related risks 
when they undergo the evaluation.

5. Consider using stand-
ardised questionnaires

Standardised forms for donors to answer may serve as a quality control to ascertain that the 
donor has received adequate information about donation-related risks, or to find out where 
there is potential for increasing the donor’s knowledge.

6. Teaching back Encourage the potential donor to “teach back” by telling the transplant professional about the 
risks associated with donation. This may serve simultaneously to assess the donor’s comprehen-
sion and to distinguish between the donor’s perception of risks and the objective risks.

7. Try to express risks 
neutrally as numbers

Health personnel are allowed to use qualitative expressions such as “high” or “low” regarding 
donation-related risks, but it may be even more important to express risks as numbers or 
percentages. For example, to state that pre-eclampsia or hypertension occurred in 11 % of 
pregnancies among previous kidney donors as opposed to 5 % of pregnancies in non-donors 
could be of more value to a potential donor than to say that there was “slight increase in the risk 
of pre-eclampsia”.

8. Remain accessible Donors who are under evaluation may benefit from having contact details for someone at the 
transplant centre who can answer questions as they arise during the evaluation process.

9. Educate transplant 
professionals in risk 
communication

Most transplant professionals know or have easy access to medical information on the short- 
and long-term risks that donors are facing. However, they may not necessarily have any formal 
education in how to communicate risks, or how to participate in shared decision making.

10. Relative v. absolute 
risks

For rare outcomes such as end-stage renal disease in previous kidney donors, a high relative 
risk could translate into a low absolute risk. However, this does not apply to more common 
outcomes.

11. Acknowledge uncer-
tainties

Communicate to donors the degree of uncertainty associated with different risk estimates. This 
is especially important in younger donors.

12. Be neutral The donor is the one making the decision whether to donate an organ or not. The role of the 
transplant professional is to provide neutral and clear information.
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13. Young (< 30-40 years) 
donors are a special 
group

Long-term risk after donation is likely to be proportional to the remaining lifespan of the donor. 
Current studies on living organ donors are limited in follow-up time, making extrapolation of 
study results on behalf of young donors more uncertain than for middle-aged or older donors. 
Finally, most diseases will appear during middle age, making a normal donor evaluation in a 
young donor less reassuring than a normal donor evaluation in a middle-aged or older donor. 
This should all be taken into account when informing young donors.

14. Try to tailor informa-
tion according to demo-
graphic group

Certain demographic or ethnic minority groups may be at increased risk after donation as com-
pared to other groups. These people should receive information taking this into account.

15. There should always be 
an opportunity to stop 
the evaluation

Let the potential donor understand that they may change their mind regarding donation at 
any time, that the evaluation process will be stopped accordingly and that the transplant pro-
gramme will assist in communicating the decision to the intended recipient.
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