
 

 

Guide to the quality 
and safety of

TISSUES AND CELLS
for human application

European Committee  
(Partial Agreement)  

on Organ Transplantation 
(CD-P-TO)

EDQM
5th Edition
2022

Direction européenne
de la qualité 
du médicament
& soins de santé

European Directorate
for the Quality 

of Medicines
& HealthCare





European Directorate for the Quality of Medicines & HealthCare (EDQM)

Guide to the quality and 
safety of tissues and cells 

for human application

5th Edition

TC5_en.indb   1TC5_en.indb   1 14/12/2022   13:21:0714/12/2022   13:21:07



European Directorate for the Quality of Medicines & HealthCare (EDQM) 
Council of Europe 
7 allée Kastner, CS 30026 
F-67081 Strasbourg 
France

Internet: www.edqm.eu 
For ordering: www.edqm.eu/store 
FAQs & EDQM HelpDesk: www.edqm.eu/hd

ISBN 978-92-871-9303-2.

© Council of Europe, 2022.

All rights reserved. Requests concerning the reproduction/translation of all or part of the document (and, 
in particular, any figures or tables) should be addressed to the EDQM HelpDesk, http://www.edqm.eu/
hd/. Otherwise, short extracts may be reproduced, on condition that they are not used out of context and 
do not provide incomplete information or mislead the reader. The source must be duly acknowledged.

Cover photo: Dr Diego Ponzin and Dr Davide Camposampiero, courtesy of Sofia Comis and Virginia 
Jannuzzi, The Veneto Eye Bank Foundation, Venice, Italy

Printed at the Council of Europe.

The Guide to the quality and safety of tissues and cells for human application is published by the European 
Directorate for the Quality of Medicines & HealthCare of the Council of Europe (EDQM).

Editorial director: Dr P. Doerr

Page layout and cover: EDQM

TC5_en.indb   2TC5_en.indb   2 14/12/2022   13:21:0714/12/2022   13:21:07

http://www.edqm.eu/
http://www.edqm.eu/store/
http://www.edqm.eu/hd/


3

Contents

List of figures, page 13

List of tables, page 15

Foreword, page 17

Part A. General requirements

Chapter 1. Introduction, page 25
∙ 1.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  25
∙ 1.2. Scope and purpose of this Guide  � � � � � � � � � � �  26
∙ 1.3. Brief history of the application and banking 

of tissues and cells of human origin � � � � � � � � �  27
∙ 1.4. Benefits and risks of human application of 

tissues and cells � � � � � � � � � � � � � � � � � � � � � � � � � �  30
∙ 1.5. The process of donation of tissues and cells 

and their application in humans� � � � � � � � � � � �  32
∙ 1.6. Tissue banks, tissue establishments and 

biobanks � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  34
∙ 1.7. Quality management � � � � � � � � � � � � � � � � � � � � �  34
∙ 1.8. Ethical issues  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  35
∙ 1.8.1. Consent  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  35
∙ 1.8.2. Conflicts of interest  � � � � � � � � � � � � � � � � � � � �  36
∙ 1.8.3. Financial aspects of donation and human 

application of tissues and cells  � � � � � � � � � � �  36
∙ 1.8.4. Equitable access to transplantation or to 

medically assisted reproduction � � � � � � � � � �  37
∙ 1.8.5. Equity in donation  � � � � � � � � � � � � � � � � � � � � �  38
∙ 1.8.6. Anonymity� � � � � � � � � � � � � � � � � � � � � � � � � � � �  39
∙ 1.8.7. Transparency� � � � � � � � � � � � � � � � � � � � � � � � � �  39
∙ 1.9. Recommendations and regulations in the field  39
∙ 1.9.1. Council of Europe� � � � � � � � � � � � � � � � � � � � � �  39
∙ 1.9.2. World Health Organization  � � � � � � � � � � � � �  41
∙ 1.9.3. European Union  � � � � � � � � � � � � � � � � � � � � � � �  42
∙ 1.10. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  45

Chapter 2. Quality management and validation, page 50
∙ 2.1. Quality management  � � � � � � � � � � � � � � � � � � � � �  50
∙ 2.2. Applying a quality management system in 

donation and banking of tissues and cells� � � � � 51

∙ 2.3. Personnel and organisation � � � � � � � � � � � � � � � � � 51
∙ 2.3.1. Key personnel  � � � � � � � � � � � � � � � � � � � � � � � � � � 51
∙ 2.3.2. Training and qualification of staff  � � � � � � � �  52
∙ 2.3.3. Safety issues for healthcare personnel 

working with tissues and cells for human 
application � � � � � � � � � � � � � � � � � � � � � � � � � � � �  52

∙ 2.3.4. Safety issues for tissues or cells handled by 
personnel with bacterial or viral infections   53

∙ 2.4. Premises  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  53
∙ 2.5. Equipment and materials � � � � � � � � � � � � � � � � � �  54
∙ 2.5.1. Equipment � � � � � � � � � � � � � � � � � � � � � � � � � � � �  54
∙ 2.5.2. Materials, consumables and reagents  � � � � �  54
∙ 2.6. Outsourced activities management (contrac-

tual arrangements)  � � � � � � � � � � � � � � � � � � � � � � �  55
∙ 2.7. Documentation and records  � � � � � � � � � � � � � � �  55
∙ 2.7.1. Documentation � � � � � � � � � � � � � � � � � � � � � � � �  56
∙ 2.7.2. Records� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  56
∙ 2.8. Change control  � � � � � � � � � � � � � � � � � � � � � � � � � �  57
∙ 2.9. Complaints � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  57
∙ 2.10. Investigation and reporting of deviations, 

adverse events and adverse reactions � � � � � � � �  58
∙ 2.11. Recall� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  58
∙ 2.12. Qualification, validation and verification � � � �  58
∙ 2.12.1. General principles� � � � � � � � � � � � � � � � � � � � � �  58
∙ 2.12.2. Validation planning  � � � � � � � � � � � � � � � � � � � �  60
∙ 2.12.3. Documentation � � � � � � � � � � � � � � � � � � � � � � � �  61
∙ 2.12.4. Qualification of operators � � � � � � � � � � � � � � �  61
∙ 2.12.5. Qualification of materials and suppliers � � �  61
∙ 2.12.6. Qualification of premises and equipment � �  61
∙ 2.12.7. Qualification of software � � � � � � � � � � � � � � � �  62
∙ 2.12.8. Calibration� � � � � � � � � � � � � � � � � � � � � � � � � � � �  62
∙ 2.12.9. Verification or validation of analytical tests  63

TC5_en.indb   3TC5_en.indb   3 19/12/2022   09:06:4919/12/2022   09:06:49



4

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

∙ 2.12.10. Process validation � � � � � � � � � � � � � � � � � � � � � �  63
∙ 2.13. Quality review � � � � � � � � � � � � � � � � � � � � � � � � � � �  63
∙ 2.13.1. Quality control  � � � � � � � � � � � � � � � � � � � � � � � �  63
∙ 2.13.2. Self-assessment, internal audit and ex-

ternal audit  � � � � � � � � � � � � � � � � � � � � � � � � � � �  64
∙ 2.13.3. Monitoring� � � � � � � � � � � � � � � � � � � � � � � � � � � �  64
∙ 2.14. Continuity planning � � � � � � � � � � � � � � � � � � � � � �  64
∙ 2.15. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  64

Chapter 3. Risk management, page 66
∙ 3.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  66
∙ 3.2. Hazard analysis and critical control points  � �  67
∙ 3.3. Failure mode, effects and criticality analysis  �  67
∙ 3.4. Root cause analysis � � � � � � � � � � � � � � � � � � � � � � �  68
∙ 3.5. EuroGTP II process  � � � � � � � � � � � � � � � � � � � � � �  68
∙ 3.5.1. Background � � � � � � � � � � � � � � � � � � � � � � � � � � �  68
∙ 3.5.2. Principles � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  68
∙ 3.5.3. Rationale  � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  69
∙ 3.6. EDQM Microbiological Risk of Contamina-

tion Assessment tool� � � � � � � � � � � � � � � � � � � � � �  69
∙ 3.6.1. Background � � � � � � � � � � � � � � � � � � � � � � � � � � �  69
∙ 3.6.2. Approach  � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  69
∙ 3.6.3. Interpretation of outcomes  � � � � � � � � � � � � � �  72
∙ 3.7. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  73

Chapter 4. Recruitment of potential donors, 
identification and consent, page 74

∙ 4.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  74
∙ 4.2. Living donors � � � � � � � � � � � � � � � � � � � � � � � � � � � �  75
∙ 4.2.1. Donor recruitment � � � � � � � � � � � � � � � � � � � � �  75
∙ 4.2.2. Consent for living donation  � � � � � � � � � � � � �  76
∙ 4.3. Deceased donors  � � � � � � � � � � � � � � � � � � � � � � � � �  78
∙ 4.3.1. Identification and referral of deceased 

tissue donors � � � � � � � � � � � � � � � � � � � � � � � � � �  79
∙ 4.3.2. Consent for deceased donation� � � � � � � � � � �  79
∙ 4.3.3. Approaching the families of potential 

tissue donors � � � � � � � � � � � � � � � � � � � � � � � � � �  82
∙ 4.4. Special considerations  � � � � � � � � � � � � � � � � � � � �  85
∙ 4.5. Conclusions  � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  86
∙ 4.6. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  86

Chapter 5. Donor evaluation, page 88
∙ 5.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  88
∙ 5.1.1. Donor evaluation  � � � � � � � � � � � � � � � � � � � � � �  88
∙ 5.2. Assessment of potential autologous donors  � �  89
∙ 5.2.1. General evaluation  � � � � � � � � � � � � � � � � � � � � �  89
∙ 5.2.2. General contraindications� � � � � � � � � � � � � � �  89
∙ 5.3. Assessment of potential allogeneic donors  � � �  89
∙ 5.3.1. General evaluation  � � � � � � � � � � � � � � � � � � � � �  89
∙ 5.3.2. Generic contraindications for tissue and 

cell donation  � � � � � � � � � � � � � � � � � � � � � � � � � �  92
∙ 5.3.3. Evaluation of personal and social history � �  97
∙ 5.3.4. Relative contraindications� � � � � � � � � � � � � � �  99
∙ 5.4. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  100

Chapter 6. Donor testing – markers for infectious 
diseases, page 103

∙ 6.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 103
∙ 6.2. General concepts � � � � � � � � � � � � � � � � � � � � � � � � � 103
∙ 6.3. Quality of donor samples � � � � � � � � � � � � � � � � �  104
∙ 6.3.1. Sample collection (sample type, tubes, 

labelling, time limits and handling)  � � � � �  104
∙ 6.3.2. Haemodilution assessment  � � � � � � � � � � � � �  106
∙ 6.4. Testing laboratories� � � � � � � � � � � � � � � � � � � � � � � 107
∙ 6.5. Tests to be carried out� � � � � � � � � � � � � � � � � � � � � 107
∙ 6.5.1. Mandatory tests  � � � � � � � � � � � � � � � � � � � � � � � 107

∙ 6.5.2. Additional tests � � � � � � � � � � � � � � � � � � � � � � �  109
∙ 6.5.3. Re-tests of samples from living donors 

(allogeneic use)  � � � � � � � � � � � � � � � � � � � � � � �  109
∙ 6.5.4. Testing of autologous samples� � � � � � � � � � � � 110
∙ 6.6. Reporting and documentation of test results  � 110
∙ 6.7. Archived samples  � � � � � � � � � � � � � � � � � � � � � � � �  111
∙ 6.8. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  111

Chapter 7. Procurement, page 113
∙ 7.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  113
∙ 7.2. Personnel  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  113
∙ 7.3. Facilities, equipment and materials  � � � � � � � � � 114
∙ 7.3.1. Facilities � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 114
∙ 7.3.2. Equipment and materials� � � � � � � � � � � � � � � � 114
∙ 7.3.3. Identification, packaging, containers and 

labelling � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  115
∙ 7.4. Procedures  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  115
∙ 7.4.1. Processing at the procurement site� � � � � � � �  117
∙ 7.4.2. Temporary storage and transportation to 

the tissue establishment� � � � � � � � � � � � � � � � � 118
∙ 7.5. Documentation  � � � � � � � � � � � � � � � � � � � � � � � � � � 118
∙ 7.6. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  119

Chapter 8. Premises, page 120
∙ 8.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  120
∙ 8.2. Requirements of storage facilities � � � � � � � � � �  120
∙ 8.3. Requirements of processing facilities� � � � � � � �  121
∙ 8.4. Selecting the appropriate air quality for pro-

cessing � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 123
∙ 8.5. Qualification and monitoring � � � � � � � � � � � � �  124
∙ 8.5.1. Qualification  � � � � � � � � � � � � � � � � � � � � � � � � �  124
∙ 8.5.2. Monitoring particle concentration� � � � � � �  126
∙ 8.5.3. Microbiological monitoring  � � � � � � � � � � � � � 127
∙ 8.5.4. Incubation of samples  � � � � � � � � � � � � � � � � �  128
∙ 8.6. Avoiding contamination and cross-contami-

nation  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  129
∙ 8.7. Cleaning  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 130
∙ 8.8. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  131

Chapter 9. Processing, page 132
∙ 9.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 132
∙ 9.2. Receipt at the tissue establishment � � � � � � � � � �  133
∙ 9.3. Coding  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 134
∙ 9.4. Processing methods  � � � � � � � � � � � � � � � � � � � � � � 134
∙ 9.4.1. Processing reagents  � � � � � � � � � � � � � � � � � � � � 134
∙ 9.4.2. Processing techniques  � � � � � � � � � � � � � � � � � �  135
∙ 9.5. Preservation methods� � � � � � � � � � � � � � � � � � � � � 136
∙ 9.5.1. Types of preservation � � � � � � � � � � � � � � � � � � � 136
∙ 9.6. Decontamination methods  � � � � � � � � � � � � � � � �  137
∙ 9.6.1. Types of decontamination � � � � � � � � � � � � � � �  137
∙ 9.6.2. Sterilisation methodologies applicable to 

tissue grafts  � � � � � � � � � � � � � � � � � � � � � � � � � � � 138
∙ 9.7. Requirements for processing facilities � � � � � � � 138
∙ 9.7.1. Avoiding contamination and cross-con-

tamination � � � � � � � � � � � � � � � � � � � � � � � � � � � � 139
∙ 9.8. Quality control  � � � � � � � � � � � � � � � � � � � � � � � � � � 139
∙ 9.8.1. General considerations  � � � � � � � � � � � � � � � � � 139
∙ 9.8.2. Microbiological testing  � � � � � � � � � � � � � � � � � 139
∙ 9.9. Significant changes in processing protocols � � 139
∙ 9.10. Process validation and verification� � � � � � � � �  140
∙ 9.11. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 141

Chapter 10. Storage, page 142
∙ 10.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  142
∙ 10.2. Storage� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  142
∙ 10.2.1. General � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  142

TC5_en.indb   4TC5_en.indb   4 19/12/2022   09:06:4919/12/2022   09:06:49



5

CONTENTS

∙ 10.2.2. Methods of storage � � � � � � � � � � � � � � � � � � � �  143
∙ 10.2.3. Storage temperature � � � � � � � � � � � � � � � � � � �  143
∙ 10.2.4. Requirements for storage facilities � � � � � � �  143
∙ 10.2.5. Selecting appropriate air quality for 

storage  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  144
∙ 10.2.6. Environmental monitoring � � � � � � � � � � � � �  144
∙ 10.2.7. Special safety measures for liquid nitrogen 

facilities  � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  144
∙ 10.2.8. Avoiding contamination and cross- 

contamination� � � � � � � � � � � � � � � � � � � � � � � �  144
∙ 10.2.9. Types of storage� � � � � � � � � � � � � � � � � � � � � � � � 145
∙ 10.2.10. Expiry date� � � � � � � � � � � � � � � � � � � � � � � � � � � � 145
∙ 10.3. Disposal of human tissues and cells � � � � � � � �  146
∙ 10.4. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  146

Chapter 11. Principles of microbiological testing, page 147
∙ 11.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  147
∙ 11.2. Testing� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  147
∙ 11.2.1. Sampling  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  147
∙ 11.2.2. Microbiological testing for bacteria and 

fungi � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  148
∙ 11.2.3. Testing for mycoplasma and mycobacteria  149
∙ 11.2.4. Testing for pyrogens � � � � � � � � � � � � � � � � � � � � 150
∙ 11.2.5. Bioburden testing � � � � � � � � � � � � � � � � � � � � � � 150
∙ 11.3. Conditions and methods of microbiological 

testing � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 150
∙ 11.3.1. Sterility testing (Ph. Eur. 2.6.1) � � � � � � � � � � � 150
∙ 11.3.2. Microbiological testing using automated 

culture systems � � � � � � � � � � � � � � � � � � � � � � � �  151
∙ 11.3.3. Microbial enumerations tests (Ph. Eur. 

2.6.12 and 2.6.13)� � � � � � � � � � � � � � � � � � � � � � � � 152
∙ 11.3.4. Alternative methods for control of micro-

biological quality (Ph. Eur. 5.1.6)  � � � � � � � � �  153
∙ 11.4. Validation or verification of microbiological 

testing methods � � � � � � � � � � � � � � � � � � � � � � � � � �  153
∙ 11.4.1. Growth-promotion testing  � � � � � � � � � � � � � �  153
∙ 11.4.2. Method suitability  � � � � � � � � � � � � � � � � � � � � �  153
∙ 11.4.3. Documentation and interpretation of 

results � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 154
∙ 11.5. Microbiological examination of donors  � � � � � 154
∙ 11.6. Interpretation of results and actions to be 

taken  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  155
∙ 11.7. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  155

Chapter 12. Release, distribution and import/
export, page 157

∙ 12.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  157
∙ 12.2. Release� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 158
∙ 12.2.1. Release procedure � � � � � � � � � � � � � � � � � � � � � � 158
∙ 12.2.2. Exceptional release � � � � � � � � � � � � � � � � � � � � � 158
∙ 12.2.3. Risk assessment� � � � � � � � � � � � � � � � � � � � � � � � 158
∙ 12.2.4. Disposal of human tissues and cells� � � � � � � 158
∙ 12.3. Transport  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 159
∙ 12.4. Allocation � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 159
∙ 12.4.1. Visual examination  � � � � � � � � � � � � � � � � � � � � 159
∙ 12.4.2. Medical competence� � � � � � � � � � � � � � � � � � �  160
∙ 12.4.3. Documentation � � � � � � � � � � � � � � � � � � � � � � �  160
∙ 12.4.4. Recall and return procedures  � � � � � � � � � � �  160
∙ 12.5. Import and export� � � � � � � � � � � � � � � � � � � � � � �  160
∙ 12.5.1. Underlying principles� � � � � � � � � � � � � � � � � �  160
∙ 12.5.2. Import  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  160
∙ 12.5.3. Customs and security clearance � � � � � � � � � �  161
∙ 12.5.4. Acceptance at the tissue establishment � � � �  161
∙ 12.5.5. EU requirements for importing tissues and 

cells � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  162
∙ 12.5.6. Export� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 163

∙ 12.6. International co-operation  � � � � � � � � � � � � � � � � 163
∙ 12.7. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 163

Chapter 13. Interaction between tissue establishments 
and organisations responsible for human 
application, page 164

∙ 13.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  164
∙ 13.2. Decisions on using and ordering tissues and 

cells  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  164
∙ 13.3. Choosing a supplier of tissues or cells  � � � � � �  164
∙ 13.4. Importing tissues or cells from other coun-

tries  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 165
∙ 13.5. Exceptional release  � � � � � � � � � � � � � � � � � � � � � �  166
∙ 13.6. Recipient consent  � � � � � � � � � � � � � � � � � � � � � � �  166
∙ 13.7. Centralised versus devolved management of 

tissues and cells � � � � � � � � � � � � � � � � � � � � � � � � � � 167
∙ 13.8. Checks by ORHA on accepting delivery � � � � � 167
∙ 13.9. Package insert/instructions and temporary 

storage before use  � � � � � � � � � � � � � � � � � � � � � � � � 167
∙ 13.10. Inspection of the container, documentation 

and tissues or cells prior to application � � � � �  168
∙ 13.11. Preparation of tissues or cells before use � � � �  168
∙ 13.12. Surplus or unused tissues or cells � � � � � � � � � �  168
∙ 13.13. Traceability� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  169
∙ 13.14. Recipient follow-up and clinical outcome 

registries � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  169
∙ 13.15. Adverse events and adverse reactions  � � � � � � � 170
∙ 13.16. Management of recalls and reviews  � � � � � � � � � 170
∙ 13.17. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 170

Chapter 14. Computerised systems, page 172
∙ 14.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 172
∙ 14.2. Planning the implementation of a computer-

ised system � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 172
∙ 14.3. Qualification and testing � � � � � � � � � � � � � � � � � �  175
∙ 14.4. Change control  � � � � � � � � � � � � � � � � � � � � � � � � � � 177
∙ 14.5. Maintenance and scheduled operations  � � � � � 177
∙ 14.6. Quality assurance  � � � � � � � � � � � � � � � � � � � � � � � � 177
∙ 14.7. Industry guidance for verification of comput-

erised systems  � � � � � � � � � � � � � � � � � � � � � � � � � �  178
∙ 14.8. Regulations and official guidance on verifica-

tion of computerised systems  � � � � � � � � � � � � �  178
∙ 14.9. Infrastructure  � � � � � � � � � � � � � � � � � � � � � � � � � �  178
∙ 14.10. Failure of the system � � � � � � � � � � � � � � � � � � � � �  178
∙ 14.11. Electronic signature  � � � � � � � � � � � � � � � � � � � � �  178
∙ 14.12. Data protection  � � � � � � � � � � � � � � � � � � � � � � � � �  178
∙ 14.13. Archiving  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 179
∙ 14.14. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 179

Chapter 15. Coding, packaging and labelling, page 181
∙ 15.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  181
∙ 15.2. Coding  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  181
∙ 15.2.1. ISBT 128  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  181
∙ 15.2.2. Eurocode  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 182
∙ 15.2.3. Single European Code for tissues and cells  182
∙ 15.3. Packaging and labelling � � � � � � � � � � � � � � � � � � � 185
∙ 15.3.1. General concepts� � � � � � � � � � � � � � � � � � � � � � � 185
∙ 15.3.2. Packaging of tissues and cells � � � � � � � � � � �  186
∙ 15.3.3. Labelling of tissues and cells � � � � � � � � � � � �  186
∙ 15.4. Sample and documentation labelling� � � � � � � � 187
∙ 15.5. Management of packaging and labelling mate-

rials  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 187
∙ 15.6. Packaging and labelling for procurement 

operations� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 187
∙ 15.6.1. Primary packaging and labelling for pro-

curement operations� � � � � � � � � � � � � � � � � � � � 187

TC5_en.indb   5TC5_en.indb   5 19/12/2022   09:06:4919/12/2022   09:06:49



6

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

∙ 15.6.2. Secondary packaging and labelling for pro-
curement operations� � � � � � � � � � � � � � � � � � �  189

∙ 15.6.3. Outer container packaging and labelling 
for procurement operations  � � � � � � � � � � � �  189

∙ 15.6.4. Procurement package insert  � � � � � � � � � � � �  190
∙ 15.7. Packaging and labelling of tissues and cells  �  190
∙ 15.7.1. Primary packaging and labelling   � � � � � � �  190
∙ 15.7.2. Secondary packaging and labelling � � � � � �  190
∙ 15.7.3. Outer container packaging and labelling �  190
∙ 15.7.4. Package insert � � � � � � � � � � � � � � � � � � � � � � � �  190
∙ 15.8. Customs clearance  � � � � � � � � � � � � � � � � � � � � � �  190
∙ 15.9. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  191

Chapter 16. Traceability, page 193
∙ 16.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 193
∙ 16.2. How traceability works� � � � � � � � � � � � � � � � � � � � 195
∙ 16.3. Which records must be traceable?  � � � � � � � � �  196
∙ 16.3.1. Records of identification, donor tests and 

clinical evaluation of the donor  � � � � � � � � � � 197
∙ 16.3.2. Records of procurement of tissues and cells

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 197
∙ 16.3.3. Records of processing of tissues and cells �  198
∙ 16.3.4. Records of storage and distribution of 

tissues and cells� � � � � � � � � � � � � � � � � � � � � � �  198
∙ 16.3.5. Records of clinical application of tissues 

and cells � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  198
∙ 16.4. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  199

Chapter 17. Biovigilance, page 200
∙ 17.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  200
∙ 17.1.1. Biovigilance phases  � � � � � � � � � � � � � � � � � � �  200
∙ 17.2. Definitions  � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  201
∙ 17.2.1. Adverse events� � � � � � � � � � � � � � � � � � � � � � � �  201
∙ 17.2.2. Adverse reactions  � � � � � � � � � � � � � � � � � � � � �  201
∙ 17.3. Management and quality of vigilance  � � � � � �  202

∙ 17.3.1. Vigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  202
∙ 17.3.2. Surveillance � � � � � � � � � � � � � � � � � � � � � � � � � �  203
∙ 17.3.3. Surveillance for new risks  � � � � � � � � � � � � � �  203
∙ 17.4. Adverse reactions  � � � � � � � � � � � � � � � � � � � � � � �  204
∙ 17.4.1. Detection of adverse reactions  � � � � � � � � � �  204
∙ 17.4.2. Serious adverse reactions reporting � � � � � �  205
∙ 17.4.3. Investigation and assessment of adverse 

reactions� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  208
∙ 17.5. Adverse events � � � � � � � � � � � � � � � � � � � � � � � � � �  210
∙ 17.5.1. Detection of serious adverse events  � � � � � �  210
∙ 17.5.2. Serious adverse event reporting  � � � � � � � � �  210
∙ 17.5.3. Investigation and assessment of serious 

adverse events  � � � � � � � � � � � � � � � � � � � � � � � � �  211
∙ 17.6. Vigilance co-ordination � � � � � � � � � � � � � � � � � � �  211
∙ 17.6.1. Rapid alerts  � � � � � � � � � � � � � � � � � � � � � � � � � � �  211
∙ 17.7. Vigilance communication: education and 

training� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  212
∙ 17.7.1. ‘No blame’ culture  � � � � � � � � � � � � � � � � � � � �  212
∙ 17.7.2. Vigilance experience and feedback  � � � � � �  212
∙ 17.7.3. Educational training and workshops� � � � �  212
∙ 17.8. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  212

Chapter 18. Introduction of novel processes and clinical 
applications, page 214

∙ 18.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  214
∙ 18.2. Regulatory considerations � � � � � � � � � � � � � � � �  214
∙ 18.3. Interaction between key stakeholders  � � � � � � � 215
∙ 18.3.1. Responsibilities of the tissue establishment  215
∙ 18.3.2. Responsibilities of the clinicians/organisa-

tions responsible for human application � � � 217
∙ 18.3.3.  Responsibilities of the Health Authorities  217
∙ 18.4. Life-cycle management of novelties and regis-

tries of consolidated practices� � � � � � � � � � � � �  218
∙ 18.5. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  218

Part B. Specific requirements for  substances of human origin

Chapter 19. Ocular tissue, page 221
∙ 19.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  221
∙ 19.1.1. Corneal transplantation� � � � � � � � � � � � � � � �  221
∙ 19.1.2. Further use of ocular tissue� � � � � � � � � � � � �  223
∙ 19.2. Donor evaluation� � � � � � � � � � � � � � � � � � � � � � � �  223
∙ 19.2.1. Tissue-specific exclusion criteria for ocular 

tissue donation  � � � � � � � � � � � � � � � � � � � � � � �  223
∙ 19.3. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � � �  225
∙ 19.3.1. Post mortem time  � � � � � � � � � � � � � � � � � � � � �  225
∙ 19.3.2. Procurement team  � � � � � � � � � � � � � � � � � � � �  225
∙ 19.3.3. Procurement procedures � � � � � � � � � � � � � � �  225
∙ 19.3.4. Reconstruction of the donor � � � � � � � � � � � �  226
∙ 19.4. Temporary storage and transportation to the 

tissue establishment  � � � � � � � � � � � � � � � � � � � � �  226
∙ 19.5. Processing, preservation and storage � � � � � � �  226
∙ 19.5.1. Processing facilities  � � � � � � � � � � � � � � � � � � �  226
∙ 19.5.2. Cornea processing methods  � � � � � � � � � � � �  226
∙ 19.5.3. Cornea storage methods  � � � � � � � � � � � � � � �  226
∙ 19.5.4. Sclera processing and storage  � � � � � � � � � � �  227
∙ 19.6. Microbiological testing� � � � � � � � � � � � � � � � � � �  227
∙ 19.7. Quality control and cornea evaluation  � � � � �  228
∙ 19.8. Corneal transplant registries� � � � � � � � � � � � � �  229
∙ 19.9. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  230
∙ 19.10. Patient follow-up � � � � � � � � � � � � � � � � � � � � � � � � � 231
∙ 19.11. Developing applications for patient treatment

  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  232
∙ 19.12. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  232

Chapter 20. Amniotic membrane, page 235
∙ 20.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 235
∙ 20.1.1. Properties of amniotic membrane  � � � � � � � � 235
∙ 20.2. Donor recruitment and evaluation� � � � � � � � �  236
∙ 20.2.1. Specific exclusion criteria  � � � � � � � � � � � � � �  236
∙ 20.3. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � � �  236
∙ 20.3.1. Procurement facility and procurement 

team  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  236
∙ 20.3.2. Temporary storage and transportation to 

the tissue establishment� � � � � � � � � � � � � � � � � 237
∙ 20.4. Processing and storage � � � � � � � � � � � � � � � � � � � � 237
∙ 20.4.1. Receipt of placenta/fetal membranes at the 

tissue establishment � � � � � � � � � � � � � � � � � � � � 237
∙ 20.4.2. Processing facilities  � � � � � � � � � � � � � � � � � � � � 237
∙ 20.4.3. Processing and preservation methods � � � � � 237
∙ 20.5. Quality control  � � � � � � � � � � � � � � � � � � � � � � � � �  239
∙ 20.6. Distribution  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  239
∙ 20.7. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  239
∙ 20.8. Patient follow-up � � � � � � � � � � � � � � � � � � � � � � � �  239
∙ 20.9. Developing applications for patient treatment

  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  240
∙ 20.9.1. De-epithelialised amniotic membrane  � � �  240
∙ 20.9.2. Amnion-chorion membrane � � � � � � � � � � � �  240
∙ 20.10. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  240

Chapter 21. Skin, page 245
∙ 21.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  245

TC5_en.indb   6TC5_en.indb   6 19/12/2022   09:06:5019/12/2022   09:06:50



7

CONTENTS

∙ 21.2. Skin-specific donor evaluation  � � � � � � � � � � � �  246
∙ 21.2.1. Skin inspection and skin-specific contrain-

dications� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  246
∙ 21.3. Skin procurement  � � � � � � � � � � � � � � � � � � � � � � �  246
∙ 21.3.1. Procurement teams and sequence  � � � � � � �  247
∙ 21.3.2. Skin-procurement procedure  � � � � � � � � � � �  247
∙ 21.3.3. Reconstruction of the skin donor� � � � � � � �  248
∙ 21.3.4. Temporary storage and transportation to 

the tissue establishment� � � � � � � � � � � � � � � �  248
∙ 21.3.5. Procurement documentation  � � � � � � � � � � �  248
∙ 21.4. Skin processing  � � � � � � � � � � � � � � � � � � � � � � � � �  248
∙ 21.4.1. Skin processing methods � � � � � � � � � � � � � � �  249
∙ 21.4.2. Glycerol-preserved skin allografts � � � � � � �  249
∙ 21.4.3. Unprocessed skin allografts  � � � � � � � � � � � �  249
∙ 21.4.4. Cryopreserved and deep-frozen skin allo-

grafts� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  249
∙ 21.4.5. Lyophilised skin allografts  � � � � � � � � � � � � �  250
∙ 21.4.6. De-epidermised skin  � � � � � � � � � � � � � � � � � �  250
∙ 21.4.7. Skin tissue decellularisation  � � � � � � � � � � � �  250
∙ 21.4.8. Processing facilities  � � � � � � � � � � � � � � � � � � � � 251
∙ 21.4.9. Sterilisation of skin allografts � � � � � � � � � � � � 251
∙ 21.5. Quality control  � � � � � � � � � � � � � � � � � � � � � � � � � � 251
∙ 21.5.1. Microbiological control � � � � � � � � � � � � � � � � � 251
∙ 21.5.2. Skin allograft performance and quality 

issues � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  252
∙ 21.6. Packaging and labelling � � � � � � � � � � � � � � � � � �  252
∙ 21.7. Storage� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 253
∙ 21.7.1. Expiry date� � � � � � � � � � � � � � � � � � � � � � � � � � � � 253
∙ 21.8. Skin allograft distribution � � � � � � � � � � � � � � � � � 253
∙ 21.9. Acceptance criteria and exceptional release �  254
∙ 21.10. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  254
∙ 21.11. Developing applications � � � � � � � � � � � � � � � � � �  254
∙ 21.11.1. Epidermal cell suspensions � � � � � � � � � � � � � � 255
∙ 21.11.2. Epidermal 3D cell cultures  � � � � � � � � � � � � � � 255
∙ 21.11.3. Skin composite grafts – nipple preserva-

tion  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 255
∙ 21.12. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  256

Chapter 22. Cardiovascular tissue, page 259
∙ 22.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  259
∙ 22.2. Donor evaluation� � � � � � � � � � � � � � � � � � � � � � � �  260
∙ 22.2.1. Contraindications and exclusion criteria 

specific to cardiovascular tissue donation   260
∙ 22.3.  Procurement � � � � � � � � � � � � � � � � � � � � � � � � � � �  261
∙ 22.3.1. Procurement team  � � � � � � � � � � � � � � � � � � � �  261
∙ 22.3.2. Post mortem procurement time  � � � � � � � � �  261
∙ 22.3.3. Procurement procedure � � � � � � � � � � � � � � � �  261
∙ 22.3.4. Tissue transportation to the tissue estab-

lishment � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  261
∙ 22.3.5. Procurement documentation  � � � � � � � � � � �  262
∙ 22.4. Processing� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  262
∙ 22.4.1. Cardiovascular tissue-processing methods  262
∙ 22.4.2. Processing facilities  � � � � � � � � � � � � � � � � � � �  262
∙ 22.5. Cryopreservation and storage � � � � � � � � � � � � �  262
∙ 22.6. Decellularisation of cardiovascular tissues� �  263
∙ 22.6.1. Opportunities  � � � � � � � � � � � � � � � � � � � � � � � �  263
∙ 22.6.2. Challenges  � � � � � � � � � � � � � � � � � � � � � � � � � � �  263
∙ 22.7. Quality control  � � � � � � � � � � � � � � � � � � � � � � � � �  264
∙ 22.8. Cardiovascular allograft distribution  � � � � � �  265
∙ 22.9. Cardiovascular tissue thawing  � � � � � � � � � � � �  265
∙ 22.10. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  265
∙ 22.11. Developing clinical applications � � � � � � � � � � �  266
∙ 22.11.1. Veins � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  266
∙ 22.12. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  266

Chapter 23. Musculoskeletal tissue, page 268
∙ 23.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  268
∙ 23.2. Donor evaluation� � � � � � � � � � � � � � � � � � � � � � � �  269
∙ 23.2.1. Donor age� � � � � � � � � � � � � � � � � � � � � � � � � � � �  269
∙ 23.2.2. Musculoskeletal tissue: specific exclusion 

criteria � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  269
∙ 23.3. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � � �  269
∙ 23.3.1. Procurement from deceased donors  � � � � �  270
∙ 23.3.2. Procurement from living donors  � � � � � � � � � 271
∙ 23.3.3. Temporary storage and transportation to 

the tissue establishment� � � � � � � � � � � � � � � � � 271
∙ 23.3.4. Procurement documentation  � � � � � � � � � � � � 271
∙ 23.4. Processing� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 271
∙ 23.4.1. Processing facilities  � � � � � � � � � � � � � � � � � � � � 271
∙ 23.4.2. Cleansing (physical preparation/defatting)  272
∙ 23.4.3. Removal of micro-organisms and virus 

inactivation � � � � � � � � � � � � � � � � � � � � � � � � � �  273
∙ 23.4.4. Terminal sterilisation� � � � � � � � � � � � � � � � � �  273
∙ 23.5. Quality control  � � � � � � � � � � � � � � � � � � � � � � � � �  273
∙ 23.6. Labelling and packaging  � � � � � � � � � � � � � � � � �  274
∙ 23.7. Preservation/storage � � � � � � � � � � � � � � � � � � � � �  274
∙ 23.7.1. Methods of preservation/storage  � � � � � � � �  274
∙ 23.7.2. Storage temperatures  � � � � � � � � � � � � � � � � � �  275
∙ 23.8. Distribution and transport conditions  � � � � �  275
∙ 23.9. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  275
∙ 23.10. Patients follow-up  � � � � � � � � � � � � � � � � � � � � � � �  276
∙ 23.11. Developing and niche applications� � � � � � � � �  277
∙ 23.12. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  277

Chapter 24. Haematopoietic progenitor cells from bone 
marrow and peripheral blood, page 279

∙ 24.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  279
∙ 24.2. Recruitment of potential donors, identifica-

tion and consent  � � � � � � � � � � � � � � � � � � � � � � � �  280
∙ 24.2.1. Donor evaluation  � � � � � � � � � � � � � � � � � � � � �  282
∙ 24.2.2. Informed consent  � � � � � � � � � � � � � � � � � � � � �  285
∙ 24.3. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � � �  285
∙ 24.3.1. Haematopoietic progenitor cell graft 

sources  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  285
∙ 24.3.2. Procurement procedures � � � � � � � � � � � � � � �  286
∙ 24.3.3. Temporary storage and transportation to 

the tissue establishment� � � � � � � � � � � � � � � �  289
∙ 24.4. Processing of haematopoietic progenitor cells

  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  289
∙ 24.4.1. Volume reduction � � � � � � � � � � � � � � � � � � � � �  289
∙ 24.4.2. Red blood cell depletion� � � � � � � � � � � � � � � �  290
∙ 24.4.3. Plasma removal � � � � � � � � � � � � � � � � � � � � � � �  290
∙ 24.4.4. Cryopreservation, thawing and infusion  �  290
∙ 24.4.5. Cell-selected preparations � � � � � � � � � � � � � �  291
∙ 24.5. Quality control  � � � � � � � � � � � � � � � � � � � � � � � � �  292
∙ 24.5.1. Biological information needed to confirm 

donor suitability and recruitment  � � � � � � �  292
∙ 24.5.2. Safety controls � � � � � � � � � � � � � � � � � � � � � � � �  292
∙ 24.5.3. Immunophenotyping and colony-forming 

unit assay � � � � � � � � � � � � � � � � � � � � � � � � � � � �  292
∙ 24.5.4. Release criteria  � � � � � � � � � � � � � � � � � � � � � � �  293
∙ 24.5.5. Quality control for mononuclear cells   � � �  293
∙ 24.6. Labelling and packaging  � � � � � � � � � � � � � � � � �  293
∙ 24.7. Storage� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  294
∙ 24.8. Distribution and transport conditions  � � � � �  294
∙ 24.9. Contingency plan for HPC collections  � � � � �  294
∙ 24.10. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  295
∙ 24.10.1. Follow-up of haematopoietic progenitor 

cell donors  � � � � � � � � � � � � � � � � � � � � � � � � � � �  295
∙ 24.10.2. Serious adverse reactions in the recipient �  295

TC5_en.indb   7TC5_en.indb   7 19/12/2022   09:06:5019/12/2022   09:06:50



8

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

∙ 24.10.3. Serious adverse reactions and events 
related to the graft � � � � � � � � � � � � � � � � � � � �  299

∙ 24.10.4. Serious adverse reactions in haematopoi-
etic progenitor cell donors� � � � � � � � � � � � � �  299

∙ 24.10.5. Biovigilance of mononuclear cells  � � � � � � �  300
∙ 24.11. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  300

Chapter 25. Umbilical cord blood progenitors, page 303
∙ 25.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  303
∙ 25.2. Recruitment of potential donors, identifica-

tion and consent  � � � � � � � � � � � � � � � � � � � � � � � �  305
∙ 25.2.1. Donor recruitment � � � � � � � � � � � � � � � � � � � �  305
∙ 25.2.2. Informed consent  � � � � � � � � � � � � � � � � � � � � �  305
∙ 25.2.3. Donor evaluation  � � � � � � � � � � � � � � � � � � � � �  306
∙ 25.3. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � � �  306
∙ 25.3.1. Procurement procedures � � � � � � � � � � � � � � �  307
∙ 25.3.2. Temporary storage and transportation to 

the tissue establishment� � � � � � � � � � � � � � � �  307
∙ 25.4. Processing of umbilical cord blood progenitor 

cells  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  307
∙ 25.4.1. Reception at processing facility  � � � � � � � � �  308
∙ 25.4.2. Volume/red blood cell reduction  � � � � � � � �  308
∙ 25.4.3. Cryopreservation, thawing and infusion  �  308
∙ 25.5. Quality control  � � � � � � � � � � � � � � � � � � � � � � � � �  309
∙ 25.5.1. Biological information needed to confirm 

donor suitability and recruitment  � � � � � � �  309
∙ 25.5.2. Safety controls � � � � � � � � � � � � � � � � � � � � � � � �  309
∙ 25.5.3. Quality specifications� � � � � � � � � � � � � � � � � � � 310
∙ 25.5.4. Release criteria  � � � � � � � � � � � � � � � � � � � � � � � � 310
∙ 25.6. Labelling and packaging  � � � � � � � � � � � � � � � � � �  311
∙ 25.7. Storage� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  311
∙ 25.8. Distribution and transport conditions  � � � � � �  311
∙ 25.9. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  311
∙ 25.9.1. Serious adverse reactions and events in the 

recipient � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 312
∙ 25.9.2. Serious adverse reactions and events 

related to the product � � � � � � � � � � � � � � � � � � � 312
∙ 25.9.3. Serious adverse reactions and events 

in umbilical cord blood progenitor cell 
donors and donor follow-up  � � � � � � � � � � � � � 312

∙ 25.10. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  313

Chapter 26. Pancreatic islets, page 314
∙ 26.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  314
∙ 26.2. When to consider islet transplantation  � � � � � �  315
∙ 26.3. Islet isolation and transplantation  � � � � � � � � �  316
∙ 26.3.1. Donor evaluation  � � � � � � � � � � � � � � � � � � � � �  316
∙ 26.3.2. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � �  317
∙ 26.3.3. Processing and storage� � � � � � � � � � � � � � � � � �  317
∙ 26.3.4. Quality controls/release criteria � � � � � � � � � � 318
∙ 26.3.5. Packaging and distribution � � � � � � � � � � � � � � 318
∙ 26.3.6. Traceability  � � � � � � � � � � � � � � � � � � � � � � � � � � � 318
∙ 26.3.7. Islet infusion  � � � � � � � � � � � � � � � � � � � � � � � � � � 319
∙ 26.4. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 319
∙ 26.5. Developing applications for patients  � � � � � � � � 321
∙ 26.6. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 321

Chapter 27. Hepatocytes, page 325
∙ 27.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  325
∙ 27.2. Donor evaluation� � � � � � � � � � � � � � � � � � � � � � � �  325
∙ 27.3. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � � �  326
∙ 27.4. Processing and storage � � � � � � � � � � � � � � � � � � �  327
∙ 27.5. Quality controls/release criteria  � � � � � � � � � � �  327
∙ 27.6. Packaging and distribution � � � � � � � � � � � � � � �  327
∙ 27.7. Administration of hepatocytes � � � � � � � � � � � �  328
∙ 27.8. Traceability� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  328

∙ 27.9. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  328
∙ 27.10. Developing clinical applications � � � � � � � � � � �  328
∙ 27.11. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  329

Chapter 28. Adipose tissue, page 330
∙ 28.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  330
∙ 28.1.1. Adipose tissue properties and background  330
∙ 28.1.2. Indications for adipose tissue transplanta-

tion  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 331
∙ 28.2. Donor evaluation� � � � � � � � � � � � � � � � � � � � � � � � � 331
∙ 28.3. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � � � � 331
∙ 28.3.1. Donor site� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 331
∙ 28.3.2. Procurement techniques  � � � � � � � � � � � � � � �  332
∙ 28.3.3.  Transfer to tissue establishment  � � � � � � � �  332
∙ 28.4. Processing� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  332
∙ 28.5. Preservation/storage � � � � � � � � � � � � � � � � � � � � � � 333
∙ 28.6.  Biovigilance� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 333
∙ 28.7. Developing applications � � � � � � � � � � � � � � � � � �  334
∙ 28.8. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  334

Chapter 29. Medically assisted reproduction, page 337
∙ 29.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 337
∙ 29.2. Quality management, risk management and 

validation  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  338
∙ 29.2.1. Risk-assessment analysis for laboratory 

activities � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  339
∙ 29.2.2. Validation  � � � � � � � � � � � � � � � � � � � � � � � � � � �  339
∙ 29.2.3. Materials, consumables and reagents  � � � �  340
∙ 29.3. Recruitment of potential donors, identifica-

tion and consent  � � � � � � � � � � � � � � � � � � � � � � � �  340
∙ 29.3.1. Donor recruitment – non-partner 

donation � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  340
∙ 29.3.2. Donor consent – partner and non-partner 

donors� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  340
∙ 29.4. Donor evaluation� � � � � � � � � � � � � � � � � � � � � � � �  341
∙ 29.4.1. Evaluation of partner donors  � � � � � � � � � � �  341
∙ 29.4.2. Evaluation of non-partner donors  � � � � � � �  342
∙ 29.5. Donor testing � � � � � � � � � � � � � � � � � � � � � � � � � � �  343
∙ 29.5.1. Testing in partner donation  � � � � � � � � � � � �  343
∙ 29.5.2. Testing in non-partner donation  � � � � � � � �  344
∙ 29.6. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � � �  344
∙ 29.6.1. Sperm  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  344
∙ 29.6.2. Oocytes  � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  345
∙ 29.7. Processing� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  345
∙ 29.7.1. Premises for processing of gametes and 

embryos  � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  346
∙ 29.7.2. Processing of gametes and embryos� � � � � �  346
∙ 29.7.3. Insemination of oocytes  � � � � � � � � � � � � � � �  347
∙ 29.7.4. Assessment of fertilisation  � � � � � � � � � � � � �  348
∙ 29.7.5. Embryo culture and transfer� � � � � � � � � � � �  348
∙ 29.7.6. Pre-implantation genetic testing  � � � � � � � �  349
∙ 29.7.7. In vitro maturation � � � � � � � � � � � � � � � � � � � �  350
∙ 29.7.8. Processing of samples from seropositive 

donors in partner donations � � � � � � � � � � � �  350
∙ 29.8. Cryopreservation� � � � � � � � � � � � � � � � � � � � � � � �  350
∙ 29.8.1. Methods for cryopreservation of human 

gametes and embryos� � � � � � � � � � � � � � � � � �  350
∙ 29.9. Storage� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  351
∙ 29.9.1. Storage limits� � � � � � � � � � � � � � � � � � � � � � � � � �  351
∙ 29.9.2. Storage temperature � � � � � � � � � � � � � � � � � � � �  351
∙ 29.9.3. Storage devices  � � � � � � � � � � � � � � � � � � � � � � �  352
∙ 29.9.4. Cross-contamination during storage� � � � �  352
∙ 29.9.5. Storage safety� � � � � � � � � � � � � � � � � � � � � � � � �  352
∙ 29.10. Distribution, import/export  � � � � � � � � � � � � � �  352
∙ 29.11. Packaging and labelling in assisted reproduc-

tive technologies  � � � � � � � � � � � � � � � � � � � � � � � � � 353

TC5_en.indb   8TC5_en.indb   8 19/12/2022   09:06:5119/12/2022   09:06:51



9

CONTENTS

∙ 29.12. Traceability� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 353
∙ 29.13. Biovigilance in medically assisted reproduc-

tion procedures  � � � � � � � � � � � � � � � � � � � � � � � � �  354
∙ 29.13.1. Serious adverse reactions and events � � � � �  354
∙ 29.13.2. Transmission of genetic diseases by MAR 

with non-partner donations  � � � � � � � � � � � � � 355
∙ 29.13.3. Cross-border management of serious 

adverse reactions and events � � � � � � � � � � � � � 355
∙ 29.14. Additional considerations  � � � � � � � � � � � � � � � � � 355
∙ 29.15. Developing clinical applications � � � � � � � � � � �  356
∙ 29.15.1. Time-lapse technology � � � � � � � � � � � � � � � � �  356
∙ 29.15.2. Non-invasive genetic testing of pre- 

implantation embryos  � � � � � � � � � � � � � � � � � � 357
∙ 29.15.3. Whole genome screening� � � � � � � � � � � � � � � � 357
∙ 29.15.4. Mitochondrial replacement therapy  � � � � � � 357
∙ 29.15.5. Gene editing  � � � � � � � � � � � � � � � � � � � � � � � � �  358
∙ 29.16. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  358

Chapter 30. Fertility preservation, page 361
∙ 30.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 361
∙ 30.1.1. Female fertility preservation � � � � � � � � � � � �  362
∙ 30.1.2. Male fertility preservation� � � � � � � � � � � � � �  363
∙ 30.2. Consent in fertility preservation� � � � � � � � � � �  363
∙ 30.3. Patient evaluation  � � � � � � � � � � � � � � � � � � � � � � �  364
∙ 30.4. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � � �  364
∙ 30.4.1. Female  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  364
∙ 30.4.2. Male  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  365
∙ 30.5. Processing� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  366
∙ 30.5.1. Female  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  366
∙ 30.5.2. Male  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  366
∙ 30.6. Conventional testicular biopsy and tissue 

processing for sperm recovery  � � � � � � � � � � � �  367
∙ 30.7. Storage� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  367
∙ 30.8. Clinical application� � � � � � � � � � � � � � � � � � � � � �  367
∙ 30.8.1. Female fertility restoration  � � � � � � � � � � � � �  367
∙ 30.8.2. Male fertility restoration  � � � � � � � � � � � � � � �  368
∙ 30.9. Quality control and tissue evaluation  � � � � � �  368
∙ 30.10. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  369
∙ 30.10.1. Female  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  369
∙ 30.10.2. Male  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  369
∙ 30.11. Developing applications � � � � � � � � � � � � � � � � � �  369
∙ 30.11.1. Female experimental approaches � � � � � � � �  369
∙ 30.11.2.  Male experimental approaches  � � � � � � � � �  369
∙ 30.12. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  370

Chapter 31. Human milk, page 373
∙ 31.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 373
∙ 31.2. Legal status of human milk � � � � � � � � � � � � � � �  374
∙ 31.3. Minimal requirements of human milk banks  375
∙ 31.3.1. Facilities and equipment  � � � � � � � � � � � � � � � � 375
∙ 31.3.2. Staff � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 375
∙ 31.3.3. Quality Management System  � � � � � � � � � � �  376
∙ 31.4. Donor recruitment  � � � � � � � � � � � � � � � � � � � � � �  376
∙ 31.5. Donor evaluation� � � � � � � � � � � � � � � � � � � � � � � �  376
∙ 31.6. Donor serological testing � � � � � � � � � � � � � � � � �  377
∙ 31.7. Human milk expression and collection � � � � �  377
∙ 31.8. Milk storage at home and transportation to 

the bank  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  378
∙ 31.9. Milk storage in the human milk bank prior to 

processing� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  378
∙ 31.10. Processing� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  378
∙ 31.11. Microbiological evaluation  � � � � � � � � � � � � � � �  380
∙ 31.12. Labelling and packaging  � � � � � � � � � � � � � � � � �  380
∙ 31.13. Milk storage in human milk bank after pro-

cessing preservation  � � � � � � � � � � � � � � � � � � � � �  380
∙ 31.14. Distribution and traceability� � � � � � � � � � � � � �  380

∙ 31.15. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 381
∙ 31.16. New technologies for processing donor 

human milk � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 381
∙ 31.17. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 381

Chapter 32. Intestinal microbiota, page 384
∙ 32.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  384
∙ 32.2. Legal status� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  384
∙ 32.3. Donor recruitment  � � � � � � � � � � � � � � � � � � � � � �  385
∙ 32.3.1. Donor pre-screening  � � � � � � � � � � � � � � � � � �  385
∙ 32.3.2. Donor consent � � � � � � � � � � � � � � � � � � � � � � � �  386
∙ 32.3.3. Initial questionnaire for donor selection� �  386
∙ 32.4. Donor testing � � � � � � � � � � � � � � � � � � � � � � � � � � �  387
∙ 32.4.1. Donor screening for treatment of patients 

with severe immunosuppression  � � � � � � � �  387
∙ 32.4.2. Donation-specific questionnaires and 

donor re-testing  � � � � � � � � � � � � � � � � � � � � � �  387
∙ 32.4.3. Quarantine of faeces donations  � � � � � � � � �  387
∙ 32.5. Procurement and processing � � � � � � � � � � � � � �  388
∙ 32.5.1. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � �  388
∙ 32.5.2. Laboratory processing  � � � � � � � � � � � � � � � � �  388
∙ 32.5.3. Quality control  � � � � � � � � � � � � � � � � � � � � � � �  389
∙ 32.6. Quality management  � � � � � � � � � � � � � � � � � � � �  389
∙ 32.6.1. Organisation, personnel and premises  � � �  389
∙ 32.6.2. Computerised systems (software, coding, 

packaging, labelling, traceability)  � � � � � � �  389
∙ 32.7. Labelling and packaging  � � � � � � � � � � � � � � � � �  390
∙ 32.8. Storage and release  � � � � � � � � � � � � � � � � � � � � � �  390
∙ 32.9. Distribution  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 391
∙ 32.10. Clinical application� � � � � � � � � � � � � � � � � � � � � � � 391
∙ 32.10.1. Clinical activity documentation and 

responsibility� � � � � � � � � � � � � � � � � � � � � � � � � � 391
∙ 32.10.2. Preparation of the recipient� � � � � � � � � � � � �  392
∙ 32.10.3. Thawing of FMT preparations  � � � � � � � � � �  392
∙ 32.10.4. Application methods  � � � � � � � � � � � � � � � � � �  392
∙ 32.10.5. Use of FMT in severely immunocompro-

mised patients   � � � � � � � � � � � � � � � � � � � � � � �  392
∙ 32.11. Traceability� � � � � � � � � � � � � � � � � � � � � � � � � � � � �  393
∙ 32.12. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  393
∙ 32.12.1. Adverse reaction documenting and re-

porting � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  393
∙ 32.13. Developing applications � � � � � � � � � � � � � � � � � �  393
∙ 32.14. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  394

Chapter 33. Blood components for topical use or 
injection, page 399

∙ 33.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  399
∙ 33.2. Serum eye drops  � � � � � � � � � � � � � � � � � � � � � � � �  399
∙ 33.2.1. Introduction  � � � � � � � � � � � � � � � � � � � � � � � � �  399
∙ 33.2.2. Donor evaluation  � � � � � � � � � � � � � � � � � � � � �  400
∙ 33.2.3. Processing and storage� � � � � � � � � � � � � � � � �  401
∙ 33.2.4. Application  � � � � � � � � � � � � � � � � � � � � � � � � � �  401
∙ 33.2.5. Vigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � �  401
∙ 33.3. Platelet preparations � � � � � � � � � � � � � � � � � � � � �  401
∙ 33.3.1. Introduction  � � � � � � � � � � � � � � � � � � � � � � � � �  401
∙ 33.3.2. Donor evaluation  � � � � � � � � � � � � � � � � � � � � �  402
∙ 33.3.3. Procurement and processing� � � � � � � � � � � �  403
∙ 33.3.4. Quality control  � � � � � � � � � � � � � � � � � � � � � � �  404
∙ 33.3.5. Biovigilance � � � � � � � � � � � � � � � � � � � � � � � � � �  404
∙ 33.4. References� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  404

Chapter 34. Tissues and cells as starting materials 
, page 406

∙ 34.1. Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � �  406
∙ 34.2. Role of tissue establishments in providing 

starting materials  � � � � � � � � � � � � � � � � � � � � � � �  407

TC5_en.indb   9TC5_en.indb   9 19/12/2022   09:06:5119/12/2022   09:06:51



10

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

∙ 34.3. Cell and tissue types used in the development 
of novel therapies  � � � � � � � � � � � � � � � � � � � � � � �  408

∙ 34.4. Donor selection � � � � � � � � � � � � � � � � � � � � � � � � �  408
∙ 34.5. Procurement and processing � � � � � � � � � � � � � �  409
∙ 34.6. Considerations for some common starting 

materials � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  410

∙ 34.6.1. Blood-derived mononuclear cells for im-
munotherapy � � � � � � � � � � � � � � � � � � � � � � � � �  410

∙ 34.6.2. Cells for regenerative medicine applica-
tions  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  410

∙ 34.7. References   � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 413

Part C. Good Practice Guidelines for tissue establishments

Good Practice Guidelines for tissue establishments
∙ Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 417
∙ 1. General principles � � � � � � � � � � � � � � � � � � � � � � � �418
∙ 2. Quality management system � � � � � � � � � � � � � � � 419
∙ 3. Management of outsourced activities (con-

tractual agreements) � � � � � � � � � � � � � � � � � � � � � 428
∙ 4. Personnel and organisation � � � � � � � � � � � � � � � �430
∙ 5. Premises  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 433
∙ 6. Equipment and materials � � � � � � � � � � � � � � � � � �439
∙ 7. Qualification, verification and validation � � � 446
∙ 8. Donation� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 453

∙ 9. Donor testing � � � � � � � � � � � � � � � � � � � � � � � � � � � �463
∙ 10. Procurement  � � � � � � � � � � � � � � � � � � � � � � � � � � � �465
∙ 11. Processing� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �467
∙ 12. Packaging, coding and labelling � � � � � � � � � � � �472
∙ 13. Quality control (including microbiological 

control) � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �477
∙ 14. Distribution, import/export and recall  � � � � � 480
∙ 15. Documentation and records  � � � � � � � � � � � � � � �483
∙ 16. Traceability� � � � � � � � � � � � � � � � � � � � � � � � � � � � � 489
∙ 17. Biovigilance  � � � � � � � � � � � � � � � � � � � � � � � � � � � � 490

Part D. Tissue and cell monographs
∙ Introduction� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  497

Ocular tissue
∙ 19.1. Organ-cultured corneal donor tissue for 

(deep) anterior lamellar keratoplasty (ALK/
DALK)� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  499

∙ 19.2. Cold-stored corneal tissue for (deep) anterior 
lamellar keratoplasty (ALK/DALK)� � � � � � � �  500

∙ 19.3. Organ-cultured corneal tissue for Descemet 
membrane endothelial keratoplasty (DMEK)  501

∙ 19.4. Cold-stored corneal tissue for Descemet mem-
brane endothelial keratoplasty (DMEK) � � � �  502

∙ 19.5. Organ-cultured corneal tissue for Descemet 
stripping automated endothelial keratoplasty 
(DSAEK) � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  503

∙ 19.6. Cold-stored corneal tissue for Descemet 
stripping automated endothelial keratoplasty 
(DSAEK) � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  504

∙ 19.7. Organ-cultured corneal tissue for penetrating 
keratoplasty (PK)  � � � � � � � � � � � � � � � � � � � � � � �  505

∙ 19.8. Cold-stored corneal tissue for penetrating 
keratoplasty (PK)  � � � � � � � � � � � � � � � � � � � � � � �  506

∙ 19.9. Sclera � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  507

Amniotic membrane
∙ 20.1. Amniotic membrane sheet   � � � � � � � � � � � � � � �  508
∙ 20.2. Derivatives of the amniotic membrane  � � � � �  509

Skin
∙ 21.1. Acellular dermal matrix (ADM) � � � � � � � � � � � � 510
∙ 21.2. Deep-frozen skin allografts � � � � � � � � � � � � � � � �  511
∙ 21.3. Glycerol-preserved skin allograft � � � � � � � � � � � 512
∙ 21.4. Cryopreserved skin allografts � � � � � � � � � � � � � �  513

Cardiovascular tissue
∙ 22.1. Cryopreserved aortic heart valve allograft, 

antibiotic decontamination � � � � � � � � � � � � � � �  514
∙ 22.2. Cryopreserved pulmonary heart valve allo-

graft, antibiotic decontamination� � � � � � � � � � �  515
∙ 22.3. Cryopreserved artery allograft, antibiotic 

decontamination � � � � � � � � � � � � � � � � � � � � � � � � � 516

∙ 22.4. Cryopreserved non-valved patches and con-
duits, antibiotic decontamination  � � � � � � � � � �  517

∙ 22.5. Decellularised aortic heart valve allograft, 
antibiotic decontamination � � � � � � � � � � � � � � � � 518

∙ 22.6. Decellularised pulmonary heart valve allo-
graft, antibiotic decontamination� � � � � � � � � � � 519

∙ 22.7. Cryopreserved pericardium, antibiotic decon-
tamination  � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  520

Musculoskeletal tissue
∙ 23.1. Cancellous/corticocancellous bone  � � � � � � � � � 521
∙ 23.2. Cortical bone � � � � � � � � � � � � � � � � � � � � � � � � � � � � 523
∙ 23.3. Structural bone  � � � � � � � � � � � � � � � � � � � � � � � � �  524
∙ 23.4. Meniscus� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 525
∙ 23.5. Tendon  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  526
∙ 23.6. Osteochondral allograft � � � � � � � � � � � � � � � � � �  527
∙ 23.7. Demineralised bone matrix� � � � � � � � � � � � � � �  528

Haematopoietic progenitor cells
∙ 24.1. Haematopoietic progenitor cells from bone 

marrow – HPC(M)  � � � � � � � � � � � � � � � � � � � � � �  529
∙ 24.2. Haematopoietic progenitor cells from periph-

eral blood apheresis – HPC(A)  � � � � � � � � � � � �  530
∙ 24.3. Mononuclear cells from unstimulated periph-

eral blood apheresis – MNC(A)� � � � � � � � � � � � �  531

Cord blood
∙ 25.1. Haematopoietic progenitor cells from umbil-

ical cord blood – HPC(CB)  � � � � � � � � � � � � � � �  532

Medically assisted reproduction
∙ 29.1. Vitrified oocytes for non-partner donation  � � 533
∙ 29.2. Vitrified oocytes for fertility preservation 

and/or partner donation  � � � � � � � � � � � � � � � � �  534
∙ 29.3. Cryopreserved sperm for non-partner 

donation  � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 535
∙ 29.4. Cryopreserved sperm for partner donation  �  536
∙ 29.5. Vitrified embryos for fertility preservation, 

partner and/or non-partner donation � � � � � � � 537

TC5_en.indb   10TC5_en.indb   10 19/12/2022   09:06:5119/12/2022   09:06:51



11

CONTENTS

Fertility preservation
∙ 30.1. Cryopreserved ovarian tissue for autologous 

transplantation  � � � � � � � � � � � � � � � � � � � � � � � � �  538

Human milk 
∙ 31.1. Frozen pasteurised donor human milk � � � � �  539

∙ 31.2.  Frozen raw donor human milk  � � � � � � � � � � �  540

Intestinal microbiota
∙ 32.1. Cryopreserved donor faeces capsules� � � � � � �  541
∙ 32.2. Cryopreserved donor faeces suspension  � � � �  542

Appendices

Appendix 1. General reference documents used, page 545

Appendix 2. Acronyms and other abbreviations, page 549

Appendix 3. Glossary, page 553

Appendix 4. Example of cleanroom qualification, page 565

Appendix 5. Example of incubator qualification, page 570

Appendix 6. Example of process validation – tissue 
transportation, page 573

Appendix 7. Example of method validation – oocyte 
vitrification, page 575

Appendix 8. Example of root cause analysis: 5 whys – 
receipt of tissue, page 576

Appendix 9. Example of root cause analysis: fishbone 
diagram – receipt of tissue, page 577

Appendix 10. Example of root cause analysis: 
fishbone diagram – medically assisted 
reproduction, page 578

Appendix 11. Example of consent form: female (NHS, 
UK), page 579

Appendix 12. Example of consent form: female (CNPMA, 
Portugal), page 589

Appendix 13. Example of consent form: male (NHS, 
UK), page 593

Appendix 14. Medical and social history questionnaire 
(NHS, UK), page 601

Appendix 15. Physical assessment form (Dutch 
Transplant Foundation), page 614

Appendix 16. Evaluation of pigmented skin lesions, page 616

Appendix 17. Evaluation of malignancies for risk 
assessment in tissue and cell donors, page 618

Appendix 18. Sample haemodilution algorithm, page 626

Appendix 19. Example of validation of screening: 
infectious disease assays of blood from 
deceased donors, page 628

Appendix 20. Treponema pallidum testing, page 631

Appendix 21. Algorithm for HIV testing, page 633

Appendix 22. Algorithm for HCV testing, page 634

Appendix 23. Algorithm for HBV testing, page 635

Appendix 24. Sample form to assess working 
environment (NHS, UK), page 637

Appendix 25. Sample donor-identification form (NHS, 
UK), page 639

Appendix 26. Checklist for revision of computerised 
systems, page 641

Appendix 27. Serious adverse reaction or event: impact 
assessment form, page 644

Appendix 28. Example of serious adverse reaction 
(SAR) for non-reproductive tissues and 
cells, page 647

Appendix 29. Example of serious adverse reaction (SAR) 
for reproductive tissues and cells, page 650

Appendix 30. Example of serious adverse event (SAE) for 
non-reproductive tissues and cells, page 653

Appendix 31. Example of serious adverse event (SAE) for 
reproductive tissues and cells, page 656

Appendix 32. Serious adverse reaction: notification 
form – for ocular tissues (Agence de la 
Biomédecine, France), page 659

Appendix 33. Serious adverse reaction or event: 
notification form – for ocular tissues (NHS, 
UK), page 661

Appendix 34. Decellularisation, page 664

Appendix 35. Sample forms for the evaluation of heart 
valves, page 667

Appendix 36. Donor search through registries 
for haematopoietic progenitor cell 
transplantation, page 670

Appendix 37. Informed consent form for cord blood 
donors, page 671

Appendix 38. Cord blood donor medical history 
questionnaire, page 676

Appendix 39. Covid-19 infection risk assessment, page 680

TC5_en.indb   11TC5_en.indb   11 19/12/2022   09:06:5219/12/2022   09:06:52



12

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

Appendix 40. Informed legal consent for cryopreserving 
and storing semen from a minor, page 682

Appendix 41. Legal framework for the development of 
advanced therapy medicinal products in 
the European Union, page 685

Appendix 42. Active members of the working group 
for the elaboration of the Guide to the 
quality and safety of tissues and cells for 
human application (5th edition) and other 
members and contributors, page 689

Appendix 43. Members of the European Committee 
(Partial Agreement) on Organ 
Transplantation (CD-P-TO), page 694

TC5_en.indb   12TC5_en.indb   12 19/12/2022   09:06:5219/12/2022   09:06:52



13

Figure 1.1.  Summary of the timeline of the main relevant 
events in tissues and cells transplantation . . . . . . . . . . . 29

Figure 1.2. Complex links between donors and recipients in 
the context of donation after death . . . . . . . . . . . . . . . . . .33

Figure 2.1. Steps in qualification of facilities and equipment . .61
Figure 3.1. Failure mode, effects and criticality analysis 
(FMECA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Figure 3.2. Cycle of risk assessment. . . . . . . . . . . . . . . . . . . . . . . 68
Figure 3.3. Overview of the EuroGTP II process: assessing 
tissue and cellular therapies/products (TCTPs) . . . . . . 70

Figure 4.1. CD-P-TO Critical Pathway for deceased tissue 
donation [10] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

Figure 5.1. Decision tree algorithm for tumour approach . . . . 95
Figure 8.1. Schematic plans indicating air pressure differen-
tials between adjacent cleanrooms . . . . . . . . . . . . . . . . . 122

Figure 8.2. Decision tree: topics and actions to be consid-
ered if microbiological-monitoring results (number 
of colonies) exceed the action limit . . . . . . . . . . . . . . . . . 125

Figure 14.1. ‘V’ model diagrams for computer system imple-
mentation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174

Figure 14.2. Handling of software life-cycle activities . . . . . . . 177
Figure 15.1. Examples of finished tissue product labels with 
the Single European Code. . . . . . . . . . . . . . . . . . . . . . . . . 182

Figure 16.1. Example of traceability system in medically 
assisted reproduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .194

Figure 17.1. Categories of biovigilance scenarios . . . . . . . . . . . .202
Figure 17.2. Reporting flow for serious adverse events/
reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206

Figure 17.3. Example of an adverse reaction involving 
multiple parties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .207

Figure 18.1. Flow of information between tissue establish-
ments, clinicians and Health Authorities . . . . . . . . . . . .216

Figure 18.2. Regulatory models of risk assessment for novel 
preparation processes and clinical applications . . . . . . 217

Figure 19.1. Different types of keratoplasties . . . . . . . . . . . . . . .222

Figure 21.1. Differences between split- and full-thickness 
graft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248

Figure 21.2. Algorithm for acceptance or rejection of skin 
after bacteriological assessment . . . . . . . . . . . . . . . . . . . . 253

Figure 24.1. Unrelated HPC marrow, HPC apheresis and 
HPC cords shipped, 1997-2019 (WMDA Annual 
report 2019) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280

Figure 24.2. HPC transplantation reported to the European 
Bone Marrow Transplantation (EBMT) registry by 
donor type, 1990-2018 – patient numbers per year 
with first transplant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .281

Figure 24.3. Donor selection algorithm . . . . . . . . . . . . . . . . . . .281
Figure 29.1. Validation of new technologies in medically 
assisted reproduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .339

Figure 29.2. Intracytoplasmic sperm injection . . . . . . . . . . . . .347
Figure 29.3. Zygote with 2 pronuclei and 2 polar bodies . . . . 348
Figure 29.4. Embryo at the 4-cell stage. . . . . . . . . . . . . . . . . . . 348
Figure 29.5. Embryo at the 8-cell stage . . . . . . . . . . . . . . . . . . . 348
Figure 29.6. Embryo at the blastocyst stage . . . . . . . . . . . . . . . 348
Figure 29.7. Blastomere biopsy of an 8-cell stage embryo . . . .349
Figure 29.8. Trophectoderm biopsy of blastocyst . . . . . . . . . . .349
Figure 29.9. Experimental, innovative and established 
treatments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .356

Figure 30.1. Ovarian tissue procurement by laparoscopy: 
stage 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 364

Figure 30.2. Ovarian tissue procurement by laparoscopy: 
stage 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .365

Figure 30.3. Conventional testicular biopsy and tissue pro-
cessing for sperm recovery . . . . . . . . . . . . . . . . . . . . . . . .367

Figure 32.1. Timeline and tasks in donor recruitment, 
donor screening, procurement, processing and 
release of faecal microbiota . . . . . . . . . . . . . . . . . . . . . . . .385

Figure 34.1. Some novel therapies involving human tissues 
and cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 406

List of figures

TC5_en.indb   13TC5_en.indb   13 19/12/2022   09:06:5219/12/2022   09:06:52



14

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

Figure 34.2. Tissue and cell collection and processing 
versus ATMP manufacturing and application. . . . . . . 407

Figure 34.3. Example of possible interactions between 
tissue establishment and ATMP manufacturer. . . . . . 408

Figure A7.1. Validation of a new oocyte vitrification 
method in a multicentre study . . . . . . . . . . . . . . . . . . . . . 575

Figure A7.2. Validation of a new oocyte vitrification 
method in a single centre . . . . . . . . . . . . . . . . . . . . . . . . . 575

TC5_en.indb   14TC5_en.indb   14 19/12/2022   09:06:5219/12/2022   09:06:52



15

Table 1.1. Most widely used tissues and cells: the benefits 
for the transplant recipient . . . . . . . . . . . . . . . . . . . . . . . . .31

Table 2.1. Processes or resources that should be qualified, 
validated, verified or calibrated . . . . . . . . . . . . . . . . . . . . 60

Table 4.1. Key parties in deceased tissue-donation pro-
grammes and the challenges and opportunities they 
may pose. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .81

Table 4.2. Legal provisions in European countries for 
consent to/authorisation of organ donation from 
deceased persons. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Table 5.1. Deceased donors: sources of information and 
types of record for donor evaluation . . . . . . . . . . . . . . . . 89

Table 5.2. Deceased donors: physical examination prior to 
donation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

Table 5.3. Haematological parameters that should be indi-
vidually evaluated. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

Table 8.1. Air cleanliness classifications in Europe . . . . . . . . . 121
Table 8.2. Risks of contamination that should be consid-
ered when determining air-quality specifications of 
processing facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

Table 8.3. Qualification tests for cleanrooms, clean zones 
and laminar flow hoods. . . . . . . . . . . . . . . . . . . . . . . . . . .124

Table 8.4. Environmental microbiological monitoring 
methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .126

Table 8.5. Incubation conditions for environmental micro-
biological monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . .128

Table 8.6. Recommended limits for microbial monitoring 
(EU GMP Annex 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .128
Table 8.7. Minimum clothing requirements (adapted from 
EU GMP Annex 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .129

Table 10.1.  Temperature range for storage of tissues and cells 143
Table 11.1. Micro-organisms that, if identified in pre- 
processing tissue or cell samples, should result in 
discard of tissues or cells unless treated with a steri-

lisation process validated to eliminate the infectivity 
of such organisms* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .148

Table 11.2. Incubation conditions for sterility testing . . . . . . . 151
Table 11.3. Conditions for microbiological control testing 
according to Ph. Eur. 2.6.27*. . . . . . . . . . . . . . . . . . . . . . . 151

Table 11.4. Alternative methods for control of microbio-
logical quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153

Table 14.1. An approach to verification and control of com-
puterised systems by system category . . . . . . . . . . . . . . . 173

Table 15.1. Single European Code for tissues and cells . . . . . . 183
Table 15.2. Labelling of the primary container . . . . . . . . . . . . .188
Table 15.3. External labelling of the shipping container . . . . .189
Table 16.1. Traceability of unrelated haematopoietic pro-
genitor cells (HPC) donor and recipient data . . . . . . . . 197

Table 17.1. Severity scale for adverse reactions . . . . . . . . . . . . 208
Table 17.2. Scale describing possible outcomes of an imput-
ability investigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 209

Table 21.1.  Storage conditions for processed skin grafts. . . . . 253
Table 22.1. Commonly applied age limits for cardiovascular 
donors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .261

Table 23.1. Storage temperatures for different preservation 
methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .275

Table 24.1. Recommendations on assessing the medical 
suitability of adult progenitor cell donors [19] . . . . . . . . . . .283

Table 24.2. Advantages and disadvantages of methods of 
haematopoietic progenitor cells procurement . . . . . . . .285

Table 24.3. Very common adverse reactions associated with 
agents for haematopoietic progenitor cells mobilisa-
tion (> 10 %) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .287

Table 25.1. Advantages and limitations of the use of umbil-
ical cord blood transplantation versus bone marrow 
transplantation and peripheral blood transplantation 303

Table 25.2. Structural components of an umbilical cord 
blood bank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304

List of tables

TC5_en.indb   15TC5_en.indb   15 19/12/2022   09:06:5219/12/2022   09:06:52



16

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

Table 25.3. Specification requirements for unrelated UCB 
units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 310

Table 25.4. Common reactions after UCB infusion . . . . . . . . . 312
Table 26.1. Indication for islet transplantation . . . . . . . . . . . . .316
Table 26.2. Non-exhaustive list of possible reportable SARs 
in islet transplant recipients . . . . . . . . . . . . . . . . . . . . . . .320

Table 27.1. Liver disorders. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .328
Table 32.1. Items to address in screening of potential faeces 
donors before approval for FMT, in addition to those 
mentioned in Chapter 4. . . . . . . . . . . . . . . . . . . . . . . . . . 386

Table 32.2. Blood and faeces screening for faecal micro-
biota transplantation . . . . . . . . . . . . . . . . . . . . . . . . . . . . .387

Table 32.3. Issues to be addressed by questionnaire on the 
day of the donation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 388

Table 34.1. Some cell types being used to develop novel cell-
based therapies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409

Table A17.1. Grading of selected central nervous system 
tumours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .618

Table A17.2. Recommendations on the use of organs from 
donors with CNS tumours . . . . . . . . . . . . . . . . . . . . . . . 620

Table A17.3. Recommendations on the use of organs from 
donors with non-CNS cancers . . . . . . . . . . . . . . . . . . . . .621

Table A17.4. Carcinoma in situ denomination depends on 
the location . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 622

Table A17.5. Risk assessment in the case of a donor’s heart 
for heart valves with diagnosed CNS tumour in the 
donor. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 622

Table A17.6. Four steps to risk assessment . . . . . . . . . . . . . . . .623
Table A20.1. Interpretation of the results of biological 
screening tests for syphilis . . . . . . . . . . . . . . . . . . . . . . . .632

Table A34.1. Techniques used to apply decellularisation 
agents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 664

Table A34.2. Modes of action and the effect of different 
decellularisation agents . . . . . . . . . . . . . . . . . . . . . . . . . . 665

TC5_en.indb   16TC5_en.indb   16 19/12/2022   09:06:5319/12/2022   09:06:53



17

Foreword

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

now numbers 46 member states.* One of its founding 
principles is that of increasing co-operation between 
member states to improve the quality of life for all 
Europeans. Within this context of intergovernmental 
co-operation in the field of health, the Council of 
Europe has consistently selected ethical problems 
for study. One of the most important of these ethical 
issues relates to the prohibition of financial gain 
from the human body and its parts, including blood, 
organs, tissues and cells.

Transplantation-related activities at the Council 
of Europe are co-ordinated by the European Direc-
torate for the Quality of Medicines & HealthCare 
(EDQM). This directorate is a key European organi-
sation involved in the harmonisation, co- ordination, 
standardisation, regulation and quality control of 
medicines, blood transfusion, organ, tissue and cell 
transplantation, pharmaceuticals, pharmaceutical 
care, consumer health, cosmetics and food packaging.

Transplant and reproductive medicine have 
progressed in recent decades in ways that could not 
have been imagined previously. As with organs, the 
demand for some tissues and cells far outweighs the 

* Albania, Andorra, Armenia, Austria, Azerbaijan, 
Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, Cy-
prus, Czech Republic, Denmark, Estonia, Finland, France, 
Georgia, Germany, Greece, Hungary, Iceland, Ireland, Ita-
ly, Latvia, Liechtenstein, Lithuania, Luxembourg, Malta, 
Republic of Moldova, Monaco, Montenegro, Netherlands, 
North Macedonia, Norway, Poland, Portugal, Romania, 
San Marino, Serbia, Slovak Republic, Slovenia, Spain, Swe-
den, Switzerland, Türkiye, Ukraine, United Kingdom.

available supply. This has important consequences 
because human tissues and cells for human applica-
tion can restore essential functions or, in some cases, 
save lives. However, as with all material of human 
origin, they carry risks of disease transmission that 
must be controlled by application of scrupulous donor 
selection and testing criteria, and also by ensuring 
that comprehensive quality systems are in place.

This Guide

The Guide to the quality and safety of tissues and 
cells for human application, published first in 

2013 and now in its 5th edition, collates the most up-
to-date information to provide healthcare profes-
sionals with a comprehensive overview of the most 
recent advances in the field as well as technical guid-
ance on ensuring the quality and safety of human 
tissues and cells applied to patients. To increase 
safety for the recipients of human tissues and cells, it 
is essential that professionals involved in identifying 
potential donors, transplant co-ordinators managing 
the process of donation after death, bone marrow 
and cord blood and other cell and tissue type collec-
tion centres, fertility clinics, tissue establishments 
processing and storing tissues and cells, testing lab-
oratories, organisations responsible for human appli-
cation, inspectors auditing these establishments and 
Health Authorities responsible for tissues and cells 
for human application all have easy access to this in-
formation. This Guide aims to support professionals 
at a practical level and improve the rate of successful 
and safe clinical application of tissues and cells.
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The requirements documented in this Guide 
represent the agreed opinions of experts in the field 
of tissue and cell banking as to what they consider 
to be the safest and most effective protocols, based 
on documented evidence, scientific principles and 
their professional knowledge and experience. Where 
a requirement is stated to be a “must” it is based 
on an EU legal requirement and/or strong docu-
mented evidence that supports the application of 
the requirement to ensure appropriate quality and 
safety profiles. Thus, “must” indicates “what must 
be done”. However, this Guide goes further by pro-
viding additional technical advice on what “should” 
be done based on generally accepted good practices, 
expert opinion, relevant literature and the recom-
mendations arising from results of many interna-
tional projects. These additional recommendations 
should be taken into consideration to achieve the 
highest quality and safety standards. Any deviation 
from, or alternative protocol to these requirements 
(both “must” and “should”), must be demonstrated 
to result in an equally good or better outcome than 
the approach specified in this Guide. In addition, this 
Guide provides further explanatory and background 
information to help explain the underlying rationale 
(the “why and how”) for the guidance given, and for 
general purposes. This information should be taken 
into account when considering policy decisions and 
educational initiatives.

Changes in the 5th edition

Whereas tissue establishments in EU member 
states are required to comply with EU direc-

tives, this Guide has a broader scope and is intended 
to facilitate ongoing improvements in the dona-
tion, procurement, testing, processing, preservation, 
storage, release, distribution and import/export of 
tissues and cells through education and the provision 
of non-binding recommendations for all Council of 
Europe member states, including those in the EU, 
but also beyond the Council of Europe borders. At 
any given time, implementation of these recommen-
dations among member states and individual tissue 
establishments may vary, and alternative procedures, 
practices and equivalent standards of quality and 
safety based on a careful risk-based assessment may 
be in place.

In this edition, the use of the words ‘must’ 
and ‘should’ when providing guidance has been 
thoroughly revised. Throughout this Guide, use of 
the word ‘must’ indicates mandatory compliance in 
alignment with Council of Europe recommendations 

and resolutions as well as with the current EU direc-
tives,† but it also applies in those circumstances where 
an established good practice has been considered as 
essential by the working group. In the use of ‘should’, 
the aim is to indicate recommended compliance in 
accordance with commonly accepted good practice. 

Unless otherwise stated, the guidelines apply 
only to human tissues and cells intended for trans-
plantation or clinical use (including medically as-
sisted reproduction). In this 5th  edition, chapters 
have been updated and extended and some new ones 
introduced. This responds to an increased interest 
in the field of tissues and cells, not only from pro-
fessionals with regard to their potential applications 
and quality standards but also from Health Authori-
ties, since the rapid development of novel processing 
methods and clinical applications requires the estab-
lishment of well-defined quality and safety criteria 
on which to base regulatory requirements. Therefore, 
in this 5th edition great efforts have been made to 
respond to these needs. As a consequence this new 
edition is now divided into four parts, A to D.

Part A (Chapters 1-18) contains general require-
ments applicable to all tissue establishments and or-
ganisations involved in the donation, procurement, 
testing, processing, preservation, storage, distribu-
tion and import/export of tissues and cells, including 
the introduction of novel processes and clinical ap-
plications. All chapters have been extensively revised 
and updated incorporating all new developments in 

† Directive 2004/23/EC of the European Parliament 
and of the Council of 31 March 2004 on setting standards 
of quality and safety for the donation, procurement, tes-
ting, processing, preservation, storage and distribution of 
human tissues and cells.

Commission Directive 2006/17/EC of the European 
Parliament and of the Council as regards certain technical 
requirements for the donation, procurement and testing of 
human tissues and cells.

Commission Directive 2006/86/EC of 24 October 
2006 implementing Directive 2004/23/EC of the European 
Parliament and of the Council as regards traceability re-
quirements, notification of serious adverse reactions and 
events and certain technical requirements for the coding, 
processing, preservation, storage and distribution of hu-
man tissues and cells.

Commission Directive EU 2015/566 of April 2015 
implementing Directive 2004/23/EC as regards the proce-
dures of verifying the equivalent standards of quality and 
safety of imported tissues and cells.

Commission Decision 2010/453/EU of 3 August 
2010 establishing guidelines concerning the conditions of 
inspections and control measures, and on the training and 
qualification of officials, in the field of human tissues and 
cells provided for in Directive 2004/23/EC of the European 
Parliament and of the Council.
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the field, but some of the main changes in this part 
include:

• Chapter 2: The former chapter on quality man-
agement, risk management and validation 
has been split into two separate chapters. The 
new Chapter 2 – Quality management and 
validation has been completely revised and 
updated, the responsibilities of the Responsible 
Person and Quality manager have been defined 
and the differences between the various pro-
cesses within the quality management systems 
have been clarified. Alongside this, the new 
Chapter 3 – Risk management provides the 
user with tools to evaluate risks in their tissue 
establishments, including fertility clinics. A 
new IT tool, the EDQM Microbiological Risk 
of Contamination Assessment tool (MiRCA), 
has been developed with the aim of assisting 
procurement organisations and tissue estab-
lishments to identify potential micro biological 
risks in novel, existing or changed aseptic pro-
cesses, and to support management decisions 
to mitigate risks in aseptic processes. This 
tool is hosted in a dedicated IT portal and it is 
hoped that it will prove to be a valuable tool for 
tissue establishments, inspectors and Health 
Authorities in evaluating risks. 

• Chapter 5 – Donor evaluation: In addition to 
general guidance when assessing tissue donors, 
this chapter now includes a dedicated section 
with guidance on undertaking risk assess-
ments in the case of deceased tissue donors 
with an antecedent or tumour diagnosis (non- 
haematological and non-CNS tumours).

• Chapter 6 – Donor testing – markers for 
infectious diseases: Includes new algorithms 
for the interpretation of results of tests for HIV, 
HCV and HBV infectious markers.

• Chapter 7 – Procurement and Chapter 9 – 
Processing: Guidance in both chapters has 
been revised in full. Both chapters, used in con-
junction with the MiRCA tool, would allow for 
an extensive assessment of individual and ag-
gregated risk of contamination factors, which 
may be used by tissue establishments to decide 
on and prioritise risk-mitigation actions, to 
improve procurement and processing activities. 

• Chapter 8 – Premises: Now contains guidance 
on environmental monitoring.

• Chapter 10 – Storage: Has become a standalone 
chapter, with Chapter 12 dedicated to Release, 
distribution and import/export.

• Chapter 11 – Principles of microbiological 
testing: Has been thoroughly revised to 

provide more guidance on testing for bacte-
rial endotoxins and bioburden testing, and the 
validation of efficacy of decontamination with 
antibiotics. The guidance on the correct use of 
microbiological test methods described in the 
European Pharmacopoeia has been updated. 
In addition, the list of micro-organisms that 
should result in the discard of grafts (unless 
treated with a validated sterilisation process) 
has been thoroughly revised.

• Chapter 13 – Interaction between tissue 
establishments and organisations responsible 
for human application: Emphasises the need 
for close co-operation between tissue establish-
ments, organisations responsible for human ap-
plication and Health Authorities in responding 
to the introduction of novel processes and clin-
ical applications in the field of tissues and cells.

• Chapter 17 – Biovigilance: Has been throughly 
revised and has real examples of the assess-
ment of serious adverse reactions and events 
related to the use of reproductive and non- 
reproductive tissues and cells included for edu-
cational purposes.

• Chapter 18 – Introduction of novel processes 
and clinical applications: Has been moved to 
Part A of the guide and aims to outline key el-
ements to be considered when developing and 
authorising novel processes and/or new clin-
ical applications.

Part B (Chapters 19-34) contains specific guide-
lines and requirements for the different substances of 
human origin addressed in this guide. Every chapter 
has been revised, updated and extended. Relative 
contraindications for the acceptance of donors of 
these tissues and cells have been revised, considering 
case-by-case scenarios requiring careful risk assess-
ment. A dedicated section on patient follow-up has 
been included in all relevant chapters. Some addi-
tional changes include:

• The inclusion of appendices related to 
Chapter 25, dealing with umbilical cord blood 
progenitors.

• Dedicated chapters expand the guidance on 
pancreatic islets (Chapter 26), hepatocytes 
(Chapter 27) and adipose tissue (Chapter 28). 

• Chapter 29 – Medically assisted reproduction 
and Chapter 30 – Fertility preservation have 
been updated with new information to provide 
updated guidance including, among other 
relevant information, a dedicated section on 
pre-implantation genetic testing. 

• Chapter 31 – Human milk, Chapter 32 – 
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Intestinal microbiota and Chapter 33 – Blood 
components for topical use or injection have 
been moved to this part. While the regula-
tory status of these substances may vary from 
country to country, the risks associated with 
their human origin and the processes applied 
to donor selection, procurement, processing 
and preservation have the same purpose and 
are analogous to those of the rest of the tissues 
and cells described in this Guide. Therefore, 
these chapters, without intending to pre-empt 
any regulatory decisions, provide a generic 
quality and safety framework for tissue estab-
lishments or any facility dealing with these 
substances.

• Chapter 34 – Tissues and cells as starting 
materials: This new chapter provides guid-
ance for authorised tissue establishments on 
quality and safety aspects, mainly in donation, 
procurement, testing and distribution of the 
starting material for further processing for the 
production of novel therapies involving human 
tissues and cells.

Part C includes the Good Practice Guidelines 
(GPG) for tissue establishments, which have been 
extensively revised in this edition. These guidelines, 
which aim at promoting high levels of quality in the 
field of human tissues and cells, should be seen as a 
complementary document for tissue establishments 
and inspectors/auditors, describing in detail, and 
from a practical point of view, the key elements that 
should be defined and controlled for achieving com-
prehensive quality management systems in tissue 
establishments.

Finally, Part D includes tissue and cell mono-
graphs, providing information about tissue and cell 
preparations and clinical applications that are pre-
cisely defined and have been shown to be safe and ef-
fective when used in patients (consolidated processes 
for consolidated uses). Tissue and cell monographs 
are complementary to other sections of the Guide and 
aim to be useful tools for tissue establishments and 
Health Authorities, providing the minimum criteria 
and controls necessary to ensure the quality of tissues 
and cells processed by tissue establishments. By refer-
ring to these tissue and cell monographs, both tissue 
establishments and Health Authorities would know 
that products that do not have a matching mono-
graph may need more attention (more risk assess-
ment, validation, possibly clinical studies, etc.) before 
they can be authorised and supplied for routine use.

Expertise involved and 
acknowledgements

A dedicated working group, composed of well- 
recognised international experts nominated by 

member states and relevant professional associations, 
was convened for the preparation of this Guide. The 
final composition of the working group was decided 
taking into account the technical and scientific exper-
tise in the field of the nominated experts, the drafting 
needs of the Guide and the active participation in the 
elaboration of previous editions of the Guide while 
ensuring broad and balanced geographic representa-
tion. For those areas where the working group felt 
additional knowledge was needed, external exper-
tise was engaged. This group was chaired by Jacinto 
Sánchez-Ibáñez (Spain) and Akila Chandrasekhar 
(United Kingdom). This expert group made excep-
tional contributions by sharing their expertise, re-
viewing the literature in their respective areas and 
extracting and distilling knowledge from numerous 
international guidelines, collaborative projects and 
websites, with the aim of ensuring that all of this 
up-to-date information is made available and acces-
sible to professionals and regulators. Members of the 
group co-ordinated preparation of the chapters and 
also ensured access to appropriate outside expertise, 
where relevant, through the engagement of a number 
of additional experts from European countries and 
beyond, who co-authored and contributed to the dis-
cussions on various parts of this Guide. All the pro-
fessionals who participated in the preparation of the 
Guide are listed in Appendix 42.

The final draft was submitted to a stakeholder 
consultation where the Council of Europe European 
Committee on Organ Transplantation (CD-P-TO), 
Health Authorities, relevant professional associations 
and additional experts nominated by them, carefully 
revised the text and provided comments and sugges-
tions. During the consultation for this 5th edition, 
1 314 comments were received; all of them were care-
fully analysed by the working group and 55 % of the 
comments led to changes in the final text. In some 
instances (9 %), comments were deemed relevant 
but required extensive research and/or discussion, 
so their inclusion was postponed to a future edition, 
and in 36 % of cases the comments did not require 
any changes to the text. Our gratitude is extended to 
all those individuals who provided extremely useful 
feedback during this stakeholder consultation.

The elaboration of this Guide was partly 
funded by the European Commission through a 
Direct Grant Agreement (contract number 2018 53 01) 
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entitled “Improving the quality and safety of SoHO, 
disseminating best practices, implementing EU 
and CoE Standards and tackling new challenges”. 
Special thanks are due to Stefaan van der Spiegel 
and Deirdre Fehily, from DG-SANTE, who ensured 
that the current text remained in alignment with EU 
directives and who made available the results from 
EU-funded projects. Several professional associa-
tions – in particular, the European Association of 
Tissue and Cell Banks (EATCB), the European Eye 
Bank Association (EEBA), the European Society for 
Human Reproduction and Embryology (ESHRE) 
and the European Society for Blood and Marrow 
Transplantation (EBMT) – should also be thanked 
for sharing their experience and knowledge.

The drafting and publication of the 5th edition 
of the Guide was co-ordinated by Mar Lomero (Sci-
entific Assistant) and Marta López Fraga (Scientific 
Officer in charge of the CD-P-TO and the transplan-
tation activities at the EDQM/Council of Europe), 
with the assistance of Christine Gault, Jaime Marco, 
Janet Latzel, Muriel Burstin, David Crowe, Tara 
Hulley and Gerard M.-F. Hill. The entire project has 

been an exceptional combined effort of everyone in-
volved, with extensive discussions dedicated to the 
common goal of improving the safety, efficacy and 
quality of tissues and cells for human application.

The result is this 5th edition of the Guide, which 
constitutes 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. Introduction

We are entering a new age of medical and bio-
technological progress. Medical procedures 

that were unimaginable a generation ago are a reality 
today. One aspect of the recent and rapid advances 
in biological and medical research is that human 
tissues and cells are being used increasingly in new 
ways. Many of these developments, such as advances 
in transplantation therapy or in medically assisted 
reproduction (MAR), have unquestionable benefits. 
However, using human tissues and cells in different 
ways also raises questions of safety, quality and effi-
cacy, and presents new ethical dilemmas. 

Tissue from one deceased donor may be trans-
planted into as many as 100 individuals. Some other 
tissues and cells can be provided only by living donors, 
as long as this procedure does not risk serious harm 
to the donor or endanger the donor’s life. Transplan-
tation of tissues and cells can range from life-saving 
treatments (e.g. in the treatment of catastrophic 
burns) to quality-of-life improvements. In addition, 
donated gametes and embryos may help fulfil a per-
son’s wish to have children.

Some tissues are used practically unaltered 
from the condition in which they were removed from 
the donor. Deceased donor corneas, for example, are 
used to restore sight, heart valves replace damaged 
ones and extend life, tendons and ligaments may 
be used for the treatment of sporting injuries or to 
repair degenerative defects, and skin can be em-
ployed as temporary cover for major burns or to 
support the healing of ulcers. Other tissues, however, 

are processed into products that are almost unrec-
ognisable as bodily material. Skin, for example, may 
be cut into conveniently sized dressings, incorpo-
rated into sprays or gels, or decellularised for use in 
various surgical procedures. Bone can be processed 
into hundreds of different products and distributed 
via a global medical market for use in orthopaedics 
(general and oncology), sports medicine, craniofacial/
maxillofacial/dental surgery and neurosurgery. Cel-
lular components of bone may be removed entirely 
and even the calcium may be removed to promote in-
corporation and tissue regeneration. Bone allografts 
may be precision-cut and sized, and bone can also be 
supplied in soft, pliable or injectable forms. If a de-
ceased donor has consented to the use of any part of 
their body for the treatment of others (or their legal 
representative, e.g. a relative, has authorised this to 
fulfil the donor’s wishes), then many tissues – in-
cluding bone, heart valves, skin, corneas, ligaments, 
cartilage, connective and adipose tissue, glands and 
nerves – can be used for therapeutic purposes.

In contrast, amniotic membranes, amniotic 
placenta and skull bone are donated by living persons. 
Also, femoral heads removed during an operation to 
replace a hip joint and heart valves from patients re-
ceiving a heart transplant are sometimes processed 
and ‘recycled’. In addition, many types of cell can be 
donated (some during life and some after death) and 
submitted to different degrees of manipulation before 
application in humans. Examples include haemato-
poietic progenitor cells (e.g. bone marrow, peripheral 
blood progenitor cells, umbilical cord blood), somatic 
cells (e.g. peripheral blood cells, keratinocytes, chon-
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drocytes, hepatocytes), mesenchymal stromal cells 
and limbal stem cells. Oocytes, spermatozoa, ovarian 
or testicular tissue and embryos can be used in MAR 
procedures to achieve pregnancy.

Human tissues and cells could also be the 
potential starting material for much more complex 
products in the future.

1.2. Scope and purpose of this 
Guide

This is the 5th edition of the Council of Europe 
Guide to the quality and safety of tissues and 

cells for human application. This Guide has two main 
objectives:

1. It aims to provide sound information and 
guidance – for all professionals involved in 
donation, banking, transplantation and other 
clinical applications of tissues and cells – to 
optimise the quality and minimise the risks 
of these complex procedures. All material of 
human origin carries risks of disease transmis-
sion that must be controlled by application of 
scrupulous criteria of donor selection and test-
ing, compliance with biovigilance system pro-
cedures and comprehensive systems to assess 
quality. The idea behind this Guide is to help 
professionals on a practical level by providing 
generic guidance and detailed good practice 
guidelines (GPG) that will help improve the 
rate of successful clinical application of tissues 
and cells.

2. This Guide includes ethical principles and 
guidelines to be considered for the donation 
and human application of tissues and cells.

The field of tissue and cell donation and 
banking is now highly regulated in many countries. 
In the European Union (EU), the relevant directives 
describe the requirements and have been transposed 
into the national legislation of the EU member states. 
This Guide refers to those requirements, where appro-
priate, but goes beyond them to describe generally ac-
cepted good practice at a technical level and includes 
some consideration of ethical issues. Therefore, it 
will be useful as a source of practical information for 
those working within the EU legislative framework 
and those working within national legal frameworks 
in all Council of Europe member states and beyond. 

It is worth noting that, in the EU, activities 
involving cells and tissues that are subject to sub-
stantial manipulation or are used for a different es-
sential function in the recipient than in the donor 
are not governed by tissues and cells directives but 

fall under Regulation (EC) No. 1394/2007 (the ‘Ad-
vanced Therapy Medicinal Product (ATMP) Regula-
tion’). Thus, in EU countries, this Guide would only 
apply to the donation, procurement and testing steps 
leading to the production of ATMPs. In any case, it is 
important to take into account that this Guide does 
not provide any guidance on how human tissues 
and cells are or should be regulated, so users of this 
Guide are advised to carefully consider the national 
legal requirements that apply to the activities they are 
undertaking.

According to the World Health Organization 
(WHO) aide-mémoire on the donation and trans-
plantation of tissues and cells [1], national Health 
Authorities are responsible for ensuring that the do-
nation, banking and human application of tissues 
and cells are promoted, regulated and monitored ap-
propriately in the interests of patient safety and public 
transparency. More specifically, they are responsible 
for ensuring that:

a� an appropriate legislative/regulatory frame-
work is in place;

b� national/international practice standards have 
been defined;

c� there is inspection/authorisation of screening, 
testing, procurement, processing, storage, dis-
tribution, import and export;

d� there are programmes for vigilance and sur-
veillance of adverse outcomes;

e� there is monitoring and reporting of donation, 
processing, storage, distribution and import/
export activity.

In this Guide, the term ‘Health Authority’ is 
used throughout to refer to a body that has been del-
egated the responsibility for these activities on a na-
tional or regional basis by their government. Other 
similar terms, such as ‘regulatory authority’, ‘regula-
tory agency’ or, in the EU, ‘competent authority’, are 
equivalent to it. It should be noted that in some coun-
tries, the activities described in this Guide may be 
controlled by different Health Authorities – e.g. sepa-
rate authorities may regulate MAR and the donation, 
banking and human application of other tissues and 
cells. Unless otherwise indicated, the term ‘member 
states’ signifies member states of the Council of 
Europe.

Human tissues and cells also play a key part in 
medical research. In clinical trials of new medicines, 
for example, vital information about the effects of 
the medicine on an individual can be obtained from 
samples of tissues or cells and other materials pro-
vided by research participants. However, tissue is also 
used much more widely in medical research, from 
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early drug ‘discovery’ (such as using human tumour 
samples to discover possible targets for treatment) to 
later clinical development whereby samples may be 
used to identify which subgroups of patient popula-
tions respond best to a new medicine. Additionally, 
current research aims to develop artificial tissue that 
could alleviate the shortage of tissue available for 
human application. These forms of ‘basic’ research 
using human tissue still have an ultimately thera-
peutic goal in mind. However, important though all 
these possibilities are, this Guide covers only tissues 
and cells used for current therapeutic purposes.

Similarly, all tissues and cells that are both 
procured and applied within the same medical pro-
cedure are outside the scope of this Guide.

Finally, a glossary of terms is provided in 
Appendix 3.

This book is the result of the collective effort 
and expertise gathered by experts nominated by the 
member states and professional associations in the 
field (see Appendix 42), as well as by the members 
and observers of the European Committee of Experts 
on Organ Transplantation (CD-P-TO), for which see 
Appendix 43.

For matters dealing with the use of organs and 
blood or blood products, see the Guide to the quality 
and safety of organs for transplantation and the Guide 
to the preparation, use and quality assurance of blood 
components [2], both published by the Council of 
Europe.

1.3. Brief history of the 
application and banking of 
tissues and cells of human 
origin

The best documented accounts of early trans-
plants deal with skin transplantation, though the 

success or failure of these procedures has not been 
well documented. The first reliable account is that 
of the Indian surgeon Sushruta in the 2nd century 
bce, who used autografted skin transplantation for 
a nose reconstruction (rhinoplasty). Centuries later, 
the Italian surgeon Gasparo Tagliacozzi carried out 
successful skin autografts, but he consistently failed 
with allografts, offering the first suggestion of rejec-
tion several centuries before that mechanism could 
be understood. He attributed it to the ‘force and 
power of individuality’ in his 1596 work De Curtorum 
Chirurgia per Insitionem. Orthopaedic surgeons refer 
to the origin of their discipline as 1668 when Job van 
Meekeren reported on the grafting of bone from a 
dog’s skull to correct a defect in a soldier’s cranium. 

It was not until 1869 that the first completely docu-
mented fresh human-skin allograft was carried out 
by the Swiss surgeon Jacques Reverdin.

The first successful full-thickness corneal 
transplant, a keratoplastic operation, was carried out 
in 1905 by Eduard Zirm at Olomouc Eye Clinic in 
Moravia (now Czech Republic). Pioneering work in 
the surgical technique of transplantation was done in 
the early 1900s by the French surgeon Alexis Carrel, 
together with Charles Guthrie, who developed tech-
niques for suturing arteries and veins. Their skilful 
anastomosis operations and new suturing techniques 
laid the groundwork for later transplant surgery, and 
Alexis Carrel won the 1912 Nobel Prize in Physiology 
or Medicine for his work in the field. Major steps in 
skin transplant occurred during the First World War, 
notably through the work of Harold Gillies in Alder-
shot, UK. Among his advances was the tubed pedicle 
graft, which maintained a fleshy connection from the 
donor site until the graft established its own blood 
supply.

Bone is the oldest tissue transplant on record 
and the most common tissue transplanted today. The 
first bone transplant recorded in modern times oc-
curred in Scotland in 1878 when Sir William Macewen 
removed an infected humerus from a 12-year-old 
boy and replaced it with three allografts from an 
amputated tibia from another child with rickets. In 
1907, Erich Lexer in Berlin developed a procedure to 
remove a whole knee joint from an amputee in one 
operating room and transport the ‘warm’ graft to an 
adjacent operating room for immediate transplant 
into the recipient. Five years later, Alexis Carrel’s 
work predicted the storage of tissues for future trans-
plantation, and surgeons began to use bones and 
developed their own ‘bone banks’. These pioneers 
included Inclan in Cuba, Bush, Wilson and Hibbs in 
the USA, Hult working in Sweden, Judet in France, 
and Klen in what was then Czechoslovakia. Most of 
these early bone banks were simply refrigerators and, 
later, freezers, but greater sophistication was devel-
oped by bone banks in Leeds (UK), Berlin, Athens 
and Warsaw. When long-term freezer storage of long 
bones became feasible, limb-sparing surgery using 
this type of bone allograft to avoid amputations in 
the treatment of malignant skeletal tumours became 
popular. Burrwell (UK), Parrish and Mankin (USA) 
and Ottolenghi (Argentina) published their results.

The orthopaedic profession realised that, if 
very large segments of bone could be transplanted 
successfully, smaller segments could also be used. 
This resulted in a very large increase in the use of 
bone allografts. Tissue-storage methods were de-
veloped further during the 1950s by Hyatt at the US 
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Navy Tissue Bank in Bethesda, Maryland, where 
they adapted methods of lyophilisation from the 
food preservation industry and applied the process 
to the preservation of bone and skin, which could 
then be easily stored, transported and reconstituted 
for use when needed. This method of preservation 
allowed bone to be stored and transported easily 
without any electrical or mechanical requirements, 
and has had a profound effect on the availability and 
use of bone allografts. By the end of the 1990s, use 
of musculoskeletal tissue allografts (i.e. bone, carti-
lage, soft tissue) had become commonplace in many 
clinical areas. In 1944, Paton established the world’s 
first eye bank, the Eye-Bank for Sight Restoration, in 
New York. Subsequently, the first deceased-donor eye 
bank was established in Odessa using eyes (packed in 
glass containers) sent by rail from a trauma centre in 
Moscow.

The first recorded cardiac valve transplantation 
was carried out in Toronto by Gordon Murray, who 
implanted an aortic allograft in the descending tho-
racic aorta to relieve aortic insufficiency in 1956. The 
first orthotopic transplantation of the aortic valve 
was undertaken by Donald Ross in London in 1962 
and independently by Brian Barratt-Boyes in Auck-
land, New Zealand, a few weeks later. Pulmonary and 
mitral valves were first used as allografts in subse-
quent years, with the pulmonary autograft procedure 
being carried out first in 1967.

After the atomic bomb explosion in Japan that 
ended the Second World War, many scientists began 
to explore ways of protecting humans from radiation. 
The first experiments were done in mice and later in 
dogs by E.D. Thomas. As early as 1956, the idea that 
bone-marrow transplants might exert a therapeutic 
effect against malignancies was proposed by Barnes 
and Loutit, who observed an anti-leukaemic effect 
of transplanted spleen cells in experimental murine 
models. In 1959, the first human bone-marrow trans-
plants gave proof of concept that infusions of bone 
marrow could provide haematological reconstitution 
in lethally irradiated patients with acute leukaemia. 
E.D. Thomas performed transplants in two patients 
with advanced acute lymphoblastic leukaemia, with 
a syngeneic graft after high-dose total body irradia-
tion; the grafts were successful but the patients died 
a few months later of relapse. G. Mathé administered 
allogeneic bone marrow for the treatment of several 
patients who had suffered accidental exposure to 
irradiation, and most survived with autologous re-
constitution. In 1965, Mathé was the first to describe 
long-term engraftment of sibling bone marrow, 
thereby demonstrating chimerism, tolerance and an 
anti-leukaemic effect. Although the transplant itself 

was successful, the patient eventually died of vari-
cella with chronic graft-versus-host disease (GvHD). 
In 1970, M. Bortin reported 203 transplants carried 
out between 1958 and 1968, with only three patients 
alive at the time of the report. The major causes of 
death were graft failure, GvHD and relapse. After 
these disappointing results, few centres persisted and 
the number of transplants declined sharply.

Major progress came from the discovery of the 
human leukocyte antigen (HLA) system by J. Dausset 
and J.J. Van Rood. Selection of HLA- identical sib-
lings as bone-marrow donors diminished the risk of 
rejection and GvHD. Using animal models, R. Storb 
and E.D. Thomas developed the model of total 
body irradiation for conditioning (in dogs) and the 
use of methotrexate for GvHD prevention. In mice, 
G. Santos showed that the use of cyclophosphamide 
could add immuno-suppression to the myeloablation 
of total body irradiation. He was also the first to use 
busulfan instead of total body irradiation. In 1988, the 
first successful cord blood stem-cell transplant was 
done by E. Gluckman to treat a child with Fanconi’s 
anaemia with cells from his healthy HLA- identical 
sibling (related) donor. The first unrelated donor reg-
istry was established in London in 1974 by Shirley 
Nolan, trying to find a HLA-match donor to her son 
who was diagnosed with Wiskott–Aldrich syndrome. 
After this first donor recruitment drive, the number 
of bone-marrow and peripheral haematopoietic pro-
genitor cell donors increased all over the world, with 
more than 40 million volunteer donors now regis-
tered, including more than 800 000 cord blood units 
[3].

Transplantation of pancreatic islets has been 
carried out in humans since 1990 [4]. However, it was 
not until 1999 that the first successful transplant of 
pancreatic islets, using the so-called Edmonton Pro-
tocol, was undertaken by James Shapiro [5]. Euro-
pean centres became active around the same period, 
but their transplant recipients had complications 
of type-I diabetes that could not be managed with 
insulin injections. The advantage of the Edmonton 
Protocol was that it allowed restoration of the finely 
tuned regulation of glucose metabolism through ap-
propriate insulin production by transplanted islets. In 
2005, the first pancreatic islet transplant from a living 
donor – from a 56-year-old woman to her 27-year-old 
diabetic daughter – resulted in transplanted cells pro-
ducing insulin within minutes after transplantation.

On 25 July 1978, Louise Brown, the first in vitro 
fertilisation (IVF) baby, was born in Oldham, UK [6]. 
Her birth was the result of the collaborative work of 
Patrick Steptoe, Robert Edwards and their nurse and 
embryologist Jean Marian Purdy. Since then, this 
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research area has seen major improvements in the 
laboratory – e.g. cryopreservation of gametes and 
embryos, intracytoplasmic sperm injection (ICSI) 
[7], pre-implantation genetic diagnosis [8] and im-
proved clinical management (such as methods for 
ovarian stimulation and embryo culture conditions) 

– thereby leading to a considerable increase in the use 
of assisted reproductive technologies (ART) [9]. A 
brief summary of the main relevant events in tissues 
and cells transplantation is shown in Figure 1.1.

1.4. Benefits and risks of human 
application of tissues and 
cells

Progress in the medical sciences has made it pos-
sible to effectively transplant human cells and 

tissues from one person into another. For the applica-
tion of tissues and cells of human origin, selecting the 
appropriate donor is essential to exclude individuals 
whose donation could either pose a risk to their own 
health or pose a risk to the recipient that exceeds the 
expected benefit. The expected benefit will depend 
on the initial pathology and the status of the recip-
ient, using a risk assessment methodology. The use of 
tissues and cells for therapeutic purposes constitute 
well-established techniques, outnumbering organ 
transplants by more than tenfold. They offer major 
therapeutic benefits to a wide range of patients, from 
lifesaving (skin or arteries) to major improvement 
in the quality of life of the recipient (cornea, bones). 
Indeed, demand is rapidly increasing for bone trans-
plantation, particularly for secondary revision of 
hip-replacement operations, as well as for skin treat-
ment of severely burned patients. 

There are many differences between organ 
and tissue transplants and these differences have an 
impact on the risks associated with donation and 
transplantation or clinical applications. For example, 
the time to transplantation of an organ is usually 
measured in hours, whereas clinical applications 
of tissues are measured in days or years depending 
on the tissue and the preservation method. Organs, 
however, cannot be preserved for future use. An 
organ donor can only supply a limited number of re-
cipients, where a tissue donor can be used in many 
recipients. Organs cannot be sterilised before trans-
plantation, whereas tissues can often be subjected to 
decontamination and/or sterilisation methodologies. 
Because of these differences, donor-selection criteria 
for tissue donors can often be more stringent.

Haematopoietic progenitor cells fall some-
where between organs and tissues in this comparison. 

They are intended to be life-saving and are usually 
transplanted on the basis of one donor to one recip-
ient. However, they can be processed to some extent, 
though not sterilised, and they can be stored for ex-
tended periods. Where bone marrow is donated by 
an unrelated donor for a specific recipient and trans-
planted without freezing, the situation is very anal-
ogous to organ transplantation. In contrast, when 
cord blood is donated to a public bank, stored for 
years and possibly selected later for transplant to a 
matching recipient, the situation is more analogous 
to tissue banking.

In practice, the decision to use any donor- 
derived tissues or cells will always be based on a clin-
ical assessment of the risk versus the benefit to the 
patient, taking any alternative potential therapies 
into consideration. This is because any human ap-
plication of tissues and cells carries not only process- 
related risks, but donor-related disease-transmission 
risks. The factors influencing the clinical outcome 
are complex because there is an interaction between 
two different biological systems, namely, those of the 
donor and the recipient. Therefore, when assessing 
the risk of human application of tissues and cells, 
both donor and recipient should be considered. In 
both cases, the potential benefits of the procedure 
should outweigh the risks. Transparent communica-
tion and good collaboration between Health Author-
ities, tissue establishments and clinicians treating 
patients are vitally important in any donation process.

Some of the most widely used tissues and cells, 
and their benefits for recipients, are listed in Table 1.1.

With regard to the risks associated with the 
human application of tissues and cells, Article 6 of 
the Additional Protocol to the Convention on Human 
Rights and Biomedicine concerning transplantation 
of organs and tissues of human origin clearly estab-
lishes that:

all professionals involved in organ or 
tissue transplantation must take all rea-
sonable measures to minimise the risks of 
transmission of any disease to the recip-
ient and to avoid any action which might 
affect the suitability of an organ or tissue 
for implantation.

Careful evaluation of the donor’s medical 
history, travel history, behavioural risks and history 
of malignancies is necessary to keep the risk of trans-
mission of infections or malignancies to the recip-
ient as low as possible. These risks are covered in 
Chapter 5. Specific criteria regarding tissues and cells 
are discussed in detail in the relevant chapters of Part 
B of this Guide.
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Only tissues and cells recovered, processed, 
stored and distributed within well-controlled quality 
management systems of donation, processing, storage 
and distribution are likely to function satisfacto-
rily and to reach an acceptable level of safety. The 
donor-selection criteria and the conditions of pro-
cessing and preservation are crucial parameters that 
need to be tightly controlled. Therefore, any organi-
sation involved in these processes should implement 
a comprehensive quality-management system. Man-
agement commitment and support are essential for 

the development, implementation and monitoring 
of a quality system to ensure continuous improve-
ment. All staff should understand the importance of 
quality and their role in achieving it consistently (see 
Chapter 2). 

In summary, human application of tissues or 
cells can confer great benefit for a patient, but it is 
not without risk. In exceptional cases, a donation of 
tissues or cells that does not meet all the necessary 
safety or quality requirements may be used for human 
application for a particular patient. This may occur, 

Table 1.1. Most widely used tissues and cells: the benefits for the transplant recipient

Tissues and cells Function Benefits for the recipient
Amniotic membrane Forms the amniotic sac, filled with amni-

otic fluid, which surrounds and protects 
the fetus; transfers oxygen and nutrients 
from mother to fetus

Used in burns and wound healing (to 
reduce surface inflammation, scarring 
and pain in surgical applications), in 
certain types of ulcers and in oral, maxil-
lofacial and ocular surface surgery

Bones and cartilage Support the body and protect vital 
organs

Used to repair or stabilise the spine and 
other bones and cartilage damaged by 
degeneration, trauma, cancer or birth 
defects; also used in oral surgery and in 
filling bone cavities or other areas where 
bone mass has been lost

Corneas/eyes Cornea and sclera together form the 
outer coat of the eye: the cornea is 
transparent and lets light into the eye; 
the white sclera is opaque

Indicated for visual problems caused 
by damage or deterioration of the front 
part of the ocular globe; if whole eyes 
are donated, the corneas can be used 
in transplants for corneal blindness and 
the sclera can be used for reconstructive 
and glaucoma surgery 

Gametes, reproductive tissues and 
embryos

Generate a new human being Used primarily for the treatment of 
infertility in heterosexual couples and 
to achieve pregnancy and live birth in 
single women and same-sex couples; 
can be stored to preserve fertility or 
even re-establish gonadal function (in 
the case of reproductive tissues). Medi-
cally assisted reproduction can also be 
applied to avoid transmission of some 
genetic or infectious diseases

Fascia Fibrous tissue that covers muscles Used to repair tendons, muscle, liga-
ments and deformities

Haematopoietic progenitor cells (bone 
marrow, peripheral blood progenitor 
cells and cord blood)

Haematopoiesis Used for the treatment of haemato- 
oncologic disorders, and genetic and 
autoimmune diseases 

Heart valves Direct the flow of blood in the heart Used for patients with valve defects, 
especially in children

Pancreatic islets Contain beta cells, which are responsible 
for insulin production

A transplantation method that restores 
an adequate mass of insulin-producing 
beta cells in patients with diabetes

Pericardium Forms protective lining around the heart Used for replacement of dura mater in 
the brain and for eye surgery

Skin Protects the body against injury, infec-
tion and dehydration

Used for the treatment of burns patients, 
certain types of ulcer, abdominal wall 
repairs and reconstructive or plastic 
surgery

Tendons Attach muscle to bone For use in joint injuries

Veins and arteries Provide a structure for the flow of blood 
through the body.

Replace blood vessels that are damaged 
by disease, trauma or prolonged dialysis 
treatment. Also used in bypass surgery 
to re-route blood flow.

TC5_en.indb   31TC5_en.indb   31 14/12/2022   13:21:1914/12/2022   13:21:19



32

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

for instance, where the transplant is likely to be life-
saving and the alternative options for treatment of 
that patient carry a poor prognosis. Similarly, couples 
undergoing MAR treatments often use gametes that 
would not meet selection criteria for non-partner 
procedures (e.g. gametes from an infected partner, 
low-quality sperm, gametes with a well-known risk 
of transmission of a geneticdisease). Ultimately, pa-
tients contemplating use of any donated tissues or 
cells should discuss the risks and benefits of surgery/
therapy with their surgeon/physician and make the 
decision that is best for them.

1.5. The process of donation of 
tissues and cells and their 
application in humans

Donation of tissues and cells and their application 
in humans continue to be fast-moving fields. 

Such rapid developments bring their own challenges. 
These challenges include: control of all crucial tech-
nical activities and services (procurement, trans-
portation, processing, preservation, quality control, 
storage) that enable tissues and cells to be removed 
from one person and transferred to another body, 
reimbursement of expenses and service charges, 
safeguards from exploitation or misuse (e.g. formal 
requirements for consent from the potential donor 
before procurement of tissues or cells) and the 
complex chain of intermediaries (people and in-
stitutions) in the process of donation and human 
application.

The process of donation of tissues or cells from 
a deceased donor is, in many respects, quite different 
from the process in living donors; but, in all cases, a 
complex network of interactions underlies the many 
ways in which human material may be provided by 
one person for the benefit of others. Some of these 
complex links, using the example of a deceased donor, 
are summarised in Figure 1.2.

We can conceptualise the entire process in 
terms of organisation and workflows. In the case of 
donation after death, transplantation can take place 
only if trained professionals are available to talk to 
the next of kin of the deceased potential donor, if 
there is the necessary infrastructure to procure 
tissues within a given timeframe and process them, if 
transport services exist to transport tissues appropri-
ately and if surgeons are available to carry out tissue 
transplantation into the recipient. Similarly, living 
donation is possible only if professionals recruit and 
evaluate potential donors, and adequately trained 

personnel carry out the processes that will generate 
the medical products used to treat patients.

Tissue establishments play a central role in 
modern medicine by providing material for treat-
ment and research. Tissue banking and cell banking 
are increasingly interconnected as part of the com-
plicated networks that now connect the sources and 
recipients of donated bodily material, and the many 
intermediaries involved in processing the material to 
facilitate its use by clinicians.

Centralised management of tissue and cell do-
nations could be the ideal scenario. However, tissues 
and cells can be provided from public organisations 
and private companies. Co-operation between es-
tablishments that store tissues and cells may be rela-
tively limited. National and international efforts have 
focused on good practice for tissue establishments 
without usually providing a mechanism for compre-
hensive, nationwide sharing of donated material. In 
the meantime, an industry based on the supply of 
human tissue and cells has evolved worldwide, with 
multiple providers competing in a market driven by, 
among other things, biotechnology companies, phar-
maceutical companies and private clinics. Thus, the 
flows involved between the original source or donor 
of the material, the amount of processing of the ma-
terial involved and the commercial nature of some of 
those transactions are becoming ever more complex.

It is important to emphasise how consideration 
of policy surrounding donation must now take into 
account these complex flows and multiple interme-
diaries [10]. Awareness is needed of the central part 
that must be played by organisations and organisa-
tional structures in the donation and subsequent 
use of bodily material. Everyone involved needs to 
understand how the process includes, for example, 
the creation of professional roles such as ‘donor 
co-ordinators’, the extent to which they are expected 
to maximise opportunities for donation, how these 
professionals approach the next of kin of potential 
donors and form relationships with them, how well 
one part of the system links with another and where 
responsibility is seen to rest, and the way profes-
sionals in different fields interact and co-operate with 
one another. Awareness of this also points to added 
complexities in the form of legal agreements, liabili-
ties and obligations that may arise where donated ma-
terial is transformed, banked or otherwise handled as 
a commodity by successive intermediaries.

The increasing possibilities in using many 
forms of bodily material to benefit others in medical 
treatment has brought about increased pressure in 
member states to meet demand. There is a continual 
need to recruit new tissue and cell donors to main-
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tain an adequate supply. Shortages of supply may 
affect particular subgroups of the population more 
than others because of the need to match material ac-
cording to immunological criteria or age. ‘Demand’ 
for material is inherently variable; as scientific devel-
opments make more treatments possible, the demand 
for that treatment is likely to increase, whereas the 
development of alternatives may lead to reduced 
demand. Public expectations of what medical science 
can achieve may serve to put further 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 material. It is important to 

Figure 1.2. Complex links between donors and recipients in the context of donation after death

Consent (opt-
in/opt-out)

Potential donor
(identi�ed and referred)
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Biovigilance
Good communication channels between procurement units, tissue establishments, and organ and tissue transplant 
units (including effective alert systems) are essential for an efficient biovigilance system, which should be in place to 

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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emphasise when using these impersonal terms that 
we are talking about people and people’s lives.

1.6. Tissue banks, tissue 
establishments and biobanks

A ‘tissue bank’ is a term commonly used to de-
scribe an establishment that collects and stores 

human tissues or cells for human application and for 
non-therapeutic application like medical research. 

Increased use of tissues and cells for human ap-
plication and for research calls for terminology that 
will distinguish between establishments that collect 
and store tissues and cells for one of these purposes 
or the other. In Europe, the terms currently in use are 
‘tissue establishment’ (for clinical applications) and 
‘biobank’ (for non-therapeutic applications).

The term ‘tissue establishment’ became 
widely used in Europe following publication of the 
EU Tissues and Cells Directive 2004/23/EC, which 
defined it as:

a tissue bank or a unit of a hospital or 
another body where activities of pro-
cessing, preservation, storage or distribu-
tion of human tissues and cells for human 
application are undertaken. It may also be 
responsible for procurement or testing of 
tissues and cells.

In the field of MAR, the term ‘tissue estab-
lishment’ refers to the laboratories in MAR centres 
or clinics as well as banks of gametes. These centres 
or clinics often also include clinical units in which 
the patients are treated. In this Guide, the term 
‘tissue establishment’ is used and refers to all these 
banks, units, centres and clinics. The directive does 
not cover research using human tissues and cells, so 
tissue establishments are concerned only with tissues 
and cells intended for human application. Similarly, 
the directive does not cover other clinical applica-
tions and practices undertaken in the clinical units of 
MAR centres, for example, standard fertility workup.

In the USA, the American Association of 
Tissue Banks (AATB) uses the term ‘tissue bank’ for: 

an entity that provides or engages in one or 
more services involving tissue from living 
or deceased individuals for transplan-
tation purposes. These services include 
assessing donor suitability, recovery, pro-
cessing, storage, labelling, and distribu-
tion of tissue. [11]

The term ‘biobank’ is widely used for reposi-
tories storing human biological samples for use in 

research. In its glossary, the Organisation for Eco-
nomic Co-operation and Development (OECD) 
defines a biobank as ‘a collection of biological mate-
rial and the associated data and information stored 
in an organised system, for a population or a large 
subset of a population’ [12]. Several other definitions, 
as used in EU legislation or guidelines, are available 
on the website of the EU-funded project PRIVILEGED 
(Privacy in Law, Ethics and Genetic Data) [13]. The 
general requirements for biobanking are described in 
ISO 20387. 

In the USA, the term ‘biorepository’ is preferred 
to ‘biobank’. For example, according to the glossary 
of the National Cancer Institute, a biorepository is:

a facility that collects, catalogues, and 
stores samples of biological material, such 
as urine, blood, tissue, cells, DNA, RNA, 
and protein, from humans, animals, or 
plants for laboratory research. If the 
samples are from people, medical infor-
mation may also be stored along with a 
written consent to use the samples in lab-
oratory studies. [14]

The biobanking field is continually evolving, 
and tissue establishments may become interested 
in collecting samples for research purposes, so the 
terminology should also be refined to reflect these 
changes in the future.

In this Guide, it has been agreed to use the term 
‘tissue establishment’ and its definition in accordance 
with Directive 2004/23/EC.

1.7. Quality management 

High-quality, safe and efficacious procedures are 
essential for donors and recipients alike. The 

long-term outcomes of tissue and cell donation and 
human application should be assessed for the living 
donor, as well as the recipient, to document benefit 
and harm.

The level of safety, efficacy and quality of 
human tissues and cells for human application as 
health products of an exceptional nature must be 
maintained and continually optimised. This strategy 
requires implementation of quality systems (see 
Chapter 2) that include traceability (see Chapter 16) 
and vigilance (see Chapter 17), with adverse events 
and reactions reported both nationally and for im-
ported/exported human products.

Optimising the outcome of the human ap-
plication of tissues and cells entails a rules-based 
process that encompasses clinical interventions and 
ex vivo procedures from donor selection through to 
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long-term follow-up. Under the general supervision 
of Health Authorities, transplant and MAR pro-
grammes should monitor donors and recipients to 
ensure that they receive appropriate care, including 
information about long-term risks and benefits. Eval-
uation of information on long-term risks and benefits 
is essential to the consent process and for adequately 
balancing the interests of donors and recipients. The 
benefits to both must outweigh the risks associ-
ated with donation and human application. Donors 
should not be permitted to donate in clinically hope-
less situations.

Locally organised donation, transplantation 
and MAR programmes should store details of their 
activity and follow-up data in national and/or inter-
national registries. All deviations from accepted pro-
cedures that could increase the risk to recipients or 
living donors (as well as any untoward consequences 
of donation or human application) should be re-
ported to, and analysed by, the responsible Health 
Authorities.

Transplantation of human material that does 
not involve long-term medical care of the recipient 
may not require active, long-term follow-up, though 
traceability should be ensured for the anticipated life-
times of donor and recipient. Internationally agreed 
means of coding to identify tissues and cells used in 
transplantation are essential for full traceability (see 
Chapter 16).

In the specific case of MAR, traceability should 
include the outcome of the pregnancy as well as the 
health of the donor, recipient and newborn. It is of 
the utmost importance to put the welfare of donors 
(especially with respect to non-partner donors) in 
a central position in determining what constitutes 
acceptable practice. This requirement might entail 
additional effort in the context of cross-border repro-
ductive care. MAR registries are essential, collecting 
data on a systematic basis to follow up the long-term 
health effects of MAR activity, including the health of 
the donor, recipient and newborn, but also including 
information on non-partner donors.

1.8. Ethical issues

Human tissues and cells can be derived only 
from the body of a person – hence the ethical 

challenges associated with their use. The range of 
tissues and cells described in this Guide makes ex-
plicit the very different circumstances under which 
a person can donate. The person providing the ma-
terial may be living or deceased, the material may be 
used almost immediately or stored for long periods 
of time, and the material may be used unprocessed or 

heavily processed. Whatever the case, handling and 
disposal of human tissues should be carried out in 
a manner that shows respect for fundamental rights 
and for the human body.

Ethical standards of all aspects of tissue and 
cell donation and transplantation have to conform 
to the Oviedo Convention on Human Rights and 
Biomedicine (1997) [15] and the Additional Protocol 
on transplantation of organs and tissues of human 
origin (2002) [16] and also, in the EU, to the Charter 
of Fundamental Rights of the European Union (2012) 
[17]. Other important guidelines to observe from an 
ethical viewpoint are Committee of Ministers Res-
olution (1978) 29 on harmonisation of legislation 
of member states relating to removal, grafting and 
transplantation of human substances [18], the WHO 
Guiding Principles on human cell, tissue and organ 
transplantation [19], the Declaration of Istanbul on 
Organ Trafficking and Transplant Tourism [20] and 
the Barcelona Principles on the use of human donated 
tissue for ocular transplantation, research and future 
technologies from the Global Alliance of Eye Bank 
Associations (GAEBA) [21].

For tissue donation from deceased individuals, 
the ‘dead-donor rule’ (which states that patients must 
be declared dead before removal of any vital organs 
or tissues for transplantation) must be strictly re-
spected [22].

1.8.1. 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. 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.

Together with the Declaration of Istanbul, a 
joint initiative of the International Society for Neph-
rology (ISN) and The Transplantation Society (TTS), 
the Additional Protocol to the Convention on Human 
Rights and Biomedicine concerning transplanta-
tion of organs and tissues of human origin expands 
these provisions further for the specific case of do-
nation and transplantation. These provisions are ex-
plained further in detail in Chapter 4. Specific cases 
related to consent in MAR procedures are outlined 
in Chapter 29.

Tissues must not be removed from the body of a 
deceased person unless that person has been certified 
dead in accordance with the national law and consent 
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or authorisation has been obtained. The removal 
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 mis-
trust’, or mistrust of the healthcare system, is one of 
the reasons why people are reluctant to donate bodily 
material. This may be associated with concerns about 
consent in that the terms of the consent might be 
misused (for example, by using the donated material 
in a manner which is not in accordance with consent, 
including its use for non-therapeutic purposes, re-
search and/or profit) and that additional material 
might be taken without explicit consent. Values such 
as honesty and trust are central in both the profes-
sional and personal relationships when donation of 
bodily material takes place. Therefore, it is of vital im-
portance that the limits of the consent are clearly es-
tablished, made explicit and scrupulously respected.

The recipient – and, if appropriate, the person or 
official body providing authorisation for the human 
application – must be given suitable information be-
forehand on the purpose and nature of the procedure, 
its consequences and risks, and the alternatives to the 
intervention.

In summary, all donation and transplantation 
programmes are dependent upon the goodwill and 
voluntary donation of relevant material from donors 
to continue their activity. It is, therefore, important 
that public confidence is maintained by standards 
of good practice. By engaging donor trust and com-
mitment when obtaining consent, healthcare profes-
sionals will reduce the risk of nefarious trading and 
potential physical harm from the use of transplant-
able tissue for human application.

1.8.2. Conflicts of interest

To avoid any potential conflict of interests, phy-
sicians determining the death of a potential donor 
should not be directly involved in tissue or cell pro-
curement from the donor or subsequent transplanta-
tion procedures, and nor should they be responsible 
for the care of any intended recipient of such tissues 
or cells. Health Authorities will set out the legal 
standards for determining that death has occurred 
and specify how the criteria and process for deter-
mining death will be formulated and applied.

All living donors should receive complete in-
formation before giving their consent. Moreover, this 
information must be impartial and, whenever pos-
sible, given by a treating physician who is not treating 

the recipient of the tissues or cells, in case of allogenic 
donation or non-partner donation in MAR. Scar-
city of tissues and cells procured from living donors 
should never influence the decision to accept a donor 
into a programme. Also, financial incentives must 
not be used to encourage donations because they will 
render living donors more likely to consider repeat 
donations or to continue donating despite potential 
risks to their health. Furthermore, financial incen-
tives may lead donors to not disclose all the infor-
mation necessary for a complete and adequate donor 
selection, thus compromising the quality and safety 
of the donated tissues and cells.

1.8.3. Financial aspects of donation and 
human application of tissues and cells

Discussions around how best to increase the 
supply of human tissues and cells often focus on 
questions of donor motivation: specifically, how in-
dividuals may best be encouraged to donate different 
forms of bodily material. 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. The Guide for 
the implementation of the principle of prohibition of 
financial gain with respect to the human body and 
its parts from living or deceased donors [23] pro-
vides further guidance on how to interpret Article 
21 of the Oviedo Convention in order to facilitate 
its implementation. This notion is reiterated in the 
additional protocol to that Convention, which also 
clearly states in its Article 21 that the human body 
and its parts must not, as such, give rise to financial 
gain or comparable advantage. The aforementioned 
provision does not prevent payments that do not con-
stitute a financial gain or a comparable advantage, 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 cases of undue damage re-
sulting from the removal of tissues or cells 
from living persons.

In the donation of any tissue or cell, removal 
of barriers to donation must not render a decision to 
donate non-altruistic. Initiatives that reduce the bar-
riers to donation should only facilitate individuals in 
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carrying out an action that they were already inclined 
to take by concern for the welfare of the recipient. 

In this sense, the Nuffield Council on Bioethics 
suggests distinguishing between two types of inter-
vention, both of which aim to increase donation by 
changing its costs and benefits [24]. 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 al-
truistic motivations. For the purpose of this Guide, 
we will call these interventions ‘compensation’. The 
second type is ‘non-altruist-focused interventions’, 
which are targeted at potential donors who have no 
strong motivation to help others through donation of 
their bodily material and who, therefore, if they are to 
donate, need to be provided with different reasons for 
action, perhaps in the form of payment or ‘incentive’ 
going well beyond the reimbursement of expenses. 
These incentives are particularly worrisome in the 
case of gamete donors, where they may change the 
donor’s perception of the relative risks and benefits of 
a donation that is not free of potential health hazards 
and psychological consequences. In addition, gamete 
donation for treatment purposes presents further 
ethical implications because it involves the potential 
generation of a new human being.

In summary, voluntary unpaid donation, long 
promoted as the only ethical basis for donation of 
bodily material, should continue to have a central 
role in the donation process of any type of tissue or 
cell. Compensation to donors should cover only justi-
fiable expenses and loss of income, and should not act 
as a direct or indirect incentive or inducement.

Physicians and other health professionals 
should not engage in transplantation procedures, 
and health insurers and other payers should not cover 
such procedures, if the tissues or cells 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 unpaid donation of 
human tissues or cells by means of advertisement 
or public appeal may be undertaken in accordance 
with domestic regulations. However, advertising the 
need for availability of tissues or cells with a view 
to offering or seeking financial gain or comparable 
advantage for the donor, or their next of kin where 
the individual is deceased, should be prohibited. Bro-
kering that involves payment to such individuals or 
to third parties should also be prohibited.

Tissue establishments storing and supplying 
human tissues and cells have developed largely in 
response to the increasing demand for supplies of 

human tissues and cells for therapy and research. 
However, professional bodies should ensure that their 
guidelines reflect their members’ responsibilities in 
the acquisition and supply of human tissue. Tissue 
establishments should operate on a non-profit basis. 
Tissues and cells should be supplied on an opera-
tional cost basis and no payment should ever exceed 
the justifiable fee for the services rendered; in other 
words, tissue establishments can claim a reasonable 
amount for certain expenses but should not quote an 
unfair amount greater than the actual cost in order to 
make profits. When calculating the operational costs 
of a tissue establishment, which may have a variety 
of funding sources, consideration should be given to 
the long-term sustainability of the tissue establish-
ment. In order to do this, it is important to analyse 
the clinical need (for the different types of tissue that 
the tissue establishment will be processing and dis-
tributing) and to efficiently manage the tissue estab-
lishment’s ‘value chain’, which includes the costs of 
procurement, processing, storage, distribution, per-
sonnel, transport, infrastructure and administration, 
and the need to incorporate state-of-the-art processes 
and equipment, among others.

The allocation of tissues and cells must be 
guided by clinical criteria and ethical norms, not 
financial or other considerations. Allocation rules, 
defined by appropriately constituted committees, 
should be equitable, based on clinical need, exter-
nally justified and transparent.

1.8.4. Equitable access to transplantation or to 
medically assisted reproduction

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

Requests (the demand) for human tissues and 
cells may often exceed what is available (the supply). 
Significant practical and ethical questions of effi-
ciency and fairness arise in deciding 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 transplanta-
tion systems must exist to provide equity in access 
to transplantation services for patients. Except in 
the case of direct donations, tissues and cells must 
be allocated among patients only in conformity with 
transparent, objective and duly justified rules ac-

TC5_en.indb   37TC5_en.indb   37 14/12/2022   13:21:2214/12/2022   13:21:22



38

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

cording to medical criteria. The persons or official 
bodies responsible for the allocation decision must 
be designated within this framework.

With regard to access to MAR, infertility treat-
ment covers a broad range of ‘causes’ (e.g. age-related 
decline in fertility, male factors, blocked Fallopian 
tubes) and applications that cannot necessarily all 
be fitted into the same framework. The pivotal point 
in this discussion seems to be whether the desire for 
a child should be considered a fundamental need 
or a personal wish. Current regulatory frameworks 
in MAR are heterogeneous and, in some countries, 
still under development. The debate on ethical and 
social issues (including access to MAR for social 
indications, anonymity of gamete donors, genetic 
selection of donors, compensation for donation, 
posthumous reproduction or surrogacy) is ongoing. 
There is, however, general agreement that reproduc-
tive cloning must be forbidden.

Inclusion of infertility treatment in the basic 
healthcare tier is dependent upon the general level of 
welfare in society. Cultural, educational and religious 
backgrounds may also affect the availability of these 
therapies. Nevertheless, given the rightful claims of 
other types of healthcare and other fundamental 
needs in society (as well a limited availability of non-
partner gametes and embryos), access cannot be ex-
pected to be unlimited. Ultimately, access to MAR 
should be considered in a structured way to include 
efficiency, safety and equity to avoid discrimination 
[25]. Some countries have opted to give public access 
to a fixed number of cycles/treatments for everyone, 
even if this means that those who need more treat-
ments have to pay for it themselves.

Cross-border reproductive care refers to a 
widespread phenomenon whereby patients seeking 
MAR treatment cross international borders to obtain 
reproductive treatment outside their country of resi-
dence. The reasons for travelling vary between coun-
tries, but the most common reason is access to certain 
treatments or techniques not legally allowed in the 
country of origin (e.g. non-partner donation treat-
ment, pre-implantation genetic testing of embryos) 
or if a particular group is excluded from treatment 
(e.g. same-sex couples, single women, women above a 
certain age). There may be other limitations to access 
at home (e.g. long waiting lists). Further reasons for 
travelling may be better quality of care and less ex-
pensive treatment [26, 27].

The ideal situation is fair access to fertility 
treatment in the home country for all patients. This 
ideal should be promoted at all levels [27]. However, 
if for some reason treatment is not possible in the 
country of residence or not available, cross-border re-

productive care may provide a solution. Furthermore, 
it is in accordance with the principle of freedom of 
movement of patients within Europe [28]. However, 
crossing borders may also lead to increased shortage 
of scarce resources in the visited country and to the 
detriment of local citizens. Health Authorities may 
want to introduce a system for fair allocation of 
scarce resources that takes into account local needs, 
such as a maximum number (or percentage) of 
treatments provided to foreign patients. In addition, 
cross-border reproductive care should always follow 
the same strict quality and safety criteria that govern 
domestic treatments, including appropriate trace-
ability and biovigilance measures that cover both 
recipients and their children born as a result of the 
MAR treatment.

1.8.5. 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 
in facilitating donation should not be underestimated, 
nor indeed the importance of trust in these systems. 
An example of such organisational aspects is that, 
whenever a person dies in circumstances where do-
nation is a possibility, this should be raised with their 
family.

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 dona-
tion. Such a stewardship role should extend to taking 
action to remove inequalities that affect disadvan-
taged 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. different positions in 
a social hierarchy). Inequities in donation would, in 
a systematic manner, put groups of people who are 
already socially disadvantaged (e.g. by virtue of being 
poor, female and/or members of a particular racial, 
ethnic or religious group) at further disadvantage 
with respect to their health.

As discussed above, introduction of financial 
incentives for donation in the field of MAR renders 
certain social groups particularly susceptible to dis-
parities based on social and economic status. 

With respect to cross-border care, safeguards 
must be in place to guarantee that all donors, regard-
less their origin, receive similar care and follow-up. 
To prevent abuse of donors coming from abroad, the 
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use of intermediate agencies – which may lead to vi-
olations of the rules of good clinical practice and, in 
the worst-case scenario, to trafficking – should be 
avoided. Post-donation care must be provided to the 
best possible standards at home or abroad.

1.8.6. Anonymity

The identity of the donor and recipient should 
(except in the case of donation between persons 
having a close personal relationship) be maintained 
in strict confidentiality. Such precautions will prevent 
abuse and protect the families of donors and recip-
ients from feelings of anxiety associated with emo-
tional involvement, obligation to return favours or 
guilt.

In the specific case of MAR, different regu-
lations are applied in different member states with 
regard to the anonymity of non-partner donors. 
Debate has focused around the donor’s right to ano-
nymity, the welfare of the resulting offspring and his/
her right to family life, and the effect of removal of 
donor anonymity on the supply of gametes for treat-
ment. Presently, some countries require that donors 
always remain anonymous, whereas other countries 
require that their identity might be known only in 
exceptionally urgent medical situations. Some coun-
tries allow the possibility of the offspring gaining 
access to non-identifying information about the 
donor (e.g. hair colour, ethnicity). Other countries 
allow the offspring to contact donors after the off-
spring has reached a certain age. Hybrid models exist 
in some countries. A common standard seems to 
be that donors do not have the right to information 
about children generated from their gametes (unless 
the child chooses and is legally allowed to obtain in-
formation about the donor).

1.8.7. Transparency

The organisation and execution of activities 
based on donation and human application, as well as 
their clinical results, must be transparent and open to 
scrutiny, while ensuring that the personal anonymity 
and privacy of donors and recipients are protected (if 
relevant).

Transparency can be achieved by maintaining 
public access to regularly updated comprehensive 
data on processes, in particular to data on donation 
and banking activities, allocation, distribution and 
import/export, demand for tissues and cells, human 
applications and the outcomes for recipients, living 
donors and children born as a result of MAR proce-
dures, 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 objec-
tive of the system should be not only to help meet the 
goal of self-sufficiency for countries or regions and to 
maximise the availability of data for scholarly study 
and governmental supervision to allow determina-
tion of clinical outcomes and efficacy of treatments 
but also to identify risks (and facilitate their mitiga-
tion) to minimise harm to donors and recipients.

1.9. Recommendations and 
regulations in the field

1.9.1. Council of Europe
The Council of Europe, based in Strasbourg 

(France), is an international organisation that pro-
motes 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, Organisa-
tional and Legislative Aspects of Organ Transplanta-
tion [29], 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 committee consisted of experts in 
different aspects of transplantation: immunologists, 
surgeons and physicians, as well as 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 Medicines & HealthCare (EDQM) of 
the Council of Europe [30], and the newly appointed 
CD-P-TO took over as the steering committee [31].

Today, the CD-P-TO is composed of interna-
tionally recognised experts from Council of Europe 
member states, observer countries, the European 
Commission and the WHO, as well as representatives 
from the Committee on Bioethics of the Council of 
Europe (CD-BIO) and several professional societies 
and non-governmental organisations. It actively 
promotes the non-commercialisation of organ dona-
tion, the fight against organ trafficking, the develop-
ment of ethical, quality and safety standards in the 
field of organs, tissues and cells, and the transfer of 
knowledge and expertise between member states and 
organisations.

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 
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and training aspects of the donation and transplanta-
tion of organs, tissues and cells [32]. 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) [33] 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 came into force 
on 3 September 1953.

The European Agreement on the Exchange of 
Therapeutic Substances of Human Origin (European 
Treaty Series, No. 26) [34], 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) [35], signed in Strasbourg on 17 September 1974, 
lays the groundwork for development of mutual as-
sistance in the supply of tissue-typing reagents and 
the establishment of joint rules between signatory 
parties. The signatory parties undertake to make re-
agents available to other parties who are in need of 
them, by the most direct route, subject to the condi-
tion that no profit is made on them, that they must be 
used solely for medical and scientific purposes and 
are free of import duties. The Additional Protocol 
(European Treaty Series, No. 89) [36], which was 
opened for signature on 24 June 1976 and came into 
force on 23 April 1977, provides for the accession of 
the European Community to this agreement.

The Oviedo Convention – the Convention 
for the Protection of Human Rights and Dignity of 
the Human Being with regard to the Application of 
Biology and Medicine (European Treaty Series, No. 
164) [15], which was opened for signature on 4 April 
1997 and came into force on 1 December 1999 – is 
the first legally binding international text designed 
to preserve human dignity, fundamental rights and 
freedoms, through a series of principles 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 principle of consent, non-discrimination 
on the basis of genetic characteristics, and protection 
of private life and access to information. The Conven-
tion specifically prohibits any financial gain from the 

body and its parts, as such. The Guide for the imple-
mentation of the principle of prohibition of financial 
gain with respect to the human body and its parts 
from living or deceased donors [23] provides further 
guidance on how to interpret Article 21 of the Oviedo 
Convention in order to facilitate its implementation.

The Oviedo Convention was extended by an 
Additional Protocol to the Convention on Human 
Rights and Biomedicine concerning transplantation 
of organs and tissues of human origin (European 
Treaty Series, No. 186) [16], which was opened for sig-
nature on 24 January 2002 in Strasbourg and came 
into force on 1 May 2006. This additional protocol 
aims to protect the dignity and identity of everyone 
and to guarantee, without discrimination, respect for 
his/her integrity and other rights and fundamental 
freedoms with regard to the transplantation of organs 
and tissues of human origin, thereby establishing 
principles for the protection of donors and recipients. 
However, the additional protocol does not apply to 
gametes and embryos.

The Council of Europe Convention on Action 
against Trafficking in Human Beings (European 
Treaty Series, No. 197) [37], which was opened for 
signature in Warsaw on 16 May 2005 and came into 
force on 1 February 2008, alongside its Explanatory 
Report, addresses the trafficking of human beings for 
the purpose of organ removal.

The Council of Europe/United Nations joint 
study on Trafficking in organs, tissues and cells 
and trafficking in human beings for the purpose of 
the removal of organs [38], 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 it 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 
transplant-related activities to persist. This is why the 
Council of Europe decided to undertake the task of 
drafting a new international legally binding instru-
ment against trafficking in human organs.

The Council of Europe Convention against 
Trafficking in Human Organs (European Treaty 
Series, No. 216), with its Explanatory Report [38], 
adopted by the Committee of Ministers on 9 July 
2014, identifies distinct activities that constitute ‘traf-
ficking 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 authorised under domestic law; removal 
when, in exchange, a living donor (or a third party) 
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has been offered or received a financial gain or com-
parable advantage; or removal from a deceased donor 
when a third party has been offered or received a fi-
nancial gain or comparable advantage.

Other major resolutions and recommendations 
in the field of tissues and cells include:

• Resolution (78) 29 of the Committee of Minis-
ters on Harmonisation of legislation of member 
states relating to removal, grafting and trans-
plantation of human substances [18];

• Recommendation No. R (94) 1 of the Com-
mittee of Ministers to member states on human 
tissue banks [39];

• Recommendation No. R (98) 2 of the Com-
mittee of Ministers to member states on pro-
vision of haematopoietic progenitor cells [40];

• Recommendation Rec (2004) 8 of the Com-
mittee of Ministers to member states on autol-
ogous cord blood banks [41];

• Recommendation Rec (2006) 4 of the Com-
mittee of Ministers to member states on re-
search on biological materials of human origin 
[42];

• Recommendation CM/Rec (2020) 5 on the 
quality and safety of tissues and cells for 
human application [43];

• Recommendation CM/Rec (2020) 6 on estab-
lishing harmonised measures for the protec-
tion of haematopoietic progenitor cell donors 
[44].

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 Newsletter Transplant [45], which 
is co-ordinated by the Organización Nacional de 
Trasplantes (ONT) in Spain. This publication sum-
marises comprehensive data (provided by national 
focal points designated by governments) on dona-
tion and transplantation activities, management of 
waiting lists, organ-donation refusals and author-
ised centres for transplantation activities. Newsletter 
Transplant provides information from ≈ 70 countries, 
including Council of Europe member states, observer 
countries and observer networks (e.g. Iberoamerican 
Donation and Network Council on Organ Donation 
and Transplantation, Mediterranean Network). The 
Newsletter Transplant database is connected with 
other international projects on data collection (e.g. 
WHO Global Observatory on Organ Donation and 
Transplantation, Eurocet database) to avoid duplica-
tion of efforts. Newsletter Transplant has evolved into 

a unique official source of information that continues 
to inspire policies and strategic plans worldwide.

Achieving self-sufficiency based on voluntary 
unremunerated donation and security of supply, as 
well as timely and equitable access to safe trans-
plantation, are important national and European 
goals. To ensure rational, fair, timely and equitable 
access to safe therapies based on the use of tissues 
and cells of human origin, governments need to 
know how many tissues and cells are available and 
how many are required for their populations so the 
transplantation requirements can be consistently met 
and an appropriate level of funding to support do-
nation programmes is maintained. This information 
is also essential in order to avoid over-reliance on a 
limited number of providers or countries, as well as 
to prepare for risk scenarios that might affect supply. 
Furthermore, having accurate activity data is also es-
sential in order to put into context the figures related 
to serious adverse events and reactions related to the 
use of tissues and cells of human origin. In an attempt 
to streamline and harmonise data- collection exer-
cises in Europe, in the framework of a co- operation 
Grant Agreement between the European Commis-
sion and the EDQM/Council of Europe and with the 
support of the main professional societies and ex-
isting registries in the field, the EDQM co- ordinated 
the identification of a minimum dataset that, if reg-
ularly collected by member states, would serve the 
abovementioned objectives [46]. The exercise entailed 
reaching an agreement on the parameters, units and 
expected quality of the data to be collected, as well 
as making recommendations on who should be ac-
countable for the collection and validation of this 
data and ensure dissemination among all relevant 
stakeholders. 

The Council of Europe also produces other 
guidelines, including this Guide to the quality and 
safety of tissues and cells for human application, 
the Guide to the quality and safety of organs for 
transplantation and the Guide to the preparation, use 
and quality assurance of blood components [47].

1.9.2. World Health Organization

In 1987, the 40th World Health Assembly, con-
cerned about the trade for profit in human organs, 
initiated preparation of the first WHO Guiding Prin-
ciples on transplantation, endorsed by the Assembly 
in 1991 in resolution WHA 44.25 [48]. These Guiding 
Principles have greatly influenced professional codes 
and practices, as well as legislation, around the world 
for almost two decades. After a consultation that took 
several years, on 21 May 2010 the 63rd World Health 
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Assembly adopted resolution WHA 63.22 [49], which 
endorsed the updated WHO Guiding Principles on 
human cell, tissue and organ transplantation [19] 
and called on WHO member states to implement 
these Guiding Principles, promote voluntary and 
unremunerated donation, 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 standard-
ised coding. These WHO 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 
WHA 57.18 [50] in 2004, which urged WHO member 
states ‘to take measures to protect the poorest and 
vulnerable 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’. Subsequently, the Declaration 
of Istanbul on Organ Trafficking and Transplant 
Tourism [20] was adopted in 2008, as an initiative of 
The Transplantation Society (TTS) and the Interna-
tional Society for Nephrology (ISN). In 2018 it was 
updated to incorporate revised definitions and briefer 
and more comprehensive principles to provide up-
to-date guidance and practical advice for health 
professionals, policy makers and law-enforcement 
authorities. The declaration emphasises that organ 
trafficking and transplant tourism should be pro-
hibited because they violate the principles of equity, 
justice and respect for human dignity, targeting im-
poverished and otherwise vulnerable donors and in-
exorably leading to inequity and injustice.

United Nations Resolution 71/322, adopted by 
the WHO General Assembly on 8 September 2017, 
aims at strengthening and promoting effective meas-
ures and international co-operation on organ do-
nation and transplantation to prevent and combat 
trafficking in persons for the purpose of organ 
removal and trafficking in human organs [51].

Robust bi-directional donor–recipient tracea-
bility is a prerequisite to achieving effective vigilance 
and surveillance worldwide. For this reason, Resolu-
tion WHA 63.22 [49] also urged WHO member states 
to collaborate in collecting data (including adverse 
events and reactions) in addition to implementation 
of globally consistent coding systems. The Notify 
project was a specific follow-up action that was led 
by the Italian National Transplant Centre (CNT) 
and WHO to promote the sharing of information on 
adverse incidents for improving safety and efficacy 
[52].

As a result of resolutions WHA 57.18 and WHA 
63.22 (which requested that global data on the prac-
tice, 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 [53]. 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 
systems in countries. In addition, the data provided 
also help to give an overview of the legal and organ-
isational aspects in very different settings and coun-
tries, which enables the regulating bodies to monitor 
transplantation activities.

The WHO has also published two aide-
mémoires specifically on the donation and transplan-
tation of tissues and cells [1, 54].

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.

1.9.3. European Union

1.9.3.1. EU tissues and cells legislation
Article 168 (4)(a) of the Treaty on the Func-

tioning of the European Union [55] (previously 
Article 152 of the Treaty of Amsterdam) gives the EU 
a mandate to establish high quality and safety stand-
ards for substances of human origin, such as blood, 
organs, tissues and cells.

Acknowledging that the human application of 
tissues and cells is an expanding medical field that 
offers important opportunities for the treatment of 
disease, the EU aims for a common approach to the 
regulation of tissues and cells across Europe, in par-
ticular to promote cross-border exchanges where that 
can improve patient access.

The EU tissue and cells directives have created a 
benchmark for the standards that must be met if car-
rying out any activity involving tissues and cells for 
human application, including gametes, embryos and 
reproductive tissue. The directives also require that 
systems be put in place to ensure that all the tissues 
and cells used in human applications are traceable 
from donors to recipients and vice versa.

Directive 2004/23/EC [56] of the European Par-
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liament and of the Council of 31 March 2004 applies 
to the donation, procurement, testing, preservation, 
storage and distribution of human tissues and cells 
intended for human use (including reproductive cells 
used in ART procedures). The directive introduced 
obligations on EU member states’ authorities, from 
supervision of human tissue and cell procurement 
and authorising and inspecting tissue establish-
ments, to ensuring traceability and vigilance and 
maintaining a publicly accessible register of national 
tissue establishments. It also lays down rules on 
donor selection and evaluation (e.g. principles gov-
erning tissue and cell donation, consent, data confi-
dentiality) and quality and safety of tissues and cells 
(e.g. quality management, tissue and cell reception, 
processing and storage conditions).

Commission Directive 2006/17/EC [57] estab-
lished specific technical requirements for each step in 
the human tissue and cell preparation process, in par-
ticular the requirements for procurement of human 
tissues and cells, selection criteria for donors of 
tissues and cells, laboratory tests required for donors, 
tissue and/or cell donation, the procurement and re-
ception procedures at tissue establishments and the 
requirements for direct distribution to the recipient 
of specific tissues and cells. Directive 2006/17/EC was 
amended in 2012 by Commission Directive 2012/39/
EU with regard to certain technical requirements for 
the testing of human tissues and cells [58].

Commission Directive 2006/86/EC [59] in-
cludes traceability requirements, notification of 
serious adverse reactions and events and certain 
technical requirements for the coding, processing, 
preservation, storage and distribution of human 
tissues and cells.

In 2015, two new Commission directives were 
adopted, one an implementing directive on the pro-
cedures for verifying equivalent standards of quality 
and safety of imported tissues and cells (Directive 
2015/566) [60] and a second one amending Directive 
2006/86/EC, providing detailed requirements on the 
coding of human tissues and cells (Directive 2015/565) 
[61].

Quality and safety standards for human organs 
intended for transplantation are laid down in Direc-
tive 2010/53/EU and Commission Implementing Di-
rective 2012/25/EU. These detail the standards and 
procedures for information exchange between EU 
member states regarding human organs intended for 
transplantation [62, 63].

The EU directives oblige EU member states to 
encourage voluntary and unpaid donation of tissues 
and cells and to endeavour to ensure that the pro-
curement of tissues and cells is carried out on a non-

profit basis. Promotion and publicity activities in 
support of the donation of human tissues and cells 
with a view to offering or seeking financial gain or 
comparable advantage are not allowed. The EU direc-
tives also provide clear provisions on the information 
to be given to donors for the purposes of obtaining 
consent and the anonymity of all personal data col-
lected, and instruct EU member states to adopt meas-
ures to ensure data security and prevent unauthorised 
modifications to files and records.

These directives do not cover laboratory re-
search using human tissues and cells (e.g. in vitro re-
search or research using animal models) and do not 
interfere with the decisions of EU member states on 
the use or non-use of any specific type of human cell, 
including embryonic stem cells. Similarly, these di-
rectives do not interfere with provisions of member 
states defining the legal term ‘person’ or ‘individual’.

As from 25 May 2018, the new General Data 
Protection Regulation 2016/679 (GDPR) entered into 
force, repealing Directive 95/46/EC [64]. The regula-
tion is directly applicable in all EU member states and 
regulates the processing by an individual, a company 
or an organisation of personal data relating to indi-
viduals in the EU. This directive applies to companies 
or organisations that process personal data as part 
of the activities of one of its branches established in 
the EU or, to a company or organisation established 
outside the EU, processing data of data subjects in the 
EU in the context of offering products or services in 
the EU, or monitoring behaviour of data subjects in 
the EU. It does not apply, however, to the processing 
of personal data of deceased persons, anonymised 
data or legal persons.

In 2019, the EU published an evaluation of the 
blood and tissues and cells legislation that aimed to 
assess whether the legislation had achieved its orig-
inal objectives and whether it was still fit for purpose 
in light of the significant and technological devel-
opments in the sector [65]. To address the identified 
gaps and shortcomings identified in that evaluation, 
the Commission is undertaking a revision of the 
EU legislation in this field to ensure the framework 
is up-to-date, fit for purpose and future-proof [66]. 
The initiative aims at updating the legislation in the 
direction of a more flexible alignment with scientific 
and technological developments by removing from 
legislation many technical provisions, allowing for a 
faster update of standards. In addition, the revision 
aims to strengthen donor protection and oversight by 
authorities, to facilitate innovation in the field and to 
support measures in member states to achieve suffi-
ciency and sustainability of supply. A comprehensive 
impact assessment of policy options has been con-
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ducted to inform the revision and will be published 
together with the Commission proposal for revised 
legislation. The revision proposal is planned to be 
adopted by the European Commission in 2022. The 
adoption will be followed by debates in the European 
Parliament and the European Council to reach agree-
ment on the text that will finally come into force.

In addition to this legislative work, the Eu-
ropean Commission has, throughout the years, 
supported EU member states in their efforts to imple-
ment EU directives on tissues and cells by providing 
funding for several projects under the Programme of 
Community Action in the Field of Health [67]. Some 
of the projects supported include:

• EQSTB (European Quality System for Tissue 
Banking) focused on four main work packages: 
(i) identification of the key requirements for 
tissue banking; (ii) development of a registry to 
support exchange of tissues; (iii) provision of 
training programmes, both online and face-to-
face, to fulfil the needs of tissue establishment 
professionals, and (iv) development of an audit 
model and audit guide for tissue establish-
ments, with recommendations for tissue estab-
lishments and guidance for auditors.

• EUSTITE (European Standards and Training in 
the Inspection of Tissue Establishments) [68] 
developed guidance and training courses for 
EU competent authorities on the inspection of 
tissue establishments and on vigilance proce-
dures for tissues and cells used in transplanta-
tion and in assisted reproduction. The guidance 
document served as a basis for the guidelines 
on implementation of inspection and control 
measures in the field of human tissues and cells 
included in Commission Decision 2010/453/EU 
of 3 August 2010.

• POSEIDON (Promoting Optimisation, Safety, 
Experience sharing and quality Implemen-
tation for Donation Organisation and Net-
working in unrelated haematopoietic stem-cell 
transplantation in Europe) provided recom-
mendations for improvements in the safety 
of unrelated haematopoietic progenitor cell 
transplantation, for the optimisation of human 
stem-cell donation policy, and for promoting 
equal access to this therapy throughout the EU.

• EUROCET [69] is a platform that was funded in-
itially by the European Commission but is now 
maintained by the Italian National Transplant 
Centre. It collects and publishes annual activity 
data on donation, processing and human appli-
cations of tissues and cells. However, the Tissue 
Establishment Registry has been temporarily 

suspended in order to avoid confusion with the 
official EU Tissue Establishment Compendium.

• EuroGTP (European Good Tissue Practices) 
[70] developed a guide to good tissue practices 
and personnel training guidelines for tissue 
establishments on the recovery, processing 
and preservation of tissues, to ensure that all 
tissue establishments guarantee the highest 
level of quality and safety of tissues for human 
application. EuroGTP has provided a crucial 
basis for much of the technical content of this 
Guide. A strong collaboration between the Eu-
ropean Association of Tissue and Cell Banks 
(EATCB), which will update and maintain the 
GTPs as their own standards, and the Council 
of Europe will be maintained to ensure consist-
ency and development in the light of the most 
up-to-date scientific knowledge.

• The project SoHO V&S (Vigilance and Surveil-
lance of Substances of Human Origin) [71] ad-
dressed the harmonisation of terminology and 
documentation relating to adverse events and 
reactions. It aimed to find a consensus on how 
information should be exchanged between EU 
member states, the European Commission 
and third countries to enhance efficient man-
agement of incidents involving cross-border 
distribution of tissues and cells. The project 
drafted important guidance documents for the 
EU competent authorities, on the detection and 
investigation of suspected illegal and/or fraud-
ulent activity related to tissues and cells, the 
communication and investigation of serious 
adverse events and reactions associated with 
human tissues and cells, and vigilance and sur-
veillance in the field of assisted reproductive 
technologies. The project also prepared a guid-
ance document for healthcare professionals on 
vigilance and surveillance of human tissues 
and cells. It also provided a training model for 
competent authorities in the investigation and 
management of vigilance and surveillance of 
tissues and cells.

• The joint action ARTHIQS (Good Practice on 
Donation, Collection, Testing, Processing, 
Storage and Distribution of Gametes for As-
sisted Reproductive Technologies and Hae-
matopoietic Stem Cells for Transplantation) 
[72], launched in 2014, was a three-year project 
to build institutional and inspection guidelines 
for assisted reproductive technologies as well as 
guidelines related to the set-up and regulation 
of haematopoietic stem-cell donor follow-up 
registries and banking of cord blood.
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• The joint action VISTART (Vigilance and In-
spection for the Safety of Transfusion, As-
sisted Reproduction and Transplantation) [73], 
launched in 2015, aimed at promoting and 
facilitating the harmonisation of inspection, 
authorisation and vigilance systems for blood 
transfusion and tissues and cells for human 
application.

• The project EuroGTP-II (Good Tissue Prac-
tices for demonstrating safety and quality 
through recipient follow-up) [74], launched in 
2016, aimed at developing technical guidance 
to assess the quality and safety of novel tissue 
and cell therapies and demonstrating their effi-
cacy based on recipients’ outcomes.

• The joint action European Cornea and Cell 
Transplant Registry (ECCTR), launched in 
2016, aimed to develop a common assessment 
methodology, based on the three existing Eu-
ropean corneal transplant registries in the 
Netherlands, Sweden and the UK, and estab-
lish a web-based European registry to assess 
and verify the safety, quality and efficacy of 
ocular tissue transplantation [75].

• The EU-funded project TRANSPOSE (TRANS-
fusion and transplantation: PrOtection and 
SElection of donors) [76] was launched in 2017 
and aimed at harmonising European donor 
selection and protection policies, while main-
taining adequate health and safety protection 
of the recipient.

• The joint action GAPP (Facilitating the Author-
isation of Preparation Process for blood, tissues 
and cells) [77] was launched in 2018 and aimed 
at facilitating the development of a common 
and optimal approach to assess and authorise 
preparation processes in blood and tissue es-
tablishments, adapting requirements as pre-
scribed by Article 29 of Directive 2002/98/EC 
and Article 28 of Directive 2004/23/EC.

These projects have strengthened collaboration 
among Health Authorities, and between these Health 
Authorities and the professional associations in the 
area of tissues and cells for human application, al-
lowing continuous input from field practice into the 
regulatory framework.

1.9.3.2. Other relevant EU legislation
Cells and tissues that are substantially manip-

ulated or used for a different essential function can 
be classified as a gene therapy medicinal product, a 
somatic cell therapy medicinal product or a tissue- 
engineered product.

Activities involving such cells and/or tissues 
have to comply with Regulation (EC) No. 1394/2007 
of the European Parliament and of the Council on 
advanced therapy medicinal products (the ‘ATMP 
Regulation’) [78, 79] (see Appendix 41 for additional 
information). This Guide is not applicable to such ac-
tivities, other than aspects related to donation, pro-
curement and testing of the cells/tissues. Clinical 
trials of ATMPs must comply with the EU framework 
on clinical trials (Regulation (EU) No. 536/2014) [80]. 
Donation, procurement and testing of the tissues 
and/or cells must comply with the quality and safety 
standards laid down in Directive 2004/23/EC and its 
implementing directives. 

In 2017, two new regulations on medical 
devices were adopted and entered into force. Regu-
lation (EU) 2017/745 of the European Parliament and 
of the Council, on medical devices, amends Direc-
tive 2001/83/EC, Regulation (EC) No. 178/2002 and 
Regulation (EC) No. 1223/2009 and repeals Council 
Directives 90/385/EEC and 93/42/EEC. The revised 
requirements apply to medical devices combined 
with tissues and cells and to medical devices incor-
porating non-viable derivatives of human tissues 
or cells, in particular human collagen. Regulation 
(EU) 2017/746 of the European Parliament and of 
the Council on in vitro diagnostic medical devices 
repeals Directive 98/79/EC and Commission Deci-
sion 2010/227/EU [81].
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Chapter 2. Quality management and validation

2.1. Quality management

This chapter outlines the general principles of a 
quality management system (QMS) that should 

be applied at all stages, from identification of a po-
tential donor through processing and storage of the 
tissues or cells to the final preparation for application 
to the patient. Quality of tissues and cells is achieved 
through compliance with requirements at four levels:

a� The legal framework that provides the overall 
context in which the donation, procurement, 
testing, processing, storage, distribution until 
human application and import/export activi-
ties for tissues and cells are performed;

b� The QMS, which is a management method 
to ensure that tissues and cells consistently 
comply with technical and legal requirements;

c� The technical requirements specific to each 
type of tissue or cell, which ensure quality, 
safety and efficacy, as detailed in Part B and 
Part C of this Guide;

d� The authorisations in place for the specific ac-
tivities, from the specific Health Authority.

A tissue establishment must implement a QMS 
that covers the scope of all of its activities. The fol-
lowing non-exhaustive list of relevant standards and 
legal instruments includes tools to support a tissue 
establishment in the construction of a robust and ef-
ficient programme:

• Directive 2004/23/EC [1] – which sets the 
standards of quality and safety for the dona-
tion, procurement, testing, processing, pres-

ervation, storage and distribution of human 
tissues and cells – and its associated technical 
directives provide key elements to be included 
in a tissue establishment QMS; these require-
ments are legally binding in EU member states.

• Good Practice Guidelines for Tissue Establish-
ments (see Part C) that follow the EU directives. 
The guidelines are based on a QMS approach. 
They form the basis of good practice in all 
tissue establishments and should be used in 
preparation for inspection and in continuous 
improvement.

• Good Tissue Practices for European tissue 
banks were developed by the EU-funded project 
EuroGTP, which aimed to agree harmonised 
practices and techniques across Europe and 
to increase the know-how and level of compe-
tence of tissue establishment personnel. Much 
of the guidance developed in that project has 
been incorporated in the chapters of this Guide.

• FACT–JACIE International Standards for cel-
lular therapy product collection, processing 
and administration, published by the Founda-
tion for the Accreditation of Cellular Therapy 
and the Joint Accreditation Committee of the 
International Society for Cellular Therapy and 
the European Society for Blood and Marrow 
Transplantation.

• NetCord-FACT International Standards for 
cord blood collection, processing and release 
for administration.

• European Society of Human Reproduction 
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and Embryology (ESHRE) Guidelines for good 
practice in IVF laboratories [2].

• World Marrow Donor Association Interna-
tional Standards for Unrelated Haematopoietic 
Stem Cell Donor Registries.

• The International Organization for Standard-
ization (ISO) requirements, as addressed in 
the ISO  9000 QMS family of standards. ISO 
standards have been developed to assist or-
ganisations of all types and sizes to implement 
and operate effective QMS. ISO 9001 on QMS 
requirements is particularly relevant to tissue 
and cell processes [3].

• The EU Guidelines for Good Manufacturing 
Practices (GMP) [4] provide specific guid-
ance on the preparation of medicinal products. 
However, much of their content is also relevant 
to the procurement, processing, storage and 
distribution of tissues and cells. Wherever (in 
the EU) products containing tissues or cells are 
classified as advanced therapy medicinal prod-
ucts (ATMPs), then the EU guidelines on good 
manufacturing practice specific to advanced 
therapy medicinal products must be applied [5].

2.2. Applying a quality 
management system in 
donation and banking of 
tissues and cells

Quality is the responsibility of all personnel in-
volved in the process of providing tissues and 

cells for clinical application. A systematic approach 
to quality management must be implemented and 
maintained throughout all processes that influence 
the quality of tissues and cells. A good system ad-
dresses quality management under the following 
headings:

a� Personnel and organisation;
b� Premises;
c� Equipment and materials;
d� Outsourced activities management (contrac-

tual agreements);
e� Documentation;
f� Quality control;
g� Quarantine and release;
h� Change control;
i� Traceability;
j� Complaints;

k� Investigation and reporting of deviations, 
adverse events and reactions;

l� Recall;

m� Self-assessment, internal and external audit;
n� Validation, verification and qualification;
o� Quality risk management;
p� Fiscal and continuity planning;
q� Tools for continuous quality improvement.

2.3. Personnel and organisation

There must be sufficient, suitably qualified per-
sonnel to carry out all tasks in compliance with 

quality and safety requirements. Tasks and respon-
sibilities must be clearly defined, understood and 
documented. All personnel should have clear, doc-
umented and up-to-date job descriptions. There 
should be an organisational chart that describes the 
structure of the organisation with clear delineation 
of responsibilities and lines of reporting.

2.3.1. Key personnel

Key personnel in each organisation involved in 
the process (from the initial donor-selection stage to 
the final delivery of tissues and cells) should include 
an identified person who is responsible for all activ-
ities carried out in their organisation, along with a 
designated person who takes over this responsibility 
in their absence. In principle, processing and quality 
control activities should be independent of each 
other to ensure effective and reliable evaluation of 
processes, and be performed by different individuals. 
However, it is recognised that in practice this sepa-
ration of responsibilities may be difficult to accom-
plish in smaller TEs, where due to staffing constraints 
individuals may have to perform both processing 
and quality control activities. It is however strongly 
recommended that individuals do not take respon-
sibility for quality control checking of activities that 
they themselves have performed.

2.3.1.1. Responsible person
For those countries that are members of the EU, 

the Responsible Person (RP) in a tissue establishment 
must meet qualification criteria defined in Directive 
2004/23/EC [1]. Each relevant organisation must also 
have an identified medical specialist/adviser who 
may or may not be the RP. 

The responsibilities of the RP should include 
(but are not limited to):

• ensuring that human tissues and cells in the 
establishment for which that person is respon-
sible, and intended for human applications, are 
procured, tested, processed, stored and distrib-
uted (including import and export) in accord-
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ance with this directive and with the laws in 
force in the member state;

• providing information to the Health Authority 
on any substantial changes to its activities;

• implementing appropriate control measures in 
order to ensure compliance with the require-
ments of this directive;

• keeping records of their activities, including 
the types and quantities of tissues and/or cells 
procured, tested, preserved, processed, stored 
and distributed, or otherwise disposed of, and 
on the origin and destination of the tissues and 
cells intended for human applications;

• ensuring that the Health Authority(ies) is (are) 
notified of any serious adverse events and re-
actions and is (or are) provided with a report 
analysing the cause and the ensuing outcome;

• putting in place and updating a quality system 
based on the principles of good practice;

• providing training and qualifying personnel 
directly involved in activities relating to the 
procurement, processing, preservation, storage 
and distribution of tissues and cells.

2.3.1.2. Quality manager
The quality manager who manages the quality 

system should ensure (but their responsibilities are 
not limited to) implementation of the following:

• qualification of personnel,
• verification or validation of processes,
• qualification, maintenance, cleaning, dis-

infection and monitoring of premises and 
equipment,

• verification or validation of test methods,
• qualification of materials,
• qualification and monitoring of suppliers and 

contractors,
• document control,
• retention of records,
• compliance of all other personnel with estab-

lishment requirements,
• scheduling and follow-up of audits (internal or 

external ones),
• follow-up of non-compliances and corrective 

measures,
• implementation of risk mapping as part of the 

quality management system, notably for crit-
ical activities.

2.3.2. Training and qualification of staff

Tissue and cell procurement and processing 
should be carried out by appropriately qualified 

personnel. Personnel must receive initial and con-
tinued training appropriate to the tasks assigned to 
them. Criteria should be defined and satisfied before 
declaring personnel qualified for a specific task. 
Training methods must be documented and must 
ensure that each individual:

• has demonstrated necessary competence in, 
and is authorised to perform, their designated 
tasks;

• has an adequate knowledge and understanding 
of the scientific/technical processes and princi-
ples relevant to their designated tasks;

• understands the organisational framework, the 
quality principles relevant to their tasks and 
the safety rules of the TE in which they work;

• is adequately informed of the broader ethical, 
legal and regulatory context of their work;

• has knowledge of the general data protection 
regulation, including information technology 
(IT) security and data management rules.

When applicable, personnel should have rel-
evant knowledge of microbiology and hygiene, and 
should be constantly aware that microbial contami-
nation of themselves, donors and recipients, as well as 
tissues and cells, should be avoided. The training pro-
gramme should include mid- to long-term training 
plans, be adequately resourced and target all the per-
sonnel that might be involved in any activities within 
the scope of this Guide, irrespective of whether the 
activity is routine or occasional. 

Training programmes should be periodically 
re-evaluated, and the competence of personnel must 
be monitored regularly. This can be done, for example, 
by the monitoring of quality indicators, proficiency 
testing, external quality assurance, and internal or 
external audits.

2.3.3. Safety issues for healthcare personnel 
working with tissues and cells for human 
application

Personnel carrying out tissue and cell procure-
ment and processing activities are exposed to a risk 
of infection to a similar degree as operating theatre 
personnel. In some cases, donors will not have been 
fully tested at the time of procurement or initial pro-
cessing and, even where they have been tested, a re-
sidual risk of infection by untested agents remains. 
There may also be occasions when a donation is still 
required to be processed following receipt of positive 
test results, increasing the risk to healthcare per-
sonnel, for example when an autologous donation 
is assessed as being the most appropriate treatment 
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methodology. Standard universal precautions and 
appropriate procedures should be in place to avoid 
transmission of infections and suitable personal pro-
tective equipment (PPE) must be applied to protect 
personnel from these risks. Documented procedures 
should be in place describing the actions to be taken 
if an individual is directly exposed to the blood or 
tissues of a donor or their donation (e.g. needle-stick 
injury). These procedures might include: accelerated 
and extended testing of the donor, rapid testing of the 
staff member, and prophylaxis for the transmissible 
agent(s) where appropriate.

Procedures should define rules for personnel 
hygiene and safety and the behaviour of the per-
sonnel in the TE, as follows.

In the procurement and processing rooms of 
the TE:

a� eating, drinking and smoking are prohib-
ited, and using private cellphones (mobiles) is 
strongly discouraged; 

b� personnel should be educated as to the poten-
tial impact of their health status on their suit-
ability for working with substances of human 
origin (SoHOs) because compromised im-
munity, their vaccination status or infectious 
disease may increase the risk to themselves, 
their co-workers or the SoHO they are manip-
ulating;

c� the usual rules for dressing should be detailed – 
in particular, personnel need to be reminded of 
basic hygiene conditions regarding hair, beard 
and hands – and the use of gloves, glasses and 
specific protection for SoHO preparations 
should be mentioned; and

d� behaviour in case of a work accident occurring 
with biologic fluid or SoHO that carries poten-
tial risks of disease transmission, with toxic 
chemistry reagents, etc.

In areas with controlled atmosphere or with 
specific risks:

e� for each situation (e.g. gas manipulation, risk 
of anoxia, risk of burns), the dressing, hygiene 
and protective rules should be defined and 
evaluated by trained professionals (e.g. pre-
vention and biosafety officers) according to the 
kind of risks;

f� these rules should be accepted and understood 
by the personnel concerned;

g� attention should be paid to occasional workers 
in the TE, as for example cleaning staff, who 
need to be informed of the risks (e.g. regarding 
microbiological hazards and liquid nitrogen) 
and should be regularly trained to the specific 

rules on hygiene and safety mentioned above; 
and

h� regular training should be delivered to the TE 
personnel and additional training envisaged if 
necessary.

2.3.4. Safety issues for tissues or cells handled 
by personnel with bacterial or viral 
infections

Personnel involved in procurement and pro-
cessing of tissues and cells might also pose a risk to 
the quality and safety of the tissues and cells if they 
themselves are infected with a transmissible agent. 
Organisations should have documented policies de-
scribing the requirements for health screening of per-
sonnel and for individuals to inform the organisation, 
in a confidential manner, if they have accidentally 
exposed tissues or cells to risk of contamination.

2.4. Premises
Premises must be designed, located, con-

structed, adapted and maintained to suit the opera-
tions to be undertaken. Their layout and design must 
aim to minimise the risk of errors and permit opera-
tions to proceed in an orderly sequence. Their layout 
must also allow effective cleaning and disinfection to 
avoid contamination and cross-contamination.

Suitable premises should be available for confi-
dential interviewing of living donors or the families 
or friends of deceased donors.

Facilities in which tissues or cells are procured 
must meet appropriate grades of air quality and clean-
liness. The appropriate standard of cleanliness will 
depend on the type of tissues or cells being procured, 
the degree of exposure of the tissues or cells during 
the procurement process, and the decontamination 
or sterilisation processes that will subsequently be 
applied to the tissues or cells during processing. Most 
operating theatres are now environmentally moni-
tored and have controlled air systems that make them 
suitable for the procurement of tissues that are not 
subsequently sterilised. Other types of facilities, such 
as mortuaries, may also be adequate for the procure-
ment of certain types of tissues, but they should be 
assessed for fitness of purpose. Further guidance on 
facilities for tissue and cell procurement is given in 
Chapter 7, Chapter 8 and Chapter 9, and in Part B of 
this Guide.

Processing facilities should be dedicated to this 
activity and should be designed, qualified and moni-
tored to ensure that air quality is appropriate for the 
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process being carried out. Further guidance is given 
in Chapter 8 and in Part B of this Guide.

Processing and storage facilities should be 
cleaned, and if applicable disinfected, according to 
a schedule and procedure that has been validated 
to achieve the required level of cleanliness, and all 
cleaning and disinfection procedures should be doc-
umented. They must be spacious enough to facilitate 
the work and provide good ventilation. Premises for 
storing tissues, cells, critical consumables and rea-
gents must also be qualified, maintained and mon-
itored. If certain storage conditions are critical for 
preserving the required properties of tissues, cells, 
consumables and reagents, the appropriate moni-
toring and alarm systems must be in place to indicate 
if conditions are approaching, or fall outside, prede-
fined limits. Standard operating procedures (SOPs) 
should define the actions to be taken and the organi-
sation in place in response to alarms. Storage require-
ments apply equally to interim storage of tissues and 
cells before transport to a processing facility. Further 
guidance on requirements for storage is given in 
Chapter 8 and Chapter 10, and in Part B of this Guide.

Premises should include adequate dedicated 
areas that allow the ‘first in, first out’ – or, when ap-
plicable, the ‘first expired, first out’ – principle for 
critical consumables and reagents to be respected. 
These areas should allow for adequate (physical or 
electronic) segregation of those materials in quaran-
tine from those released for use.

2.5. Equipment and materials
2.5.1. Equipment

A list or register of critical equipment should 
be maintained. In this context, ‘critical’ means those 
items of equipment that come in contact with the 
tissues, cells or critical consumables and reagents, or 
influence the quality/safety attributes of the tissues, 
cells, consumables and reagents either directly (e.g. a 
freezer) or indirectly (e.g. donor testing equipment). 
All equipment on this list must be designed, identified, 
qualified, maintained and, if applicable, monitored 
to suit its intended purpose and it must minimise any 
hazard to donors, recipients, operators or the quality 
and safety of the tissues and cells. Equipment should 
conform to international standards and EU and na-
tional licensing arrangements, where these exist.

In the EU, critical equipment must meet the 
requirements of Regulation 2017/745 of the European 
Parliament and of the Council of 5 April 2017 con-
cerning medical devices [7] and Regulation 2017/746 
of the European Parliament and of the Council of 
5 April 2017 on in vitro diagnostic medical devices 

[8], and national licensing arrangements where 
these exist. All critical equipment should be quali-
fied before being taken into service, to assure proper 
functioning, and re-qualified periodically in service 
(see §2.12.6) [6], for example, temperature mapping 
of a freezer to identify temperature deviations that 
might affect the quality of stored tissues or cells. Re- 
qualification intervals should be defined through risk 
assessment, taking into account reported deviations, 
monitoring results and the lifespan of the equipment. 
All qualification activities should be scheduled and 
recorded. 

Critical measuring equipment, for example 
micropipettes or temperature sensors, must be cali-
brated at defined intervals to assure the accuracy of 
measurements. The calibration intervals should be 
defined through risk assessment, taking into account 
reported deviations, monitoring results and the 
lifespan of the measuring device. Calibration results 
must be maintained and recorded (see §2.12.8).

Apparent deviations in the quality and/or per-
formance of equipment must be investigated and reg-
istered promptly. Outcomes of these investigations 
should be reported in a timely manner to the RP, 
who should consider and approve the corrective and 
preventive actions to be implemented. Critical devi-
ations from the design or the use of the device that 
could endanger the quality and/or safety of tissues 
and cells must be reported to the manufacturer and, 
where appropriate, must be reported to the Health 
Authority.

Defective equipment should, if possible, be 
removed from production and quality control areas, 
or at least be clearly labelled as defective. Repair op-
erations should not present any hazard to the quality 
of the tissue and cells and should be recorded. The 
requalification of repaired equipment before being 
returned to service could be risk-based. 

Equipment should be designed so that it permits 
effective maintenance, cleaning and if applicable dis-
infection. Maintenance, cleaning and if applicable 
disinfection must be performed regularly and re-
corded. Preventive maintenance should be scheduled 
as defined by the manufacturer. The cleaning and 
disinfection intervals should be defined through risk 
assessment, taking into account reported deviations, 
monitoring results and the validation of the cleaning 
and disinfection procedure.

2.5.2. Materials, consumables and reagents

A controlled list must be constructed of all 
materials, consumables and reagents that come into 
contact with the tissues or cells or that influence the 
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quality or safety of the tissues or cells. Detailed speci-
fications for these critical materials, reagents and con-
sumables must be documented and, when applicable, 
must meet the requirements of Regulation 2017/745 
of the European Parliament and of the Council of 5 
April 2017 concerning medical devices [7] and Regu-
lation 2017/746 of the European Parliament and of the 
Council of 5 April 2017 on in vitro diagnostic medical 
devices [8]. 

Only materials from qualified suppliers that 
meet the documented specifications should be used. 
Manufacturers should provide a certificate of com-
pliance for every lot/batch of materials supplied. 
Batch acceptance testing or checking of each delivery 
of materials should be carried out and documented 
before release for use in tissue or cell procurement or 
processing.

Inventory records must be kept for traceability 
and to prevent use of materials after their expiry date. 
Each batch of critical materials, reagents or consum-
ables must be traceable to the session of procurement 
or processing of tissues and cells in which they were 
used.

Apparent deviations in the quality and/or per-
formance of materials must be investigated and re-
corded promptly. Outcomes of these investigations 
should be reported in a timely manner to the RP, 
who should consider and approve the corrective and 
preventive actions to be implemented. For relevant 
deviations, a notice should be sent to the manufac-
turer and, where appropriate, must be reported to the 
Health Authority.

Further guidance on reagents and materials 
used in tissue and cell processing is provided in 
Chapter 9.

2.6. Outsourced activities 
management (contractual 
arrangements)

Where steps influencing the quality or safety of 
tissues or cells (i.e. critical steps) are carried 

out by a third party, there must be a contract or 
service-level agreement in place that must describe 
the roles and responsibilities of all parties for main-
taining the quality chain and the quality require-
ments for the service provided. Agreements should 
allow for audits of contracted third parties to confirm 
their compliance with expectations. An example of 
an expectation is that if a supplier changes specifica-
tions for equipment or reagents provided to a tissue 
establishment, or they provide a substitute for an 

ordered item, they must inform the TE in in advance 
in a timely manner with regard to these changes.

In EU member states, tissue establishments 
must establish written agreements with a third party 
each time an external activity takes place that influ-
ences the quality and safety of tissues and cells pro-
cured or processed in co-operation with a third party. 
They should keep a complete list of these agreements 
and make them available at the request of the Health 
Authorities.

Agreements should be dated, reviewed and 
renewed on a regular basis. Written agreements 
should be in place for at least the following service 
suppliers:

a� testing laboratories (including donor, tissue 
and environmental testing);

b� procurement teams that are independent from 
a tissue establishment;

c� transport companies;
d� suppliers of critical equipment, consumables 

and reagents;
e� suppliers of services such as tissue and cell 

storage, processing or sterilisation;
f� suppliers of IT services.

Once tissues and cells have been distributed 
for clinical application, they usually leave the QMS 
of the tissue or cell facility. However, appropriate 
control of transport and transport conditions, appro-
priate handling and preparation before use and full 
traceability should all be maintained. Maintenance 
of quality and traceability is usually achieved by pro-
viding users with clear and detailed written instruc-
tions. The tissue establishment should implement 
appropriate measures, such as instructions for use 
and traceability record labels, which are provided to 
the clinical user in order to ensure product quality 
and traceability down to the recipient. Some na-
tional standards require the organisation responsible 
for human application of tissues and cells (ORHA) 
to provide the supplying tissue establishment with 
details of the patient to whom the tissues or cells were 
clinically applied (see Chapter 13).

Distribution to the patient for use without 
direct supervision of a health professional requires 
particular attention to instructions for storage and 
use, and should be carried out only if it is the only 
available option. 

2.7. Documentation and records

There must be a process in place that results in 
clearly defined and effective documentation, that 

controls modification of records and that registers 
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approval of SOPs for all activities for which accred-
itation/designation/authorisation/licensing is sought. 
Documentation must enable all recorded data re-
lating to the quality and safety of the tissues and cells 
to be checked and traced, from the donor to the re-
cipient and vice versa (see Chapter 16 – Traceability). 
In MAR, traceability also involves follow-up of 
the outcome from these treatments, including the 
children (see Chapter 29). Written documentation 
ensures that work is standardised and prevents errors 
that may result from oral communication. Where 
oral communication is necessary for critical infor-
mation exchange, audio recordings may be useful. 
Donor information, in general, and donor-referral 
records in particular, must meet the same criteria.

2.7.1. Documentation

Quality-assurance (QA) document control is 
the process used in the management, co-ordination, 
control, delivery or support of an item required for 
QA purposes. QA document control is an essential 
part of the QA system of good tissue and cell prac-
tice. It allows authorised persons to approve, review 
and update documents; make changes and identify 
revision status; control document distribution; and 
prevent use of obsolete documents, facilitating proper 
archiving. National regulations concerning docu-
ment control could apply.

Procedures must be adopted to ensure that:
1. all documents issued as part of the quality 

management system are periodically reviewed, 
revised when necessary, dated and approved by 
authorised personnel prior to issue;

2. only the current version of the document is in 
use, and its distribution is maintained;

3. all personnel have access to documents needed 
for the execution of their tasks;

4. invalid or obsolete documents are promptly re-
moved from all locations;

5. retained or archived documents are appropri-
ately identified to prevent their inadvertent use. 

All documents relevant to the quality manage-
ment system should be uniquely identified to include:

1. title;
2. edition or current revision date or revision 

number;
3. number of pages;
4. owner, author and authoriser.

For every critical activity, the materials, equip-
ment and personnel involved must be identified and 

documented. Documentation should include at least 
the following items:

a� a quality manual, if required by national leg-
islation or other applicable quality standards;

b� policies and SOPs for all activities that in-
fluence the quality or safety of the tissues or 
cells, including the management of the quality 
system itself;

c� specifications for materials, consumables and 
reagents;

d� qualitative and quantitative specifications for 
tissues and cells;

e� specifications for equipment;
f� technical guidelines;
g� contract and service-level agreements;
h� job descriptions;
i� instruction manuals;
j� reliability of the traceability system;

k� implementation and traceability of corrective 
measures;

l� implementation of internal or external audits; 
m� implementation of a risk mapping as part of 

the quality management system, notably for 
critical activities.

Documentation must be retained according to 
national requirements.

2.7.2. Records

Records must be maintained for all critical 
steps, including the rejection of non-conforming 
tissues and cells. Procedures must be adopted to 
ensure that:

• records are reliable and a true representation 
of the results;

• records are legible and indelible;
• records meet the confidentiality requirements 

laid down in Article 14 of Directive 2004/23/EC 
[1]; 

• access to registers and data is restricted to 
persons authorised by the responsible person, 
and to the Health Authority for the purpose 
of inspection and control measures (see also 
Chapter 14);

• any alteration made to a record is dated and 
signed or, in the case of digital records, an 
audit trail of alterations is maintained;

• records contain the identification of the opera-
tors and date of completion of the activity and, 
where appropriate, the identification of any 
person who checked these activities.

Procedures should be adopted to ensure that 

TC5_en.indb   56TC5_en.indb   56 14/12/2022   13:21:2814/12/2022   13:21:28



57

2. QUALITY MANAGEMENT AND VALIDATION

the use of handwritten records, including transcrip-
tions of records, is minimised. Records should pref-
erably be registered in qualified information systems.

Records should include at least the following 
items:

a� records of the performance of operations crit-
ical to the safety and quality of tissues and cells,

b� records of critical equipment, information 
systems, materials, consumables and reagents,

c� records of complaints and deviations,
d� records of corrective and preventive actions,
e� records of internal audits, external audits and 

inspections,
f� training and competency records of personnel,
g� records of internal and external quality control,
h� identification and analysis of risks and a 

risk-mitigation plan,
i� donor records,
j� information on the final destination of tissues 

and cells,
k� records of quality indicators.

The QMS should define the period of time for 
which records will be retained. In the EU, records that 
are critical for the safety and quality of tissues and 
cells, including quality-system documentation and 
raw data, should be retained for 10 years and trace-
ability records for 30 years after clinical use, expiry 
date or disposal of the tissues and cells. Records can 
be stored on paper or any electronic support. 

An establishment responsible for using per-
sonal data has to follow strict rules on data protection. 
They should make sure the information is:

a� used fairly, lawfully and transparently,
b� used for specified, explicit purposes,
c� used in a way that is adequate, relevant and 

limited to only what is necessary,
d� accurate and, where necessary, kept up to date,
e� kept for no longer than is necessary,
f� handled in a way that ensures appropriate se-

curity, including protection against unlawful 
or unauthorised processing, access, loss, de-
struction or damage.

Information which is deemed more sensitive 
may require additional protection. This includes data 
on:

• race,
• genetics,
• biometrics (where used for identification),
• health.

2.8. Change control

Change-control procedures should ensure that suf-
ficient supporting data are generated to demon-

strate that the revised process results in a product 
of the desired quality consistent with the approved 
specifications. Change control should be carried out 
prior to the implementation of a revised/new process. 
Written procedures should be in place to describe 
the actions to be taken if a change is proposed to any 
starting material, final product specification, equip-
ment, environment (or site), method of production 
or testing, or any other change that may affect the 
quality of tissues or cells or the reproducibility of the 
process. All such changes should be requested, in-
vestigated, documented, traced and authorised. The 
likely impact of the change in facilities, systems and 
equipment on the final product should be evaluated 
(including a risk analysis). The need for, and the 
extent of, any re-validation or re-qualification should 
be determined.

The training programme should be re-assessed 
for any critical change in environment, equipment 
or processes. Training records (including plans and 
training plans) should ensure that training needs 
are identified, planned, delivered and documented 
appropriately by taking into account any changes to 
systems and equipment.

Some changes may require notification to, or 
licence amendment from, a national health authority.

For further information, see Chapter 9.

2.9. Complaints

All complaints must be documented, carefully in-
vestigated and managed in a timely manner. The 

complaints procedure should take into consideration 
complaints from:

a� living donors or the families of deceased 
donors,

b� personnel,
c� third-party health professionals,
d� clinical users, including those in another juris-

diction,
e� patients.

A mechanism for categorising, tracking and 
trending complaints should be in place and should 
be readily available for audit. Categorisation of com-
plaints should in any case lead to an assessment of 
whether the complaint is justified and is related to 
a potential deviation. If the latter is the case, then 
based on the potential seriousness and frequency of 
appearance, a root cause analysis and possible identi-
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fication of corrective measures should be performed 
(see §2.12 and Chapter 4 for details).

2.10. Investigation and reporting 
of deviations, adverse events 
and adverse reactions

All deviations, including (serious) adverse events 
and (serious) adverse reactions, from the re-

quired standards of quality and safety must lead to 
a documented investigation. There should be an SOP 
in place that defines how the organisation manages 
deviations. This SOP should ensure that:

• the personnel responsible for managing and in-
vestigating deviations are designated;

• any deviations are categorised depending on 
how critical they are to the quality and safety 
of tissues and cells, and how frequently they 
occur; 

• the medical significance of any deviation is 
considered and, where appropriate, the RP and/
or clinician responsible for the procurement or 
clinical application is informed;

• the released tissues and cells are recalled as 
necessary (see §2.11 and Chapter 12);

• there is a clear allocation of responsibility to 
discontinue or resume processes;

• reporting of deviations in a non-punitive 
context is encouraged to help achieve improve-
ments in practice.

However, any deviation that, depending on 
its impact, might result in a serious adverse event or 
serious adverse reaction in a living donor or recipient, 
must be linked to the vigilance reporting system (see 
Chapter 17).

There should be a process in place for taking 
immediate remedial actions. These actions should be 
clearly documented. Based on the estimation of oc-
currence and severity (e.g. risk matrix) of the devi-
ation, a root cause analysis should be performed to 
identify the underlying cause or causes of the devia-
tion. These should, where appropriate, lead to correc-
tive action. At regular specified intervals, the records 
of deviations should be reviewed to detect trends and 
initiate preventive actions. 

Corrective actions must be documented, initi-
ated and completed in a timely and effective manner. 
Preventive and corrective actions should be assessed 
for effectiveness after implementation.

Serious adverse events and serious adverse reac-
tions should be reported through a vigilance system. 
For detailed guidance on vigilance of tissues and 

cells, see Chapter 17. If products containing tissues 
or cells are classified in the EU as ATMPs, adverse 
occurrences should be reported either through phar-
macovigilance systems for process events or through 
biovigilance systems for donor reactions, or other 
events and reactions detected before delivery of the 
tissues and cells to the pharmaceutical facilities.

2.11. Recall

An effective written procedure must be in place 
for recalling defective tissues or cells or those 

suspected of not meeting required quality or safety 
requirements. This written procedure must encom-
pass the need to agree and document any corrective 
and preventive actions that might be necessary, re-
membering that other tissues or cells procured from 
the same donor might be affected. Therefore, a recall 
procedure could affect more recipients than initially 
presumed. If other organs, tissues or cells from the 
same donor were used, transplant teams should be 
promptly informed. The actions should be commu-
nicated to the end user, where appropriate. Further 
guidance on recall is provided in Chapter 17.

2.12. Qualification, validation and 
verification

2.12.1. General principles
Validation, verification and qualification to-

gether form the part of the QMS concerned with 
proving that all critical aspects of the establishment’s 
operations are sufficiently under control to provide 
continual assurance that tissues and cells will remain 
safe for patients and fit for purpose; see Table 2.1. The 
critical aspects subject to validation, verification and 
qualification include:

a� the facilities and equipment used in procure-
ment, processing, storage, testing and distribu-
tion, and any equipment and software used to 
manage their operation and data,

b� materials and reagents that come into contact 
with cells and tissues,

c� labelling and tracking materials, equipment 
and software,

d� operational staff and the written procedures 
that instruct their work,

e� process stages from procurement to distri-
bution where there is a risk of a detrimental 
effect on the quality and safety characteristics 
of tissues and cells if not performed correctly, 
based notably on the risk mapping tool,

f� analytical test methods used to assess and 
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confirm the safety and quality of donors, dona-
tions, tissues and cells,

g� other auxiliary processes such as the transport 
and cleaning processes.

Validation, verification and qualification 
combine to form a highly technical activity requiring 
a good understanding of the risks associated with 
critical processes conducted by the tissue establish-
ment and the potential risks and impact of materials 
and equipment used in these processes. Risk mapping 
is a useful tool for this exercise. Establishments per-
forming very simple, minimal manipulation of a 
limited range of tissues and cells in accordance with 
published methods, or following long-established 
practices using the same materials and equipment, 
may rely on ongoing quality control and periodic 
reviews. Such establishments should still document 
their validation policy, explaining their approach on 
the basis of risk assessment and should perform a 
retrospective verification of their critical processes to 
confirm that the method has the intended (clinical) 
outcome. The qualification of premises, equipment, 
materials, consumables, reagents and personnel 
should be ensured.

The risks increase significantly with the intro-
duction of more complex processes, a wider range 
of tissue and cells handled, computerised systems, 
expansion of facilities and significant growth in 
workforce. In these circumstances it becomes more 
important to take the formal approach to validation as 
described in this section to ensure that the establish-
ment’s processes remain safe for donors and patients.

Validation is usually split into two compo-
nents: qualification and validation (or verification). 
The term ‘qualification’ is applied to each part of the 
process and to individual items, including cleanroom 
facilities, equipment, computer systems, materials 
and operators. Such items should be qualified before 
they are first used in a process and then re- qualified 
at predetermined intervals, or when significant 
changes are made. Each individual item should be 
qualified separately to demonstrate consistent perfor-
mance. Validation provides objective evidence that 
the method or process is fit for purpose, meaning that 
that the predefined requirements for a specific in-
tended use are fulfilled. If a TE wishes to apply a pre-
viously validated method, or a standard method, that 
has been extensively validated via another TE or pub-
lished by professional organisations or international 
guidelines, consideration should be given to verifica-
tion of the requirements of these standard methods. 
Verification tests of standard methods are typically 
less extensive than those required for validation.

Process (or test-method) validation or verifica-
tion should only be performed once all the items used 
have been qualified; it should be performed before a 
new process or method is used routinely and, where 
required by local legislation, before any associated 
tissue or cell product is released for human applica-
tion (prospective validation). It is possible to conduct 
process validation during the processing of tissues and 
cells intended for subsequent release for human appli-
cation (concurrent validation). Where establishments 
have not validated any of their processes or methods 
because they have been in routine use without change 
for many years, they may use existing data and infor-
mation as a basis for retrospective verification of their 
critical processes to confirm that the method has the 
intended (clinical) outcome. Any process or method 
changes should be assessed for impact and risk in 
accordance with quality risk-management principles 
(see Chapter 4), and verification should be considered 
where there is unacceptable risk.

The objective of validation is to challenge the 
critical aspects of items through a series of con-
trolled tests representative of the conditions under 
which they are expected to operate, to demonstrate 
that they achieve predefined acceptance criteria for 
quality and safety. The challenge should include the 
normal variation of possible conditions expected, but 
also more extreme conditions where there are high 
risks, to provide a safety margin, for example with 
sterilisation processes. The objective of verification is 
to demonstrate the ability to achieve the published 
performance characteristics of the standard or vali-
dated method under their own test conditions.

The test methods to be used and the acceptance 
criteria should be documented and approved by the 
establishment management before qualification or 
validation or verification commences. This document 
is commonly called the validation plan. The valida-
tion and verification should be performed by trained 
and competent persons. The results of the validation 
and verification should be compared with the accept-
ance criteria and any deviation from the plan should 
be recorded during the validation and documented 
in summary form with a conclusion. This document 
is commonly called the validation report. Following 
validation and verification, the acceptance or rejec-
tion of the item or process by designated establish-
ment management should be documented.

It should be clear through documentation and/
or status labelling which processes and items have 
been validated, qualified or verified and which are in 
the process of validation, verification or qualification. 
Where anything is not in a fully validated state, there 
must be controls to prevent its use.
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2.12.2. Validation planning

The validation, verification and qualification 
policy should consider a process design phase where 
deep knowledge of the process is achieved. In the 
following paragraphs, the term ‘validation’ is also 
used to cover method validation, verifications and 
qualification. 

In this stage, the critical quality attributes of 
the tissues/cells are identified and the subsequent 
critical process parameters are identified. According 
to the critical process parameters affecting the crit-
ical quality attributes, a process control strategy 
should be developed.

During the validation phase itself, the process 
control strategy is implemented, and all the elements 
involved, such as equipment, utilities, suppliers and 
transport, are qualified before proceeding with the 
process validation.

All validation must be carefully planned in 
advance. Validation planning requires technical ex-
pertise in the processes involved and items used in 
the processes as well as expertise in any applicable 
regulations and technical and quality standards. It 
should therefore involve a validation team of relevant 
operational, quality, regulatory and medical experts 
in the establishment. Where necessary, for example 
the qualification of new cleanroom facilities, external 
experts may be employed to advise.

Effective validation is not possible unless the 
establishment management is completely clear what 
its specific technical and quality requirements are. 
Establishments should use quality risk-management 
procedures to help determine their expectations for 
the processes and items used, which must address 
any significant risks to donors, recipients or quality 
of products, and any risks of regulatory non-com-
pliance. Consideration should be given to possible 

modes of failure and the need to detect failure. Each 
establishment should document their expectations in 
the form of specifications. For processing stages there 
should be product specifications, for test methods 
there should be test specifications and for items used 
in processes, there should be user-requirement speci-
fications (URS). For bespoke items of equipment and 
facilities, the manufacturer or supplier will need to 
interpret the URS and write a design specification 
to instruct their engineers, who will then write as-
sociated detailed technical specifications for the con-
struction. For off-the-shelf items, the URS is used to 
assess suitability and to inform purchase decisions.

The validation team will need to develop val-
idation plans that prove that the relevant specifica-
tions will be met under all likely conditions and 
worst case scenarios, with expected margins of safety 
where necessary. Appropriate tests and associated ac-
ceptance criteria should be established. This requires 
knowledge of the critical operational parameters and 
the expected variation in those parameters. Such pa-
rameters may include operating temperatures, expo-
sure times, air flows, bioburden, location and product 
characteristics. Statistical methods will often be 
needed to demonstrate consistent performance with 
the necessary level of confidence. Means for detecting 
failures and alarms will need to be tested. Where 
relevant standards such as ISO and the European 
Pharmacopoeia provide detailed validation methods, 
these should be included in the validation plan.

If it is not possible to complete any proce-
dures strictly in compliance with the plan, then 
there should be a review by the validation team, who 
should decide whether to repeat all or part of the 
validation or to allow a deviation for the modified 
procedure. Such decisions must be recorded in the 
validation records and report. Where establishments 

Table 2.1. Processes or resources that should be qualified, validated, verified or calibrated

Qualification Validation Verification Calibration
Premises ×

Personnel ×

Equipment × ×

Software ×

Measuring equipment × ×

Critical materials ×

Suppliers ×

Analytical tests (IVDR, Ph. Eur. monographs) ×

In-house analytical tests ×

In-house process methods ×

Established process methods (e.g. guidelines, 
monographs, other tissue establishments)

×

Cleaning and disinfection methods ×
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employ an independent quality manager or a desig-
nated RP in accordance with EU legislation, then that 
person should supervise all validation activity and be 
responsible for approving or rejecting the outcome of 
validation.

2.12.3. Documentation

As with all elements of the quality system, the 
policy and process for planning, executing and re-
cording validation must be documented in written 
procedures. This documentation may be assembled 
into a validation master plan (VMP). The VMP will 
typically include the following:

• validation policy,
• organisational structure of validation activities,
• summary of facilities, systems, equipment and 

processes to be validated,
• documentation format,
• planning and scheduling,
• change control,
• reference to existing documents.

2.12.4. Qualification of operators 

Operators are qualified as part of the training 
programme (see §2.3.2). There should be a docu-
mented training specification and plan for each op-
erator, identifying how they are to be trained and 
listing the desired outcomes (acceptance criteria) 
from the training. The capability of individual op-
erators to meet the desired outcomes should be as-
sessed through observation and tests before they are 
approved as qualified to carry out procedures unsu-
pervised. Particular attention is given to qualification 
of operators’ aseptic techniques working in Grade A 
environments with Grade B background. The usual 
approach under such circumstances is to conduct 
simulated processes using culture medium or broth 
in place of, or added to, tissues or cells.

Before written procedures (SOPs and Work 
Instructions) are approved as part of the document- 
control system (see §2.7) they should be read and 
approved by an authorised operator to confirm that 
they are clear, understandable, accurate and practical.

2.12.5. Qualification of materials and suppliers

A detailed URS should be available for mate-
rials (see §2.5.2). Before introducing a new material 
into a process it must be qualified. This will involve 
confirmation that it meets the URS through exam-
ination of the material and of test data either from 
the manufacturer (Certificate of Analysis), a third 
party or in-house testing. Where the URS requires, or 
where there may be significant variation that might 
affect the outcome from the process in which the ma-
terial is to be used, there may be a need for qualifi-
cation of the material. Qualification may be carried 
out on a scaled-down version of the process or at full 
scale and may be run in parallel with the existing ma-
terial to demonstrate a comparable outcome.

Suppliers and manufacturers of materials, 
equipment and contract services should be qualified 
before any purchase is made. The purpose is to ensure 
that they can be relied upon to continue supplying 
the goods and services that meet the URS. This relies 
upon compliance with quality specifications and op-
eration of an acceptable quality management system. 
This should be confirmed through audit (see §2.13) of 
their operations and quality management system or 
internal quality control. 

2.12.6. Qualification of premises and equipment

Facilities and equipment must be quali-
fied before use and when any significant change is 
implemented.

Facilities and equipment should be qualified 
following the four steps shown in Figure 2.1. and the 
extension of the qualification should be determined 
through a risk assessment exercise. Some steps might 
be executed together.

2.12.6.1. Design qualification
The first element of the qualification of new 

facilities, systems or equipment can be considered 
‘design qualification’ (DQ). This qualification in-
volves demonstration and documentation of the 
compliance of the design with good practice (i.e. 
the design is suitable for the intended purpose). DQ 
should be used to confirm that proposed solutions 
meet the URS. If the proposed solution is an off-the-

Figure 2.1. Steps in qualification of facilities and equipment

DDQQ
Design

qualification

IIQQ
Installation
qualification

OOQQ
Operational
qualification

PPQQ
Performance
qualification
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shelf item DQ is still required by the Tissue Establish-
ment to confirm it meets their requirements prior to 
purchase. 

2.12.6.2. Installation qualification
Installation qualification (IQ) should be 

carried out on new or modified facilities, systems and 
equipment once installed on site. IQ should include 
(but is not limited to) the following:

a� installations of equipment, piping, services and 
instrumentation, which are checked to current 
engineering drawings and specifications,

b� collection and collation of the operating and 
working instructions as well as the mainte-
nance requirements of the supplier,

c� calibration requirements, including verifica-
tion of the uncertainty of measurement for any 
measuring equipment,

d� Qualification of construction materials.

IQ for new facilities or modified facilities 
and more complex equipment may be performed 
by the supplier, but the establishment should verify 
that agreed acceptance criteria have been met. An 
example of a cleanroom qualification document is 
available in Appendix 4 and an example of an incu-
bator is available in Appendix 5.

2.12.6.3. Operational qualification
OQ should include (but is not limited to) the 

following:
a� tests that have been developed from knowledge 

of processes, systems and equipment to ensure 
that the system is operating as designed,

b� tests to include a condition or a set of condi-
tions encompassing upper and lower operating 
limits (sometimes referred to as ‘worst-case’ 
conditions).

c� Completion of a successful OQ should allow 
calibration, operating and cleaning procedures, 
operator training and preventive maintenance 
requirements to be finalised. It should permit 
a formal ‘release’ of the facilities, systems and 
equipment.

2.12.6.4. Performance qualification
PQ should include (but is not limited to) the 

following:
a� tests, using production materials, quali-

fied substitutes or simulated tissues and cells, 
which have been developed from knowledge of 
the process and the facilities, systems or equip-
ment,

b� tests to include a condition or set of condi-

tions encompassing upper and lower operating 
limits.

The number of tests carried out should achieve 
reproducibility of the process, to the grade of war-
ranty that the process is required to demonstrate. 
The more knowledge there is of the process, the less 
testing during PQ may be needed.

2.12.7. Qualification of software

Computer and automated systems controlled 
by bespoke and off-the-shelf software are extensively 
used by tissue and cell establishments to help manage 
procurement, processing, testing and distribution ac-
tivities and data. The design of, and changes to, soft-
ware can have a significant impact on the quality and 
safety of tissues and cells and the integrity of critical 
data. It is therefore essential to maintain effective 
version control over software in use and to qualify 
new software and requalify existing software when 
changes are made. Establishments should be aware 
of the current version of software operating their rel-
evant computer and automated systems at all times 
and should not allow upgrades of existing software 
by system suppliers without their approval.

Software requirements should be included in 
the appropriate URS for the system they control. For 
bespoke software, the URS will be used by software 
system engineers to produce a detailed technical 
specification to be used by a programmer to write 
new or revised code for the system. For an off-the-
shelf system the URS will be used to assess candidate 
software and to inform the local IT staff how to con-
figure the software. New and revised versions of soft-
ware should be qualified in operation by users (user 
acceptance testing or UAT) before being put into 
service. At the very least, this testing should include 
verification of critical settings encoded in the soft-
ware, for example when there is a version update to 
software for running an apheresis machine or testing 
system. However, usually the software will be tested 
in its operational state through process-simulation 
tests or parallel running as part of the system (equip-
ment) qualification. It is important during user ac-
ceptance testing to verify that existing functionality 
continues to operate as expected (regression testing) 
as well as testing new functionality.

For additional information, see Chapter 14.

2.12.8. Calibration

All equipment or systems with a critical meas-
urement function must be calibrated according to 

TC5_en.indb   62TC5_en.indb   62 14/12/2022   13:21:3014/12/2022   13:21:30



63

2. QUALITY MANAGEMENT AND VALIDATION

a planned schedule. Calibration is a qualification 
method that confirms, under defined conditions, 
the relationship between values obtained from the 
measuring equipment or system and those obtained 
using an appropriate certified standard. Calibration 
addresses measurement uncertainty (U). ‘Measure-
ment uncertainty’ refers to the closeness of agree-
ment between a measured quantity value and the 
true quantity value of what is being measured. Hence, 
if the measured value is close to the true value, the 
measuring system has high accuracy. The accept-
able tolerance should be set according to the critical 
quality attributes of tissues/cells, and these tolerance 
limits of the same equipment may have different 
needs depending on the tissues/cells subject to the 
process.

In practice, the measurement result of each 
piece of critical measuring equipment or system 
should be traceable through a documented and un-
broken chain of calibrations back to the International 
System of Units or to a recognised standard. The 
uncertainty of measurement should be established 
[9, 10] and quoted with subsequent results. Hence, 
the critical measuring equipment or system is com-
pared against a standard; the standard is compared 
against a higher standard; and the chain is docu-
mented through calibration certificates. If calibration 
is carried out by a third party, a copy of the calibra-
tion certificate for the specific measuring equipment 
or system used should be provided together with the 
calibration report. 

If the calibration result ± the measurement 
uncertainty falls outside the tolerance limits of the 
measuring equipment or system, there should be 
provisions for remedial action to re-establish con-
formity with these limits. These remedial activities 
must be documented. If calibration activities provide 
evidence that tissues or cells were processed and re-
leased for use when critical measurement equipment 
was not measuring accurately, risk assessment should 
be applied to decide on appropriate corrective or pre-
ventive actions regarding the fate of the tissues and 
cells.

2.12.9. Verification or validation of analytical 
tests

The approach to verify or validate analytical 
tests will depend on whether test systems and kits, 
certified as compliant with the EU In vitro Diagnostic 
Medical Device Regulation [8], are used or in-house 

developed analytical tests. In all cases the validation 
plan should take into account the variety of sample 
types and analytes to be tested, as there may be sub-
stances present that interfere.

Verification studies should be done to demon-
strate that the performance of the IVD kit or test 
system, as used in the establishment, meets the 
expected specification. If using Pharmacopoeia 
methods, e.g. for sterility testing, the methods 
should be verified in accordance with the method 
monograph. For quantitative assays, the acceptance 
criteria should consider trueness (bias), precision, in-
terferences, linearity, limits of detection, stability and 
verification of the reference values of the own popu-
lation. The uncertainty of measurement should be es-
tablished [9][10] and quoted with subsequent results. 
For qualitative tests, then specificity and sensitivity 
are the key criteria. 

In-house developed analytical tests should be 
validated. The acceptance criteria should consider 
trueness (bias), precision, analytical sensitivity, ana-
lytical specificity, linearity, stability, diagnostic spec-
ificity, diagnostic sensitivity and verification of the 
reference values of the own population.

2.12.10. Process validation

More specific guidance on approaches to 
process validation is given in Chapter 9 of this Guide. 
Some examples of validation are in Appendix 6 and 
Appendix 7.

2.13. Quality review
2.13.1. Quality control

‘Quality control’ refers to those activities, such 
as verification steps, sampling and testing, which are 
used to ensure that materials, processes and the final 
product meet the required specifications. 

Internal quality control in a testing laboratory 
includes use of positive, weakly positive or negative 
control samples as appropriate. External quality as-
sessment (sometimes called ‘proficiency testing’) in-
volves analysis of unknown samples and evaluation 
of the results by a third party. Quality control of crit-
ical functions can be undertaken using audit tech-
niques that include a sampling plan.

Detailed guidance on microbiological testing is 
provided in Chapter 11. Guidance on specific quality- 
control tests for specific types of tissues and cells is 
provided in Part B of this Guide.

TC5_en.indb   63TC5_en.indb   63 14/12/2022   13:21:3014/12/2022   13:21:30



64

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

2.13.2. Self-assessment, internal audit and 
external audit

Auditing is an essential tool for ensuring com-
pliance with the quality system and for supporting 
continuous quality improvement.

Internal audits should be scheduled and con-
ducted in an independent way by designated, trained 
and competent persons. Internal audits are normally 
carried out by the organisation’s quality assurance 
personnel, or can be done by a mandated person from 
outside (quality assurance personnel from another 
TE) with the help of one internal person.

External audits are undertaken by independent 
bodies (often designated as approved ISO certifying 
bodies) and are required for certification and accred-
itation purposes. External audits provide an opportu-
nity for critical review by experts unfamiliar with the 
systems in place locally. They can provide an excel-
lent opportunity for systems improvement.

All audits should be documented and recorded. 
Clear procedures are required to ensure that the 
agreed corrective and preventive actions are under-
taken appropriately. These actions and the evaluation 
of their effectiveness should be recorded.

2.13.3. Monitoring

To ensure appropriate performance of prem-
ises, systems or equipment, a monitoring plan must 
be developed and implemented. The plan should take 
into account the criticality of the premises, system 
or equipment, and should outline monitoring, user 
notification and mechanisms for problem resolution. 
If an unusual event is observed, personnel should 
follow the standard response described in the mon-
itoring plan. The standard response should involve 
notifying affected personnel and, if possible, initia-
tion of a resolution response to the problem and risk 
assessment of the affected tissues or cells. Depending 
on the severity of the problem and the criticality of 
the system or piece of equipment, a back-up plan may 
need to be implemented to keep the process or system 
operating.

2.14. Continuity planning

General quality-management responsibilities 
include budgetary/fiscal oversight and contin-

gency planning to ensure that essential services for 
patients are not interrupted. Each organisation in 
the chain – from donation to distribution and bio-
vigilance of tissues and cells – must have a conti-
nuity plan in place that details how procurement 
services, donated tissues and cells and all associated 

documents will be maintained in the event that activ-
ities must temporarily be suspended or permanently 
ceased. Usually this plan will include a mutual agree-
ment (a service-level agreement or contract) with 
another organisation for the transfer of tissues or cells, 
documentation and services in these circumstances.
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Chapter 3. Risk management

3.1. Introduction

The procurement, testing, processing, storage 
and distribution of tissues and cells should be 

subjected to comprehensive risk assessment to allow 
identification of those steps where most of the quali-
ty-system controls are required and where validation 
of procedures is necessary. A ‘process flow’ diagram 
listing all relevant steps, processes, reagents, tests and 
equipment can form the basis for the risk assessment 
exercise. Risk-mapping methodology is one of the 
risk-management tools. This methodology offers a 
visualised, comprehensive view of the likelihood and 
impact of an organisation’s risks. 

Risk assessment should include an estimation 
of the severity of any identified hazard (potential 
source of harm) and an estimation of the probability 
that the hazard will result in harm. Probability should 
be based on evidence and experience (e.g. events col-
lected in the framework of the QMS or biovigilance) 
whenever possible.

Risk-mitigation strategies should be developed 
to identify and manage risks to ensure the safety of 
the tissues and cells, the donor and recipient, the 
personnel and the process itself, as well as other 
processes being undertaken in proximity to it. The 
degree of control within the quality system should be 
related to the degree of risk associated with each step 
in the process.

Risk assessment should refer to current scien-
tific knowledge, should involve appropriate technical 
expertise and should be related to the protection of 
the patient and the donor. The level of effort, stand-

ardisation and documentation of the risk-control 
process should be aligned with the estimated risk 
level.

A periodic review mechanism should be imple-
mented proportionally to the level of risk and con-
sidering new knowledge and potential inputs from 
inspection, internal audits or unexpected events. 
Risk assessment should be repeated and documented 
whenever a critical process is changed as part of a 
change-control process. Actions to mitigate any sig-
nificant new risks, including validation, should be 
completed before any change is implemented.

Risk assessment is also an essential tool for 
making important decisions and for tracing them, 
particularly when deviations from standard proce-
dures or their standards and specifications are under 
consideration. Examples include:

a� selection of a donor where full compliance with 
the normal criteria has not been met, but where 
the donation has a particular clinical value and 
the potential risk can be mitigated sufficiently 
to justify the deviation from standard proce-
dures;

b� exceptional release of non-complying tissues or 
cells on the basis that the potential benefits for 
the recipient and the lack of availability of al-
ternatives outweigh the potential risks;

c� retention or removal of tissues and cells in 
storage that had been historically released ac-
cording to former criteria, when new, more 
sensitive procedures or tests have been imple-
mented that imply an additional level of safety 
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or quality and new, more stringent criteria for 
release;

d� eligibility determination where certain test 
results are reactive, for example, where EU Di-
rective 2006/17/EC Annex 2 requires further 
investigations with a risk assessment when 
anti body to hepatitis B core antigen (anti-HBc) 
is positive and hepatitis B surface antigen 
(HBsAg) is negative, or where a donor is reac-
tive for a Treponema-specific test (see Chapter 6 
for further guidance on donor testing);

e� prioritisation of a list of corrective actions fol-
lowing an audit or inspection, or prioritisation 
of quality improvements in general.

The approach to risk assessment should be 
systematic and should be documented. The most 
commonly applied risk-assessment methods are 
Hazard analysis and critical control points (HACCP), 
Failure mode and effects analysis (FMEA), Failure 
mode, effects and criticality analysis (FMECA), risk 
mapping and EuroGTP II tool.

3.2. Hazard analysis and critical 
control points

HACCP was developed in the 1950s in the food 
industry, but is now widely used for many man-

ufacturing processes, including biological control. 
HACCP is also recognised by ISO 14644 as a formal 
system for risk assessment. HACCP is a system that 
requires that potential hazards are identified and 
controlled at specific points in a process. HACCP has 
seven principles:

1. Conduct a hazard analysis (HA).
2. Identify the critical control points (CCP).
3. Establish the critical limits.
4. Monitor CCP.
5. Establish corrective actions.

6. Verification.
7. Record keeping.

The World Health Organization published 
a paper in 2003 providing more details on using 
HACCP as a tool within a pharmaceutical environ-
ment, details which can be further adapted and inter-
preted for use within a tissue establishment [1].

The Quality Assurance Journal has also pub-
lished papers on the use of HACCP as a tool within 
a QMS [2].

3.3. Failure mode, effects and 
criticality analysis

FMECA is an extension of Failure mode and effects 
analysis (FMEA) that includes a factor for detect-

ability, taking into consideration those hazards that 
are more easily detected and represent a lower overall 
risk. FMECA allows the estimation of a risk priority 
number (RPN) for the ranking of identified risks [3]. 
The estimated level of risk should take into account 
the benefits, possible alternatives and costs associated 
with reducing risk further. An organisation should 
have a clear policy regarding risk acceptance (see 
Figure 3.1).

Undertaking risk assessment at various stages 
helps to define requirements and alternatives, aids 
the process of supplier selection and helps to deter-
mine the scope and extent of validation. The meth-
odology has been used for tissue and cell banking for 
specific process steps [4] and for reviews of an entire 
process [5].

Risk assessment is not a once-only process but 
a cyclical one (Figure 3.2). Risk assessment should be 
followed by risk avoidance and reduction (if possible) 
and continual re-evaluation of residual risk.

Guidance on quality risk management is pro-
vided in Part III Q9 of the Rules governing medic-

Figure 3.1. Failure mode, effects and criticality analysis (FMECA)
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inal products in the EU, Volume 4: EU Guidelines for 
good manufacturing practice for medicinal products 
for human and veterinary use [6], in which several 
well-established risk-assessment methodologies are 
listed. Inclusion of this new section in GMP guidance 
reflects the current thinking that risk management 
should be an integral part of quality management.

3.4. Root cause analysis

Root cause analysis (RCA) is a tool used to under-
stand the true cause of why an adverse event has 

occurred. Through an investigation of the adverse 
event and getting to the root cause, RCA is able to 
identify corrective and preventive actions (CAPA) 
that will prevent any occurrence of the event in the 
future.

RCA has five purposes:
a� Establish the facts and events that led to the 

adverse event;
b� Identify what went well;
c� Determine what went wrong;
d� Establish the root cause of what went wrong;
e� Identify CAPA.

When carrying out RCA there are five main 
factors which need to be considered:

1. Plant – what was used, was it calibrated, was it 
maintained etc?

2. People – who was involved, were they trained, 
competent and capable?

3. Procedure – is there an SOP, was it followed, is 
it correct, has it been validated?

4. Premises – location, department, environment 
etc?

5. Product – how many times has this occurred, 
number of products affected, damage, defects?

When performing RCA, there are additional 
tools that can be used, such as fishbone diagrams, 5 
whys, flowcharts and timelines. Examples of these 
have been included as Appendices 8, 9 and 10.

3.5. EuroGTP II process

3.5.1. Background
Whenever a novel process is implemented, or 

an existing process revised, it is incumbent on a 
tissue establishment (TE) to assess the risk resulting 
from this change. The Euro Good Tissue Practices 
II (EuroGTP  II) project was funded by the Euro-
pean Union to develop a process to enable TEs to do 
this in a systematic and consistent manner [7]. The 
project brought together TEs, Competent Authorities, 
professional societies and independent experts, and 
produced a number of key deliverables, including an 
interactive assessment tool (IAT) to perform risk as-
sessment and a detailed guide for application of the 
IAT. Both of these deliverables can be accessed online 
[8].

3.5.2. Principles

There are three steps to the EuroGTP II meth-
odology (see Figure 3.3):

a. Identification of novelty
With any new process, or change to an existing 
process, there is a likelihood that significant 
changes, which could impact on the safety and/
or clinical efficacy of the product, will need to 
be implemented. The first step of the process 
requires that the user considers each step of the 
supply chain, from donation to transplantation, 
to determine if any such significant change has 
been made. If any is identified, the user pro-
ceeds to step 2.

b. Identification and evaluation of specific risks
If significant change (such as a new process, 
or significant change to an existing process) 
is identified, the user must then determine 
the specific risks and risk consequences that 
the change raises, and the likelihood, severity, 
detectability and evidence that can be used to 
mitigate the risk, for each risk. Based on the 
scores allocated, the IAT calculates an overall 

Figure 3.2. Cycle of risk assessment
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risk score for the change, ranging from negli-
gible to high.

c. Risk mitigation and extent of clinical evalua-
tion
Depending on the outcome of step 2, the user 
may need to take steps to reduce the risk re-
sulting from the change. The EuroGTP II guide 
provides guidance as to how this can be done, 
listing in vitro and in vivo assays that can be 
used to further investigate specific risks. The 
Guide also suggests clinical follow-up method-
ologies that are appropriate to designing clin-
ical evaluations or registries for the products 
in question, either to collate additional data 
to inform the risk analysis or to implement 
routine follow-up methods and registries fol-
lowing implementation of lower risk products. 

3.5.3. Rationale

The EuroGTP II process provides a structured 
and systematic methodology to enable TEs to iden-
tify, quantify and mitigate risks associated with in-
troducing novel procedures, and changes to existing 
ones. 

The online IAT can be used to document and 
record the decisions made and rationales used in the 
different stages of the risk-assessment process, and 
the outcome can be printed and shown to Health 
Authorities as evidence that an appropriate risk- 
assessment process has been undertaken with respect 
to novel and changed processes. Furthermore, it is a 
continual process that can be repeated as and when 
new data become available. A key requirement of the 
process is that sufficient resource and expertise be 
committed to the risk assessment to ensure an accu-
rate outcome. The process is already being applied in 
a number of TEs [9, 10].

3.6. EDQM Microbiological Risk of 
Contamination Assessment 
tool

3.6.1. Background

The aseptic procurement and processing of 
tissues and cells (TC) are some of the more diffi-
cult processes conducted by tissue establishments 
(TEs) and entail some degree of risk. Failure in some 
of these process steps may lead to microbiological 
contamination and loss of TC, or may even pose a 
potential health risk if the contamination is not de-
tected before implantation or use. Microbial safety 

cannot be assured only by finished-product testing 
because the available microbiological test methods 
are not always fully conclusive, with the possibility of 
false negative results, and sometimes test results are 
not yet available at the time of implantation or use. 
In addition, the environmental monitoring that is 
often performed during aseptic processing of TC can 
hardly be considered as a quantitative measurement 
of the level of cleanliness of the aseptic environment 
because of the limitations of classic microbiological 
air-sampling methods.

The EDQM Guide to the quality and safety of 
tissues and cells for human application collates the 
most up-to-date technical guidance to designing and 
maintaining an aseptic procurement and processing. 
Since the beginning of the 21st century it has been 
recognised that a risk-based approach provides jus-
tification for choices made throughout the design 
and implementation of processes, and it is becoming 
evident that risk mitigation is a valuable component 
of an effective quality management system.

Numerous risk analysis methods, such as Fault 
tree analysis (FTA), Failure mode effect analysis 
(FMEA), Hazard analysis and critical control points 
(HACCP) or Failure mode effect and criticality anal-
ysis (FMECA), have been proven successful in a 
variety of applications. 

However, none of these methods was specifically 
developed for aseptic procurement and processing 
of TC, which rely on a large number of variables: 
cleanliness of the local infrastructure, garment, TC 
type, number and competence of personnel, degree 
of qualification of infrastructure, equipment and ma-
terials used, procurement and processing methods, 
decontamination processes, environmental moni-
toring processes and local expertise, among others. 
Therefore, experts from the EDQM have developed 
a methodology specifically to assess aseptic risks in 
procurement and processing of tissues and cells.

3.6.2. Approach

The EDQM Microbiological Risk of Contami-
nation Assessment tool for tissues and cells (MiRCA) 
[11] has been developed to:

a� identify potential risks in novel, existing or 
modified aseptic processes;

b� alert management to the degree of risk of intro-
ducing microbiological contamination during 
the procurement or processing of TC;

c� support management decisions to mitigate 
risks in aseptic processes.

The objective of MiRCA is to prevent the loss 

TC5_en.indb   69TC5_en.indb   69 14/12/2022   13:21:3314/12/2022   13:21:33



70

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

Figure 3.3. Overview of the EuroGTP II process: assessing tissue and cellular therapies/products (TCTPs)
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of TC due to microbial contamination during aseptic 
procurement and processing and to reduce the risk 
of infection being transmitted to recipients. MiRCA 
starts from the assumption that the primary source 
of microbial contamination during aseptic pro-
cessing is human, more specifically personnel and 
patients. This assumption is based on the knowledge 
that a gowned operator may release continuously as 
many as 10 000 colony-forming units per hour [12, 13]. 

However, MiRCA has developed a much 
broader approach focusing on all sources of contam-
ination affecting the deposition of micro-organisms 
during aseptic processing. In many aseptic processes, 
operators are using inanimate objects, such as equip-
ment, materials and reagents, that could disperse their 
load of microbial contamination to the environment 
or directly to TC. Also, the training of personnel and 
the qualification and monitoring of environments 
and equipment has an impact on the deposition of 
micro-organisms. Special interest is also given to 
the presence and effectiveness of decontamination 
processes, quality control and monitoring processes. 
The implementation or non-implementation of these 
processes is included in MiRCA and each process is 
assessed as an individual risk factor.

MiRCA identified in total 55 individual risk 
factors: 22 individual risk factors that affect the dep-
osition of micro-organisms during aseptic procure-
ment of TC and 33 individual risk factors that affect 
the deposition of micro-organisms during aseptic 
processing and distribution of TC. Among interna-
tional standards and guidelines there is broad con-
sensus that risk has two dimensions: probability of 
occurrence and impact of occurrence on the objec-
tive. Normally the duration of occurrence is part of 
the probability of occurrence. In our approach it was 
not always possible to incorporate the duration of the 
exposure into the probability of the occurrence. For 
that reason, a third dimension was created: temporal 
distribution. 

The semi-quantification of risk, expressed as 
an individual risk value (IRV), is calculated by mul-
tiplying the probability of occurrence (P), the impact 
of occurrence on the objective (I) and the temporal 
distribution (T) of each risk factor:

IRV = P × I × T

3.6.2.1. Probability of occurrence
The probability of occurrence (P) estimates 

how likely is the deposition of micro-organisms to 
occur due to individual risk factors. The probability 
spectrum is expressed on a scale of 0 to 5. 

0 = negligible or not applicable
1 = very low 

2 = low
3 = moderate
4 = high
5 = very high 
For example, for the risk factor “air filtration 

system of the procurement environment”:
0. Not applicable or closed system. The probabil-

ity of deposition of micro-organisms is negli-
gible.

1. Temperature controlled HEPA-filtered air 
flow. The probability of deposition of micro- 
organisms is very low due to this air filtration 
technology.

2. Vertical or horizontal laminar HEPA-filtered 
air flow. The probability of deposition of micro- 
organisms is low due to this air filtration tech-
nology.

3. Turbulent mixed HEPA-filtered air flow. The 
probability of deposition of micro-organisms 
is moderate due to this air filtration technology.

4. Turbulent mixed non-HEPA-filtered air 
flow. The probability of deposition of micro- 
organisms is high due to this air filtration tech-
nology.

5. No ventilation. The probability of deposition of 
micro-organisms is very high because there is 
no air filtration technology available.

3.6.2.2. Impact of occurrence on the objective 
The objective of MiRCA is to prevent the loss 

of TC due to microbial contamination during aseptic 
procurement and processing. But not every risk 
factor has the same impact on the loss of TC due to 
microbial contamination. In order to classify the risk 
factors according to their impact (I), MiRCA applies 
an impact factor of 1 to 5, based on the assumption 
that the main mechanism for microbial dispersion 
during aseptic processing is airborne deposition:

1 = The risk factor indirectly affects the deposi-
tion of micro-organisms in the background of 
the environment that TC are exposed to. For 
example, periodical qualification of the back-
ground at rest has no direct influence on the 
deposition of micro-organisms in the back-
ground, but it tells us whether the microbio-
logical load of the background is within the 
specifications. 
2 = The risk factor directly affects the deposi-
tion of micro-organisms in the background of 
the environment that TC are exposed to. For 
example, the number of personnel present in 
the background of the processing environment 
has a direct influence because these operators 
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continuously release micro-organisms in the 
background of the environment that TC are 
exposed to.
3 = The risk factor indirectly affects the depo-
sition of micro-organisms in the environment 
that TC are exposed to. For example, the fre-
quency of sanitisation of the procurement en-
vironment affects the microbiological load of 
furniture, equipment, floors and walls, which 
has in turn an impact on the microbiological 
load of the procurement environment that TC 
are exposed to.
4 = The risk factor directly affects the deposition 
of micro-organisms in the environment that 
TC are exposed to. For example, the number of 
personnel present during procurement because 
they continuously release micro-organisms 
into the procurement environment that TC are 
exposed to.
5 = The risk factor directly affects the depo-
sition of micro-organisms to TC, for example, 
reagents used for the storage of TC. Non-sterile 
reagents directly contaminate TC.

3.6.2.3. Temporal distribution
The temporal distribution (T) of risk factors 

that have an impact on the airborne deposition of 
microbial contamination is estimated by the time 
during which the TC are exposed to their direct envi-
ronment, expressed in hours – for example, the time 
that an open container containing TC is exposed to 
the process environment, or the time that musculo-
skeletal tissues are exposed to the air of the pro-
curement environment during procurement. Other 
risk factors, mostly intervention-dependent, are as-
sessed as present/applicable or not present/not ap-
plicable – for example, the use of reagents, personnel 
competence. 

At the end, all IRVs are added up to calculate 
a final risk score for the procurement of TC. The 
outcome of the procurement of TC is added as an 
individual risk factor in the assessment of the pro-
cessing and distribution of TC. The outcome of the 
global process is calculated as the sum of all indi-
vidual risk values of processing, multiplied by the 
individual risk value of the terminal sterilisation or 
decontamination method, expressed as a percentage, 
with the sterility assurance level (SAL) shown in 
brackets.

• Validated sterilisation process (SAL ≤ 10−6), e.g. 
gamma irradiation

• Any validated method that achieves (SAL ≤ 10−5 
or ≤ 10−4), for example a chemical treatment.

• Any validated method that achieves (SAL 

≤ 10−3), for example a validated antibiotic cock-
tail at 22 to 37 °C.

• Any validation method that achieves (SAL 
≤ 10−3 and ≤ 10−2) for example, a validated anti-
biotic cocktail at 2 to 8 °C

• No decontamination or not validated decon-
tamination method

3.6.3. Interpretation of outcomes

The final risk scores, expressed as a percentage 
of the maximal achievable risk score, are then trans-
lated to a risk profile by an exponential algorithm, 
which is proportional to the overall risk of intro-
ducing microbial contamination during procurement 
or processing and distribution of TC:

0-3.12 % Extremely rare
3.13-6.24 % Rare
6.25-12.4 %  Unlikely
12.5-24.99 %  Possible
25.00-49.99 %  Likely
50.00-100 %  Almost certain
MiRCA provides a structured and systematic 

methodology to enable TEs to identify, quantify and 
mitigate aseptic risks of established and novel aseptic 
processes. Furthermore, it is a continual process, 
which can be repeated in preparation of management 
decisions, or as a step within the CAPA process or 
the change-control process. The aseptic risk outcome 
can be used during the EuroGTP  II exercise when 
assessing the probability of a specific aseptic risk 
consequence. 

MiRCA can help TEs to define the minimal re-
quirement of their procurement and processing facil-
ities with respect to all applicable aseptic risk factors 
and any subsequent decontamination step taken after 
procurement or processing (see also Chapter 7 and 
Chapter 9). MiRCA cannot be used as proof of devia-
tion from the minimal air quality requirements set by 
the directive and/or national laws. 

The online tool [11] can be used to document 
and record the decisions made and rationales used 
in different stages of the risk-assessment process, 
and the outcome can be printed and shown to 
Health Authorities as evidence that an appropriate 
risk- assessment process has been undertaken with 
respect to novel and changed aseptic processes. 

A key requirement of the process is that suffi-
cient resource and expertise be committed to the risk 
assessment to ensure an accurate outcome.
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Chapter 4. Recruitment of potential donors, identification 
and consent

4.1. Introduction

Human tissues and cells may be used for trans-
plantation therapy or for medically assisted re-

production (MAR). They can be obtained from living 
or deceased donors, as long as the retrieval procedure 
does not endanger the life or health of a living donor 
or compromise the respect due to a deceased person. 
Transplantation of tissues and cells ranges from life-
saving treatments (e.g. serious burns victims, general 
sepsis due to prosthesis infection, haematological ma-
lignancies) to quality-of-life improvements (improve-
ment of vision or restoration of joint movement). The 
donation of donated gametes and embryos may help 
fulfil a person’s wish to have children. Human tissues 
and cells are also starting material for advanced 
therapy medicinal products (ATMPs).

In order to ensure availability of tissues and 
cells, and the safety and success of any transplan-
tation or human application programme, potential 
living and deceased donors need to be identified and 
recruited for potential tissue donation. In all cases, 
screening must be performed to ensure the safety 
of the tissues and cells donated, to exclude any con-
traindications to donation and, in the case of a living 
donor, to exclude any medical situation that could 
potentially harm the donor themselves. 

Donation programmes should at least include 
[1]:

a� adequate public-awareness strategies, pro-
moting organ donation and tissue and cell do-
nation;

b� effective systems to facilitate the recruitment of 
living donors in an ethical manner, ensuring 
their safety and well-being, and the identifica-
tion and referral of potential deceased tissue 
donors to the appropriate organisation/tissue 
establishment (e.g. routine medical chart 
reviews in every case of in-hospital death);

c� adequate training of professionals involved in 
the recruitment, identification and referral of 
potential donors.

Once potential donors are recruited, or iden-
tified and referred, informed consent is an essential 
requirement before donation can take place. Consent 
is obtained from the donors themselves in the case 
of living donors or from their legal representatives 
if the donor is juvenile or incapable. In the case of 
deceased donors, consent is obtained either from the 
donor before death (e.g. donor registries, donor card, 
advanced directives) or from their relatives; see Ap-
pendix 11 and following. The way in which consent 
is obtained depends on the type of donor, the spe-
cific circumstances and the specific legal system for 
consent in each particular country. Although the 
term ‘consent’ will be used throughout this chapter, 
the Guide recognises that in some countries the term 
‘authorisation’ rather than ‘consent’ is used to enable 
lawful recovery of tissues and cells.

This chapter describes the process, require-
ments and key elements at the beginning of the do-
nation pathway for both living and deceased donors.
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4.2. Living donors

Some tissues and cells can only be obtained from 
living donors. This is true for haematopoietic 

progenitor cells (HPC); for oocytes, spermatozoa, 
ovarian or testicular tissue and embryos, used in 
MAR procedures; and for mesenchymal stromal cells 
and some somatic cells, such as keratinocytes and 
chondrocytes.

Some tissues can be collected as surgical resi-
dues (e.g. umbilical cord blood and placenta following 
child birth, femoral heads removed during surgery 
to replace a hip joint, heart valves from patients re-
ceiving a heart transplant). Depending on how the 
tissues or cells will be used, their clinical application 
can be described as:

a� autologous: when the tissues or cells procured 
from a patient are used for the patient’s own 
treatment (e.g. skull bone obtained from a de-
compression craniotomy, ovarian tissue as part 
of specific programmes to preserve fertility in 
oncological female patients, HPCs in therapies 
for haematological malignancies); or

b� allogeneic: when the tissues or cells donated 
by one person are used for the treatment of 
another person. In this case, the material can 
be donated for:

i. an intended recipient, who can be related or 
unrelated to the donor (e.g. HPC) – a directed 
donation; or

ii. a recipient who is unrelated to the donor (e.g. 
amnion/bone).

In the case of MAR, depending on the origin of 
the gametes and embryos, the donation can be clas-
sified as:

i. partner donation (donation between a couple 
who declare that they have an intimate physical 
relationship);

ii. non-partner donation (donation of reproduc-
tive cells between individuals who do not have 
an intimate physical relationship; also called 
‘third-party donation’)

The selection of a living donor must be based 
on a risk–benefit analysis for both the donor and the 
recipient. In the case of surgical residues, there is no 
risk to the donor derived from the donation itself.

In some instances, donation may occur years 
after the initial selection and registration (e.g. in 
HPC donation, when potential donors are included 
in a registry and the donation only takes place if a 
matching recipient needs it).

4.2.1. Donor recruitment

Donor recruitment is a continuous process. It 
begins with increasing the awareness of the general 
public, by education at local and national levels about 
the benefits of the clinical applications for different 
tissues and cells. Recruitment drives should focus on 
altruism, solidarity and social engagement, based on 
the principles of voluntary unpaid donation.

Success stories describing donor and patients’ 
experiences and testimonials of family members may 
drive people to consider whether tissue or cells do-
nation is right for them. Public campaigns should 
aim to diversify and increase the pool of available 
donors, increase the number of donations in general 
and augment registration in living donor registries. 
Publicising and/or advertising the need of donated 
tissues or cells for a given patient should be discour-
aged (and in some countries such activities are for-
bidden/regulated by law).

The most common instances of donation from 
living donors where donor recruitment plays an es-
sential role are the donation of HPC and of gametes 
and embryos for MAR procedures.

4.2.1.1. Recruitment of haematopoietic progenitor 
cell donors

Donation of HPC must be voluntary and 
unpaid, and informed consent must be obtained in 
the preliminary steps. Successful HPC transplanta-
tion depends on matching the donor and recipient 
for human leukocyte antigens (HLA). If a patient 
needs an HPC transplant, their siblings and close rel-
atives should be screened to determine if their HLA 
types are compatible. If the donor is under the age 
of legal consent, specific consideration is needed (see 
Chapter 24).

For patients without a matching family donor, 
there is a possibility that an HLA-compatible volun-
tary donor can be found. Therefore, it is of crucial 
importance that volunteer donors are recruited and 
registered on donor registries around the world, par-
ticularly from diverse ethnic communities. Donor 
registries and cord blood banks are linked interna-
tionally, in a global database operated by the World 
Marrow Donor Association (WMDA), using tissue- 
typing to establish rapid identification of potential 
donors.

When a person volunteers to be an HPC donor, 
an initial evaluation is performed. Suitable donors are 
HLA-typed and their details are placed on a donor 
registry. Potential donors are requested to inform the 
registry in case of any change to their health status 
that could contraindicate donation or the possible 
use of the cells.
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Potential HPC donors will only be contacted 
if they are identified as the best possible match for a 
patient. In this case they will be requested to attend 
a donation centre for a full explanation of the pro-
cedures by the clinical staff and a thorough medical 
examination with blood tests to detect any medical 
and/or infectious contraindication to donation. 
Further information on donor registries and recruit-
ment of HPC donors can be found in Chapter 5 and 
Chapter 24.

4.2.1.2. Recruitment of cord blood donors
Umbilical cord blood (UCB) donor recruitment 

usually starts during pregnancy, but it may also occur 
as late as at admission into the maternity unit, pro-
vided the mother is fit to provide an informed consent. 
The UCB donation can be made available for public or 
private uses. Public banks provide UCB units stored 
for unrelated transplantation, in order to increase 
access to UCBs through worldwide donor registries, 
whereas in private banks, which are usually for-profit 
organisations, the donor keeps ownership of the 
product. These organisations offer the processing and 
storage services for future potential medical applica-
tions for donors and their family. Information leaflets 
or brochures about UCB banking are an important 
part of the recruitment plan, and any claims made in 
recruitment materials must be supported by scientific 
evidence [2] (see Chapter 25).

4.2.1.3. Recruitment of donors in medically assisted 
reproduction

With the development of MAR and changes in 
lifestyles, a growing demand for gamete and embryo 
donors has emerged. These developments in most 
countries also reflect changing social values and 
government financial support. This growth has not 
always been accompanied by similarly swift develop-
ment of laws and regulations in the field. Gradually, 
countries have set legal provisions and/or guidelines 
based on their own historical, cultural, religious and 
social traditions and their political and economic sit-
uations [3]. Consequently, there are wide variations 
in the techniques available and permitted by law in 
each country, and the types of reproductive cell that 
can be donated. Whatever the situation, national laws 
must be respected and donors recruited accordingly.

As mentioned previously, gamete and embryo 
donation can be classified as partner or non-partner 
donation, depending on the link with the donor. This 
chapter will focus on the recruitment of non-partner 
donors.

The practice of gamete and embryo donation is 
complex, and multiple ethical rules, legal restrictions, 

medical facts and social and psychological conse-
quences intermingle. Things are further complicated 
by such factors as:

a� the reasons why a person donates;
b� what kind of reproductive cells are donated 

(donation of oocytes or sperm or embryos 
commits the donor to a different investment in 
the medical interventions required and the risk 
of harm);

c� the level of anonymity, whether a known donor, 
identifiable or anonymous;

d� the level/type of compensation schemes for 
donors;

e� how often a donor can donate and how many 
offspring may be derived from a single donor.

The scarcity of donor gametes has stimulated 
discussion about acceptable systems of recruitment, 
especially since it has become evident that different 
clinics and countries are using different approaches 
to recruit donors, with various modes of compensa-
tion for donors (e.g. compensation of proven expenses, 
compensation through lump sums, oocyte-sharing 
schemes). However, it is essential to emphasise that 
the donation of reproductive material should strictly 
follow the same principles of being voluntary and 
unpaid as for other donations of tissues or cells. Extra 
care is required since any type of reward, benefit or 
incentive may be a threat to voluntariness and com-
promise the degree of confidence that can be placed 
in the donation process (see Chapter 29).

The donor-recruitment activity, whether per-
formed by a public health system or by private clinics 
(where allowed by national legislation), must be au-
thorised by the Health Authority.

As with any living donors, it is essential that 
gamete donors are entered into registries, not as a 
database of potential donors, such as for HPC, but 
to guarantee traceability and transparency of prac-
tice (see Chapter 16). In addition, registries allow 
adequate follow-up of the donors, including the col-
lection of data on serious adverse events or adverse 
reactions in donors, in recipients and in the resulting 
offspring (see Chapter 17).

Further information on recruitment of gamete 
and embryo donors can be found in Chapter 29.

4.2.2. Consent for living donation

The donation process differs depending on 
whether a person donates tissues and cells for the 
benefit of others, and accepts risks and inconven-
ience that they would not otherwise face, or donates 
while undergoing a medical intervention for their 
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own benefit. Donation implies an altruistic act and, 
to some extent, a trade-off between individual well-
being and societal utility. As a consequence, there is 
potential for the abuse and exploitation of individual 
donors. Obtaining individual consent, in any situa-
tion of donation, either collection of surgical residues 
or tissues and cells procurement, is crucial to assure 
that donation process conforms to professional 
ethical standards and the individual’s own goals and 
values.

Donation of tissues or cells must only be 
carried out after the person concerned has given free, 
informed and specific consent, either in written form 
or orally by a trained professional.

Consent should be recorded and/or docu-
mented in the donor/patient’s record. Informed 
consent must be discussed with the donor or their 
legal representative in a language and with terms 
that they can understand. If translation is needed, 
it is recommended that neither family nor friends 
serve as interpreters or translators. The record should 
mention that the prospective donor has understood 

– and, where appropriate, their legal representatives 
or their relatives have understood – the information 
given, had the opportunity to ask questions, received 
satisfactory answers and confirmed their position on 
donation. Some examples of forms to obtain consent 
for MAR may be found in Appendix 11, Appendix 12 
and Appendix 13.

Recruitment of persons not able to consent 
(e.g. donors who are too young or who are mentally 
incapacitated) must never be done through public 
registries. In addition, in some countries, specific 
regulations restrict donation in these circumstances 
(e.g. some countries do not allow procurement of pe-
ripheral blood progenitor cells from the very young 
and/or administration of growth factors to donors).

In accordance with Article 14 of the Additional 
Protocol to the Oviedo Convention, no tissue or cell 
procurement may be carried out on a person who 
does not have the capacity to consent. Exceptionally, 
and under the protective conditions prescribed by 
law, the removal of HPC for allogeneic transplanta-
tion from a person who does not have the capacity 
to consent may be authorised provided the following 
conditions are met:

a� there is no compatible donor available who has 
the capacity to consent;

b� the recipient is a brother or sister of the donor;
c� the donation has the potential to be life-saving 

for the recipient;
d� the authorisation of their representative or an 

authority or a person or body provided for by 

law has been given specifically and in writing 
and with the approval of the competent body;

e� the potential donor concerned does not object.

Potential donors must beforehand be given ap-
propriate information as to the type(s) of tissues or 
cells to be procured, the purpose and nature of the 
intervention, its consequences, possible side-effects 
and risks, whether the tissues or cells will be pro-
cessed and stored, and the purpose or use to which 
the tissues or cells will be put. All relevant informa-
tion should be given because consent must be spe-
cific and cannot be assumed for uses of tissues or 
cells about which the donor has not been informed. 
Donors must be given all the information needed to 
ensure that they understand all potential purposes 
and benefits for the recipient before they give consent. 
Full understanding of the consent is particularly im-
portant when practices may be controversial or sen-
sitive. Similarly, some donors may not wish to donate 
tissues or cells to a commercial organisation where, 
for example, their donated tissues or cells may be 
used as starting material for developing therapies in 
a commercial setting.

Potential donors should have an advocate, who 
must not be involved in the treatment of the recip-
ient. Their main role is to look after the interests of 
the donor, ensuring at all times that the donor’s safety 
and the consent processes are appropriately handled. 
Information about potential risks for the donor, and 
risks and benefits for the recipient, must be clearly 
understood before consent is given. Where relevant, 
the donor must also be informed that the results of 
the qualification of tissues and cells for transplanta-
tion and the transplant itself are uncertain because 
they depend on many factors, including the recipi-
ent’s condition. Where relevant the donor should also 
be provided with information about psychological 
support in case the transplant does not lead to sur-
vival or cure of the recipient.

The scope and duration of the consent should 
be stated explicitly. When the tissues and cells are 
to be stored, the consent should include informa-
tion about the storage time and the policy once the 
period has expired. The interview for consent should 
be conducted in a suitable environment. The inter-
viewer should have received specific training for this 
purpose to be able to consider the donor’s needs and 
to answer questions about donation, risks and trans-
plantation processes.

Potential donors, or their legal representatives, 
or their relatives, should be informed of the tests 
that will be performed to evaluate the possible ex-
istence of any transmissible diseases that would be 
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a risk to the recipient, and of the action to be taken 
in the case of a positive result. In such a case they 
should be informed and receive adequate counselling. 
All results of the medical evaluation should be kept 
available to the donor. If a potential donor is found 
to be unsuitable, the reasons and the results of the 
medical assessment should be discussed with them 
and advice should be given on recommended actions 
regarding their health. If the findings do not exclude 
the potential donor but may have implications for the 
recipient (e.g. an HPC potential donor carrier of a 
haemoglobinopathy), the transplant centre must also 
be informed.

In the case of HPC donors, consent must be 
obtained at several stages: before HLA typing, before 
donor testing and before the conditioning regimen on 
the recipient has begun. The interview must include 
information about donation procedures, their risks 
and side-effects, the procurement method and the 
need to administer growth factors when peripheral 
HPC is being procured. In the case of cord blood do-
nation, consent is usually obtained months before the 
delivery and should at least be obtained before the 
mother goes into labour to avoid interfering during 
the delivery.

Documentation must be made available to the 
cell or tissue establishments that receive the procured 
material for processing and storage to confirm that 
detailed consent has been duly given (see Chapter 2).

Donors must be informed that they may with-
draw consent at any time. In the case of HPC donors, 
they have to be informed of the possible consequences 
for the recipient if they withdraw their consent once 
the conditioning regimen on the recipient has already 
begun. Ultimately, this situation cannot be used to 
coerce the donor and their final decision must be re-
spected. In that case every effort needs to be made 
to find alternative donors e.g. haplo-identical related 
donors or HPC donation should take place and cells 
cryopreserved prior to conditioning of the patient.

In the case of autologous donation, the patient 
must be informed about options and the balance of 
risks and benefits of the procedure. The consent must 
specify what would happen if the clinical application 
could not be performed for any reason (e.g. contam-
ination of the transplant or if the patient’s condition 
contraindicated application). In such instances, the 
consent should indicate whether the tissues or cells 
could be used for the treatment of others or for re-
search, or must be disposed of.

Consent should be obtained from the patient 
before procurement. In some circumstances, this is 
not possible (e.g. emergency craniotomies) and the 

decision to procure and, if necessary, to process the 
tissues or cells should be taken by the medical team.

In the case of planned surgical procedures 
where it may be possible to donate surgical tissues, 
consent should be obtained before procurement. As 
is the case for all tissue or cell donors, the donor 
should be informed beforehand about tests to deter-
mine the suitability of the transplant, and consent 
should include information about the processing, 
storage and intended use of the donated material. The 
consent must also specify the fates of tissues or cells 
if their clinical application cannot be performed for 
any reason.

Donors, or their legal representatives, or their 
relatives, should be aware of the importance to recip-
ient safety of providing the medical staff with infor-
mation about any medical condition of the donor that 
may occur after donation. 

They should be informed about, and give 
consent for, the use of personal identifiable data in 
computerised data processing.

4.3. Deceased donors

Tissues donated by a single donor can be used to 
treat as many as 100 recipients. Tissues donated 

by deceased donors typically include the following 
tissue types:

a� musculoskeletal: bones, tendons, ligaments 
of the upper and lower extremities, menisci, 
fascia, cartilage;

b� cardiovascular: heart valves, blood vessels, per-
icardium;

c� skin: split thickness and full thickness (epi-
dermis and dermis);

d� ocular: corneas, sclera;
e� specific cell types from certain tissues (e.g. 

limbal stem cells) or from certain organs (pan-
creatic islets, hepatocytes).

In order to guarantee the success of any do-
nation programme from deceased tissue donors it is 
essential that hospitals (and other centres where po-
tential tissue donors may be found) have a system to 

a� identify potential donors, to 
b� check consent, shown by

i. the presence of donor’s consent or 
ii. the lack of donor’s objection expressed by 

donor before their death or 
iii. consent obtained from family members or rel-

atives of the potential donor, and 
c� refer donors to the appropriate procurement 

organisations and tissue establishments.
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Communication with bereaved family 
members or relatives will require clear and sensitive 
procedures or protocols, with consent obtained by 
appropriately trained specialists (see Appendix 14).

4.3.1. Identification and referral of deceased 
tissue donors

Tissue donation depends on commitment and 
the development of strong working relationships 
between tissue establishments, procurement organ-
isations and hospitals and other centres where po-
tential tissue donors may be found, such as medical 
examiners’ offices, mortuaries, coroners’ offices, fo-
rensic institutes, funeral homes, emergency medical 
services, and nursing or retirement homes [7].

It is recommended that any potential donors 
considered for organ donation are also referred for 
potential tissue donation [8]. Furthermore, it is rec-
ommended that all deaths (typically hospital but 
also community deaths) should be routinely referred 
to a donor co-ordinator, procurement organisation 
or tissue establishment, regardless of the age of the 
patient or the cause of death. Routine referral of all 
potential donors with no known medical contrain-
dication gives every individual the opportunity to 
donate and allows for the standardisation of donor- 
selection criteria.

Similarly to the WHO Critical Pathway for de-
ceased donation [9], which 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 improve-
ment, a Clinical Pathway for deceased tissue dona-
tion has been designed by the CD-P-TO with the 
same goal [10]. The particular value of this tool is that 
creates uniformity in the description and assessment 
of the deceased donation process, and defines types 
of donor based on the different phases of the dona-
tion process: possible, potential, elegible, actual and 
utilised tissue donors (see Figure 4.1).

In every deceased donation programme, it is 
essential to identify all of the parties who may be 
involved, in order to co-ordinate and facilitate the 
process and maximise the opportunities for suc-
cessful procurement. The key parties are summarised 
in Table 4.1.

Before procurement, checking the donor’s 
identity is an essential prerequisite.

A proper investigation needs to gather as 
much information as possible about the donor, using 
medical records, interviews with medical staff who 

treated the donor (attending physician, general prac-
titioner, nurse) and relevant information provided by 
the donor’s relatives or legal representatives, family 
physician or other persons who have information 
about the donor’s behavioural and medical history. 
The donor’s medical suitability is assessed in accord-
ance with the selection criteria, and after the evalu-
ation of risk factors such as sexual behaviour, travel 
and exposure to sources of infection. A post mortem 
examination may also provide useful information. 
These criteria may vary, depending on the type of 
tissue to be procured for human application (see 
Chapter 5 for general criteria and Part B for tissue- 
specific criteria).

In the event that a health facility does not 
have the means to manage a potential tissue donor 
or is not licensed/authorised for tissue procurement 
by their Health Authority, arrangements should be 
made, where possible, for transfer of the potential 
donor to a suitable hospital or procurement centre.

4.3.2. Consent for deceased donation

Before procurement of tissues from a deceased 
person can take place, consent to donation must be 
obtained and recorded in order to ensure that their 
wishes are fulfilled. In some cases, the deceased 
person may have expressed their wishes while alive 
through a donor registry, donor card or advanced 
directive. In other cases, it is members of the family 
of the deceased person who decide whether donation 
was in accordance with the person’s wishes, values 
and beliefs, or whether the deceased had expressed 
an objection to donation during their lifetime, and 
who give consent accordingly.

It is important to emphasise that consent needs 
to be specific. Therefore, donors’ relatives or legal 
representatives must be given all the information 
needed to ensure that they understand all potential 
uses, including processing and storage, before they 
give consent. The specificity of consent is particularly 
important when the donated tissues and cells may 
not be used for transplantation/human application. 
Tissues and cells may be donated specifically for other 
purposes, or be used for other purposes should they 
prove unsuitable for transplantation/human applica-
tion. These alternative uses may include (for example) 
use for teaching and training, validation and devel-
opment, research or the development/preparation of 
commercial products. Specific consent must be ob-
tained for any potential use (see Chapter 1). Consent 
needs to be given also for the final fate of the donation 
if the tissue/cells cannot be used for clinical purposes.
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Figure 4.1. CD-P-TO Critical Pathway for deceased tissue donation [10]

Non-modiable causes
of tissue donation loss

Modiable causes
of tissue donation loss

. Absolute contraindications* 
• Unknown cause of death †
• Haematological malignancies
• Neurological disease of prionic 

or unknown cause
• Infection by HIV, HBV, HCV or 

HTLV I-II documented or 
suspected (presence of risk 
factors)

• Non-compliance with the age or 
weight limits for tissue donation 
(where such restrictions apply)

. Medical unsuitability as 
established by actual:

• Serological/microbiological 
status

• Clinical status
• Physical examination (where 

such restrictions apply

. Exclusion criteria for specic 
tissue donation

. Donor/tissue non-viability
• Serological/microbiological 

status
• Post-donation clinical 

information
• Insufficient tissue quality 

(anatomical/histological 
abnormalities)

A. Inappropriate preservation
of the body

B. Failure to identify/refer to
the donor co-ordinator or 
procurement organisation

C. Inability to 
perform/complete donor 

evaluation ‡

D. Patient/family/coroner 
refusal to tissue donation

E. Lack of clinical needs
for that tissue

F. Logistical or organisational 
problems

G. Procurement, preservation 
or processing problems

Possible tissue donor
Person who has died (with death 

determined by neurological or circulatory 
criteria) or who is in a situation of imminent 

death

Potential tissue donor
A possible deceased donor with no 

apparent absolute contraindication (see , 
left) for tissue donation and whose body 

has been preserved according to 
requirements for tissue procurement

Eligible tissue donor
A potential consented tissue donor who is 
medically suitable (see , left) and meets 

specic criteria (see , left) for the donation 
of at least one type of tissue

Actual tissue donor
An eligible tissue donor from whom at least 
one tissue was recovered with the primary 

intention of clinical application

Utilised tissue donor
An actual tissue donor from whom at least 

one, or part of one, tissue is ready to be 
released for its clinical application

* See European Guidelines.
† Unless an autopsy is performed to clarify the cause of death after tissue procurement.
‡ Including feasibility to perform validated serological/microbiological blood testing. See corresponding non-modi�able causes of tissue loss.
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4.3.2.1. Legal consent systems
Consent for the donation of organs and tissues 

from deceased donors is subject to national legisla-
tion and regulation in each country.

There are two legal consent systems for ex-
pressing consent to donation. Opting-in is a system 
in which consent to donation has to be obtained ex-
plicitly from the donor during their lifetime or from 
an authorised individual (usually the next of kin). 
Opting-out is a system in which consent to donation 
is presumed, no objection to donation has been reg-
istered by an individual during their lifetime or is 
known to have existed, or consent is inferred by the 
donor’s family who could testify to the donor’s posi-

tion. In practice, variations exist within both systems, 
and the relatives may play a prominent role in the 
decision.

According to opt-in legislation, consent for 
removal of tissue from deceased donors must be 
given by the person when they were alive or, after 
their death, by their legally authorised representa-
tive or a ‘person in a qualifying relationship to the 
deceased’. A hierarchy of qualifying relationships 
may exist (e.g., ranked from highest to lowest: spouse 
or partner, parent or child, brother or sister, grand-
parent or grandchild, niece or nephew, etc.) and 
consent should be obtained, where possible, from the 
person ranked highest in the hierarchy.

Table 4.1. Key parties in deceased tissue-donation programmes and the challenges and opportunities they may pose
Opportunities Weaknesses/Obstacles

Public • Learn about donation and the benefit of transplan-
tation to recipients

• Promote solidarity and altruism
• Express wishes to family and friends in relation to 

donation
• Increase awareness of tissue donation at every 

opportunity – media, schools etc.

• Lack of knowledge about donation and tissue 
needs

• Unwillingness to face death
• Fear that an expressed desire to become a donor 

may interfere with medical care
• Lack of trust in the fairness of the donation and 

transplantation system

Donor 
family

• Honour the wishes of the loved one
• Make some sense out of the death of a loved one
• Find comfort in knowing that donated tissues of 

the loved one helped save or improve lives [4]
• Gain some control after the death of a loved one
• Know that a part of the family member ‘lives on’
• Recognition and gratitude from society and recip-

ients

• Grief
• Lack of understanding or knowledge about dona-

tion
• Fear of disfigurement
• Not knowing the wishes of the loved one
• Lack of trust in the medical profession or fairness of 

the donation system

Hospital 
staff

• Support wishes of the donor and their family
• Increase availability of tissues for patients in need
• Contribute to public awareness of donation and 

transplantation
• Take part in the chain of donation, contribute to 

saving lives

• Discomfort or lack of knowledge about donation 
[5]

• Lack of trust in the donation and transplantation 
system

• Not acknowledging the value of tissues
• Increased workload
• Lack of acknowledgement from those involved in 

procurement
• Lack of resources

Transplant 
co-
ordinator 

• Support wishes of donor and their family
• Maximise donation opportunities – tissue donation 

may benefit as many as 100 patients per donor
• Increase availability of tissue for patients in need
• Contribute to public and professional awareness of 

donation and transplantation

• Concern that tissue consent will have an impact on 
consent for some organ donation [5, 6]

• Lack of knowledge about tissue donation and its 
benefits

• Increased workload

Coroner • Mutually beneficial for coroner and procurement 
team/tissue establishment, who may share find-
ings, tissue/blood samples and test results to help 
investigations

• Support wishes of the donor and their family
• Increase availability of tissues for patients in need

• Lack of knowledge about donation
• Concern over potential impact on death investiga-

tion

Funeral 
homes 

• Extend support to bereaved families
• Raise awareness by including donation information 

in funeral homes and obituaries
• Allow procurement of certain tissues to occur in 

funeral homes
• Contribute to the conditioning of the body
• Increase availability of tissues for patients in need

• Lack of knowledge about donation
• Fear of difficulty in preparing body for funeral 

services
• Increased time and costs
• Delay in funeral services

Retirement 
homes, 
nursing 
homes and 
hospices

• Support wishes of the donor and their family
• Raise awareness by including donation information
• Allow procurement of certain tissues to occur on 

their premises
• Increase availability of tissues for patients in need

• Lack of knowledge about donation
• Lack of trust in the medical profession and in the 

donation and transplantation system
• Many of the residents may be affected with condi-

tions that contraindicate donation
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The opt-out system was introduced to help 
meet the shortfall in organs and tissues available 
for transplantation. However, in most programmes, 
if the family is against the idea of the donation pro-
ceeding, tissue procurement will not proceed; this is 
called a ‘soft’ opt-out system.

Even if the legislation is based on a presumed 
consent or opt-out system, the family and/or other 
persons who knew the donor well must be engaged 
in the donation process to provide information on 
medical and behavioural risks about the potential 
donor to ensure the safety of donated substances of 
human origin (tissues or cells).

Table 4.2 gives an overview of national consent 
systems in Europe. The information is up to date as of 
June 2022. Of the 42 answering countries, it appears 
that the majority (24 countries) have an ‘opt-out’ 
system, and 14 countries have an ‘opt-in’ system. Four 
countries have a mixed system, either combining 
elements of both ‘opt-in’ and ‘opt-out’ or, as in the 
United Kingdom, with an ‘opt-in’ system in one of 
the four UK administrations (Northern Ireland), and 
an ‘opt-out’ system in Scotland, Wales and England.

Different countries have different procedures 
to help people express their wishes regarding organ 
and tissue donation [2]. In each country, national 
legislation (or, if this is lacking, operational policies) 
should 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.

Among the means to express wishes regarding 
organ and tissue donation after death are donor cards 
and donor registries. Individuals who have donor 
cards are also often simultaneously recorded in the 
national donor registry. Consent to donation recorded 
on a donor card or in a registry may contain detailed 
information, e.g. consent or not to various types of 
donation (donation of specific organs or tissues). In 
some countries, those who apply for a passport or 
driving licence have to state whether or not they are 
willing to donate organs, tissues and cells after death. 
Advance directives (‘living wills’) may also enable in-
dividuals to state prospectively under which medical 
conditions they do not want to receive life-sustaining 
therapy and allow documentation of people’s wishes 
related to donating organs and tissues after death.

All national systems should enable individuals 
to modify or withdraw their consent or objection at 
any time. This ensures that the most recent informa-
tion about an individual’s wishes is recorded in some 
way and is available at all times should an enquiry 
be received from a physician or a donor co-ordinator 
involved in the donation process.

4.3.2.2. Establishing consent in other circumstances
In countries with no legal framework for 

consent to donation, or where a potential donor is not 
able to express their donation preference, for example 
a minor, 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, consent may pass to 
those who are the nominated legal representatives 
of the potential donor, according to the laws of the 
country.

In some circumstances (e.g. when death occurs 
in suspicious circumstances or as a result of an illicit 
act), authorisation to proceed must be given by a 
coroner, a judge or a family court to avoid the pro-
curement interfering with an investigation, even if 
the family has consented to donation.

In other circumstances, when a person was 
to become a donor (expressed wish or absence of 
refusal/objection), if no relatives can be found or 
contacted, national procedures and regulations 
should enable organ and tissue procurement where 
possible, but only if sufficient medical, social and be-
havioural information to support safe donation and 
transplantation can be obtained by other means (e.g. 
from family physician or friends). If this level of in-
formation cannot be reached, donation should not be 
considered, as it does not guarantee the safety of the 
recipient.

4.3.3. Approaching the families of potential 
tissue donors

Grief and mourning are crucial processes to 
help cope with the death of a loved one. When ap-
proaching a bereaved family to seek consent or in-
formation on the position of the deceased regarding 
donation, the many aspects of acute reactions to grief 
following a death should be understood in order to 
deal with the circumstances sensitively and in an un-
derstanding way. Donation professionals should learn 
to navigate the environment of acute grief to obtain a 
decision about donation that is best for the family. By 
applying their skills and experience, donation pro-
fessionals can support the family in their mourning 
and provide appropriate help. The physician or donor 
co-ordinator who is in charge of approaching the 
family for donation should have accurate knowledge 
of the purpose and needs in tissue transplants.

4.3.3.1. Conversations with the family
Conversations with a family about organ do-

nation do not generally differ from conversations 
related to tissue donation. Therefore, where appli-
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Table 4.2. Legal provisions in European countries for consent to/authorisation of organ donation from deceased 
persons

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

2 Austria opting-out   x

3 Belgium opting-out x  

4 Bosnia Herzegovina opting-out    

5 Bulgaria opting-out   x

6 Croatia opting-out   x

7 Cyprus opting-in ×  

8 Czech Republic opting-out   x

9 Denmark opting-in × x

10 Estonia opting-out × x

11 Finland opting-out    

12 France opting-out   x

13 Georgia opting-in × x

14 Germany opting-in    

15 Greece opting-in × x

16 Hungary opting-out   x

17 Iceland opting-out   x

18 Ireland opting-in    

19 Israel opting-in ×  

20 Italy opting-out × x

21 Latvia opting-out × x

22 Lithuania opting-in × x

23 Luxembourg opting-out    

24 Malta opting-in   x

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 

× ×

×: system in use; NA: data not available; *: some countries do not have opting-in or opting-out registries, but fulfil this requirement by 
advance will directives and/or registries that allow people to record their wishes about donation.
Source: Adapted from European Commission’s implementation survey regarding Directive 2010/53/EU.
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cable, it is best to perform interviews about the dona-
tion of organs and tissues in a single interview session 
with the family, allowing them time to reach a deci-
sion with which they are comfortable. The physician 
or donor co-ordinator who will conduct the conver-
sation should prepare carefully for the interview. It is 
important that he or she is familiar with the context, 
the history of the hospitalisation and the situation of 
the relatives, and that he or she gathers as much in-
formation as possible before interviewing them.

It is frequently impractical to discuss dona-
tion with a large number of family members, and it 
is recommended that participating family members 
should be limited to the lawful next of kin and/or 
those who are key to making the decision, taking 
into account the legal framework in place and cul-
tural or religious practices. This should be explained 
to the other family members so that they do not feel 
excluded.

When there are social, cultural or language bar-
riers or difficulties, the support (if there are no other 
possible helpers) of interpreters or friends of the po-
tential donor who have a greater level of integration or 
similar religious sympathies may be beneficial for the 
family. These persons should be previously informed 
about the donation and about the processes involved 
so that they can support the family and champion 
a favourable attitude towards donation; they should 
not be limited to making a simple translation. Ideally, 
it is best practice to work with authorised interpreters 
who are familiar with the necessary terminology and 
who can explain and translate the relevant medical 
terms.

The conversation should be planned and 
carried out at the right time, in the right place and by 
trained people. Proper preparation for the conversa-
tion reduces the likelihood of errors and the need for 
improvisation [11, 12, 13, 14]. The discussion should 
take place in an environment that helps facilitate 
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 the family with a quiet room, where they can 
speak freely. It is also advisable to have resources that 
meet the minimum needs (e.g. telephone, handker-
chiefs, water, food).

In certain circumstances, relatives of poten-
tial tissue donors may be interviewed over the tele-
phone [15]. Before the interview, the co-ordination 
staff should be very careful and verify whether the 
interviewee has been informed of the death of their 
relative. It may happen that the hospital staff did not 
reach them before the interview. Such interviews 
need to ensure that the conversation takes place when 

the relative is in a private space and preferably not in 
an unfamiliar environment, such as a hospital. Tele-
phone conversations can make it more difficult to 
offer reassurance and support to a family since there 
is little opportunity to demonstrate a personal touch, 
a lack of which can increase the emotional distance. 
Trained personnel should be able to find appro-
priate words, and respect silent moments, to provide 
support under these circumstances to enable a stand-
ardised interview to take place [16].

The physician or donor co-ordinator who is 
conducting the conversation with the relatives should 
respect their grief. This type of conversation requires 
interpersonal skills, sensitivity and empathy. In sit-
uations when there is a huge pressure on medical 
staff, conversation with families can become difficult, 
rushed or insensitive. These telephone conversations 
should be documented or recorded, if possible.

4.3.3.2. Informing the family
There is often debate about the amount of in-

formation a donor family should receive, how much 
information is enough and when does it become too 
much. One opinion is that the family should be given 
only the information they request; another view is 
that the family must be told absolutely everything: 
which tissues will be donated, a description of the 
procurement process including reconstruction, po-
tential uses of the tissue in both clinical practice and 
research, the method of discard, the potential need 
for follow-up if some test results are found positive, 
and so on. The first approach has the limitation of not 
taking into consideration the fact that the family may 
not know much about donation and will therefore 
not know what to ask. The latter could cause harm 
to the family and could risk converting an interest in 
donation into a refusal. The solution to this dilemma 
should be found by the donation professionals on a 
case-by-case basis. Professionals should be able to 
adapt the information given to the family, taking 
into account their knowledge, circumstances and 
requests.

In cases of donation for cells donated as 
starting material for ATMPs, some special consid-
erations apply and should be specifically discussed 
(e.g. the implications for the donor in the event of a 
novel genetic disease marker being identified many 
years after the donation; the commercial potential 
of the ATMPs produced; and the fact that, in view 
of their scaleability, such products derived from one 
biological system may reach a significant number of 
patients).

While providing the information, they may 
observe agitation, frustration or irritability in 
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a family member; this may signal unwanted or 
stressful information and suggest reconsideration 
of how much information is needed or wanted. Ulti-
mately, the amount of information made available to 
donor families in order to obtain consent should vary 
and should be increased if the potential application of 
the donated material is potentially sensitive, e.g. re-
search or commercial applications. The interview in 
any case should be prepared in advance with system-
atic content, built with the interviewer’s own words. 
Global and generic sentences may be helpful to raise 
the main subjects, which the family can investigate 
further with questions if needed.

It is helpful to ensure that, during the whole 
donation, the family receives the appropriate care 
and support they need. In many countries, hospitals 
have dedicated bereavement teams to provide psy-
chological support, access to social services, admin-
istrative support or religious counselling. The clinical 
team should establish 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 handprints. 

4.3.3.3. Family objections
Conversations about tissue donation aim to 

fulfil the will of the deceased donor and to obtain 
family consent or support for donation. Regardless of 
the legal position, conversations must aim to achieve 
a decision that is acceptable and accepted by the rela-
tives. Agreement to donation must not be coerced or 
conditional, nor should it be achieved under pressure 
or by offering any financial inducements or other ma-
terial benefit.

It is difficult to proceed with donation when 
a family is strongly against it, even if there is evi-
dence that their deceased family member wished to 
be a donor. The family has the right to express their 
opinion about donation, and clinicians need to make 
a balanced decision to continue with the procure-
ment without the support of the family and risk dam-
aging the emotional health of the relatives, incurring 
possible bad publicity and a loss of public confidence 
in the donation programme, or accept that it is not 
feasible to follow the wishes of the deceased and 
abandon the donation process. Family co-operation 
is essential to obtain a good medical and behavioural 
history of the donor.

It might be helpful to use the following when 
discussing refusal with the family:

a� If the family claims that the deceased patient 
did not agree to 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 donation, 
discuss whether the deceased helped people 
generally, e.g. as a blood donor or by donating 
to charity, and how donation could help many 
people to benefit from a transplant.

c� The experience of interviews with families sug-
gests that some difficulties and possible opposi-
tion may occur in procurement of tissues from 
‘visible places’ like skin, bone and, in particular, 
eyes when family members fear disfigurement 
of the body. In these situations, reassure them 
that the deceased’s body will be fully respected. 
If necessary, some technical aspects of pro-
curement should be explained, for example the 
use of specific surgical incisions and sutures or 
suitable prostheses or artificial eyes or bones. 
Reassurance should be given that they should 
not notice anything if they see the deceased 
person after procurement, albeit there can be 
rare problems such as bruising or bleeding, and 
they should be made aware of such possibilities.

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

e� Give special attention to cases of dissatisfac-
tion with the healthcare provided and record 
the complaints, but explain that the issue of do-
nation 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, which come to 
light when a person has died. In this case, try 
to separate the conflict from the issue of tissue 
donation.

4.4. Special considerations

Some challenging aspects of consent for donation 
of cells are related to informed consent, follow-up 

of the recipients and traceability (see Chapter 16 
for traceability). A number of complex issues exist, 
mostly relating to the potential length of storage of 
these cells and to tests and manipulations that may 
be performed. These issues include:

a� the implications for the living donor in the 
event of identification of known or novel infec-
tious or genetic disease markers, either at the 
time of donation or at any time in the future;

b� the implications for potential recipients if there 
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is development of post-donation disease in the 
donor which may have an infectious or genetic 
basis;

c� the extent to which the development of clinical 
problems in recipients may have implications 
for the living donor and/or their family; 

d� any findings that cause concern during any 
stage when the tissues and cell are in the TE or 
in process to become ATMPs; 

e� the possibility of multiple cells or tissue prod-
ucts (ATMPs) being offered to multiple recipi-
ents over an extended period.

Where each product sits in relation to the 
others is usually with respect to two key areas. How 
consent is affected by these issues will mostly depend 
on the complexity and the potential risks of the tissue 
or cell procured.

The subject of cell-based advanced therapies 
should be discussed openly and transparently, in 
order to build growing and informed public aware-
ness. Consent should always be considered as a 
process, not an event. The scope of the consent needs 
to be explicit, although a balance needs to be struck. 
A blanket, generic consent means that the person 
giving consent does not know or understand the im-
plications of what they are consenting to; however, if 
the initial consent form is too detailed, it may be too 
restrictive. 

The scope of the consent should cover not only 
the tests available today, but also tests that may be 
available in the future. To aid decision-making, 
donors should be provided with examples of the type 
of tests that may come on line and the implications 
of them.

Whoever is giving consent should be told the 
circumstances in which they would receive feed-
back on any new findings. They should be prepared 
to receive such information, and the institution ar-
ranging the donation should be prepared to provide or 
arrange appropriate support when such information 
is communicated. Where there is no public health 
need for a donor to be told of such a result, they might 
choose to be given feedback only if the condition con-
cerned has consequences for the donor’s health and 
can be treated.

4.5. Conclusions

The continuing development of transplant med-
icine gives hope to many patients in need. 

However, the need for tissues and cells for clinical 
application cannot be met only by autografts or 
surgically discarded tissues. The ability of a tissue 

establishment to meet patients’ needs requires mul-
tiple efforts to increase tissue and cells donation ac-
tivity. These efforts involve organisational measures, 
the development of proactive donor recruitment and 
identification programmes, and the engagement of 
many parties, including the general public, hospital 
staff, coroners, procurement organisations and tissue 
establishments. By establishing strong links with and 
co-ordination between all these parties, and by ade-
quately training personnel to acquire the necessary 
medical expertise and key social and emotional skills, 
tissue establishments can ensure the success of tissue 
and cell donation programmes.

Because tissues and cells come from a human 
being, either living or deceased, it is essential to 
ensure that donors have the autonomy to decide 
freely about matters that are entirely their own choice. 
Obtaining informed consent is relatively straightfor-
ward when donors are alive. It is essential, however, 
that they fully understand the risks and conse-
quences of the donation procedure and the final use 
that will be given to their donated material. In the 
case of deceased donors, it is less clear how respect 
for autonomy applies but, ultimately, it is crucial that 
the wishes and best interest of the potential donor 
are scrupulously respected. This chapter has aimed 
to offer practical guidance for obtaining consent in 
all possible contexts.
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Chapter 5. Donor evaluation

5.1. Introduction

Donor evaluation is critical to ensuring the safety 
and quality of the donation/product, as well as 

the safety of living donors [1, 2]. This chapter con-
siders the principles of evaluation of (a) haemato-
poietic progenitor cells (HPC) from autologous and 
allogeneic bone marrow and peripheral blood donors, 
(b) living allogeneic tissue donors, (c) deceased allo-
geneic tissue donors, and (d) medically assisted re-
production (MAR) non-partner donors. 

The main objectives of donor evaluation are:
1. to identify absolute contraindications to do-

nation, to exclude such donors and thereby to 
minimise the risk of transmitting a disease 
from a donor to recipient, 

2. to identify relative contraindications to dona-
tion by careful assessment of information in 
the medical history and thus to identify con-
ditions that might adversely affect the quality 
of tissues and cells and influence efficacy and 
clinical outcome, and

3. to ensure that the donation will not cause harm 
to a healthy living donor.

When dealing with living donors, an impor-
tant part of the evaluation is to assess whether the 
procurement process itself could harm the donor, 
and whether it is necessary to implement long-term 
follow-up of living donors (HPC and oocytes donors) 
after procurement. The World Marrow Donor Asso-
ciation and similar organisations are active in many 
countries to help protect the health and safety of 

unrelated HPC donors [1, 2]. The European Com-
mittee on Organ Transplantation (CD-P-TO) has 
recommended the same level of protection for related 
and unrelated HPC donors [3]. Special considera-
tion is required for paediatric living donors. These 
aspects of living donation are detailed in Chapter 4 

– Recruitment of potential donors, identification and 
consent; Chapter 24 – Haematopoietic progenitor 
cells from bone marrow and peripheral blood; 
Chapter 29 – Medically assisted reproduction; and 
Chapter 30 – Fertility preservation.

5.1.1. Donor evaluation

To meet the above objectives, the following in-
formation must be evaluated:

i. medical history (including genetic disease, 
family history of disease and transfusion 
history);

ii. social history (personal and behavioural infor-
mation, including travel history);

iii. physical examination;
iv. psychological examination (living HPC and 

non-partner MAR donors) – see Chapter 24 
and Chapter 29;

v. tests for markers of transmissible disease, as 
detailed in Chapter 6 and Chapter 11.

During donor evaluation, confirmation of the 
validity of the consent and of the donor identity are 
essential (see Chapter 4). For European Union (EU) 
member states, the selection criteria for deceased 
donors (including additional exclusion criteria for de-
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ceased paediatric donors) and living donors of tissues 
and cells are specified in Annex I/III of Directive 
2006/17/EC. These criteria are the legal minimum, 
and individual member states can set additional cri-
teria as necessary.

5.2. Assessment of potential 
autologous donors

5.2.1. General evaluation
The donor eligibility criteria for autologous 

donors can be very different from the criteria for al-
logeneic donors [1] because the direct benefit of trans-
plant may outweigh potential risks associated with 
donating cells and tissues. The clinician caring for 
the donor should make the decision on autologous 
donation/application according to clinical guidelines 
and relevant scientific data. Eligibility for donation 
should be evaluated on an individual basis, taking 
into consideration the possible risks and benefits, 
and should be based on all available information, in-
cluding the relevant medical history, results of labo-
ratory tests and physical examination results. 

5.2.2. General contraindications

There are no absolute contraindications for 
autologous donors. The potential benefits and risks 
should be analysed on an individual basis and a de-
cision made by the clinician in charge, subject to 
full informed consent from the patient. This process 
should be clearly documented.

If the procured tissues or cells will be processed 

and/or stored, the same screening with biological 
testing for mandatory markers must apply as for an 
allogeneic living donor (see Chapter 6), although the 
results are not necessarily a contraindication for au-
tologous donation. Potential or proven infectious (e.g. 
HIV/HBV/HCV-positive) materials collected from 
autologous donors should be handled in such a way 
that the risk of cross-contamination with tissues and 
cells from other donors within the tissue establish-
ment is minimised. The risk of transmission of in-
fection to personnel, during procurement, processing 
and storage of these cells, should also be consid-
ered. Written standard operating procedures (SOPs) 
should be present for these situations (see Chapter 8, 
Chapter 9 and Chapter 10).

5.3. Assessment of potential 
allogeneic donors

5.3.1. General evaluation
Allogeneic donors can be living donors related 

to the intended recipient, unrelated voluntary living 
donors or deceased donors. This section includes as-
sessment of:

a� living tissue donors – for example, femoral 
heads surgically removed during primary hip 
replacement, amniotic membrane donated 
by mothers at the time of delivery and heart-
valve donation from the discarded heart of a 
heart transplant recipient (known as a ‘domino 
donor’); 

b� HPC donors: related or unrelated, and cord 
blood – for example, bone marrow collected in 

Table 5.1. Deceased donors: sources of information and types of record for donor evaluation

Sources of information Types of record
1. interview with family and friends/close acquaintances
2. interview with attending clinician and nurse, as well as the 

healthcare provider
3. detailed review of the medical notes (see Types of record, 

to the right)
4. general practitioner notes
5. physical examination findings
6. autopsy findings (for deceased donors), which must be 

communicated as soon as possible after procurement
7. tests for infectious markers (see Chapter 5 and Chapter 10) 

and other relevant test results (see Types of record, to the 
right)

1. emergency room and emergency medical transport (am-
bulance) records

2. admission records, progress notes, clinician’s orders/notes, 
nursing observations

3. surgical records
4. records of consultations (e.g. psychiatry, infectious disease, 

neurological, orthopaedic, oncology, rheumatology, 
counselling)

5. discharge summary or death certificate (for deceased 
donors to confirm cause of death or to determine whether 
an autopsy is planned)

6. results of laboratory tests (microbiology, chemistry, 
haematology, virology, toxicology, genetic screening, 
pathology)

7. physical evaluation form
8. information relating to transfusions and infusions (to be 

used for evaluation of haemodilution)
9. radiography/magnetic resonance imaging/computed 

tomography

For deceased donors whose death occurred outside a 
healthcare facility, the records listed to the right may also be 
available and, if so, they should be reviewed

10. police records
11. records from the medical examiner or coroner
12. records from the extended-care facility
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theatre under general anaesthesia or peripheral 
blood stem cells collected by apheresis tech-
niques; 

c� deceased tissue donors – for example, muscu-
loskeletal, cardiovascular, ophthalmologic or 
skin tissue donated after death; 

d� MAR donors – in the case of non-partner do-
nation (sperm/oocyte donors). 

5.3.1.1. Sources of information
In the setting of living donation, the infor-

mation on medical and social history required for 
donor evaluation should be obtained directly from 
the donor. For HPC donors, the health risks for the 
donor must be considered by a clinician not involved 
in the treatment of the potential recipient, to avoid 
conflicts of interest. Additional information, where 
applicable, should be sought from other sources, 
similar to that obtained for deceased donors as given 
below. The types and extent of records to be reviewed 
will vary depending on the type of donation.

Several sources of information should be used 
to gather medical and social history about deceased 
donors (see Table 5.1). Information obtained must be 
included in the donor’s medical evaluation record. 
Procurement of tissues from deceased donors takes 
place after circulatory arrest. Thus, the time available 
for full donor evaluation is normally limited. An in-
terview with relatives of deceased donors should be 
undertaken, bearing in mind that, under emotional 
stress, some details might be forgotten. Even when 
donor relatives trust the interviewer, they may be re-
luctant to disclose sensitive information, or they may 
not know the entire truth.

Contact with the general practitioner of the 
donor and a review of hospital records (for histor-
ical data or other sources of information, e.g. tumour 
registry/pathology reports if available) are both im-
portant in supplementing and/or confirming infor-
mation provided by the family. The donor medical 
evaluation record should include the details of hos-
pital admission (if the donor died in a healthcare 
facility); cause of death; medical and behavioural 
history; general data such as age, gender, body weight 
(if necessary, e.g. to calculate haemodilution), date 
and time of death; and signs of obvious medical in-
terventions, i.e. scars, skin or mucosal lesions.

Standardised questionnaires should be used 
for interviews to ensure that all the relevant infor-
mation is obtained (see Appendix 14). The interviews 
should be performed, documented and signed by a 
suitably trained and competent authorised person 
and comply with national regulations. They should 
be held in private and be carried out before donation 

(see Chapter 4). The donation record, whether paper 
or electronic (see Chapter 2), must fully and accu-
rately reflect the relevant information gained from 
reviewing these records and from discussions with 
medical or other personnel. Transferring informa-
tion from records to a new document carries the risk 
of transcription or interpretation errors. These steps 
must be carried out by well-trained, competent staff.

Careful review of all the collected donor in-
formation will help ensure an accurate donor eval-
uation and assessment of the risks, including the 
identification of any potential contraindications for 
donation, either absolute or tissue-specific (see Part 
B for specific chapters). This analysis should prefer-
ably be performed before procurement; but, if this 
is not possible, the procured tissues and cells should 
be quarantined until a final decision is made by the 
Responsible Person (RP) of the tissue establishment. 
In addition, it is the responsibility of the person/
team performing the procurement to document any 
suspicious anatomical findings observed during the 
procurement procedure and to obtain samples for 
histological examination if relevant.

An HPC donor should be pre-screened for 
factors to assess if the donation process would place 
them at increased risk of adverse incidents or harm 
to their health. Pre-screening may include general 
health status, medical history questions, phys-
ical exam, blood tests and other relevant medical 
evaluation.

5.3.1.2. Donor medical and social history

5.3.1.2.1. Medical history
a� Current clinical information, e.g. diseases/di-

agnoses, transfusions/infusions and medica-
tion/vaccinations, should be reviewed. If large 
volumes of blood are to be collected in HPC 
donations, the donor’s haemoglobin should 
be measured before the donation, and poten-
tial donors with low levels should be adequately 
prepared (e.g. iron supplementation in the case 
of iron deficiency) or excluded from donating. 
If marrow is to be aspirated to obtain bone-
marrow stromal cells, or a skin biopsy, the 
donor’s platelet count and coagulation meas-
ures should meet pre-defined criteria to be 
sure that they are not at increased risk from 
bleeding [1, 2, 4].

b� In deceased donors, cause of death must be 
available. Haemodilution should be assessed in 
donors with trauma, intra-operative blood loss 
or ruptured aneurysms, including bleeding 
from oesophageal varices, spleen rupture etc., 
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as the donors may also have received blood 
products. If haemodilution is > 50 %, serology 
testing on blood samples drawn at the time of 
procurement may not be reliable (see Chapter 6 
and Appendix 18). When haemodilution is 
suspected or confirmed, blood samples taken 
before transfusion must be used for virology 
and serology testing, and serology testing has 
to comply with sample testing requirements 
mentioned in Chapter 6. If pre-transfusion/in-
fusion samples are not available, haemodiluted 
samples can only be accepted if the testing 
procedures used have been validated for such 
samples.

c� Previous diagnoses of disease, surgeries, vacci-
nations, genetic disease, chronic diseases and 
family history should be evaluated. For living 
allogeneic donation, where applicable (e.g. um-
bilical cord blood or gamete donation), atten-
tion should be given to cases of family adoption 
or conception by donated gametes/embryos, 
as it may not be possible to trace the genetic 
family history. 

d� The evaluation of current and past medical 
history should include 

i. chronic/previous disease, e.g. chronic per-
sistent infection, malignancy, autoimmune 
disease, neurological disease, genetic disease;

ii. medication;
iii. information on recent vaccinations [5]:

• to identify recent vaccinations that indicate 
travel risks or other types of exposure to po-
tential infection e.g. hepatitis B or tetanus,

• to identify vaccinations with live attenuated 
virus,

• to help with interpretation of test results (a 
recent HBV vaccination can be expressed as 
reactive/positive HBsAg );

iv. family history – for instance, if individuals are 
at familial risk of prion-associated diseases 
(have had two or more blood relatives develop 
a prion-associated disease, or have been in-
formed following genetic counselling that they 
are at risk for public health purposes) [6], or for 
malignancies or connective tissue disease.

5.3.1.2.2. Social history, evaluation of behavioural 
and personal risk

Behavioural and personal risk (including travel 
history) must be evaluated because they may com-
pletely exclude a donor, or can indicate that certain 
tissues/cells may be compromised or may suggest an 
increased risk of infectious diseases [7]. It is necessary 
to ask lifestyle questions, including sexual history 

and habitual drug use, to determine behavioural risk 
as detailed in section 5.3.3.1.

Recent or pertinent travel history or residence 
abroad/overseas must be evaluated to rule out the 
risk of tropical or endemic infections, e.g. malaria, 
trypanosomiasis or Zika, as well as the subsequent 
risk of vertical transmissions. Travel history helps to 
identify risks related to places/countries with less rig-
orous regulatory standards or with a high prevalence 
of certain infections. Emerging, non-tropical infec-
tions also exist in some European regions, e.g. West 
Nile virus, chikungunya virus. See 5.3.3.3. 

Information about hobbies (e.g. home, garden, 
animals, woodlands) should also be obtained with 
the same intention. Seeking information about 
contact with fauna, especially bites from pets, do-
mestic or wild animals, bats and birds, is necessary 
to evaluate the risk of infections.

5.3.1.3. Physical evaluation of donors
Physical evaluation of the donor (see Table 5.2) 

must be carried out and documented in the donor 
evaluation record. Each donor must be thoroughly 
examined following established protocols (see 
Chapter 7) to detect any sign that may be sufficient 
in itself to exclude the donor or that must be assessed 
in the light of the donor’s medical and personal 
history. The information obtained through physical 
examination is supplementary to the comprehensive 
summary of clinical data. 

For living donors, a complete physical exam-
ination should be undertaken to ensure the safety 
of donors and recipients according to the specific 
requirements of the particular type of tissue or cell 
donated. This examination should be done in the 
context of a clinical evaluation that includes an in-
terview and a comprehensive physical examination, 
together with psychological evaluation of the poten-
tial donor where relevant. More detailed information 
about HPC donors, including paediatric donors and 
non-partner MAR donors, is given in Chapter 24 and 
Chapter 29.

For deceased donors, the physical examination 
should look for evidence of high-risk behaviour, or 
external signs of underlying medical conditions (see 
Table 5.2). Visual examination of the body is advis-
able during early, initial screening if adequate infor-
mation on the condition of the body cannot reliably 
be obtained orally. The physical examination may 
include taking a photograph of suspicious lesions 
that may indicate a risk and/or taking a sample for 
histology. Any findings that may indicate the risk of 
transmissible disease or unsatisfactory quality of the 
tissues should result in exclusion of the donor [8]. Any 
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new information related to lesions (tumours, skin 
lesions, scars), diseases or treatments that becomes 
apparent during the physical examination must be 
investigated further by the professionals responsible 
for donor selection. Excessive weight of the donor 
should not compromise the requirement to carry out 
a thorough assessment.

In all cases of abnormal findings, the tissue es-
tablishment should undertake further investigations, 
if required, according to specific SOPs. The limited 
sensitivity and specificity of physical examination for 
discovering pathologies should be considered in the 
donor risk assessment. An example of a tissue-donor 
physical assessment form can be found in Appendix 
15.

Paediatric donors should be screened with 
as much diligence as adult donors. Physical assess-
ment should not be overlooked or shortened simply 
because the donor is a child.

5.3.2. Generic contraindications for tissue and 
cell donation

Donors should be considered as high-risk if 
one (or more) of the following conditions is present.

5.3.2.1. Unknown cause of death (deceased donors)
If the cause of death (COD) is not known, the 

donation cannot be accepted, as death may have been 
due to a transmissible disease. The only exception to 
this rule would be in those cases when an autopsy 

report will be available after procurement, to provide 
information on the COD. The circumstances of death 
and medical history for differential diagnosis con-
tributing to death may help to exclude contraindica-
tions to donation until the certified cause of death is 
available.

5.3.2.2. Infectious diseases
Infectious agents transmissible by tissues and 

cells belong to one of five groups of pathogens:
• viruses, which can be transmitted either during 

active or in latent infections; DNA viruses may 
persist latently in the tissues without detect-
able viraemia and evaluate the risk of trans-
mission and weigh the benefit for the recipient; 
RNA viruses usually cause direct infection and 
disease;

• bacteria by bacteraemia or colonisation/infec-
tion of tissues or cells;

• fungi by fungaemia or colonisation/infection 
of tissues or cells;

• parasites by latent or acute infection;
• prions (see §5.3.2.2.5 and §5.3.2.2.6).

5.3.2.2.1. Active systemic infection
Donors with systemic infection that is not con-

trolled at the time of donation (including bacterial 
diseases, viral, fungal, protozoan or parasitic infec-
tions, or significant local infection in the tissues and 
cells to be donated) must be excluded. Donors with 

Table 5.2. Deceased donors: physical examination prior to donation

Look for signs of
Possible systemic disease • malignancy (suspicious skin or subcutaneous lesions; see Appendix 16)

• malnutrition, multiple deformities

Bacterial or viral infection • recent receipt of a live vaccination (vaccination site infection, scabs, vaccinia)
• recent receipt of a tattoo, body piercing or acupuncture (shaved area, redness, swell-

ing or scabbing may require further investigation to assess risk) where there is a risk 
that non-sterile instruments may have been used

• skin lesions such as a rash, petechiae, skin ulcers, blue/purple or grey/black lesions, 
shingles, scabs

• oral lesions such as ulcers or thrush (not always possible to examine due to rigor 
mortis)

• visible/palpable enlarged lymph node(s) 
• icterus 

High-risk behaviour • injected drug abuse (non-medical injection sites)
• inspection of tattoos for hidden injection sites or for any additional information (e.g. 

some tattoos may suggest imprisonment or high-risk sexual behaviours)
• genital or peri-anal skin lesions indicative of a sexually-transmitted disease 

Trauma • fractures, avulsions, lacerations or abrasions that may affect (contaminate or compro-
mise integrity of) the tissue to be procured

• suspected internal trauma that can cause cross-contamination between cavities (e.g. 
injury to the bowel, penetrating or crushing injuries)

• cleanliness of the body, the condition in which the body was found (this can also 
relate to increased risk for contamination/cross-contamination)

• scars (surgical or other); if findings do not match the donor’s history, further investi-
gation may be required
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bacterial septicaemia may be evaluated and consid-
ered for cornea donation, provided that the corneas 
will be stored by organ culture (see Chapter 19).

If the aetiology of an active infection cannot 
be established, the donor is not a suitable candidate 
for donation. Communication with the physician or 
medical staff caring for the potential donor is neces-
sary if there is any doubt. These healthcare providers 
may know if there was a suspicion of sepsis or another 
infectious disease at the time of death, which may not 
have been well documented in the records.

5.3.2.2.2. Chronic persistent infection
Consideration should be given to the history 

of bacterial and protozoic diseases that can lead to 
chronic persistent infections, including tuberculosis, 
brucellosis, leprosy, Q-fever, chlamydiosis and sal-
monellosis. Specific attention should be paid to tick/
arthropod-borne diseases such as borreliosis, rickett-
siosis, trypanosomiasis, leishmaniasis, babesiosis and 
ehrlichiosis. The risk of transmitting these infectious 
agents with specific tissues must be assessed.

5.3.2.2.3. Confirmed transmissible viral infection
Donations must be screened for evidence of 

transmissible viral infections (see Chapter 6). Persons 
with clinical or laboratory evidence of active HIV, 
HCV, HBV or HTLV-I/II infection must be excluded 
from donation. Behavioural risks that could increase 
the risk of acquiring transmissible infections are dis-
cussed in section 5.3.3.1. These have to be evaluated to 
determine the suitability of the donor. 

Newborns, and infants aged under 18 months, 
or children who have been breastfed by their mothers 
during the previous 12 months, who were born to a 
mother with confirmed HIV, HBV, HCV or HTLV 
infection, cannot be considered as donors, regardless 
of the results of analytical tests of their sample (see 
Chapter 6). This is due to the fact that vertical trans-
mission cannot be excluded because a newborn’s 
immune systems are not fully developed to mount an 
immune challenge. Similarly children who have been 
breastfed by infected mothers within the 12 months 
before death should not be accepted. This is a require-
ment of the EU Tissue and Cell Directive.

5.3.2.2.4. Recent history of vaccination with a live 
attenuated virus/bacterium

Vaccinations with live vaccines [5] may result 
in transmission of a vaccine-derived pathogen to the 
recipient. Therefore, it is imperative to determine if 
the donor has received live vaccines during the pre-
vious 4 weeks. Live vaccines include:

a� viral: inhaled attenuated influenza, varicella–

zoster, rotavirus, measles-mumps-rubella 
(MMR), oral polio and yellow fever. Vaccinia 
for smallpox should be deferred for 8 weeks;

b� bacterial: bacillus Calmette-Guérin (BCG), 
oral Salmonella typhi. 

Note that injectable live attenuated 
non- replicating vaccines are not contraindications to 
donation. If the vaccine has been administered fol-
lowing potential exposure, consideration needs to be 
given to the residual risk of infection transmission.

5.3.2.2.5. History of prion disease
Transmissible spongiform encephalopathies 

(TSE), which include Creutzfeldt–Jakob disease 
(CJD), Gerstmann-Stäussler-Scheinker (GSS), Kuru 
and fatal familial insomnia (FFI), are rare neurolog-
ical degenerative diseases that are progressive and 
inevitably fatal. They are associated with transforma-
tion of the normal form of prion protein (PrPC) into 
an abnormally-folded form (PrPSc). 

There are four clinical forms of CJD: sporadic 
(sCJD), which is the most common; variant (vCJD); 
genetic (gCJD); and iatrogenic (iCJD). While Western 
blot and ELISA assays have been investigated for 
testing blood, retinal tissue, optic nerve, spleen and 
tonsillar tissue, diagnosis can currently be confirmed 
only by autopsy. Adherence to European Centre for 
Disease Prevention and Control (ECDC) recommen-
dations is suggested and the risk of transmission 
should be considered as detailed in 5.3.2.2.6.

Prion related diseases (any form of CJD, GSS or 
FFI) are contraindications to tissue donation.

5.3.2.2.6. Risk of transmission of prion diseases
In the following circumstances, possible TSE 

and other CNS infections must be ruled out before 
accepting tissue donation:

a� any suspicion of prion-associated disease, such 
as rapid progressive dementia;

b� a diagnosis of dementia without a confirmed 
primary cause (unless prion-associated disease 
has been ruled out by microscopic examina-
tion); but, if dementia has a primary cause (e.g. 
dementia of vascular origin), donation can be 
accepted;

c� degenerative or demyelinising disease or a 
disorder of unknown aetiology involving the 
central nervous system.

In addition, TSE transmission risk should be 
evaluated in the following cases:

d� persons treated with hormones derived 
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from human pituitary gland, such as growth 
hormone;

e� recipients of cornea, sclera and dura mater as 
well as persons who have undergone neurosur-
gery in which the dura mater may have been 
used;

f� when following the precautionary advice given 
by some countries (other than UK) that prion 
risk should be considered in persons who lived 
in the UK between January 1980 and December 
1996 for longer than 6 months; 

g� individuals who have been told that they may 
be at increased risk because a recipient of blood 
or tissues that they have donated has developed 
a prion-related disorder or they have received 
blood transfusion from a donor who had sub-
sequently developed prion disease [6].

5.3.2.3. Malignancies
5.3.2.3.1. Haematological malignancies

Myeloid and lymphoid neoplasia and leu-
kaemia are malignant diseases caused by dysreg-
ulated multipotent haematopoietic stem cells and 
should be considered as absolute contraindications 
to donation. Other myeloproliferative diseases (e.g. 
Polycythaemia vera, essential thrombocythaemia 
and mastocytosis, myelodysplastic syndromes) may 
also affect the stem cells; thus, these donors require 
special attention, and donation of living cells must 
be avoided. The World Health Organization (WHO) 
has published classifications of myeloid neoplasms 
and acute leukaemia [9], and of lymphoid neoplasms 
[10]. Any information indicating haematological al-
terations that would be suggestive of any of the ma-
lignancies must be evaluated further. A recent blood 
test carried out before death, if available, may offer 
valuable information indicative of these alterations. 
Although an experienced haematologist will be able 
to provide a differential diagnosis, certain results 
should be individually evaluated [11], such as the ex-
amples shown in Table 5.3.

5.3.2.3.2. Non-haematological malignancies
A history of malignancy should be evaluated 

carefully to determine its effects on the quality and 
safety of tissue, due to the risk of either the presence 
of a tumour or the treatment given to the donor for 
the malignancy.

Results of donor evaluation may imply a donor 
risk, a recipient risk or both. An increased risk of 
harm to a living donor through the donation process 
is not acceptable, even if the benefit of transplanta-
tion for the recipient is considered to outweigh the 
risk of transmission (for example in the case of a 
donor’s past malignancies).

Detailed history of type, duration, course/
recurrence and treatment history must be consid-
ered. Availability of screening programmes has 
improved early detection, which increases the treat-
ment options and can lead to cure. For donors who 
had been diagnosed with a pre-malignant condition 
(e.g. Bowen’s disease, polyposis coli or Barrett’s oe-
sophagus), further information should be sought to 
exclude malignancy because these patients are likely 
to be monitored regularly (see Appendix 17).

Some international bodies provide assessments 
on risk of transmission of malignancies through 
organ transplant for CNS (central nervous system) 
and non-CNS tumours [12], which can be used as a 
basis for determination of the risks of transmission 
through tissue transplant. The role of processing 
steps applied to tissues and cells in reducing the risk 
of transmission of malignancy for tissues and cells 
following transplantation should be considered. The 
effect of high-dose terminal sterilisation (25-40 KGy) 
and the decellularisation process removing viable 
cells are examples of tissue-processing steps that 
reduce the potential for transmission of malignant 
cells. It should be also noted that tissue recipients 
usually do not require immuno-suppression.

The Guide to the quality and safety of organs 
for transplantation (Chapter 9: Risk of transmission 
of cancer) [13] provides useful guidance on assessing 

Table 5.3. Haematological parameters that should be individually evaluated

Altered haemoglobin men > 18.5 g/dL
women > 16.5 g/dL should be carefully assessed for potential contraindications, such 

as Polycythaemia veraAltered haematocrit men > 55.5 %
women > 49.5 %

Platelet count < 50 × 109/L is highly indicative of a haematological disorder 

50-100 × 109/L should be carefully assessed for contraindications due to a possi-
ble haematological problem

> 450 × 109/L should be carefully assessed for contraindications such as essen-
tial thrombocytosis

Altered white blood cells > 50 × 109/L should be carefully assessed for contraindications such as chronic 
myeloid leukaemia

TC5_en.indb   94TC5_en.indb   94 14/12/2022   13:21:4114/12/2022   13:21:41



95

5. DONOR EVALUATION

Fi
gu

re
 5

.1.
 D

ec
is

io
n 

tr
ee

 a
lg

or
ith

m
 fo

r t
um

ou
r a

pp
ro

ac
h

D
on

or
 n

ot
 s

ui
ta

bl
e 

fo
r t

is
su

e 
do

na
ti

on
ot

he
r t

ha
n 

co
rn

ea
s.

 In
 th

e 
ca

se
 o

f l
ife

-
sa

vi
ng

 ti
ss

ue
s,

 m
ay

 b
e 

ac
ce

pt
ed

 a
ft

er
an

 in
di

vi
du

al
 ri

sk
 a

ss
es

sm
en

t

D
on

or
 n

ot
 s

ui
ta

bl
e

fo
r t

is
su

e 
do

na
ti

on
ot

he
r t

ha
n 

co
rn

ea
s

D
on

or
 n

ot
 s

ui
ta

bl
e

fo
r t

is
su

e 
do

na
ti

on
ot

he
r t

ha
n 

co
rn

ea
s

Ti
ss

ue
 q

ua
lit

y 
is

co
m

pr
om

is
ed

 a
nd

/o
r

m
od

er
at

e 
or

 h
ig

h
ri

sk
 o

f t
ra

ns
m

is
si

on

Ti
ss

ue
 q

ua
lit

y 
is

 n
ot

co
m

pr
om

is
ed

 a
nd

/o
r

no
 o

r l
ow

 ri
sk

of
 tr

an
sm

is
si

on

A
cc

ep
ta

nc
e 

of
 th

e
do

no
r c

an
 b

e
co

ns
id

er
ed

W
he

n 
w

as
th

e 
di

ag
no

si
s?

A
ut

op
sy

/v
is

ua
l

in
sp

ec
ti

on
 d

ur
in

g
or

ga
n

pr
oc

ur
em

en
t

N
o

N
ot

 k
no

w
n 

in
 a

dv
an

ce
(in

cl
ud

in
g 

de
te

ct
ed

du
rin

g 
ad

m
is

si
on

 ju
st

pr
io

r t
o 

pr
oc

ur
em

en
t

or
 d

ur
in

g 
pr

oc
ur

em
en

t)

Kn
ow

n 
in

 a
dv

an
ce

N
on

-c
ar

ci
no

m
a 

in
 si

tu

Ye
s

Ex
te

ns
io

n
of

 th
e 

tu
m

ou
r

Ri
sk

 a
ss

es
sm

en
t c

on
si

de
ri

ng
• t

yp
e 

of
 tu

m
ou

r
• s

ca
rc

it
y 

of
 th

e 
ti

ss
ue

• l
ife

-s
av

in
g 

ti
ss

ue
s

• p
ro

ce
ss

in
g 

an
d 

st
er

ili
sa

ti
on

 m
et

ho
d

• p
ro

ba
bi

lit
y 

of
 m

et
as

ta
si

s
(li

te
ra

tu
re

 p
ub

lis
he

d)

A
cc

ep
ta

nc
e 

of
 th

e 
do

no
r

ca
n 

be
 c

on
si

de
re

d
w

it
h 

an
 a

cc
ur

at
e 

pa
th

ol
og

y
di

ag
no

si
s 

an
d 

ri
sk

 a
ss

es
sm

en
t

Co
n

rm
at

io
n 

of
 s

pr
ea

d
ha

s 
to

 b
e 

ca
re

fu
lly

as
se

ss
ed

Ca
rc

in
om

a 
in

 si
tu

/
H

ig
h 

gr
ad

e
in

tr
ae

pi
th

el
ia

l
le

si
on

 (H
G

IL
) 

N
on

-c
ar

ci
no

m
a 

in
 si

tu
• a

cc
ur

at
e 

pa
th

ol
og

y 
di

ag
no

si
s

• s
ta

ge
 o

f t
he

 tu
m

ou
r

• g
ra

de
 o

f t
he

 tu
m

ou
r

• p
re

vi
ou

s 
tr

ea
tm

en
t

Ca
nc

er
-f

re
e

pe
ri

od

N
o 

or
 o

nl
y 

lo
ca

l

Ye
s,

 m
et

as
ta

si
s

> 
5 

ye
ar

s

≤ 
5 

ye
ar

s

TC5_en.indb   95TC5_en.indb   95 14/12/2022   13:21:4214/12/2022   13:21:42



96

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

the risk of malignancy transmission through organ 
transplantation, based on published evidence in the 
literature and national transplant registries. Other 
than absolute contraindications (unacceptable risk), 
the risk of transmission is classed as minimal (< 0.1 %), 
low (0.1 to 1 or < 2 %), intermediate (1 or 2 % to 10 %) 
and high (> 10 %) for CNS and non-CNS tumours. A 
similar approach could be applied for tissue and cell 
transplantation based on literature review.

5.3.2.3.2.1. CNS tumours
Malignancy gradation in the CNS should be 

thoroughly evaluated, including a complete histo-
logical exam rather than a simple biopsy, due to pos-
sible heterogeneity of the mass. In 2021 the WHO 
updated their classification of 2016 [14] of selected 
CNS tumours is shown in Appendix 17 (Table A17.1 
compiles a combination of 2016 and 2021 classifi-
cations). In addition, following SaBTO guidelines, 
WHO Grade 1 and 2 CNS tumours have a minimal 
or low risk of metastasis and would not contraindi-
cate tissue donation. The Grade 3 and 4 primary CNS 
tumours have either low (WHO grade 3: < 2 % trans-
mission risk) or intermediate (WHO grade 4: 2.2 % 
with an upper 95 % CI of 6.4 % transmission risk) risk 
of transmission through organ transplantation [14] 
(Appendix 17, Table A17.2). There are no described 
cardiac metastases with any CNS tumours in the lit-
erature. There are published reports of extracranial 
bone metastasis of glioblastoma multiforme (Grade 
4) [14-20]. Individual risk assessment is required for 
decisions whether to accept donors with malignan-
cies that have low or intermediate transmission risk 
for tissue donation. Appendix 17 provides a generic 
risk assessment for accepting a donor with CNS 
tumours (Grade 3 & 4) for heart valves.

In CNS tumours, cerebral lymphoma and sec-
ondary intracranial lymphomas are considered abso-
lute contraindications. 

5.3.2.3.2.2. Non-CNS tumours
The assessment of transmission risk for 

non-CNS tumours in an organ transplant setting [12] 
is summarised in Appendix 17, Table A17.3. Malig-
nant neoplasms have been transmitted to immuno-
suppressed recipients through transplantation organs 
from donors with known or unknown malignancies. 
In an organ transplant setting, this risk needs to be 
considered against the perspective of the important, 
life-enhancing and life-saving benefits afforded by 
organ transplant. The increasing number of patients 
on waiting lists, along with the shortage of organs 
available for transplant, has encouraged reconsid-
eration of the criteria for acceptance of organs from 

donors with a past or current history of malignancy 
[13].

The risk–benefit analysis is very different in a 
tissue-transplant setting. Tissue grafts are mostly 
used in elective settings and are life-enhancing 
(rather than life-saving). However, there is a scar-
city of certain types of tissue to meet clinical re-
quirements. This should be taken into consideration 
where the risk of transmission is negligible or very 
low, and when there are no metastases described in 
the relevant tissue (see Appendix 17). The processing 
steps and terminal sterilisation may vastly reduce 
the potential for transmission of tumour cells, and 
tissue recipients, unlike organ recipients, usually do 
not require immuno-suppression. Thus, the risk of 
transmission is generally much lower compared with 
organ transplant. Guidance for undertaking these 
assessments is provided in Figure 5.1 (decision tree 
algorithm). Transmission of malignancy via tissue 
allografts is rare; there have been two recent case 
reports (in 2017) of donor-derived malignancy in 
viable keratolimbal allograft recipients [22, 23].

5.3.2.3.2.3 Carcinoma in situ
Carcinoma in situ (CIS) is an early form of 

cancer that is defined by the absence of invasion of 
tumour cells into the surrounding tissue, usually 
before penetration through the basement membrane. 
There may be differences in terminology used to de-
scribe CIS depending on the anatomical location 
where it occurs, but all share the same characteris-
tics. A list of all types of malignancy considered as 
CIS is provided in Appendix 17. CIS is, by defini-
tion, a localised phenomenon, with no potential for 
metastasis unless it progresses into an invasive car-
cinoma. Therefore, its removal eliminates the risk 
of subsequent progression into a life-threatening 
condition. As most forms of CIS have a high prob-
ability of progression into invasive carcinoma [13], it 
is usually recommended that the lesion is completely 
removed. Therefore, CIS is usually treated in much 
the same way as a malignant tumour. If a donor had 
been successfully treated and cured after a CIS (e.g. 
uterine cervical or vulval carcinoma in situ, some 
intra-ductile carcinoma of the breast, intraepithelial 
cancer of the prostate etc.) the donation could be suit-
able because CIS do not adversely affect the safety or 
quality of other types of tissues.

5.3.2.3.2.4. Specific considerations for EU member 
states

It must be noted that, for EU member states, the 
EU directives for tissues and cells general donor ex-
clusion criteria require that donors with malignancy 
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must be excluded from donation unless justified on 
the basis of a documented risk assessment approved 
by the responsible person (as specified below). Com-
mission Directive 2006/17/EC states that the presence, 
or previous history, of malignant disease, except 
for primary basal cell carcinoma, carcinoma in situ 
of the uterine cervix and some primary tumours of 
the central nervous system that have to be evaluated 
according to scientific evidence, is a criterion for ex-
clusion of donors for tissue or cells. This regulatory 
requirement must be considered as part of the risk 
assessment in decision-making.

Donors with malignant diseases can be eval-
uated and considered for cornea donation (see 
Chapter 19), except for retinoblastoma, haematolog-
ical neoplasm and malignant tumours of the ante-
rior segment of the eye. Malignant melanoma with 
known metastatic disease also excludes use of ocular 
tissue, including avascular cornea. Any vascularised 
ocular tissues, such as sclera, limbal tissue or cells 
derived from limbal tissue, are not covered by this 
exclusion and should be evaluated as discussed above.

5.3.2.4. Exposure to toxic substances
In case of ingestion or exposure to a toxic sub-

stance (e.g. cyanide, lead, mercury, gold, arsenic, pes-
ticides), the quality and safety (due to the presence 
of a high level of a toxic substance) of some types of 
tissues and cells may be affected and, as a result, can 
cause harm to recipients, although if the potential 
donor remained well with no evidence of toxicity 
in life then the amount of toxin present in donated 
tissue products is unlikely to be at a level that will 
cause harm in recipients; however, consideration of 
the timing of exposure to the toxin in relation to 
when donation will take place needs to be assessed. 
Exposure to asbestos in the past is a risk for devel-
oping a mesothelioma. In this case a thorough risk 
assessment should be performed.

5.3.2.5. Tissue-specific contraindications
Certain medical conditions can adversely 

affect specific tissues and cells which, if procured, 
processed and made available for human application, 
may result in unfavourable outcomes for the recip-
ients of tissue and cells. This risk is evaluated on a 
case-by-case basis and for specific tissue types. For 
guidance on the specific contraindications for each 
tissue and cell type, please refer to the relevant chap-
ters in Part B of this Guide.

5.3.3. Evaluation of personal and social history

All substances of human origin (SoHO) have 
the potential to transmit infections to a recipient. Per-
sonal and social history should be carefully evaluated 
to inform donor suitability. Evidence-based donor se-
lection is the first safeguard in minimising the risk of 
transmission while not compromising sufficiency of 
valuable grafts for clinical use.

The incidence and prevalence of these SoHO- 
related infections varies, depending on different risk 
factors [24, 25, 26], and the causes of de novo infection 
vary between European regions [24, 27]. The tissue 
establishment must consider available evidence from 
the epidemiological data on transmissible blood-
borne infections such as HIV, HCV and HBV in the 
population, the performance (sensitivity and speci-
ficity) of screening tests used for detecting these in-
fections and the residual risk of undetected infection 
that could be potentially transmitted to the recipient. 
This residual risk may be the result of one or all of 
a number of factors: error in the process, poor assay 
sensitivity or a donation collected from a donor in 
the infection window period. It is recommended to 
adopt an interval of at least twice the window period 
since the last ‘at-risk behaviour’ for the length of de-
ferral before donation [24].

It is recommended that a risk-assessment 
framework, such as the Alliance of Blood Operators 
model [28], is used to systematically analyse the in-
formation and document the decision, based on the 
acceptable level of risk tolerance. The outcome of 
this systematic approach would provide the basis for 
evidence-based donor deferral and acceptance pol-
icies for donors with high-risk behaviours, or who 
have sexual partners with high-risk behaviours [29].

5.3.3.1. Behavioural risk factors
Potential donors should be considered at high 

risk if they have participated in any of the following 
behaviours or if they have had sexual contact with 
persons who have participated in any of the following 
behaviours:

a� People who have injected drugs by an intrave-
nous, intramuscular or subcutaneous route for 
non-medical reasons;

b� Tattoos, ear piercings, body piercings and/or 
acupuncture, which are very popular in some 
European countries; usually they are applied by 
sterile methods and, in many countries, there 
are specific approvals for those establishments. 
If tattoos, piercings or acupuncture treatments 
were done in approved settings, the donor can 
be accepted without temporary deferral, but in 
case of doubt the associated risk should be con-
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sidered to be the same as that of non-medical 
injections;

c� Persons who have been newly diagnosed with, 
or have been treated for, sexually transmitted 
diseases (e.g. syphilis, gonorrhoea, chlamydia 
or genital ulcers);

d� Persons who have had sex in exchange for 
money or drugs;

e� Persons whose sexual behaviour (such as fre-
quent changes of sexual partner; sex under 
the influence of drugs, except for cannabis 
and sildenafil citrate; or anal sex with a new 
partner) puts them at risk of acquiring sexually 
transmitted infectious diseases.

In countries where tissue establishments do 
not have access to data to perform risk assessment, 
a deferral period of 12 months is a safer option after 
cessation of the high-risk behaviour or sexual contact. 
This may be reduced to 3 months if supported by risk 
assessment, considering risks and benefits of the 
transplant, together with individual NAT testing and 
bacterial screening.

5.3.3.2. Personal risks, exposure events [6]
Exposure events that increase the risk of ac-

quiring a transmissible disease can occur at any time 
during life. They include accidents, certain medical 
therapies, occupations and travel to, or residence in, 
an area endemic for certain diseases. Examples of ex-
posure events include:

a� persons from a high-risk region for endemic 
disease, as well as the risk of vertical transmis-
sion, e.g. HIV1 group O, human T-cell lym-
photropic virus (HTLV1); the Caribbean is, for 
example, high-risk for HTLV1;

b� exposure to someone else’s blood or other 
body fluids (such as needlestick injury, human 
bite) when that person was known to be in-
fected with HIV, HBV or HCV (or of unknown 
status);

c� sharing a residence with someone who has 
HBV or clinically-active HCV;

d� patients on regular haemodialysis;
e� people who have been in a lockup, jail, prison 

or juvenile correctional facility for more than 
72 consecutive hours should be carefully eval-
uated for the risk of high-risk behaviours (see 
§5.3.3.1);

f� history of travel to, origin in or visiting rela-
tives in malaria-endemic areas; the minimum 
deferral period recommended for blood donors 
in EDQM guidance [27] for all groups of po-
tential donors (visitor, origin/previous resident, 

travel-related illness, history of malaria) is 
4 months if the result of a validated malaria an-
tibody assay, performed at least 4 months after 
last exposure incident or resolution of symp-
toms, is negative;

g� history of animal bites should be carefully 
evaluated to rule out the possibility of trans-
missible diseases such as rabies.

5.3.3.3. New and emerging diseases
New and emerging diseases, including those 

that have spread to a new geographical area, can pose 
a significant challenge when screening donors for 
risks of communicable disease due to travel history. 
Professionals responsible for donor selection should 
be vigilant regarding surveillance of changes to the 
global movement of infectious-disease risks. Dis-
eases that should be considered include: Middle East 
respiratory syndrome (MERS), dengue fever, yellow 
fever, malaria, trypanosomiasis, tuberculosis, plague, 
chikungunya virus, West Nile virus (WNV), severe 
acute respiratory syndrome-associated coronavirus 
(SARS-CoV), Q fever, antibiotic-resistant diseases, 
and HIV1 group O, rabies, Ebola virus and Zika virus. 
The most recent pandemic in 2020 due to SARS-CoV-2 
impacted in an extraordinary way the donor selection 
procedure and provision of tissues and cells interna-
tionally. In Europe, regular monitoring of the Rapid 
Communication Reports originating from the Euro-
surveillance website [30] is recommended, as well as 
actively seeking information to assess the epidemio-
logical status of diseases in the areas where a donor 
has lived or travelled [31]. Specific information about 
geographic distribution of infectious diseases can be 
obtained from the websites of the European Centre 
for Disease Prevention and Control (www.ecdc.eu), 
the World Health Organization (www.who.int/ith/
en) and the Centers for Disease Control and Preven-
tion in Atlanta (the Yellow Book at wwwnc.cdc.gov/
travel/page/yellowbook-home/).

The risk of transmission of an infectious agent 
through procurement of tissues or cells from a 
donor who may have visited an affected area should 
be balanced against the likelihood of transmission 
occurring.

The Guide to the quality and safety of organs for 
transplantation (Chapter 8: Risk of transmission of 
infectious diseases) [13] provides useful guidance on 
assessing the risk of infection transmission through 
organ transplantation, based on published evidence 
in the literature and national transplant registries.

Regional risks within an affected country can 
vary. In cases of recent travel, if the donor remains 
well after return or after known contact with someone 
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infected, the donor should be deferred for at least 
twice the length of the incubation period [25]. If the 
donor was infected, they can only be accepted after 
full recovery and when the donation is no longer in-
fectious. In cases of community transmission, further 
risk assessment is essential, taking into the account 
all available scientific and clinical information, miti-
gation factors and any other relevant external factors. 
A multidisciplinary approach with involvement of 
different stakeholders is required to respond to threat 
posed by new and emerging infections.

5.3.4. Relative contraindications

Below are listed the potential risks that have to 
be analysed on an individual basis, considering the 
potential harm and benefit.

a. Additional contraindications/risks to donation 
of tissues and cells for living donors

i. pregnancy (except for donors of umbilical 
cord blood cells and amniotic membrane, and 
sibling donors of haematopoietic progenitor 
cells);

ii. breastfeeding;
iii. health risks for donors related to specific pro-

cedures.

b. Organ-transplant recipients
Organ recipients receive immunosuppres-
sive drugs to prevent rejection, but this could 
make the serology testing unreliable; moreover, 
organ donor-selection criteria are less stringent 
than for tissues and cells. This risk should be 
assessed on a case-by-case basis, taking into 
account the feasibility of performing NAT 
testing and the level of immunosuppression in 
combination with the possibility of tracing the 
medical details of the organ donor.

c. Impact of immuno-suppressive agents in the 
donor
Treatment with immuno-suppressive agents 
can weaken the immune system and thus 
influence the reliability of serological tests 
(Chapter 6). Steroid therapy in high doses 
causes immunosuppression and may mask 
infective and inflammatory conditions that 
would otherwise prevent donation (e.g. dona-
tion of umbilical cord blood). Evaluating the 
effect of the immuno-suppressive agents on the 
haematological parameters (erythrocytes, leu-
kocytes and thrombocytes) can be indicative 
for immuno-suppression. NAT testing may be 

helpful in such circumstances. All other medi-
cation of the donor should be always interpreted 
by a risk assessment for impact on the tissue, 
e.g. chronic use of corticosteroids can affect the 
quality of skin and musculoskeletal tissue (see 
Part B. Specific requirements for  substances of 
human origin) and also increase the possibility 
of a secondary malignancy.

d. History of genetic disease
A family history of inherited genetic disease 
should be assessed. Where the occurrence of 
genetic disease in the family history cannot be 
traced/assured, it presents a risk of transmis-
sion of inherited genetic diseases, especially in 
non-partner MAR (see Chapter 29). This risk 
should also be evaluated in the case of HPC 
(Chapter 24) and umbilical blood (Chapter 25) 
donors.

e. Deferred for blood donation for known reason
If it is known that the potential donor was ex-
cluded or deferred from donating blood by a 
blood-collection establishment, the specific 
reason for the deferral must be discovered, and 
the eligibility of the donor is then evaluated on 
an individual basis. If the reason is not known, 
it may be safer to exclude the donor for tissue 
donation.

f. Xenotransplantation
Xenotransplantation is any procedure that in-
volves the transplantation, implantation or 
infusion into a human recipient of either (a) 
live cells, tissues, or organs from a nonhuman 
animal source, or (b) human body fluids, cells, 
tissues or organs that have had ex vivo contact 
with live nonhuman animal cells, tissues or 
organs [32, 33, 34, 35]. 
Biological products, drugs, or medical devices 
sourced from non-human animals that do 
not contain living cells, tissues or organs, in-
cluding (but not limited to) porcine insulin, 
porcine heart valves, porcine skin and acellular 
porcine corneal stroma, and collagen matrices 
derived from acellular porcine, bovine or any 
other xenogeneic source [36, 37] are not consid-
ered as xenotransplantation. 
The main concern with the use of xenotrans-
plantation is the potential infection of recipi-
ents with both recognised and unrecognised 
infectious agents and the possible subsequent 
transmission to their close contacts and into 
the general human population. Moreover, new 
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infectious agents may not be readily identifiable 
with current methods/tests used for screening. 
Therefore, “transplantation with xenografts” is 
included as an exclusion criterion for donors 
(at §1.1.13 of Annex I) in Directive 2006/17/EC.
Exposure to non-human live animal material 
has the potential for cross-species infection 
by retroviruses, which may be latent and may 
lead to disease years after infection. Infections 
that would not normally affect humans such as 
porcine endogenous retroviral viruses (PERVs) 
that are integrated into the pig genome could 
potentially integrate into the host-genome [38, 
39, 40] and be transmitted through donated 
material. In vitro studies demonstrated trans-
mission of a PERV to a human cell line lacking 
the intracellular machinery that protects 
against retroviral infection [39, 41]. However, 
available data from clinical studies, with a 
limited number of patients, did not report any 
transmission of pathogens in the recipients 
who received porcine cell-based bioartificial 
liver transplant or porcine islets [42, 43, 44, 
45]. In total, in over 200 individuals who were 
exposed to pig cells or tissues or ex vivo perfu-
sion of pig organs or pig cell-based bioreactors, 
no transmission has been reported [40, 41]. The 
use of animal products with insufficient testing 
can result in the transmission of other micro-
bial infections. For example, transmission of 
Coxiella burnetti, causing severe Q fever in re-
cipients of intramuscular xenotransplantation 
of injected fetal lambs cell extracts, has been 
reported [46]. 
Although the published studies have not 
demonstrated a transmission of retroviruses 
via clinical xenotransplantation, the risk is dif-
ficult to quantify given the small number of 
recipients to date [37, 39], and long-term mon-
itoring is necessary to demonstrate safety. It is 
recommended that precautionary donor exclu-
sion is applied if a potential donor had previous 
xenotransplantation with living cells, tissues 
and organs. The medical device and medic-
inal sectors are regulated by high standards 
to achieve stringent quality and safety meas-
ures to mitigate the risk of infectious agents 
transmission by biological grafts that contain 
non-living cells through selective sourcing of 
pre-screened animals, effective collection and 
handling, and measures applied for elimina-
tion/inactivation or removal of agents. The 
donors who received these biological grafts can 
therefore be accepted as tissue and cell donors.

As a precautionary measure, a few countries 
have applied a broader interpretation of the 
exclusionary term, to also include non-viable 
cells or tissues of animal origin utilised in ther-
apeutic products. Tissue establishments should 
apply documented systems to justify their 
local practices in relation to xenotransplan-
tation products by the evaluation of scientific 
evidence, professional standards and national 
guidance.
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Chapter 6. Donor testing – markers for infectious diseases

6.1. Introduction

Use of tissues and cells for human application can 
result in unintentional transmission of infection 

or disease from a donor to the recipients. However, 
such events can be minimised by scrupulous eval-
uation of donors, including laboratory testing of 
each donor close to the time of donation in accord-
ance with established good practice. The risk can be 
reduced substantially by appropriate donor sample 
testing, but adequate controls must be in place to 
ensure that test results are accurate and reliable. Ade-
quate controls include:

a� ensuring that the screening programme in-
cludes relevant infectious diseases (related to 
behaviours and travels, if any) and their appro-
priate individual screening target(s);

b� selecting a suitable testing laboratory, which 
should be qualified to perform screening tests 
for cell and tissue donors;

c� ensuring that donor blood samples are labelled, 
handled and stored appropriately and that the 
time interval between collection and testing 
meets the sample requirements of the test kit;

d� use of Conformité Européenne (CE)-marked 
tests or, when CE-marked tests are not avail-
able, appropriately validated in-house tests for 
infectious diseases;

e� providing well-written standard operating pro-
cedures (SOPs) and training for all personnel 
involved in collection and labelling of donor 
samples, for sample storage and transport, and 
for technical staff carrying out testing and re-

porting results, as well as for those receiving 
and interpreting them.

These are fundamental elements of a tissue 
establishment’s quality system, and any laboratory 
undertaking tissue-donor testing must ensure that 
the most appropriate technology for this activity is 
used, including selecting test kits that demonstrate 
high clinical and analytical sensitivity and specificity. 
If the tests are performed by an external laboratory a 
service-level agreement between this laboratory and 
the tissue establishment is mandatory.

6.2. General concepts

Tissue establishments must ensure that donor 
blood samples (or other analytes) from all dona-

tions of human tissues and cells are subjected to bio-
logical tests mandated by national or other applicable 
legislation, or by a specific situation such as travel. In 
EU member states, Annex II of Directive 2006/17/EC, 
amended by Directive 2012/39/EU, specifies manda-
tory laboratory tests and general testing require-
ments for living and deceased donors of tissues and 
cells, and requires that any such laboratory and its 
tests must be accredited, designated, licensed and/or 
authorised by the competent authority.

SOPs that define the criteria for acceptance 
or rejection of tissues and cells based on those test 
results must be in place. The Responsible Person (RP) 
who will interpret test results should be knowledge-
able about the accuracy of the infectious-disease test 
and the interpretation of the test results, and deci-
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sions must meet the expectations in regulations or, if 
regulations are not prescriptive, follow professional 
standards of practice [1] or the European Centre for 
Disease Prevention and Control (ECDC) SoHO risk 
assessments when they are available. In EU member 
states the RP is defined by Article 17 of Directive 
2004/23/EC.

Documented measures must be taken by tissue 
establishments that receive tissues or cells from 
another country or distribute tissue or cells to another 
country to ensure that the donor-testing require-
ments of the destination country are met. Evidence 
should also be available to show that any laboratory 
involved in testing of donor samples has been accred-
ited, designated, licensed and/or authorised by the 
appropriate authority to carry out such testing.

6.3. Quality of donor samples

Manufacturers of assays for infectious-disease 
testing provide specific sample requirements 

for which their assays have been validated. Personnel 
of procurement organisations and tissue establish-
ments involved in collecting, transporting (having 
particular regard to packaging, temperature, dura-
tion), storing or testing donor samples must be aware 
of these requirements to ensure optimal assay per-
formance. If inadequate or otherwise compromised 
samples are provided to the laboratory and tested, the 
results may not be valid, and unreliable test results 
increase the risk of donor-related transmission of in-
fectious pathogens.

Shipment conditions should be validated to 
avoid degradation of the quality of the test sample. 
Donor-related conditions that could affect the quality 
of a test specimen must also be taken into account. 
Infectious-disease test results may be invalidated by 
haemodilution if the extent of any dilution is such 
that it may dilute any screening target present to a 
level below that which is detectable by the assay(s) 
used. Therefore, in cases where haemodilution is 
known to have occurred, ideally pre-transfusion/
infusion samples should be obtained for testing pur-
poses (see §6.3.2).

Haemolysis may also affect test results. Haemol-
ysis is the destruction of red blood cells in whole 
blood that discolours the plasma or serum, and it is 
noticeable after centrifuging the tube. Depending on 
the degree (severity) of haemolysis, the colour of the 
serum or plasma may be orange to red. This darker 
colour can promote a higher density reading by the 
optical component of test equipment, leading to a 
false positive test result. Haemolysis may be caused 
by rapid collection of blood through a small-bore 

needle, or by improper sample storage or transport, 
such as allowing the tube of whole blood to freeze 
prior to testing. Other causes, besides the haemol-
ysis that occurs regularly after death, can be donor- 
derived and include an infection, a toxin, medication 
or autoimmune haemolytic anaemia, and haemolysis 
can occur after haemodialysis or after a haemolytic 
transfusion reaction.

Although serology tests must be used, detec-
tion of antibodies against pathogens can be impaired 
if the donor has received immunosuppressive treat-
ment prior to sample collection or when the donor 
has received blood products containing antibodies 
against certain microbiological agents (e.g. Epstein–
Barr virus, Cytomegalovirus, Toxoplasma or hepa-
titis B (HBs/HBc) antibodies). Immunosuppressive 
treatment may lead to false-negative results, and 
passive transfer of antibodies present in validated 
and authorised labile blood products may lead to 
false-positive results. Adding molecular screening 
tests (i.e. nucleic acid amplification technique/NAT) 
can be valuable because detection of viral nucleic acid 
in blood samples is generally not affected by immu-
nosuppressive therapy [2]. The underlying condition 
requiring immunosuppression will demand further 
assessment because the disease/condition in itself 
may constitute an independent reason for deter-
mining that the donor is not eligible. If any of these 
donor-related conditions exist, they must be docu-
mented in the donor record and evaluated by an RP 
before release of tissues or cells for clinical applica-
tion. In the second situation, pre-transfusion/infu-
sion samples should be used.

Additionally, false-negative results can occur in 
other scenarios, including haemodilution, incorrect 
sampling or inappropriate test quality.

6.3.1. Sample collection (sample type, tubes, 
labelling, time limits and handling)

All personnel involved in any stage of the 
testing process must be fully trained. Testing is often 
carried out on plasma or serum of the donor ac-
cording to the specification laid out by the manufac-
turer of the test kit. However, sometimes testing can 
be performed on other fluids or secretions, e.g. urine, 
seminal fluid, respiratory swabs or sperm, when the 
assays have been specifically validated for use with 
that sample type. In the case of a neonatal donor (i.e. 
age ≤ 1 month), the required tests should be carried 
out using a blood sample from the donor’s birth 
mother. Another important consideration is that, 
during the first 18 months of life, a child’s immune 
system is only in development and protective anti-
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bodies may not yet have been produced against an 
infection, thereby increasing the risk of hidden infec-
tions in child donors (see §6.5.1).

The test manufacturer’s instructions on donor 
sample collection and testing must be followed with 
regard to:

a� the type of sample collection tube (no anti- 
coagulant or a specific anti-coagulant) re-
quired for the test being carried out;

b� sample storage and transport conditions 
post-collection, which can include centrifuga-
tion and/or separation within time limits or 
specimen refrigeration/freezing; and

c� testing required to be carried out within a spec-
ified timeframe post-collection.

To ensure traceability at each stage of the 
testing process, all donor samples must be identified 
with a permanently affixed label that contains infor-
mation or references that link the sample and the 
laboratory test results to the donor (see Chapter 15 
and Chapter 16). The date and time when the sample 
was drawn must be accurately documented. Unless a 
unique codification system is used, at least two donor 
identifiers, such as the donor’s full name, date of birth, 
medical record number or other unique identifier, 
should be used. In the case of a sample from a donor 
(deceased or living), the label or associated documen-
tation should also include some identification of the 
person who collected it and a description of the site 
on the donor’s body the sample was taken from (e.g. 
cephalic vein, femoral artery, subclavian artery, supe-
rior vena cava) and, in the case of deceased donation, 
if the sample was extracted pre or post mortem. If any 
donor blood samples were drawn before death, they 
can be assessed for use (see §6.3.1.1), but there must be 
assurance that the patient identifier (i.e., appropriate 
labelling) used for any such specimen is confirmed as 
coming from the donor so mix-ups do not occur (i.e. 
to avoid carrying out testing for critical communi-
cable diseases on the wrong person) [3]. Other donor- 
identification methods can be used, if validated, to 
ensure traceability [4].

Specimens of blood, serum or plasma from the 
same donor must not be mixed together for testing, 
whether collected at the same time or at a different 
time.

An adequate volume of whole blood must be 
collected, because otherwise the quantity of serum 
or plasma after centrifugation may not be sufficient 
to undertake all of the required tests for infectious 
diseases, or for any further investigations that may 
be required. The volume of blood required will be 
dependent upon the minimum requirements of the 

testing laboratories as well as the sample require-
ments of each test kit, and these parameters should 
be known and verified before blood collection. More-
over, in some cases more than one sample might be 
needed, notably when samples have to be managed 
by different laboratories. Indeed, laboratories respon-
sible for routine virus testing may be different from 
the ones responsible for parasite testing, e.g. plasmo-
dium, or from the ones responsible for non-routine 
viruses testing, e.g. arboviruses. In such cases the 
primary samples could be aliquoted, unambiguously 
labelled (ideally with a fully automated aliquoting 
device) and divided between the laboratories. Other 
considerations could include a donor with a high 
haematocrit (which could necessitate collection of 
extra tubes) and a donor who took (or was given) 
anti- coagulant medication (fibrin clots may appear in 
the serum after centrifugation and cause a reduction 
in the volume of testable serum). However, in the case 
of a living donor, care should be taken not to collect 
an unnecessarily large volume of blood because an 
adverse clinical event could result.

Proper handling of any donor blood sample 
after it is collected is necessary to ensure that testing 
protocols can meet the required specifications. For 
example, when a blood sample is collected in a tube 
containing an anti-coagulant, this liquid or powder 
requires that a completely filled tube be gently mixed 
by slowly inverting the tube 5 to 10 times immediately 
after collection [5].

After collection, specimen handling by per-
sonnel can include centrifugation and/or separation 
of the serum or plasma from red cells within spe-
cific time limits. In addition, specimen storage and/
or transport conditions can involve refrigerating or 
freezing the plasma or serum aliquot. Specific in-
structions from the test kit manufacturer should be 
followed and can differ between tests [3]. In all cases, 
qualified transport containers and validated ship-
ping conditions should be used when sending donor 
samples to a testing laboratory.

The facility receiving any donor sample for 
testing should have an SOP in place to define the cri-
teria for acceptance or rejection of the sample, based 
on collection, storage and transport conditions. The 
testing facility should document acceptance or re-
jection of the sample and should share this sample 
status in a timely manner with an RP at the procure-
ment organisation or tissue establishment.

6.3.1.1. Deceased donor
In the case of a deceased donor, blood samples 

must have been obtained just before cardiocircu-
latory arrest or, if this was not possible, the time of 
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sampling must be as soon as possible after death, and 
in any case within 24 h after death.

It is important to collect blood samples without 
untoward delay after death to avoid sample charac-
teristics that could cause a non-specific test result 
(e.g. partial haemolysis) or that could lead to its rejec-
tion for testing (e.g. complete haemolysis). Delays in 
donor sampling have been shown to increase the in-
cidence of red cell haemolysis, and other substances 
can appear in non-circulating blood due to growth of 
micro-organisms and release of enzymes (including 
by-products of tissue and cell death) [3].

There is some evidence that blood samples col-
lected more than 24 hours after cardiocirculatory 
arrest can yield valid results; however, it is essential 
that all infectious disease testing kits used to analyse 
these samples are validated for use under these cir-
cumstances [5, 6, 7, 8, 9]; see also Appendix 19. These 
practices must be controlled by national regulations.

6.3.1.2. Living donor
In the case of living donors, blood sampling 

must be obtained at the time of donation or, if this is 
not possible, within 7 days before or 7 days after do-
nation. However, for practical reasons, collection of a 
sample from an allogeneic bone-marrow stem cell or 
peripheral blood stem-cell donor must occur within 
30 days before donation (taking into account that re-
testing at the time of donation will be informative), 
but before reaching a point-of-no-return when irre-
versible measures for preconditioning of the recipient 
have been initiated. If tissues and cells of allogeneic 
living donors can be stored for long periods before 
use, repeat sampling and testing is required after 
180 days, unless specific exemption criteria are met. 
(See §6.5.2; see also Chapter 20; Chapter 28).

6.3.2. Haemodilution assessment

When possible, a donor blood sample collected 
before administration of any transfusions and infu-
sions should be used for testing purposes.

If a donor has recently received transfusions 
of blood or blood components, or infusions of col-
loids or crystalloids, and has lost blood, any testing 
of donor blood collected post-transfusion or post- 
infusion may not be valid due to haemodilution or 
plasma dilution of the donor’s blood and, thus, of 
any samples taken from the donor. Assessment of 
the extent of any haemodilution includes the use of 
a formula to calculate dilution of the donor’s orig-
inal circulating blood volume (and circulating levels 
of antigen and/or antibody, if present) and should 
be done by the physician in charge or the transplant 

co-ordinator. Current practice in a number of coun-
tries is to consider 50 % calculated haemodilution to 
be the maximum allowable with minimal risk of a 
false-negative test result arising because of the hae-
modilution. Further possibilities for calculating hae-
madilution have been developed taking into account 
different physiological conditions [10]. These calcula-
tions should only be used after extensive studies and 
in compliance with the specifications of the algo-
rithm presented here.

Examples of when a haemodilution 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 Appendix 18 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 received any fluids that may lead to 
haemodilution. Adaptations of the algorithms may be 
needed for body sizes outside the normal adult range. 
Allowances may need to be made for a very large or a 
very small adult donor, or a paediatric donor. In brief, 
a donor’s total plasma volume (TPV) and total blood 
volume (TBV) are estimated by calculations based on 
the donor’s body weight, then direct comparisons are 
made to amounts of recent transfusions and/or infu-
sions that were administered before circulatory arrest 
or before collection of the blood sample, whichever 
occurs first [3]. In summary:

a� estimate TPV of donor (weight in kg × 40 mL/
kg; or, weight in kg ÷ 0.025);

b� estimate TBV of donor (weight in kg × 70 mL/
kg; or, weight in kg ÷ 0.015);

c� calculate total blood (mL) received in the last 
48 h (A);

d� calculate colloids (mL) received in last 48 h (B);
e� calculate crystalloids (mL) received in the last 

1 h (C);
f� add b + c and compare to TPV (fluid volumes 

are compared);
g� add a + b + c and compare to TBV (mass/fluid 

volumes are compared);
h� does either comparison show > 50 % dilution? 

If not, the blood sample qualifies and can be 
used for testing for infectious diseases.
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Although not normal practice, a tissue estab-
lishment may accept tissues and cells from a donor 
with plasma dilution of > 50 %, but only if each re-
quired test has been validated appropriately for use 
with a diluted test specimen. In such cases, to help 
reduce risk, additional testing should also be per-
formed using molecular tests (i.e. NAT) for human 
immunodeficiency virus (HIV), hepatitis B virus 
(HBV) and hepatitis C virus (HCV), and possibly for 
other viruses, depending on the donor’s travel history, 
underlying disease or other factors.

The blood collected can also be diluted if the 
specimen is drawn in close proximity to an infusion or 
transfusion intravenous line, even if the donor is not 
actually haemodiluted or plasma-diluted. Samples 
should be drawn from the opposite side of the body 
in relation to the site of any infusion/transfusion.

Furthermore, in theory, a transfusion shortly 
before the donation could result in transmission of 
infectious agents to the donor.

6.4. Testing laboratories

To meet quality and safety requirements, all 
testing of infectious diseases for deceased and 

living donors must be carried out by laboratories 
that are accredited, designated, authorised and/or 
licensed for these activities according to the regula-
tions set by the relevant Health Authority. Such lab-
oratories will have the knowledge, skills, resources 
and competence required for testing blood samples 
from tissue donors, and should use appropriate algo-
rithms to ensure that their testing procedures have 
maximum sensitivity without loss of specificity. They 
should also participate in relevant external quality 
assessment schemes (proficiency testing) and be 
subject to regular internal and external audits.

If additional biological assays are carried out, 
the laboratory used should be accredited, designated, 
authorised and/or licensed and should participate 
in an appropriate external quality-assessment pro-
gramme [11]. (See §6.5.1 and Chapter 3.)

Tissue establishments can undertake these 
testing protocols themselves or must have a written 
agreement with any laboratory that carries out these 
tests [12]. Tissue establishments should evaluate and 
select a testing laboratory on the basis of its ability to 
generate reliable and appropriate results, and to keep 
relevant records. In addition the testing laboratory 
should comply with regulatory requirements and any 
other specific expectations of the tissue establishment 
(e.g. time-sensitive availability of test results, record 
retention). The tissue establishment should ensure by 

means of a service-level agreement that the labora-
tory is competent to perform this work and is using 
appropriate assays and procedures. There should be 
evidence that good practice is being followed and that 
personnel are appropriately trained and experienced 
in relevant testing procedures. The obligation of the 
laboratory to notify the tissue establishment when 
deviations occur is mandatory. To ensure a consistent 
level of competence and performance, audits of the 
testing laboratory(ies) should be undertaken peri-
odically by the tissue establishment or by qualified 
external experts as part of the tissue establishment’s 
quality system.

In addition, test records at the laboratory 
should be retained for 10 years at least and should 
include sample data, laboratory results, reference 
values and acceptance criteria. See Chapter 2 and 
Chapter 16.

6.5. Tests to be carried out

The donor-screening assays selected must be val-
idated or verified and used in accordance with 

current scientific knowledge. The use of the latest 
generation of tests leads in general to a shortened se-
rological window period and the latest tests should be 
used, if available [13, 14, 15].

Where appropriate, all assays used for donor 
testing within the EU should be CE-marked (see 
Appendix 19). Most of the major international man-
ufacturers of donor-screening assays provide CE-
marked assays and systems, and in some cases the 
manufacturers have undertaken validation work with 
samples from deceased persons. Where such data are 
not provided, laboratories performing this work will 
be expected either to have validated the assays for this 
purpose themselves or to verify the assay in accord-
ance with other available peer-reviewed data [16, 17].

6.5.1. Mandatory tests

Mandatory serological tests for HBV, HCV, 
HIV and Treponema pallidum are listed below; addi-
tional molecular assays can be carried out to confirm 
a putative infection. All assays must be carried out in 
serum and/or plasma samples of the donor according 
to the manufacturer’s instructions [3]. Though this 
may depend on the laws of the relevant country, it is 
better to test individual samples, not pooled samples. 
However, for some tissue and cells it is more accurate 
to test on other test samples (e.g. sperm after washing) 
which could provide additional relevant information.
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a. Human immunodeficiency virus type 1 and 2 
(see Appendix 21) [18]
A 4th or 5th generation assay including detec-
tion of anti-HIV-1/2 antibodies plus HIV-1 p24 
antigen is strongly recommended. If a 3rd gen-
eration test is used, an HIV-1 RNA test (qual-
itative or quantitative) has to be performed 
additionally to exclude an HIV-1 infection. It 
is recommended that the HIV-1 RNA assay 
should be able to detect 50 IU/mL or lower. 
Samples with initially reactive (i.e. weak reac-
tive or borderline) serological screening results 
can be re-tested in duplicate using the same 
assay. If the results are negative the donated 
tissues can be released. Samples that are re-
peatedly reactive in a screening assay can be re-
tested using an alternative certified serological 
assay of equal or greater sensitivity. Donations 
that are non-reactive in the alternative assay 
and negative for HIV-1 RNA can be considered 
suitable for clinical use. If an HIV-1 RNA test 
is performed and the result is reactive, inde-
pendently of the serology result, the donations 
cannot be considered suitable for clinical use.

b. Hepatitis B virus (see Appendix 23) [18]
HBV surface antigen (HBsAg) and total anti-
bodies to HBV core antigen (anti-HBc). HBsAg 
must be negative. If anti-HBc is ‘reactive’, an 
additional determination of a highly sensi-
tive HBV-DNA method must be performed 
(≤ 30 IU/mL detection limit; it is recommended 
to use the most sensitive test); but haemodi-
lution may influence the limit of detection. If 
anti- HBc is positive and HBsAg and HBV-NAT 
is negative, the donated tissues can be released. 
HBV-DNA positivity reflects potential infec-
tivity, also in cases of occult HBV infections, 
and leads to a discard of the donated tissues. 

c. Hepatitis C virus (see Appendix 22) [18]
The screening for an HCV infection is based 
on detection of anti-HCV antibodies. But 
combined assays like the assays for HIV are 
not commercially available at present, and 
the performance of HCV-antigen assays is 
not yet sufficient to exclude an early infection. 
Presence of anti-HCV may indicate an acute, 
chronic or past infection. Furthermore, the 
pre-seroconversion window phase takes several 
weeks; thus, an HCV-RNA assay is strongly 
recommended to exclude active HCV infection. 
It is recommended that the sensitivity limit for 
the HCV-RNA assay should be ≤ 50 IU/mL. An 

anti-HCV-positive and RNA-negative result, 
which is indicative of a non-specific reaction 
or a past infection (confirmed from the donor’s 
medical history, i.e. type and duration of HCV 
treatment and serology), needs to be confirmed 
by immunoblot analysis. If the result of the 
HCV immunoblot is negative or indeterminate 
(anti-HCV false-positive result) the donated 
tissues can be released. 
In the case of an HCV immunoblot positive 
result (confirmed positive anti-HCV result), 
it is only with a record of two negative HCV 
RNA results six months apart as evidence for 
a finished successful HCV treatment under 
medical supervision, together with a negative 
HCV-RNA test on the donor sample, that the 
donated tissues can be released for clinical use.

d. Treponema pallidum
In the serological diagnosis of syphilis, a tre-
ponemal screening test should be used, e.g. 
T� pallidum haemagglutination (TPHA) test, 
the T� pallidum particle agglutination (TPPA) 
test, treponemal enzyme immuno-assays (EIA) 
or chemiluminescence immuno-assays (CLIA). 
If the screening test is reactive, the results 
should be confirmed by means of a second 
treponemal test based on a different analytical 
method (see Appendix 20). Alternatively, an 
approved non-treponemal screening assay may 
be used to screen donors. Reactive samples can 
be re-tested using a treponemal-specific assay. 
Donations that are non-reactive in that assay 
can be considered suitable for clinical use.

Testing for HTLV-I antibodies must be per-
formed for donors living in high-prevalence areas. 
Likewise, testing is necessary if the donor themselves, 
the donor’s parents or the sexual partners originate 
from such areas [19]. Reactive screening results need 
to be confirmed by immunoblot analysis and/or spe-
cific NAT.

If a child donor is 18 months old or younger, 
or has been breastfed in the 12 months before death, 
the birth mother should be evaluated for risks asso-
ciated with HIV, HBV, HCV, HTLV and Treponema 
pallidum. In the case of a neonatal donor (i.e. age 
≤ 1 month), the required tests should be carried out 
using both, a blood sample from the donor’s birth 
mother and one from the newborn. IgG antibodies in 
the newborn blood sample are likely to be maternal; 
therefore, testing for anti-HIV, anti-HCV and anti- 
HBc is not suggested in the newborn. However, if a 
maternal infection or another exposure event is sus-
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pected, additional testing for HBs antigen and HIV-1 
RNA, HBV-DNA and HCV-RNA in the newborn 
sample should be performed, to exclude a congen-
ital or postnatal infection. In the very rare case of a 
treated HIV infection in the mother, testing for pres-
ence of active HIV-1 infection in the newborn must 
be carried out (HIV-1 cDNA).

In addition, special screening considerations 
are applicable to other paediatric donors and addi-
tional testing for communicable diseases (e.g. Covid-
19, Zika virus infection, malaria or Chagas disease) 
may be indicated. Special attention needs to be paid 
to putative infections while maternal antibodies may 
still be detectable (up to the first 18 months of life).

6.5.2. Additional tests

It is well recognised that NAT assays for HIV, 
HBV and HCV reduce the risk of inadvertent disease 
transmission due to the substantial decrease in 
window period when compared with routine sero-
logical tests [14, 15, 20, 21].

Because NAT assays are more sensitive, serious 
consideration should be given to carrying out NAT 
tests for HIV, HBV and HCV in addition to serolog-
ical tests. Considerations that support the use of NAT 
assays for each donor screening include the following:

a� The medical and behavioural history obtained 
from a third party such as a partner, parent, rel-
ative, friend or a legal guardian for a deceased 
donor can be less reliable than collecting this 
information from a living donor.

b� There is a risk that recent exposure to HIV, 
HBV and HCV (several days prior to death) 
might not be detected by serological (antibody) 
assays as they have not developed sufficient an-
tibody response against the specific virus.

c� If the donation includes multiple tissue types 
and it results in a large number of tissue grafts 
to be made available for many recipients, the 
potential risk is increased if the viral tests se-
lected cannot detect early infection in a donor.

d� The molecular methods used for the screening 
have to meet the requirements of each indi-
vidual pathogen. Haemodilution (see §6.3.2) 
especially has to be scoped. In cases of acute 
or untreated chronic infections, viral loads are 
usually in a range where haemodilution may not 
cause false-negative results. But, if low-level vi-
raemia is expected, for instance in occult HBV 
infections, the NAT method must be as sensi-
tive as possible (currently ≤ 30 IU/mL). Tissue 
from a donor with suspected occult HBV infec-

tion [20, 21] and haemodilution might not be 
considered to be safe.

e� Molecular assays from deceased donors should 
be performed in individual samples (see 
current legislation of each country), not in 
pooled samples. Some of these NAT assays are 
combination tests that can detect HIV, HCV 
and HBV from a single blood specimen in one 
run (triplex assays), thus improving the feasi-
bility of routine NAT for donor screening. (In 
the case of samples from living donors, the 
pooling could be accepted if the national re-
quirements for the comparable NAT testing of 
blood donors are fulfilled.)

Any risk factors in donors associated with 
high-prevalence areas for specific infections/diseases 
must be considered carefully. Scientific evidence for 
risk factors for certain diseases is provided by ECDC 
[17], which regularly publishes risk assessments 
and maps that can be helpful, notably for emerging 
diseases.

Additional testing may be considered (de-
pending on the donor’s history and/or the character-
istics of the tissues or cells donated):

• antibodies to Cytomegalovirus, Epstein–Barr 
virus, Coxiella burnetii and Toxoplasma gondii 
might be relevant for donor-recipient risk 
stratification;

• hepatitis E virus RNA (i.e. NAT).

Depending on factors like individual travel 
history and specific current or past clinical abnor-
malities of the donor as well as the epidemiological 
situation, the decision can be made to carry out 
other optional tests, which can include screening for 
tropical infections such as malaria, trypanosomiasis, 
strongyloidiasis, schistosomiasis and viral infections 
such as West Nile virus and Zika virus. The need to 
perform such assays, or others, must be examined on 
a case-by-case basis. In the case of paediatric donors, 
such infections must be reviewed for their impact in 
mother-to-child transmission.

Results of blood culture tests can be very useful 
tools to aid in the determination of bacteraemia in a 
donor of tissues and/or cells (see Chapter 11).

6.5.3. Re-tests of samples from living donors 
(allogeneic use)

Repeat sampling and serology testing is re-
quired after 180 days, unless any of the following spe-
cific exemption criteria are met:

a� if samples from a living donor undergo se-
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rology testing and are also tested by molecular 
tests – (i.e. NAT) for HIV, HBV and HCV. NAT 
is recommended because it can increase sensi-
tivity in the detection of recently acquired in-
fections. Molecular testing of all donors using 
this technology is highly recommended as 
standard practice;

b� if the tissue/cells come from a living donor and 
have been processed using an inactivation step 
that has been validated for the pathogens con-
cerned;

c� if the tissue/cells come from a living donor and 
will not be stored longer than 180 days prior to 
use.

Test-kit assays for infectious-disease markers 
are typically optimised for testing a sample from a 
living donor. For living donors, initial infectious- 
disease testing is carried out at the time of donation 
or, when this is not possible, within 7 days of the dona-
tion. In the case of bone marrow and peripheral blood 
stem-cell collection, blood samples must be drawn 
for testing < 30 days before donation. Minimum 
testing requirements are the same as for deceased 
donors. More tests could be indicated because there 
may be unique risks of infectious disease pertinent 
to a profoundly immunosuppressed recipient of bone 
marrow or of similar types of haematopoietic allo-
graft [18, 22].

For testing individuals involved in medically 
assisted reproduction (MAR), see Chapter 29.

6.5.4. Testing of autologous samples

For autologous donors, if the removed tissues 
or cells are stored or cultured, they must undergo the 
same serological tests as for allogeneic donors before 
they can be transplanted back into the donor. If an 
autologous donor’s blood sample has not been appro-
priately tested or if a test is indicative for a relevant 
infectious disease, this will not necessarily prevent 
the tissues or cells, or any product derived from them, 
from being stored, processed and re-implanted in the 
autologous donor; but this is only true if appropriate 
storage can provide isolation/segregation to ensure 
there is:

• no risk of cross-contamination with stored 
allografts;

• no risk of contamination with adventitious 
agents;

• avoidance of mix-ups due to misidentification 
(see Chapter 15 and Chapter 16).

Additionally, testing of autologous donors is 

useful to reduce the risk of transmission of potential 
infectious agents to staff and into facilities.

SOPs based on risk analyses should be in place 
to define the criteria for acceptance and rejection for 
contaminated autologous tissues and cells, or if the 
autologous donor has not been tested for infectious 
diseases (see Chapter 2).

6.6. Reporting and 
documentation of test results

Tissues and cells must be held in ‘quarantine’ until 
such time as requirements relating to donor 

testing have been completed. With this in mind, 
donor infectious-disease testing should be carried out 
and reported without delay. Reporting methods must 
be used that link the donor’s unique identifier to the 
test results, while also keeping the donor anonymous 
to third parties. Data-security measures are required, 
as well as safeguards against any unauthorised addi-
tions, deletions or modifications to donor test results. 
There must be no disclosure of infectious-disease test 
results to unauthorised persons.

Arrangements between the testing laboratory 
and the tissue establishment, or the clinical team 
responsible for use of the donated tissues or cells, 
should include agreed methods for the reporting of 
test results to ensure that mix-ups are avoided and 
to prevent misinformation. Laboratories and tissue 
establishments should have policies relating to the 
management of test results from a donor that may 
be pertinent to family members and other contacts 
of the donor or that have implications for them and 
public health.

Reporting procedures should ensure that ac-
curate, rapid and verifiable results are provided. In 
addition, there should be a system in place to ensure 
prompt alerts using an immediate notification system 
when an indicative test result for an infectious disease 
occurs. Other precautionary measures in reporting 
may include [23] the following:

a� where manual systems are still used (although 
they are not recommended), analysis reports 
should be cross-checked to ensure that the 
transcription of test results has been confirmed 
by two independent assessors (the ‘four eyes 
principle’);

b� using computerised procedures for the transfer 
of test results from laboratory equipment to 
the laboratory data-processing management 
system (e.g. medical records) to eliminate the 
need for manual transcription of data or oral 
information;

TC5_en.indb   110TC5_en.indb   110 14/12/2022   13:21:4614/12/2022   13:21:46



111

6. DONOR TESTING – MARKERS FOR INFECTIOUS DISEASES

c� using clearly interpretable, computerised 
graphic symbols to highlight pathologic results;

d� recording (semi)quantitative values (e.g. titre, 
IU/mL) of antibodies and/or the related posi-
tivity threshold next to the viral negative/pos-
itive result;

e� recording the number of copies/mL, if appli-
cable (or, preferably, IU/mL) of nucleic acid 
measurement as well as (for qPCR systems) the 
linear range of the assay (if qualitative PCRs 
are used, then semiquantitative values should 
be recorded, e.g. Ct-Values, Cp-Values);

f� using formal laboratory reporting structures 
and accreditation or certification pathways to 
improve quality standards;

g� using widely recognised international units of 
measurement;

h� mentioning systematically the name of the kit 
used (or making available on demand the data 
of the diagnostic assays, e.g. name, manufac-
turer).

6.7. Archived samples

If there are no national requirements, a 
risk-analysis-based decision based on the type 

of tissue/cell and the type of donor (autologous, al-
logeneic, living, deceased, multiorgan) should be 
performed to decide if, and for how long, archived 
samples must be retained. A storage time of at least 
1 year after the distribution of the last tissue from the 
donor is recommended. In some countries, archiving 
donor samples may be required. 

Archived samples may be used for several pur-
poses: look-back testing involving a new infectious 
agent, development of more accurate or new tests, or 
if investigating a report of a serious adverse reaction 
in a recipient of tissues or cells. If these samples are to 
be used for research and development purposes, this 
must be covered by the donor’s consent.

A documented risk assessment, approved by 
the tissue establishment’s RP, should be carried out 
to determine the fate of all stored tissues and cells 
following the introduction of any new donor test that 
could reasonably be considered to affect safety or 
quality (see Chapter 3).
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Chapter 7. Procurement

7.1. Introduction

To ensure high standards of quality and safety 
during the procurement process for tissues and 

cells, it is recommended that a quality system be in 
place in the procurement organisation or the tissue 
establishment (TE) undertaking the process. This 
quality system must guarantee adequate training 
of all personnel involved, as well as documented 
standard operating procedures (SOPs) covering all 
stages of the process. Procurement professionals 
should take measures to ensure that appropriate 
safety and quality conditions are in place.

Procurement of human tissues or cells must 
take place only in authorised institutions, after donor 
consent/authorisation requirements have been satis-
fied, as described in Chapter 4.

Chapter 2 sets out the requirements about the 
personnel, facilities, equipment, materials, proce-
dures and documentation that should be applied 
when considering the quality and safety of tissues 
and cells for human application. After procurement, 
tissues and cells must be identified, packaged and 
labelled correctly (see Chapter 15) and then trans-
ported to the TE for processing, or to the clinical 
team for direct use, in accordance with established 
requirements.

Procurement protocols must be appropriate 
to the type of donor (deceased or living) and tissue 
to be procured [1]. They should consider relevant 
risk factors that may impact the quality of procured 
tissues and, for living donors, also the safety of the 
donor. Deceased donation of tissues or cells can also 

occur after organ donation, and in those cases aseptic 
technique needs to be ensured throughout the whole 
procedure, including during organ procurement. If 
more than one tissue is to be procured from a single 
deceased donor, procurement may be performed by a 
multi-tissue team or by different tissue-specific teams.

7.2. Personnel

Procurement activities must be undertaken by per-
sonnel with appropriate qualifications, training, 

expertise and experience [2-7]. This includes suc-
cessful completion of a comprehensive technical 
and/or clinical training programme, including the 
broader ethical, legal and regulatory context of pro-
curement and, for deceased donors, how to appro-
priately reconstruct the body following procurement. 
The training programme must be tailored to the spe-
cific tissues or cell types to be procured and will also 
depend on whether the procurement is from a living 
or deceased donor.

Persons undertaking procurement must be 
made aware of the risks and potential consequences 
if policies and procedures on procurement are not 
followed as directed in written SOPs and according 
to relevant legislation.

To promote compliance with donor-selection 
criteria and procurement procedures, the TE must 
have written agreements with each person, clinical 
team or third-party procurement organisation in-
volved in carrying out procurement, as well as those 
collecting critical information used in donor selec-
tion. The written agreements must include detailed 
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descriptions of expectations and responsibilities 
related to quality and safety measures, as well as any 
additional regulatory requirements. A written agree-
ment is not necessary for individuals directly em-
ployed by the same TE or organisation responsible 
for these steps but expectations and responsibilities 
pertaining to procurement must appear in their job 
description (see Chapter 2).

7.3. Facilities, equipment and 
materials

7.3.1. Facilities
Procurement of tissues and cells may take 

place in various facilities, ranging from a hospital op-
erating room, TE, hospital clinic, mortuary, funeral 
home or care home, to a donor’s own home [8, 9]. 
These facilities can be broadly categorised as:

• operating theatre or equivalent;
• dedicated procurement area with air-quality 

monitoring and controlled cleaning (e.g. TE 
procurement room); 

• dedicated clean area (controlled cleaning);
• non-dedicated area, with local cleaning of 

the recovery space, and suitable to prevent 
cross-contamination. 

Procurement activities must be authorised 
by the Health Authority. Each procurement event 
should take place in an appropriate facility and follow 
the required clinical/technical procedures (see §7.4). 
The procedure must include steps aimed at mini-
mising the risk of contamination of procured tissues 
and cells. 

Minimising the risks of contamination 
during procurement (see below) and processing (see 
Chapter 9) is crucial to ensure the safety of grafts. 
Risks are often multi-factorial so, to help quantify 
and map them, a dedicated chapter (Chapter 3) has 
been developed as well as a tailored Microbiological 
Risk of Contamination Assessment tool (MiRCA). By 
using this tool, TEs can better understand the overall 
risk of their protocols, how risk factors are distributed 
along the tissue/cell supply chain from procurement 
to distribution, and can implement the most efficient 
measures to mitigate and reduce risk.

For reasons of privacy and control of contam-
ination, access to the area where procurement takes 
place must be restricted to essential personnel during 
the actual recovery of tissues or cells. In addition, the 
donation of tissues or cells by living donors should 
take place in an environment that ensures their 
health, safety and privacy. The procurement sites 
must be fit for purpose and a risk assessment should 

be carried out to determine the suitability of the pro-
curement site, depending on the types of tissues or 
cells to be procured. 

The room where procurement takes place 
should meet the following requirements:

a� adequate floor area, and ancillary work areas 
(e.g. work-tops and benches);

b� appropriately located and access controlled to 
ensure privacy;

c� furnished with sufficient and suitable lighting;
d� in a good state of maintenance;
e� able to provide a sufficiently clean and clean-

able environment that will not increase the risk 
of contamination of the cells or tissues;

f� comfortable in temperature and humidity for 
donor and procuring staff.

Before procurement, steps taken to minimise 
the risk of contamination should include the cleaning 
of working surfaces with an appropriate and effective 
disinfectant. Procurement of tissue should follow 
aseptic procedures. The procurement area should 
also be cleaned and disinfected after recovery. Ap-
propriate and safe disposal of single-use instruments, 
consumables and any other waste, including clinical 
waste that poses a biohazard, must be carried out. 
Any re-usable instruments must be cleaned immedi-
ately or as soon as possible following use, and steri-
lised before being used again. If a TE (or third party 
carrying out the recovery) uses the general services of 
the host facility to clean the procurement area and/or 
sterilise any re-usable instruments, the TE must have 
a written agreement with the host facility, and the 
procedures in place must be validated and inspected.

7.3.2. Equipment and materials

Materials (i.e. consumables and reagents) and 
equipment (i.e. surgical instruments, packaging and 
containers) used during procurement must comply 
with the relevant national and international regu-
lations, standards and guidelines for the intended 
use of the donated tissues and cells (see Chapter 2). 
All equipment and materials that may have direct 
contact with tissue and cells should be sterile, single- 
use (where possible) and CE-marked for their in-
tended purpose (where available). Instruments or 
devices must be suitable for their intended use, and 
must be maintained in good working order. This 
must include visual inspection and scheduled cali-
bration of measurement devices, where appropriate, 
against relevant defined standards at specified in-
tervals. Routine maintenance inspections, at least 
annually, of equipment used for procurement are 

TC5_en.indb   114TC5_en.indb   114 14/12/2022   13:21:4714/12/2022   13:21:47



115

7. PROCUREMENT

encouraged and if relevant a re-qualification assess-
ment is required whenever repairs or modifications 
have occurred. Procurement personnel must receive 
appropriate training, supported by records, on the 
proper use of equipment.

Where possible, use of single-use instruments 
for procurement is recommended. When re-usable 
instruments are used, a validated cleaning, disinfec-
tion, packaging and sterilisation process for removal 
of infectious agents should be used and documented. 
A traceability and tracking system should be in place 
for operators and critical equipment/materials, for 
each tissue- or cell-procurement event, and for the 
donor.

Personnel conducting procurement activities 
must be provided with protective clothing appro-
priate for the type of procurement. Usually, this will 
involve wearing a sterile gown, sterile gloves, glasses 
and a face shield or protective mask. Approved ma-
terials necessary for reconstruction of a deceased 
donor’s body must be provided to allow this step to 
be completed effectively.

7.3.3. Identification, packaging, containers and 
labelling

At the time of procurement, tissues and cells 
must be uniquely identified. They must be packaged 
so as to minimise the risk of environmental con-
tamination. At least two layers of packaging should 
be used. The labels must be appropriate to ensure 
identification and traceability of tissues and cells 
and should be designed to adhere firmly to the con-
tainer. Labels must be resistant to storage conditions 
to avoid the loss of identification of tissues and cells.

Storage containers must be appropriate for the 
type of tissue or cells, the temperature and method 
of storage, and the intended application. They must 
withstand sterilisation (where this is to be applied), 
not produce toxic residues during storage and be ade-
quately robust to remain intact when handled during 
transport. Each tissue or cell container must be ex-
amined visually for damage or evidence of contam-
ination before processing, or distribution for clinical 
use, and by the end user.

Guidance on coding, packaging and labelling 
is provided in Chapter 15.

7.4. Procedures

Written SOPs for procurement must be in place, 
based on the requirements of the relevant 

Health Authority, the recommendations laid out in 
this Guide and the expectations of the TE or end-user 

needs. These SOPs must outline the correct steps to 
be taken for each stage of procurement [10]. Proce-
dures that ensure contamination control must be 
applied, including use of aseptic techniques, sterile 
materials and equipment and appropriate clothing 
for the personnel conducting the procurement (see 
§7.2 and §7.3.2). Procurement SOPs must be reviewed 
by an authorised person periodically (or as required) 
and updated as necessary. Procedures must be au-
thorised and appropriate for the type of donor and 
the type of tissue or cells procured, and must be val-
idated [11].

The SOPs must be readily accessible so that 
procurement personnel can follow the required steps, 
including:

a� verification of the donor’s identity and 
what constitutes evidence of donor (or the 
donor family’s) consent or authorisation (see 
Chapter 4);

b� where necessary, ensure that permission from 
any relevant legal authorities (for example, 
judges or coroners) has been obtained before 
tissues or cells are procured;

c� assignment and appropriate use of a unique 
identifier/code (see Chapter 15);

d� knowledge of selection (risk) criteria required 
for donor assessment, including physical ex-
amination of the donor (see Chapter 5) and 
mandatory infectious disease testing required;

e� knowledge of the types of blood and other 
samples required for mandatory laboratory 
tests to ensure that they are of appropriate 
quality (see Chapter 6);

f� steps that minimise the risk of microbiological 
contamination during procurement (see this 
chapter, as well as Chapter 3, Chapter 11 and 
Chapter 19 and following);

g� procurement steps that protect the properties 
of the tissue and cells required for clinical use 
(see this chapter and Chapter 19 and following);

h� for deceased donation, how to reconstruct the 
donor’s body so it is as similar as possible to its 
original anatomical appearance;

i� considerations for packaging, labelling and 
transportation of procured tissues or cells to 
the TE or, in the case of direct distribution, to 
the clinical team responsible for their human 
application or direct use (see this chapter, 
Chapter 13 and Chapter 15);

j� considerations for collecting, packaging, label-
ling and transporting samples of donor blood 
or other samples to the laboratory for testing 
(see this chapter, Chapter 6 and Chapter 15);

k� procedures that protect the health and safety 
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of the living donor (see Chapter 20, Chapter 26 
and following);

l� how to register deviations from the approved 
procurement procedure.

In addition, the TE is expected to have proce-
dures in place to notify, without delay (see Chapter 17), 
other TEs or the relevant Health Authority of all 
available information about:

a� knowledge of deviations from approved pro-
cedures that have occurred or that are sus-
pected to have occurred and which could have 
affected the quality and/or safety of procured 
tissues and cells and that could have resulted 
in a serious adverse reaction or serious adverse 
event;

b�  any serious adverse reaction in a living donor 
that may influence the quality and safety of the 
tissues or cells procured; 

c� any serious adverse event during procurement 
that may influence the quality and/or safety of 
human tissues and cells.

To minimise the risk of tissue or cell contamina-
tion by procurement personnel who may be infected 
with a transmissible disease, policies and procedures 
must be established and followed to address this risk 
[2-6, 12].

Additional procedures and policies that min-
imise the risk of microbiological contamination 
during procurement must be considered (see also 
Part B), including those listed here:

a� the personnel allowed to be present during 
procurement should be defined and such re-
strictions respected;

b� preparation of the donor’s recovery site must 
follow the recommended standards of prac-
tice used for surgical patients and must occur 
at the beginning of procurement using an ap-
propriate antimicrobial agent designed for this 
purpose;

c� the procedure for the disinfection of the re-
covery site should account for the reduction or 
elimination of bacterial spores as well as veg-
etative micro-organisms, and should include 
the type of suitable disinfectants, their concen-
trations and durations of exposure;

d� before use, all materials and equipment must 
be visually inspected by procurement per-
sonnel to ensure that they meet specifications 
(e.g. sterile, seals not broken, equipment func-
tioning as expected, expiration date);

e� for deceased donation, it is advisable to procure 
tissue before the autopsy takes place but, if this 

is not possible, detailed procedures must be 
written to address the increased potential for 
contamination when procurement takes place 
after autopsy.

Procurement must include procedures that 
protect those properties of tissues and cells required 
for their ultimate clinical use. These are described 
more fully in Part B of this Guide (the tissue-specific 
chapters), but generally include:

a� post mortem time limits [8, 13, 14, 15] – it is rec-
ommended that tissue should be recovered 
within 24 h after cardiocirculatory arrest, pro-
vided that the body has been cooled or refrig-
erated within 6 h of cardiocirculatory arrest 
(to reduce the risk of tissue degeneration and 
microbiological growth). If the body was not 
cooled or refrigerated within 6 h of cardioc-
irculatory arrest, tissue should be recovered 
within 12 h of cardiocirculatory arrest. Alterna-
tive time limits should be validated by quality 
assessments and tests for microbiological con-
tamination. It may be possible to extend the 
post mortem interval up to 48 h after death if 
processing has been validated to guarantee 
quality and microbiological safety (in which 
case the blood samples for serological testing 
must be still taken within 24 h after death, as 
specified in EU Tissues and Cells directives, to 
minimise the risk of blood deterioration; see 
Chapter 6 for details on sample collection);

b� preservation of important anatomical struc-
tures and other tissue or cell characteristics;

c� temperature requirements during storage and 
transport to the next destination;

d� avoidance of delays in transport due to time 
limits in place for processing after procure-
ment.

Instead of specialised procurement teams re-
covering different tissues from a deceased donor, a 
multi-tissue procurement team may be used, con-
sisting of a group of individuals who are trained to 
procure all tissues for which there is consent. The 
roles of the individual multi-tissue team members 
must be defined by SOPs.

The main advantages of a multi-tissue procure-
ment model are:

a� better co-ordination, because all tissues are 
procured by the same team;

b� less time taken to procure all tissues, thereby 
decreasing the risk of microbial contamination 
because of long warm ischaemia times [2-6, 9, 
12], and avoiding delays in funeral rites;
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c� fewer equipment and consumables resources 
needed (e.g. same draping may be used to 
procure cardiovascular and musculoskeletal 
tissues).

In every deceased-donor procurement team, 
an appropriately trained senior person must take 
overall responsibility to ensure that SOPs are adhered 
to and that the following tasks are carried out to the 
required standards:

a� identification of the donor (Appendix 25);
b� review of donor documentation, including 

medical history, laboratory tests (if completed), 
lawful consent/authorisation;

c� physical examination of the donor (Appendix 
15);

d� organisation and co-ordination of the procure-
ment;

e� evaluation of abnormal procurement findings;
f� review of tissue packaging and labelling;
g� review of donor reconstruction;
h� completion of all required procurement docu-

mentation.

The sequence in which the various tissues are 
procured must be well defined to assure the quality of 
each type of tissue. The recommended procurement 
sequence, whether carried out by separate teams or 
by a multi-tissue team is: skin (first back and lower 
limbs), skin, eyes/corneas, cardiovascular and mus-
culoskeletal. Justification for this recommended pro-
curement flow includes the following reasons:

• Skin is the first procured tissue because the 
donor is placed in a prone position to obtain 
skin from back and lower limbs, and the 
support provided by the presence of musculo-
skeletal tissues (in particular, bones) facilitates 
the procedure. Reconstruction after skin pro-
curement is recommended to be performed at 
the end of donor procurement to avoid any in-
terference in subsequently procured tissues (e.g. 
musculoskeletal).

• Eyes are recommended to be procured after 
skin to avoid eye bleeding from the sockets 
if the donor should be placed in a prone po-
sition following enucleation of the eyes (see 
Chapter 19).

• Cardiovascular and musculoskeletal tissues 
are recommended to be procured last because 
the same donor draping may be used. Some 
cardiovascular tissues (e.g. femoral arteries) 
may be procured simultaneously with the mus-
culoskeletal tissues.

Where a tissue donor has already donated 
organs, all surgical approaches to obtain the organs 
should have been sutured to reduce as much as pos-
sible the risk of contamination of thoracic and ab-
dominal tissues before their procurement. If the 
procurement is performed simultaneously with 
organ procurement, the sequence varies: starting 
with the tissues from the cavities open for organ re-
covery, thorax and abdomen (arteries, heart for heart 
valves or vertebral bodies), then the recommended 
sequence of skin, eyes, cardiovascular and muscu-
loskeletal should be followed. It is important that all 
procurement teams involved know that tissues will 
be procured after organs, first to prepare the body 
before starting surgery, and second to guarantee 
sterile conditions during the whole procedure and to 
minimise the risk of cross-contamination.

Efforts should be made to ensure that pro-
curement procedures do not unnecessarily interfere 
with funeral arrangements or other formalities such 
as religious or cultural rituals. If this is not possible, 
the donor’s family must be informed at the time of 
consent. Timely and effective communication with 
all parties involved can help to meet expectations in 
regard to delays, as well as aesthetic considerations 
when tissues are procured from areas of the body 
that may be visible (e.g. if the body is to be viewed 
subsequently by the family and those attending the 
funeral).

7.4.1. Processing at the procurement site

Microbiological safety during the procurement 
of tissues or cells must always be considered; but 
control of contamination and cross-contamination 
at the procurement site is typically less stringent than 
the controls applied in a TE (see Chapter 3, Chapter 11 
and Part B). Therefore, simultaneous undertaking of 
processing steps during the procurement phase, or in 
the procurement area, is not recommended, if avoid-
able. However, if processing (excluding close systems), 
including decontamination, shaping, cleaning, sizing 
and final packaging (for direct distribution) at the 
procurement site is unavoidable, the procurement 
area must fulfil the criteria of a processing area (see 
Chapter 9).

Processing duration and extent must be limited 
to the minimum, and a Grade A air-quality environ-
ment (surrounded by, at least, Grade  D air quality) 
is required for the open processing steps. Records 
supporting the qualification and monitoring of the 
processing site must be available for inspection. Se-
lection of the use of suboptimal conditions must be 
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supported by written justification and be authorised 
by the relevant Health Authority.

7.4.2. Temporary storage and transportation to 
the tissue establishment

Once the tissue is procured and until it 
arrives at the TE, critical variables related to main-
taining the quality of the tissues or cells (e.g. tem-
perature, sterile packaging) must be controlled (see 
Chapter 15). Records to demonstrate compliance with 
specified storage conditions must be completed and 
maintained.

7.5. Documentation

TEs must have procedures in place that address 
the retention of procurement records, which 

must include descriptive documentation of the steps 
taken, the materials and equipment used, and iden-
tification of the personnel involved. Such records 
must be clear and legible, protected from unauthor-
ised amendments, retained and readily retrievable 
throughout a specified retention period, and must 
comply with data- protection legislation. Procure-
ment records must be sufficiently detailed to facilitate 
robust and reliable traceability, to provide a complete 
history of the work undertaken and to be capable of 
linking the records to the particular donor of the pro-
cured tissues and cells (see Chapter 16). When tissues 
and cells are to be sent across national borders, po-
tential language barriers should be addressed and 
a common language agreed for all documentation 
related to donors, tissues and cells.

A unique identifier (e.g. a donation number for a 
donation event and/or a donor identification number) 
must be allocated to the donor as well as the procured 
tissues and cells (see Chapter 15). This coding must be 
in place to ensure an effective and accurate system 
capable of tracking tissues throughout all stages, in-
cluding an identifiable link to the procurement steps. 
For each donor, there must be a record containing the 
donor’s identity with at least two forms of identifi-
able information, e.g. given name, family name, date 
of birth, sex. If a mother and child (both living) are 
involved in the donation, records must indicate not 
only the name and date of birth of the mother, but 
also the name (if determined) and date of birth of the 
child. These coded data should be entered in a reg-
istry maintained for this purpose.

To ensure that all steps are traceable and ver-
ifiable, the TE (or procurement organisation) must 
produce a report, recorded at the time of procure-
ment, which must be forwarded without delay to the 

location where processing takes place. This procure-
ment report, depending on the type of donor, could 
contain the following:

a� donor identification data (donor code, donor 
given name, family name, date of birth and 
sex, as well as how and by whom the donor was 
identified) or donor identification. In the case 
of an unrelated haematopoietic progenitor cell 
(HPC) donor, care should be taken to main-
tain donor confidentiality (Global Registration 
Identified for Donors or GRID) if the procure-
ment report (including donor health status) is 
forwarded to the recipient’s clinical team;

b� unique coding number, which will be either the 
donation identification sequence of the Single 
European Code (SEC) for EU countries, or a 
code generated by a Health Authority or by use 
of an internationally recognised coding system 
such as 128 Eurocode, or the WMDA GRID 
code for unrelated HPC donors (Chapter 15); in 
the case of partner donation in MAR there is 
no need for the SEC (see Chapter 29);

c� the environmental conditions of the procure-
ment facility, i.e. location or description of the 
physical area where procurement took place 
(see Appendix 24);

d� a list of observations made during the physical 
examination of the donor’s body – but, for a 
living donor, only when such an examination 
is justified (see Appendix 15);

e� a description and identification of procured 
tissues and cells, including samples for testing 
of infectious diseases;

f� the identification of the person who has overall 
responsibility for the procurement session (in-
cluding his/her signature);

g� date, time (where relevant, start and end times) 
and location of procurement;

h� the type, volume, manufacturer and lot/batch/
serial number of reagents, additives and the 
tissue and cell transport solution(s) used;

i� name and address of the TE;
j� name and destination of the tissues and cells.

In addition, for procurement of tissues or cells 
from a deceased donor, this report must contain:

a� a sufficiently detailed summary of the events 
surrounding death;

b� the date and time of donor death and tissue 
procurement (and, where relevant, start and 
end times) to facilitate determination of the 
time interval from death to procurement;

c� the date and time of, and quantity of, blood 
collection for donor testing (when applicable);

TC5_en.indb   118TC5_en.indb   118 14/12/2022   13:21:4814/12/2022   13:21:48



119

7. PROCUREMENT

d� the conditions under which the donor body 
was kept before procurement (whether or not 
the donor body was cooled or refrigerated and, 
where appropriate, the time when cooling or 
refrigeration began and ceased);

e� if possible, whether procurement took place 
before or after autopsy and whether or not an 
autopsy is planned;

f� when applicable, a description of other tissues 
and cells from the same donor sent to different 
TEs, including their identification;

g� if applicable, information regarding recon-
struction of the donor’s body.

If procurement from a living donor involves a 
directed donation, the recipient’s identification must 
be documented to ensure traceability (see Chapter 2 
and Chapter 15).
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Chapter 8. Premises

8.1. Introduction

Tissue establishments must have suitable facilities 
to carry out the activities for which accreditation, 

designation, authorisation or licensing is sought. This 
chapter provides generic guidance on the facilities 
used for processing, testing and storing of tissues and 
cells. Processing of tissue and cells, while exposed to 
the environment, must take place in an environment 
with controlled air quality and cleanliness in order 
to minimise the risk of contamination, including 
cross-contamination between cells and tissues of 
different donors. This chapter gives guidance on cre-
ating, implementing and maintaining a validation 
master plan (classification and qualification) and a 
monitoring plan in order to gain assurance that the 
cleanrooms are performing adequately and that the 
aseptic processing of tissue and cells is monitored 
(see also Chapter 2). Tissue- and cell-specific guid-
ance on selecting the appropriate air quality for pro-
cessing is given in Part B of this guide.

8.2. Requirements of storage 
facilities

Tissue establishments should have specific storage 
facilities/areas for the storage of tissues and cells. 

Such storage areas should be:
a� designated;
b� located in a secure area, and access must be 

limited to authorised personnel;
c� of sufficient capacity to allow orderly storage of 

the various status of tissues/cells, according to 
national requirements:

i. in quarantine;
ii. released for processing;

iii. rejected;
iv. returned;
v. recalled;

vi. for research use;

d� covered by an adequate management system, 
ensuring clear identification of each status of 
tissues and cells; 

e� clean and dry, and maintained within an ac-
ceptable temperature range; and, where special 
storage conditions are required (e.g. specific 
temperature and/or humidity) these should be 
specified, maintained and monitored; 

f� cleaned, with a schedule based on the fre-
quency of access by personnel and goods, by 
properly trained personnel and with approved 
products in order to keep the environmental 
bioburden under control.

The design of a cryostorage room (e.g. storage 
rooms equipped with liquid nitrogen tanks or equip-
ment using liquid nitrogen) must comply with ap-
plicable regulations and safety requirements of 
the relevant country. Items related to safety should 
include at least:

a� good ventilation (capable of supporting emer-
gency conditions in terms of operator and 
product safety);
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b� oxygen-level monitoring with a local audio and 
visual alarm;

c� visual surveillance from outside;
d� adequate space to contain the necessary 

freezers and tanks, including back-up systems;
e� easy access to all the storage devices, with a 

smooth pathway to and from the facility for 
liquid nitrogen supply and for prompt removal 
and transfer of tissues and cells in case of emer-
gency;

f� personal protective equipment available for use, 
which may include items such as cryo-gloves, 
safety goggles, cryo-aprons and respirators;

g� a specific SOP already in place to support the 
safety issues.

A system to monitor all the alarms, including 
oxygen level in the room, the level of liquid nitrogen 
in the tanks, and the temperature of the tanks, is es-
sential. When necessary, the ambient temperature of 
the storage area should be monitored. Personnel must 
be trained to react to different alarms. Personnel need 
to be trained to use personal protective equipment.

Further details on storage can be found in 
Chapter 10.

8.3. Requirements of processing 
facilities

Processing facilities must be designed, qualified 
and monitored to ensure that the air quality is ap-

propriate for the processes carried out. Inter national 
standards, such as the EU Guidelines to good manu-
facturing practices for medicinal products for human 
and veterinary use (known as GMP) [1] and the 
ISO 14644 guidelines for Cleanrooms and associated 
controlled environments [2], provide information to 
help achieve the appropriate air quality.

Processing of tissues and cells should be 
carried out in cleanrooms. In these cleanrooms, 
the concentration of airborne particles (viable and 

non-viable) must be controlled to specified levels. 
Each processing operation requires an appropriate 
level of environmental cleanliness in the operational 
state to minimise the risks of particulate or microbial 
contamination. According to GMP, four grades can 
be distinguished.

1. Grade A: The local zone for high-risk opera-
tions provided by localised airflow protection, 
such as laminar airflow workstations, isolators 
or restricted access barrier systems (RABS). 
Unidirectional airflow systems should provide 
a homogeneous air speed in the range 0.36-
0.54 m/s (guidance value) across the whole of 
the Grade A area (GMP, Annex 1). Mainte-
nance of the unidirectional airflow should be 
demonstrated and qualified.

2. Grade B: For aseptic operations, this is the 
background environment for the Grade A zone. 
Lower grades can be considered as defined in 
the tissues- and cells-specific chapters of this 
guide (Part B). The risk-assessment tool for de-
fining the air quality can be used to select the 
background environment for the Grade A zone 
(see §8.4).

3. Grades C and D: Clean areas for carrying out 
less critical stages in the processing and storage 
of tissues and cells. These cleanliness grades 
can be considered where isolator technology is 
used.

Different cleanroom standards are compared 
in Table 8.1 [1, 2].

Whichever classification is applied, the prem-
ises and their facilities should have:

a� floors, walls and ceilings of a non-porous mate-
rial with smooth surfaces to minimise the shed-
ding or accumulation of viable and non-viable 
particles and to permit the repeated applica-
tion of cleaning agents and disinfectants;

b� temperature control and (based on risk assess-
ment) humidity control;

Table 8.1. Air cleanliness classifications in Europe

Classification Maximal number of particles/m³
ISO 14644-1 EU GMP ISO 14644-1 EU GMP

at rest in operation

≥ 0.5 µm ≥ 5.0 µm ≥ 0.5 µm ≥ 5.0 µm ≥ 0.5 µm ≥ 5.0 µm

ISO 5 A 3 520  not applica-
ble

3 520 20 3 520 20

B 3 520 29 352 000 2 900

ISO 6 35 200 293

ISO 7 C 352 000 2 930 352 000 2 900 3 520 000 29 000

ISO 8 D 3 520 000 29 300 3 520 000 29 000 not defined not defined

Source: [1, 2].
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c� a filtered air supply that maintains a pres-
sure differential and airflow to adjacent clean-
rooms of different cleanliness levels to prevent 
reversal of airflow direction between the seg-
regated cleanrooms; a combination of nega-
tive and positive pressure can also be used to 
achieve specific biosafety requirements;

d� a documented system for manual or contin-
uous monitoring of temperature, humidity, air-
supply conditions, pressure differentials, and 
viable and non-viable particle numbers (for 
environmental monitoring, see below at §8.5.2 
and §8.5.3);

e� a documented system for cleaning and disin-
fecting cleanrooms and equipment;

f� a documented system for gowning and laundry;
g� adequate space for personnel to carry out their 

operations;
h� adequate space for storage of sterile garments 

(if applicable);
i� access limited to authorised personnel.

Characteristics such as temperature and rela-
tive humidity are dependent on several factors (air 
changes in the room, number of personnel, heat load 
of the equipment, processing methods and external 
influences such as weather changes). Parameter set-
tings should not interfere with the defined cleanliness 
levels. The environmental temperature and relative 
humidity should be set to guarantee the safety and 
quality of the tissue and cells, staff comfort, electro-
static charging and discharge. Energy consumption 
can also be taken into account. For relative humidity, 
the generally accepted guidance range is 30 % to 65 % 
(ISO 14644-4) [3].

To minimise the risk of contamination, a 
positive pressure should be created relative to adja-
cent cleanrooms of a lower grade. The pressure dif-

ferential between adjacent cleanrooms of different 
grades should be at least 10 Pa (guidance values in 
GMP, Annex 1) with the maximal air pressure in the 
background environment for the Grade A zone (the 
working room in Figure 8.1) [1]. This forms a ‘pres-
sure cascade’ to prevent reversal of airflow direction 
between the segregated cleanrooms and limits the 
entry of contamination into the cleanrooms of a 
higher cleanliness level.

Stringent biosafety requirements should be 
followed if processing tissues or cells from patients 
having known viral infections, e.g. hepatitis B virus 
(HBV), hepatitis C virus (HCV) or human immuno-
deficiency virus (HIV). These should be determined 
by a documented risk analysis, considering the path-
ogenicity of the virus involved, and should consider:

a� The potential requirement for a containment 
laboratory, having reduced air pressure with 
respect to adjacent rooms. It may be possible to 
temporarily generate a containment laboratory 
in a standard cleanroom facility by increasing 
the air pressure in the change rooms to result 
in the working room having reduced air pres-
sure with respect to the last change room (see 
Figure 8.1);

b� The use of class II biosafety cabinets or isolators 
to handle contaminated material;

c� The risk of cross-contamination of other tissues 
and cells processed at the tissue establishment;

d� Personnel safety, according to Directive 
2000/54/EC on the protection of workers from 
risks related to exposure to biological agents at 
work [4];

e� Handling and treatment of contaminated 
waste materials; any waste material generated 
during the process that could potentially be 
contaminated with viruses must be carefully 
handled and treated to inactivate any contami-

Figure 8.1. Schematic plans indicating air pressure differentials between adjacent cleanrooms

Typical processing facility design Biohazard processing facility design

Change 
room 2
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Change 
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nation. Ideally, the inactivation process should 
take place before the waste material leaves the 
processing laboratory. Where this is not pos-
sible, it should be placed in hermetically sealed 
containers before being removed from the lab-
oratory for inactivation elsewhere.

Figure 8.1 shows schematic plans indicating 
the air-pressure differentials between adjacent clean-
rooms of a processing facility for conventional or 
bio hazard use. Conventional processing facilities are 
designed to protect the sample from any contamina-
tion and therefore there is an air-pressure increase 
between adjacent rooms, with the maximum air 
pressure in the processing room. However, biohazard- 
processing facilities must be designed to protect both 
the tissue and cells and the environment. Therefore, 
the installation must increase the air pressure in the 
change rooms, resulting in maximum air pressure in 
one of the change rooms, and the air pressure of the 
working room being less than in this change room. It 
is recommended that pressure differentials between 
different rooms be set to at least 15 Pa, in order to re-
liably maintain a minimum pressure differential of 
10 Pa.

8.4. Selecting the appropriate air 
quality for processing

For tissue and cell establishments in the EU, there 
must be the equivalent of Grade A with a sur-

rounding environment of at least Grade D (GMP clas-
sification). A less stringent processing environment 
may be acceptable if one of the following applies:

a� a validated microbial inactivation or validated 
terminal sterilisation process is applied; or,

b� if it is demonstrated that exposure in a Grade A 
environment has a detrimental effect on the 

required properties of the tissues or cells con-
cerned; or,

c� if it is demonstrated that the mode and route of 
application of the tissues or cells to the recip-
ient implies a significantly lower risk of trans-
mitting bacterial or fungal infection to the 
recipient than with transplantation of tissues 
and cells; or,

d� if it is not technically possible to carry out the 
required process in a Grade A environment – 
e.g. due to the requirements for specific equip-
ment in the processing area that is not fully 
compatible with Grade A (Directive 2006/86/
EC) [5].

Some national requirements are more stringent, 
requiring Grade A with a surrounding environment 
B or C for certain processes. If GMP conditions are 
required, aseptic processing must be done in a Grade 
A zone within a Grade B background environment.

As outlined in Table 8.2 the specification of 
the air quality of the processing environment should 
be decided on the basis of the particular types of 
tissue or cell and the processing method that is being 
applied. Based on a risk assessment, several factors 
(such as limitations of sampling methods, contami-
nation during manipulation, use of antimicrobials, 
transfer of contaminants at transplantation) should 
be taken into consideration when determining the 
air-quality specifications, especially when less strin-
gent conditions are applied. Where the risk of tissue 
or cell contamination during processing is high, and 
the chances of any contaminants being transferred 
to the recipient are high, a more stringent air-quality 
specification should be adopted. See also Chapter 3 
(the MiRCA tool), Chapter 9 and the tissue-specific 
recommendations provided in Part B of this guide.

The utilisation of isolator technology to min-

Table 8.2. Risks of contamination that should be considered when determining air-quality specifications of processing 
facilities

Risk Explanation
Tissue or cell contamination during open 
versus closed processing.

Processes that are functionally ‘closed’ need a less stringent processing environ-
ment than processes where tissue and cells are exposed to the environment.

Effectiveness of the processing method to 
remove contaminants.

Some tissues, even though not terminally sterilised, can be treated with various 
antimicrobial agents; this reduces the risks of transferring any contaminants.

Suboptimal detection of contaminants due 
to the sampling method.

If the only option for final microbiological sampling is swabbing or testing of 
unrepresentative samples, the risk that contaminants will be undetected is 
higher than in processes where 5-10 % destructive testing of final tissue and cell 
grafts can be performed [6].

Transfer of contaminants at transplanta-
tion.

Tissues that are minimally processed or cellularised, or that contain blood, blood 
vessels and lipids, are more likely to support microbial contaminants than those 
that are blood- and cell-depleted.
Method of application (i.e. permanent versus temporary) and site of transplanta-
tion both affect the risk of transfer of contaminants.

Source: Euro GTP Hot Topics guidance [16]
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imise human interventions in processing areas may 
result in a significant decrease in the risk of microbi-
ological contamination of aseptically manufactured 
tissue and cells. The air classification required for the 
background environment depends on the design of 
the isolator and its application. It should be controlled, 
and for aseptic processing it should be at least Grade 
D. Isolators should be used only after appropriate 
qualification. Qualification should take into account 
all critical factors of isolator technology, for example 
the quality of the air inside and outside (background) 
the isolator, sanitisation of the isolator, the transfer 
process and isolator integrity (checking for defective 
seals and pinhole leaks in the isolator gloves).

8.5. Qualification and monitoring

Processing environments should be qualified and 
monitored in accordance with EN ISO 14644 [2, 

3, 8, 9], EN 17141 [10] and EU GMP Annex 1 [1]. The 
validation master plan should be built following a 
risk-assessment exercise aiming to define the extent 
and frequency of the qualification tests in a propor-
tional manner to the risks identified. The validation 
plan should consider the initial and consequent 
qualification, as well as the at-rest and in-operation 
classification (see also Chapter 2). An example of a 
validation master plan is provided in Appendix 4 of 
this guide.

The qualification strategy should consider 
the monitoring strategy displayed over the process. 
Whenever a particular process is submitted to a 
continuous air-quality monitoring programme, the 
frequency of qualification of cleanrooms, laminar 

airflow workstations, isolators and RABS might be 
adapted accordingly to a less stringent programme.

8.5.1. Qualification

Qualification of cleanrooms and clean zones 
is required to support and verify the operating pa-
rameters and the limits for critical parameters. The 
specified acceptance criteria set should be verified, 
and therefore testing of certain parameters and spec-
ifications should be performed. 

Qualification studies enable cleanrooms to be 
classified into their appropriate grade. Classification 
is a method of assessing the level of air cleanliness 
against a specification for a cleanroom or clean-zone 
device by measuring the airborne particle concen-
tration. For classification, the required tests and ac-
ceptance criteria should be defined in the approved 
classification protocol. Classification should be per-
formed at rest and in the operational state. The classi-
fication is part of the qualification of cleanrooms and 
clean zones and should be clearly differentiated from 
monitoring operational processes.

For particle count, the minimum number of 
sampling locations related to the area of each clean-
room or clean zone to be classified is provided in EN 
ISO 14644-1. It divides the whole cleanroom or clean 
zone into sections of equal area and selects in each 
section a sampling location considered to be repre-
sentative of the characteristics of the section. The po-
sition of the particle probe should be located at the 
same height as, and in the plane of, the work activity.

The particle counter must have a valid cali-
bration certificate. The frequency and method of 

Table 8.3. Qualification tests for cleanrooms, clean zones and laminar flow hoods

Tests Specification Recommended time interval
Airborne particle count (classi-
fication test)

The total count of airborne particles (viable and non-viable) per-
formed at rest and in operation, to determine cleanliness class

12 months

Airflow test Average airflow velocity and air changes per hour 12 months

Air pressure difference Differential pressure between different rooms 12 months

Installed filter system leakage 
test 

Detection of leaks in the absolute filter and integrity testing of 
seals between filter and mounting arrangements

24 months or if resistance 
across the filter changes 
abnormally

Temperature and relative 
humidity

12 months

Recovery test The time required for a cleanroom to recover after a particle- 
generation event – normally tested for cleanrooms classified as 
Grade A or B. Maximum delay given by GMP Annex 1 is 15-20 min

24 months

Airflow direction test and 
visualisation

Airflow pattern type, i.e. unidirectional, non-unidirectional or 
mixed

24 months

Containment leak test Detection of leaks on structure 24 months

Laminar airflow velocity (lami-
nar flow hoods)

The average velocity must meet the specified acceptance criteria 12 months

Microbial contamination The total count of viable particles performed in operation 12 months
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calibration should comply with the requirement of 
ISO 21501-4 [11].

For classification, the airborne particles equal 
or greater than 0.5 µm should be measured. Classifi-
cation in operation may be carried out during routine 
or simulated operations, with a specified number of 
personnel present.

The minimum air-sample volume per sam-
pling location should be determined in accordance 

with EN ISO  14644-1 Annex A. Sequential sample 
techniques could be useful to classify a cleanroom or 
clean zone with a very low particle concentration at 
the class limit (EN ISO 14644-1 Annex D).

The cleanroom or clean zone has met the 
specified classification if the particle concentration 
measured at each of the sampling locations does not 
exceed the concentration limits as defined in the clas-
sification protocol.

Figure 8.2. Decision tree: topics and actions to be considered if microbiological-monitoring results (number of 
colonies) exceed the action limit

Result > Action limit Identication of 
colonies

Trend analysis

Investigating the 
processing and 
cleaning records, 
personnel training 
records

Evaluation of 
cleaning method 
versus identied 
contaminant (source 
and species)

Investigating the 
source of the 
contaminant(s): used 
materials

Evaluation of sterility 
test method 
sensitivity versus 
identied 
contaminants

Written risk 
analysis:  finding 
versus product 
safety

Sterility test results of 
the processed tissues

Reject or release of 
tissues/cells

Corrective or 
preventive actions

Deviation report

Note: In Grade A and B areas, detected colonies must be identified by the genus and species, and for other cleanliness according to the 
microbial-monitoring programme. Solid lines indicate minimal actions to be considered, and dashed lines indicate topics of broader 
investigations
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Periodic classification testing should be per-
formed annually in accordance with ISO  14644-1. 
This frequency can be extended, based on risk assess-
ment, the extent of the monitoring system and data 
that are consistently in compliance with acceptance 
limits or levels defined in the monitoring plan.

8.5.1.1. Other qualification tests
Table 8.3 specifies optional test methods that 

characterise the performance of cleanrooms and 
clean zones. The choice of tests should be based on 
factors such as the design of the installation, its oper-
ational states and the required level of air cleanliness. 
The selected tests should be repeated as specified in 
Table 8.3 as a part of validation master plan. Devia-
tions from the pre-set frequencies should be based 
on a formal risk assessment. All these tests should be 
undertaken by qualified professionals, at least in an 
at-rest situation in accordance with EN ISO 14644-3 
[9], which specifies ancillary tests related to other 
aspects of cleanroom performance such as pressure 

difference and airflow. The microbial load of the 
cleanroom should be determined in operational state 
as part of the cleanroom qualification. The recom-
mended maximum limits for microbial contamina-
tion during qualification for each grade are given in 
Table 8.6.

Biohazard laminar-airflow hoods should also 
be certified to national or international performance 
standards at the time of installation and recertified 
annually.

8.5.2. Monitoring particle concentration

Monitoring particle concentration provides ev-
idence of continuous compliance with the specified 
air-cleanliness class. ISO  14644-2 provides informa-
tion about a monitoring plan for a cleanroom, related 
to air cleanliness by particle concentration.

Cleanrooms and clean zones should be moni-
tored while in operation. Measuring locations should 
be determined on the basis of a formal risk analy sis 

Table 8.4. Environmental microbiological monitoring methods

Method Air or surface 
qualitative or 
quantitative

Notes

Volumetric 
sampling

Air quantitative Can be used to quantify bacteria and fungi suspended in the air surrounding the open 
product. Active sampling can be used to detect homogeneous suspensions of micro- 
organisms in the air, but it is not a reliable measure of the sporadic contamination that 
occurs during operations.
The chosen device should be shown to correspond to current standards of sensitivity 
and detection. In general, the manufacturer of the sampling instrument will recommend 
sample sizes, and this recommendation should be taken into account in the design of 
sampling strategies. Sample sizes ≥ 1 m3 should be taken for each measurement. If this 
sample size results in an unreadable number of colonies, reduced volumes may be em-
ployed to monitor Class C and D areas if justified.
The effect of capture-plate drying during sampling and transport to the microbiological 
laboratory should be determined by a validation study. Time limits should be set to 
ensure that micro-organisms remain viable up to the point of transfer to an environment 
for detection of growth promotion.

Settle plates Air qualitative This is a method that can provide continuous monitoring of micro-organisms. Can be 
used to detect bacteria and fungi that descend in a column of air over the plate.
Need to determine how long the plates can be open (usually 2-4 h). Exposed plates may 
be replaced by unused ones so that total time of exposure is reached.

Contact plates Surface quali-
tative

Plates can be used. Contact plates can be used to detect contamination by 
micro- organisms in the immediate vicinity of the work area.
The pressure and duration of contact have a significant influence on microbial yield 
(recommendation: uniform pressure for 10 s).
Tested surfaces must be cleaned after sampling. 

Swabs Surface quali-
tative

Used for wiping of surfaces that cannot be sampled with plates or strips.
A swab dampened with sterile physiological (0.9 %) NaCl solution is used to test dry 
surfaces. A dry swab is used to test damp surfaces. The sample material collected is then 
wiped onto an agar plate.
The sample area should be ≈ 25 cm2, if possible.
Tested surfaces should be cleaned after sampling.

Glove prints Glove or finger-
tips qualitative

Fingertips are the most likely area to come into contact with microbial contamination on 
work surfaces, on materials or arising from the operator and then transferred onto prod-
ucts. Glove prints (all five fingers) should be taken of both hands to assess this possibility. 
Usually placed on contact plates after processing or before changing gloves.
Gloves must not be disinfected immediately before samples are taken.
A firm and even pressure should be applied for ≈ 5-10 s taking care not to damage the 
agar surface.
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and the results obtained during qualification of 
cleanrooms. A monitoring plan, taking into consid-
eration the level of air cleanliness specified, critical 
care points and performance attributes of the clean-
room, should be created and maintained.

Adequate alert and action limits should be 
set, based on the intent and purpose of monitoring, 
taking into account the nature of the process. For 
example, bone cutting may generate numerous par-
ticles, and corneal lamellar cutting may generate 
numerous aerosols. If the alert limits are exceeded, 
further investigation or increased observation is re-
quired. If the action limits are exceeded, appropriate 
corrective actions must be taken. Frequent and con-
tinuous high particle counts should raise concerns 
because they may indicate the possibility of pollution, 
problems with a heating, ventilating and air-condi-
tioning (HVAC) system, or incorrect practices during 
routine operations. The performance of the moni-
toring systems and related trends should be period-
ically reviewed.

Monitoring may be continuous, sequential or 
periodic (but indicating specified frequency).

The system selected must be adequate for the 
monitoring operations required. If using sequential 
systems, particle losses because of the length of the 
tubes and kinks in the tubing should be considered. 
For airborne-particle counters, the frequency and 
method of calibration should be based upon current 
accepted practice as specified in ISO 21501-4 [11].

Selection of the particle monitoring system 
should also involve consideration of the risks gen-
erated by sampling during processing. The sample 
sizes taken for monitoring purposes using automated 
systems will usually be a function of the sampling 
rate of the system used. It is not necessary for the 
sample volume to be the same as that used for formal 
classification of cleanrooms and clean-air devices.

The Grade A zone should be monitored with a 
frequency that allows detection of sporadic increases 
in particle counts which may exceed acceptable limits. 
It is recommended that a similar system be used for 
Grade B zones, though the sample frequency may 
be decreased. The importance of the particle-moni-
toring system should be determined by the effective-
ness of the segregation between adjacent Grade A and 
B zones.

The particle limits given in Table 8.1 for the 
at-rest state should be achieved after a short recovery 
time period of 15-20 min in an unmanned state after 
completion of operations.

Monitoring of Grade C and D areas should be 
performed in operation and in accordance with the 
principles of quality risk management.

Temperature, relative humidity and differential 
pressure of clean areas should be monitored every day.

8.5.3. Microbiological monitoring

Microbiological monitoring provides evi-
dence of continuous compliance with the specified 
air-cleanliness class as well as evidence of contam-
ination control of aseptic process operations and 
cleaning and sanitation methods. Microbiological 
monitoring is mandatory and should be done in ac-
cordance with:

a� EN 17141 Cleanrooms and associated controlled 
environments – Biocontamination control [10]; 
or

b� EU GMP Annex 1 [1].

To define and control microbiological hazards 
it is necessary to identify the potential risks relating 
to each processing step and the potential risks of the 
tissues or cells themselves, as well as the probability 
of these risks and the mitigation actions intended to 
minimise the risks. Tissue establishments must have 
a monitoring plan that specifies:

a� acceptance limits of microbial contamination 
(action level, alert level);

b� sampling plan and frequency;
c� sampling methods and equipment;
d� sampling culture media and incubation of 

samples;
e� analyses and evaluation of results (including 

trend analyses);
f� handling of out-of-specification results.

Selection of the microbial monitoring method 
should involve consideration of the risks generated by 
sampling during processing. The sample sizes taken 
for monitoring purposes will usually be a function of 
the sampling rate of the system used. It is not neces-
sary for the sample volume to be the same as that used 
for formal qualification of cleanrooms and clean-air 
devices. Microbial samples can be taken using four 
sampling methods: volumetric air sampling, settle 
plates, contact plates and glove prints – or fingerprints. 
A non-selective culture medium, permitting growth 
of the expected micro-organisms and containing ad-
ditives to overcome the residual effect of biocides and 
cleaning agents, should be selected. Additives inhib-
iting residual biocides and cleaning agents are an es-
sential component of the culture medium.

At present no commercial neutraliser is able 
to inactivate all biocides. The choice for a sanitation 
and disinfection programme with a specific cleaning 
agent and biocide should be well considered. The 
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concentration of residue left on the surfaces after 
cleaning depends on the type of biocide and the san-
itation programme. The culture medium used for 
environmental monitoring has to be appropriately 
qualified for the growth of diverse bacteria and fungi, 
and it should be possible to demonstrate that the res-
idues generated by the sanitation programme do not 
interfere with micro-organism recovery. Table 8.4 
summarises the characteristics of these sampling 
methods.

The frequency of sampling should take into 
account the processes and activities of the staff. 
Aseptic process operations performed in a Grade A or 
B environment must be monitored routinely, during 
every process. Background and surrounding areas 
should be monitored periodically, at a pre-defined 
frequency.

8.5.4. Incubation of samples

Environmental monitoring samples should be 
incubated at a minimum of two different tempera-
tures to detect bacteria and fungi. Incubation con-
ditions for environmental microbiological testing 
are detailed in Table 8.5 Incubation for 3-5 days at 
20-25 °C followed by incubation at 30-35 °C for an ad-
ditional 2-3 days has been shown to be sufficient to 
detect most bacteria and fungi. The method chosen 
should be validated and standardised very carefully. 
Alternative methods are acceptable if high recov-
eries (> 50 %) of micro-organisms of interest can be 
demonstrated consistently [12].

If micro-organisms are expected in the en-
vironment and cannot be detected using standard 
media for environmental monitoring with the tem-
peratures recommended above, the procedure should 
be adapted accordingly.

Results of monitoring should be considered 
when making the decision whether tissues or cells 
can be released (Figure 8.2).

Recommended limits for microbiological mon-
itoring (EU GMP Annex 1) of clean areas during op-
eration are shown in Table 8.6. Alert and action levels 
for microbial contamination should be determined 
and the actions to be taken in the event that these 
levels are exceeded should be documented. The level 
should be specific to the area, determined on the 
basis of historical data and based on, for example, 
data from a single year. Levels should be reviewed 
periodically and, if necessary, updated if there are 
changes to processes.

The alert level emphasises an acceptable 
number for microbial contamination, but acts as a 
warning. Exceeding the alert level does not require 
corrective measures, but should trigger an investiga-
tion aimed at early detection of errors or deviations. 
The alert level is set at a lower level than the action 
limit. The action level emphasises a certain level of 
microbial contamination that necessitates immediate 
corrective action and corrective measures.

In Grade A and B areas, any detected colonies 
should be identified by the genus and species, and for 
other cleanliness grades according to the microbial 
monitoring programme of the tissue establishment. 

Table 8.5. Incubation conditions for environmental microbiological monitoring

Culture medium Incubation temperature Incubation period
Aerobic Trypticase soy agar irradiated 20-25 °C + 30-35 °C 3-5 days + 2-3 days

Fungi

Alternative incubation conditions

Aerobic Trypticase soy agar irradiated 30-35 °C 2-3 days

Fungi Sabouraud agar 20-25 °C 5-7 days

Note: If applicable, consider also anaerobic testing in the same culture conditions as aerobic testing but in anaerobic atmosphere.

Table 8.6. Recommended limits for microbial monitoring (EU GMP Annex 1)

Recommended limits for microbial contamination 

Grade Air sample (CFU/m3) Settle plates, diam. 
90 mm (CFU/4 hours)*

Contact plates, diam. 
55 mm (CFU/plate)

Glove print, 5 fingers 
(CFU/glove)

A† < 1 < 1 < 1 < 1

B 10 5 5 5

C 100 50 25 not applicable

D 200 100 50 not applicable

*  Individual settle plates may be exposed for less than 4 h. Where settle plates are exposed for less than 4 h, the limits in the table 
should still be used. Settle plates should be exposed for the duration of critical operations and changed as required after 4 h.

† Note that for Grade A, the expected result should be 0 CFU recovered; recovery of 1 CFU or more should result in an investigation.
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It is considered good practice to systematically iden-
tify colonies by the genus and species found in other 
cleanliness grades because this will assist with under-
standing trends and may prevent action levels being 
reached, if corrective and preventative actions can 
be identified and implemented. Figure 8.2 describes 
topics and actions to be considered if microbiological- 
monitoring results exceed the action limit. Any pres-
ence of fungi must be considered to denote deviation 
and should be identified.

After such results are obtained, tissue establish-
ments should evaluate whether the finding will affect 
the risk that tissues or cells could have been con-
taminated during processing. Tissue establishments 
should also evaluate whether corrective or preventive 
actions should be initiated. All investigations that are 
carried out should be reported in a deviation report.

8.6. Avoiding contamination and 
cross-contamination

Entry of personnel and materials to the processing 
facilities, transit and exit of personnel and ma-

terial through the processing area and the rules of 
use and clothing to be worn in them should be estab-
lished to:

a� minimise the risk of contamination of tissues 
and cells;

b� reduce the environmental bioburden;
c� protect staff from biohazards.

A written procedure designed to avoid poten-
tial contamination and/or cross-contamination from 
personnel and materials to tissues and cells should 
be in place.

Entry of personnel, tissues and cells and ma-
terials should be done through airlocks by following 
specified procedures to avoid the direct flow of non-
treated air into cleanrooms. Both airlock doors 
should not be open simultaneously. An interlocking 
system or a visual and/or audible warning system 
should be operated to prevent the opening of more 
than one door at a time.

Only the minimum number of personnel re-
quired for efficient processing should enter the pro-
cessing areas. The need for additional persons to 
be present in processing areas should be taken into 
account during risk assessment when the procedure 
is being designed.

High standards of personal hygiene and clean-
liness are essential. Changing and washing should 
follow a written procedure designed to minimise 
contamination of clean area clothing or transfer 
of contaminants to the cleanrooms. Wristwatches, 
make-up and jewellery must not be worn in clean 
areas. Outdoor clothing must not be brought into 
changing rooms that lead to Grade B and C rooms.

Required clothing should be chosen, based 
on the process and grade of the processing area. 
Minimum requirements modified from EU GMP 
Annex 1 are listed in Table 8.7. Clothing should be 
pocket-less, made of lint-free material, with tightly 

Table 8.7. Minimum clothing requirements (adapted from EU GMP Annex 1)

Classification Clothing Description
Grade D Facemask Depending on the process, at least beards and moustaches should be covered

Cap Hair should be covered

Suit A general protective suit

Shoes disinfected or sterilised shoes or overshoes

Gloves Dependent upon the process

Grade C* Facemask Depending on the process, at least beards and moustaches should be covered

Cap Hair should be covered

Suit A single or two-piece trouser suit gathered at the wrists and with high neck

Shoes disinfected or sterilised shoes or overshoes

Gloves If directly handling tissues and cells, sterile non-powdered rubber or plastic. Otherwise, 
non-sterile, non-powdered rubber or plastic are acceptable

Grade A/B* Facemask Sterile, single-use. Headgear should totally enclose facial hair. Sterile eye protection/
coverage is dependent upon the process 

Cap Sterile headgear should totally cover hair, beards and moustaches; it should be tucked 
into the neck of the suit

Suit Sterile coverall

Shoes Sterilised footwear, boot-like structure to enable the trouser-legs to be tucked inside the 
footwear

Gloves Sterile, non-powdered rubber or plastic gloves

* In general, the protective clothing material should shed no fibres, and clothing should retain the particles shed by the body.

TC5_en.indb   129TC5_en.indb   129 14/12/2022   13:21:5114/12/2022   13:21:51



130

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

fitting fasteners at the neck, wrist and ankles. For each 
worker in a Grade A/B area, clean sterile (sterilised 
or sanitised adequately) protective garments should 
normally be provided at each work session (or slightly 
less often if monitoring results justify it) but in any 
case at least once a day. Masks and gloves should be 
changed at least after each working session. Gloves 
should be changed regularly during operations. Dis-
infection of gloves is acceptable in Grade C and D 
environments as long as direct contact with tissues 
and cells is excluded. When operators are trained in 
the use of good aseptic practices, documented with 
a successful process simulation, the operator glove 
sites can be considered as a non-critical surface [13]. 
The efficacy of disinfection depends on the disin-
fectant/type of gloves combination. Disinfection of 
some gloves has an influence on the tightness of the 
gloves [14]. A complete investigation should be per-
formed and documented to evaluate the impact of 
glove disinfection.

Gowning procedures for personnel should 
be validated at least in Grade A/B areas to ensure 
that gowning materials and protocols are adequate. 
Samples should be taken from the surface in several 
fixed sites on clothing:

a� fingers of gloves;
b� facemask;
c� sleeve (forearm) of a suit;
d� front of the suit at chest height;
e� hood.

8.7. Cleaning

Appropriate sanitation of clean areas is of the 
utmost importance to satisfy environmental re-

quirements. The cleaning process (both schedule and 
procedure) should be validated, and the validated 
cleaning process should be followed to achieve the 
required level of cleanliness. The cleaning validation 
should consider the influence of the time between 
processing and cleaning and the time between 
cleaning and processing to define how long the 
cleaning process can be delayed after processing and 
how long the cleaning process remains effective. 

All cleaning procedures should be documented. 
Cleaning should be done by personnel trained for the 
procedure, cleanroom environment, workflows and 
gowning. Appropriate disinfectants should be se-
lected, based on the types of micro-organism found 
in the environment. Rotation of different types of 
disinfectant should be included in the disinfection 
programme to avoid any antibiotic resistance effect 
due to biocides [15] and to cover a wider range of 
micro- organisms. Cleaning products are made up of 

broad-spectrum disinfectants containing quaternary 
ammonium compounds, stabilised chlorine dioxide, 
hydrogen peroxide and sodium hypochlorite.

Disinfectants and detergents used in Grade A 
and B areas should be sterile before use, and be re-
placed within a defined period after opening, to be 
determined by risk assessment. Cleaning products 
should therefore not only disinfect the premises but 
also be safe for the human tissues and cells. Espe-
cially in ART centres, certain biocides might be detri-
mental for gametes and embryos, and therefore care 
should be taken in choosing the appropriate cleaning 
products and disinfectants [16]. Disinfectants and 
detergents used in Grade A and B areas should be 
sterile before use. Microbiological monitoring of the 
cleanroom should be undertaken regularly to detect 
development of resistant strains. Fumigation may be 
useful for reducing microbiological contamination 
on inaccessible surfaces.

Some tissue banks and cell banks accept ma-
terial for autologous use from donors infected with 
HIV, HBV or HCV. In such cases, separate processing 
should be done and validated cleaning procedures 
applied. After processing, the surface should be de-
contaminated using disinfectant with specific label 
claims for blood-borne pathogens (e.g. HIV, HBV, 
HCV) or a freshly diluted bleach-based product in 
accordance with manufacturer’s instructions, and 
the surface should be allowed to dry.

Inactivation of prions should be consid-
ered if risk of prion contamination has occurred, 
e.g. if tissues or cells from a Creutzfeldt–Jakob 
disease- positive donor have been processed or stored. 
Prions are very resistant to inactivation. Published 
methods for prion inactivation include physical 
and chemical methods. Concentrated solutions of 
sodium hypochlorite achieve inactivation but other 
chlorine- releasing compounds are less effective. 
Sodium hydroxide (2 M) leads to substantial (but in-
complete) inactivation. Other chemical procedures, 
such as the use of proprietary phenolic disinfectants, 
are much less effective. Infectivity can survive auto-
claving at 132-138 °C and, under certain conditions, 
the effectiveness of autoclaving declines as the tem-
perature is increased. The small resistant subpopu-
lations that survive autoclaving are not inactivated 
simply by re-autoclaving, and they acquire biological 
characteristics that differentiate them from the main 
population. Despite the limitations of autoclaving, 
combining autoclaving (even at 121 °C) with treat-
ment using sodium hydroxide is extremely effective 
[17].

Storage facilities should be cleaned according 
to a schedule. Also, handling and disposal of wastes 
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should include appropriate collection, storage and 
transportation procedures according to applicable 
European, national and local regulation.
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Chapter 9. Processing

9.1. Introduction

The term ‘processing’ means all operations in-
volved in the preparation, manipulation, pres-

ervation and packaging of tissues or cells intended 
for human application as well as inactivation of 
micro-organisms in such tissues and cells. Storage 
is necessary at various stages from procurement to 
clinical use and must be controlled and documented 
to ensure that the required properties of the tissues or 
cells are maintained and that cross-contamination or 
loss of traceability is avoided (see Chapter 10 – Storage, 
Chapter 12 – Release, distribution and import/export, 
and Chapter 16 – Traceability). Packaging and label-
ling are described in more detail in Chapter 15.

The aims of processing tissues and cells include:
a� improving the clinical outcome of a tissue graft 

or cells by removing those elements that may 
contribute to decreasing the performance of 
the tissues or cells before application, ex vivo 

– for example, decellularisation of a tissue graft, 
or removing seminal plasma by density gra-
dient centrifugation before intra-uterine in-
semination;

b� reducing the risk of disease transmission by 
the inactivation of micro-organisms or even 
sterilisation, in circumstances where cell via-
bility is not required;

c� preservation of the required properties of the 
biological material, making extended storage 
for future use possible;

d� facilitating and optimising clinical use by di-

viding a donation into multiple, ready-to-use 
units of tissues or cells.

Processing includes a range of activities in-
cluding (but not limited to) washing, cutting, grinding, 
centrifugation, soaking in antibiotic or antimicrobial 
solutions, sterilisation, separation, decellularisation, 
concentration or purification of cells, freeze drying, 
freezing, cryopreservation and thawing.

Although it can deliver great benefits, pro-
cessing can also introduce risks. The potential risks 
include:

• microbial contamination from the environ-
ment or the operator, or cross-contamination 
from other tissues or cells,

• errors in identification or labelling,
• damage to the tissues or cells that reduces their 

clinical efficacy.

For these reasons, processing of tissues and 
cells must be carried out within a comprehensive 
quality-management system, must be documented 
using standard operating procedures (SOPs) and 
must be thoroughly validated, to demonstrate that 
the quality and efficacy of the final product have not 
been unacceptably compromised and that contam-
ination or cross-contamination has not been intro-
duced during processing.

The process of procurement ends with the col-
lection of cells and tissues from a donor, and usually 
takes place in facilities outside the TE, such as hos-
pital mortuaries, operating theatres or apheresis 
units. Following procurement, the cells and tissue 
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are transferred to the TE, where they can be pro-
cessed and stored under controlled conditions. There 
are occasions when the initial steps of processing are 
performed at the procurement facility for operational 
reasons, but this is not recommended and should be 
avoided unless absolutely necessary, due to elevated 
risks of microbial contamination and cross-contami-
nation in these environments. (see §7.4.1).

This chapter provides generic guidance on the 
processing of tissues and cells carried out by tissue 
establishments (TEs). Further, more specific, guid-
ance is provided in Part B of this Guide. It is also im-
portant that TEs follow the Good Practice Guidelines 
for tissue establishments (GPG) to provide the key el-
ements of their procedures, which should be defined 
and controlled within the TE’s quality system. Where 
relevant, the GPG sections pertinent to the topic are 
referenced in each subsection of this chapter.

9.2. Receipt at the tissue 
establishment

Each TE must have a documented policy and 
specifications against which each consignment 

of tissues and cells (including blood samples from 
donors) is verified. Verification is the confirmation 
through the provision of objective evidence that spec-
ified requirements have been fulfilled. These specifi-
cations must include the technical requirements and 
other criteria considered by the TE to be essential 
for the maintenance of acceptable quality. When the 
procured tissues or cells arrive at the TE, there must 
be documented verification of the consignment. Doc-
uments must be completed covering the transport 

– including the transport conditions, packaging, la-
belling and associated documentation – and samples 
(including blood) to ensure that they meet the re-
quirements and specifications of the receiving estab-
lishment (and, in EU countries, the requirements of 
Annex IV of Commission Directive 2006/17/EC).

Upon receipt of the documentation, the pro-
curement report and shipping record (if the do-
nation was transported by a third party) must be 
cross-checked with the contents of the package. The 
packaging, the tissues and cells received, and any ac-
companying samples must all be examined to ensure 
that they have not been damaged or tampered with 
during transit.

The following must be checked and recorded 
(where appropriate):

a� (no) evidence of unauthorised opening or ma-
nipulation;

b� (no) signs of damage that might result in the 

deterioration of tissues and cells and (no) signs 
of incidents relating to storage or transport;

c� transport conditions and storage temperature 
and time in transit (unless a validated trans-
port method has been used, or a validated sur-
rogate method of confirmation, such as the 
presence of solid refrigerant in the container, 
can be employed);

d� unique identification of the donor (donation 
number);

e� description of the tissues or cells (including 
number of units per device or ampoule);

f� procurement report including procurement 
date and time;

g� purpose of tissues and cells (i.e. for transplant/
research);

h� associated samples (including blood).

The TE must ensure that the tissues and cells 
received are quarantined and stored in a defined, 
separated and adequate location under appropriate 
conditions until they, along with the associated 
documentation, have been inspected or otherwise 
verified as conforming to requirements. The accept-
ance or rejection of received tissues or cells must be 
documented.

The data that must be registered at the TE 
include:

a� consent/authorisation, including the pur-
pose(s) for which the tissues and cells may 
be used and any specific instructions for dis-
posal if the tissues or cells are not used for the 
purpose for which consent was obtained;

b� all required records relating to the procure-
ment and donor medical/behavioural history 
(see §7.5);

c� for allogeneic donors, eligibility, i.e. a prop-
erly documented review of donor evaluation 
against the appropriate selection criteria by an 
authorised and trained person;

d� in the case of tissues and cells intended for au-
tologous use, if relevant, documentation of the 
possibility of medicinal allergies (such as to 
anti biotics) of the recipient.

Review of the relevant donor/procurement in-
formation, and thus acceptance of the donation, needs 
to be carried out by specified/authorised persons.

The TE must have documented procedures for 
the management and segregation of non-conforming 
tissues or cells, or those with incomplete test results 
for infectious diseases, to ensure that there is no risk 
of contamination of other tissues and cells being pro-
cessed, preserved or stored.
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If the material is not being transported by their 
own personnel, the TE should prepare an agreement 
to be signed by third parties that defines the respon-
sibilities of each party in the transport of tissues and 
cells to the TE. Such transport should ensure the 
safety of the tissues and cells and maintenance of 
their temperature conditions, and prevent unauthor-
ised access.

Quality-control checks of procurement and 
transportation methods should be reviewed regularly 
by TEs to ensure that the integrity of tissues or cells 
and the storage temperatures are maintained during 
procurement and transit.

9.3. Coding

TEs must ensure that human tissues and cells 
are correctly identified at all times. Upon 

receipt of the tissues and cells, the TE must assign 
a unique identification code to the material if this 
has not already been done at procurement. This code 
can then be extended to identify the different prod-
ucts and batches of tissues or cells obtained during 
processing.

Tissues and cells must be labelled at all stages 
of processing (see Chapter 15 for further guidance 
on labelling and Chapter 16 for further guidance on 
traceability). The label must include a unique identi-
fier and, depending on the product, may also contain 
the following information:

a� identification of the TE;
b� type and characteristic of the product;
c� batch or lot number (if applicable);
d� recipient name (if applicable);
e� expiry date.

The coded data must be entered in a register 
maintained for the purpose.

9.4. Processing methods

Tissues and cells should be appropriately pro-
cessed, preserved and decontaminated for clin-

ical use. TEs must address all processes that affect 
quality and safety through their quality system and 
associated SOPs.

TEs must ensure that the equipment being 
used, the working environment, process design, and 
validation, verification and control conditions are in 
compliance with established quality and safety re-
quirements (see Chapter 2). Each step of processing 
must be carried out under defined conditions to 
guarantee the quality and safety of tissues and cells, 
as well as the safety of TE personnel.

If a TE entrusts one of the stages of processing 
to a third party, a written agreement is needed 
between the TE and the third party. The TE must 
evaluate and select third parties on the basis of their 
ability to meet the established standards.

The recommended time limits between pro-
curement, processing and storage are described in 
the tissue- and cell-specific sections of this Guide (see 
Part B). When appropriate, these maximum times 
from procurement (or circulatory arrest) until pro-
cessing and storage must be defined. Procurement, 
processing and storage times must be documented in 
the records for tissues and cells.

9.4.1. Processing reagents

The reagents used in processing should be 
of an appropriate grade for their intended use, be 
sterile (if applicable) and comply with existing na-
tional regulations. Use of antibiotics during pro-
curement, processing and preservation should be 
minimised, and, if used, information regarding the 
possibility of allergic reactions in the recipient must 
be included in the information provided to the end 
users. Whenever possible, reagents used for procure-
ment, processing, decontamination and preservation 
should be CE (Conformité Européenne) marked and/
or of pharmacopoeial grade, if available. Reagents 
that are not of appropriate grade must undergo risk 
assessment and validation to confirm that they are 
suitable for their intended purpose. Reagents not ap-
proved for human use may be used if an equivalent 
reagent of appropriate grade is not available, if the 
use has been authorised by national authorities and 
if the use is supported by risk assessment. The origin, 
characteristic conditions for storage (physical, chem-
ical, micro biological) and expiry dates of reagents 
should be monitored and recorded. Reagents should 
be used in a manner consistent with the instructions 
provided by the manufacturer. Critical reagents and 
consumables should have written specifications de-
scribing, if applicable:

a� materials, including:
i. the designated name and the internal code ref-

erence;
ii. the reference (if any) to a pharmacopoeia;

iii. the approved suppliers and, if possible, the 
original manufacturer of the products;

iv. a specimen of printed materials;
v. certificate of compliance from the manufactur-

er.

b� directions for sampling and testing, or refer-
ence to procedures;
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c� critical quality attributes, with acceptance 
limits;

d� shelf life, storage conditions and precautions;
e� the maximum period of storage permitted 

before re-examination.

9.4.2. Processing techniques

9.4.2.1. General principles
Processing methods must not render the tissues 

or cells clinically ineffective or harmful to the recip-
ient. They should be designed to ensure the safety and 
biological functionality of prepared tissues and cells. 
Processing methods should be validated to ensure 
they achieve their objectives (see the general text on 
validation in Chapter 2 and §9.10 below).

Processing procedures must undergo regular 
re-validation to ensure that they continue to achieve 
the intended results.

Pooling of different tissues and cells from two 
or more donors during processing is not recom-
mended. The only exception is where it is supported 
by a comprehensive risk–benefit assessment and it 
has been demonstrated to be the only way of pro-
viding sufficient clinically effective tissues or cells. 
If performed, traceability must be fully ensured. In 
the case of MAR, in each MAR cycle an oocyte or 
oocytes from one patient/donor can only be mixed 
with sperm from one donor.

9.4.2.2. Procedures
The main types of processing procedure that 

can be applied to tissues and cells include, but are not 
limited to:

• Cleansing of procured material by removal 
of extraneous tissues and bodily fluids is a 
common initial processing step. Commonly, 
scalpels, scissors and gauze wipes are used in 
this process.

• Separation is used to partition the specific type 
of tissue or cell to be processed from another 
type, for example to divide dermis and epi-
dermis, or amniotic membrane and chorion. It 
may involve the use of enzymes to separate and 
isolate tissues or cells.

• Cutting and shaping allows initial prepara-
tion of procured tissues into the shapes and 
forms required for transplantation. Different 
types of cutting device can be used, depending 
on type of tissue. For cutting bone, different 
types of saw may be used, such as oscillating 
saws, bandsaws or rotary saws, whereas for 
soft tissues such as skin and tendon, scissors or 
scalpels may be used.

• Grinding, by different types of mill, is used to 
pulverise bone tissue into smaller pieces. De-
pending on the type of bone being ground, 
actively cooled grinding mills that dissipate 
heat may be used, to prevent the bone being 
damaged by excessive temperatures caused by 
grinding friction.

• Washing may be performed for one or more of 
the following purposes:

– as an initial step in processing, e.g. to remove 
surface blood and lipids,

– as an integral part of a process, e.g. to remove 
bone-marrow components from musculoskel-
etal allografts,

– to remove traces of chemical compounds used 
during processing.

• Washing may also be used to decrease the bio-
burden of tissues. Several types of washing solu-
tion may be used, e.g. distilled water, 0.9 % NaCl, 
balanced salt solution, phosphate- buffered 
saline, or alcohols. The washing protocol uti-
lised should be validated to demonstrate that 
it does not detrimentally affect the clinical effi-
cacy or safety of the tissue [1, 2].

• Centrifugation may be used to concentrate and 
separate cells from a suspension or different 
fractions of suspensions, or to remove marrow, 
blood and lipid components from musculo-
skeletal allografts.

• Supercritical CO2 processing involves the use 
of carbon dioxide under high pressure. Under 
these conditions, this substance behaves as a 
supercritical fluid solvent, which is very effec-
tive at removing fluids, lipids and cells from 
solid tissues.

• Disinfection by soaking or rinsing in anti-
biotic or antimicrobial solutions is commonly 
used for decontamination of viable tissues that 
cannot be terminally sterilised, and as a stage 
in the processing of subsequently sterilised 
tissues to reduce the bioburden.

• Cell concentration and selection is used as an 
initial step for HPC processing or for in vitro 
cell cultures. This may also include the isola-
tion of particular cell types, e.g. mononuclear 
cells from peripheral blood.

• Filtering procedure is used after bone-marrow 
collection.

• Decellularisation is a technique that aims to 
remove most of the cellular content of the tissue, 
leaving behind just the extracellular matrix 
(ECM). These extracellular matrices may be 
implanted directly or used as a scaffold for the 
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manufacture of tissue engineered products. See 
Chapter 21, Chapter 22 and Appendix 34 for a 
more detailed discussion of decellularisation.

• Devitalisation is a term used to describe a 
process which will intentionally kill donor cells 
in a tissue, but not necessarily remove the dead 
cells from the tissue, such as freeze thawing or 
glycerolisation.

• Demineralisation is a process of chemical 
removal of the bone mineral, resulting in expo-
sure of biologically active bone morphogenetic 
proteins present in bone tissue. Demineralisa-
tion is usually performed using a dilute (0.5 M 
or 0.6 M) HCl solution.

• Freeze-thawing of tissues can be used as a pro-
cessing step, for lysis of cells prior to washing 
procedures.

TEs should satisfy themselves that any pro-
cessing that they apply to tissues and cells is not 
classified as ‘substantial manipulation’ according 
to Regulation (EC) No. 1394/2007, the Advanced 
Therapy Medicinal Products (ATMP) regulation. If 
so, there is a possibility that the tissue or cell product 
could be classified as an ATMP. Further informa-
tion can be found in Annex 1 of the Regulation, and 
guidance can be obtained from the Committee for 
Advanced Therapeutics (CAT) of the European Med-
icines Agency. In case of doubt, TEs should contact 
their Health Authority for advice.

9.5. Preservation methods

Preservation of tissues and cells for long-term 
banking is central to the operation of a TE. It is 

essential that a preservation technique appropriate 
for the graft in question is selected. The selected tech-
nique must be capable of retaining the essential prop-
erties of the graft (e.g. viability, structural integrity) 
for the duration of the maximum possible storage 
period.

9.5.1. Types of preservation

Tissues and cells can be preserved by different 
techniques including, but not limited to, refrigeration, 
freezing, lyophilisation, dehydration, cryopreserva-
tion, organ culture, vitrification or glycerolisation.

Refrigeration, or hypothermic storage, is used 
for short-term storage of tissues and cells following 
procurement, or during processing. It may also be 
used for the short-term preservation of tissues and 
cells between processing and transplantation, where 

other types of preservation are not feasible, for 
example the storage of corneas, or fresh osteochon-
dral grafts where donor cell viability is essential. Re-
frigeration involves storing tissues and cells above 
freezing point, normally at temperatures between 2 
and 8 °C or a tighter range within this overall range.

Freezing is used for pre-processing storage of 
procured tissues, for in-processing storage between 
different processing steps of non-viable tissues and for 
storage of processed tissue awaiting release for trans-
plantation. Freezing can disrupt tissues and cells [3]. 
Hence, the method of freezing used must take into 
account the eventual use of the tissues and cells.

Lyophilisation (or freeze-drying) involves de-
hydration of tissues by freezing and then reducing 
the surrounding pressure to allow the frozen water 
in tissue to sublimate directly from the solid phase to 
the gas phase. Lyophilisation prevents tissue autolysis 
and allows storage at room temperature.

Dehydration accomplishes the removal of water 
from tissues by passive evaporation, without the use 
of freezing and negative pressure as required for lyo-
philisation. It is generally used for the preservation of 
thin tissues such as amniotic membrane which can 
dry quickly at room temperature. Dehydration can 
be accelerated by placing the tissue under a contin-
uous air flow, and by the use of hygroscopic materials 
in contact with or adjacent to the tissue. 

Cryopreservation is a process where the bio-
logical and structural functions of tissues or cells 
are preserved by cooling to sub-zero temperatures 
in a cryoprotectant. This is used where cell viability 
must be maintained. The rate of cooling must also be 
controlled to prevent formation of ice crystals within 
cells, which can result in damage and loss of via-
bility and integrity. Once cryoprotectants are added, 
tissues/cells may be placed in a freezing device (such 
as a controlled-rate freezer) that gradually reduces 
the temperature of the grafts.

Organ culture involves storing tissues at nor-
mothermic temperatures, for a short period between 
completion of processing and transplantation. It is 
generally used where preservation of donor cell via-
bility and phenotype is essential and requires the use 
of nutrient-rich storage media.

Vitrification is ice-free cryopreservation. The 
crystallisation of ice is avoided by a combination of 
high cryoprotectant concentrations and rapid cooling.

Glycerolisation is a procedure for soaking 
tissues, mainly skin, in a concentrated glycerol solu-
tion. The glycerol binds water in the tissue and pre-
vents degradative processes occurring.
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9.6. Decontamination methods

Microbiological and viral safety are critical for 
cell and tissue transplants. Validated sterilisa-

tion and virus-inactivation processes are mandatory 
in many jurisdictions. In some countries a validated 
disinfection process may be accepted as an alterna-
tive to sterilisation.

It is important to clearly define terms when dis-
cussing the removal of micro-organisms and the inac-
tivation of viruses. Typically, more than one process 
contributes to the overall effect. Initial steps generally 
serve to reduce and/or control the bioburden for the 
main process.

9.6.1. Types of decontamination

9.6.1.1. Disinfection
Disinfection is a term used for non-sterilising 

processes that kill bacteria, and/or fungi and/or 
spores, and/or inactivate viruses via a known, direct 
and quantifiable physical or chemical mode of action. 
In the preparation of tissue grafts, disinfection pro-
cesses are either precursors to sterilisation processes 
or in some cases, where sterilisation is either not re-
quired or not possible, are themselves the primary 
mechanism for ensuring microbiological graft safety.

Generally, when used as a precursor to steri-
lisation, a disinfection process is intended to reduce 
the bioburden on the tissue prior to sterilisation such 
that it does not exceed a level that can be reliably and 
completely eliminated by the sterilisation process.

When used as the main step for the removal 
of bacteria, spores and fungi and the inactivation of 
viruses, the process should be validated according to 
national requirements. In some instances, sterility 
tests on individual transplants may be required.

Some establishments rely upon a validated ther-
modisinfection process for the attainment of micro-
biological transplant safety [4]. Tissues that cannot be 
subjected to high temperatures or other disinfection 
procedures may be treated with antibiotic- based dis-
infection steps. The risk that antibiotic residues could 
remain in the tissue post-disinfection, and compro-
mise post-disinfection sterility, must be considered 
[5]. Such processes should therefore be validated and 
verified for both efficacy and residual antibiotic levels. 
Information provided to users must include infor-
mation about such residues, as some patients may be 
allergic to certain antibiotics and other decontami-
nants, such as povidone iodine.

9.6.1.2. Sterilisation
Sterilisation is defined as a process that 

results in the complete absence of all cell-based 
micro- organisms capable of replication. In the 
preparation of tissue grafts a sterilisation process will 
usually also have to meet the requirements for virus 
inactivation.

Sterilisation processes can be based on moist 
or dry heat, chemical agents, irradiation or high 
pressure. Sterilisation processes used in tissue-graft 
preparation are held to exacting standards and 
must be validated and verified according to national 
requirements.

Individual validation methods for processes 
used to sterilise tissue transplants are feasible, but 
the following established, standardised approaches 
are available:

a� Sterility Assurance Level (SAL). For sterili-
sation processes with a well-defined dose/
kill relationship, a very high degree of ste-
rility assurance can be achieved and quanti-
fied with an SAL. The SAL is expressed as an 
experimentally- derived number defining the 
likelihood of a contaminant surviving the 
process. The smaller the number, the higher 
the likelihood of sterility. For some classes of 
medical device and for some medicinal prod-
ucts, there is a European requirement that a 
sterilisation process must be validated to give 
a value of SAL ≤ 10−6 for the product to be la-
belled ‘sterile’. This SAL means that the like-
lihood of non-sterility is 1 in 1 million. (This 
is often interpreted as meaning that in a the-
oretical batch with 1 million ‘units’, at least 
999 999 units must be sterile. More relevant for 
tissue transplants is the interpretation that the 
process should result in all units being sterile 
in 999 999 from 1 million cycles.) At the time of 
writing there are no defined national require-
ments within Europe for sterilisation processes 
used to treat tissue transplants to be validated 
for a specific SAL. At the same time, when an 
SAL approach is used, a manufacturer may 
have difficulty convincing national authorities 
that a process with a ‘lower’ SAL should be ap-
proved. There is a very important limitation of 
the SAL approach for sterilisation processes 
used for the treatment of tissue grafts: the SAL 
method cannot be used to quantify the efficacy 
of virus inactivation. For this reason, in coun-
tries with the most stringent quality standards 
for tissue grafts, an alternative approach is con-
sidered appropriate.

b� Potency against a panel of bacteria, spores and 
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viruses. Validation of potency can be achieved 
by application of the EN 1040 standard and/or 
Committee for Proprietary Medicinal Products 
(CPMP) guidelines [6, 7]. This type of validation 
requires that the maximum anticipated level of 
bacterial, fungal and viral contamination can 
be eliminated, by establishing the elimination 
capacity in terms of the number of log-scale 
reductions in the concentration of samples 
spiked with a panel of bacteria, fungi and 
viruses. The panel should cover Gram-positive 
and Gram-negative bacteria, spores and fungi, 
and should include known relevant ‘resistant’ 
species. In the case of viruses, relevant species 
of enveloped and non-enveloped viruses cov-
ering the range of virus particle sizes should be 
included [7].

9.6.1.3. Virus-inactivation process
The virus-inactivation process is based on 

the capability of the process to inactivate and/or 
remove virus. Validation and verification of the 
virus- inactivation process will provide the evidence 
that the process will effectively inactivate or remove 
viruses that are known to contaminate the starting 
material or that could conceivably do so. The valida-
tion is based on a choice of virus similar to the virus 
that may contaminate a tissue. Such types include en-
veloped, non-enveloped, DNA and RNA viruses [7].

9.6.2. Sterilisation methodologies applicable 
to tissue grafts

9.6.2.1. Irradiation
Irradiation with gamma particles or accelerated 

electron beams can be used for the sterilisation and 
viral inactivation of tissue transplants. For the steri-
lisation component, such processes are well suited to 
validation according to SAL. Gamma radiation is ef-
fective in killing bacteria, fungi, spores and, to a more 
variable degree, viruses. However, depending on the 
dose and irradiation conditions, gamma radiation 
can have a negative effect on the mechanical prop-
erties of the grafts. Applying appropriate, validated 
and verified irradiation conditions can substantially 
reduce these negative effects and protect the graft in-
tegrity. There are data that suggest that treatment of 
allografts with less than 25 kGy does not affect the in-
tegrity of the allograft [8]. The dose of irradiation re-
quired for sterilisation is determined by the number 
and identity of potential contaminants. TEs should 
undertake studies to evaluate the bioburden present 
on allografts prior to irradiation, and based on these 

calculate an appropriate dose of irradiation to reli-
ably accomplish sterilisation [9, 10].

High doses of irradiation and concomitant 
transient high temperatures (≥ 60 °C) are likely to 
have negative effects on transplant properties. It is, 
however, not possible to make generally applicable 
statements about the extent to which such effects 
will influence the clinical performance of transplants. 
The adverse effects of irradiation can be ameliorated 
by reducing the temperature and inclusion of radi-
oprotectant chemicals [10, 11]. Irradiating musculo-
skeletal tissues in the frozen state retains the primary 
effects of gamma irradiation sterilisation (the 
breaking of covalent bonds by high-energy gamma 
rays) while minimising the secondary effects of the 
process (generation of free radicals). Overall, this can 
reduce the damage done to allografts by the irradia-
tion process but may also provide some protection to 
micro-organisms.

9.6.2.2. Peracetic acid-ethanol treatment
This method is typical of the ‘panel’ approach in 

9.6.1.2b above. In one example of a peracetic acid (1 %) 
ethanol sterilisation process, the method was tested 
in allogenic avital bone transplants with a thickness 
of 15 mm. The process led to a reduction of virus titres 
of more than 4 log10 TCID50/mL. For viable bacteria, 
fungi and spores, a titre reduction below the detec-
tion level (5 log10 CFU/mL) was achieved after an in-
cubation time of 2 hours [12]. In the case of chemical 
treatment of tissues the question of potential residues 
could be a concern and the risk, if applicable, should 
be included in the ‘instructions for use’.

9.7. Requirements for processing 
facilities

Facilities for aseptic and clean, non-sterile pro-
cessing must be dedicated to this activity, and 

must be designed, qualified and monitored to ensure 
that the air quality is appropriate for the process 
being carried out (see Chapter 8). 

Minimising risks of contamination during 
procurement (see Chapter 7) and processing (see 
Chapter 9) activities is crucial to ensure graft safety. 
Risks are often multi-factorial and, to help quantify 
and map them, a dedicated chapter (Chapter 3) has 
been developed, as well as a tailored Microbiological 
Risk of Contamination Assessment tool (MiRCA). By 
using this tool, TEs can better understand the overall 
risk of their protocols, how risk factors are distrib-
uted along the tissue/cell supply chain, from procure-
ment to distribution, and how to implement the most 
efficient mitigation or risk-reducing measures.
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9.7.1. Avoiding contamination and cross-
contamination

In order to avoid cross-contamination, the 
tissues or cells from one donor should not come into 
contact, at any time during processing or storage, with 
tissues or cells from another donor, unless they are 
intentionally pooled. A separate set of clean, sterile 
instruments should be used for each donor. Where 
possible, these should be single-use and disposable. 
In some cases, e.g. for ocular tissue, single-use sur-
gical instruments for procurement and processing 
are available and recommended. Each tissue or cell 
product should have a batch number that is also re-
corded in the processing records.

Pooled tissues or cells should be treated as a 
single batch, ensuring that full traceability to all the 
donations included in the pool is maintained. Due to 
the high probability of cross-contamination resulting 
from pooling, it must be supported by a thorough 
risk–benefit analysis.

9.8. Quality control
9.8.1. General considerations

Tests and procedures should be carried out to 
measure, assay or monitor processing, preservation 
and storage methods, equipment and reagents to 
ensure compliance with established tolerance limits. 
Written procedures must be in place that govern 
quality control at key stages during processing. The 
written procedures should include as a minimum the 
test method, the sample size and the acceptance cri-
teria. The minimum requirements for evaluation of 
each type of tissue and cell are described in tissue- 
and cell-specific chapters (see Part B). The results of 
all tests or procedures should become part of the per-
manent processing record.

If in-process quality controls are undertaken in 
the processing area, they should be carried out so that 
there is no risk to the processing steps being followed.

9.8.2. Microbiological testing

In many cases, it is not possible to exclude 
contaminated material during processing because 
the tissue originates from parts of the body which 
contain natural microbial flora, and pre-processing 
disinfection is not 100 % effective. The microbio-
logical safety of tissues and cells is based on donor 
selection and minimisation of initial contamination, 
with the use of protocols to control and monitor con-
tamination during the entire procurement process. 
Chapter 11 describes methods of microbiological 
control. Sampling and testing methods must be val-

idated to demonstrate that the sampling method 
accurately represents the tissue and that the testing 
methods are suitable and fit for purpose.

Various procedures exist for securing mi-
crobiological control, such as decontamination by 
antibiotics, or physicochemical methods. If physico-
chemical methods are to be applied, these proce-
dures must be adapted to the type of tissue or cell and 
should be validated. The effectiveness of a decontam-
ination or inactivation procedure must be shown for 
relevant micro-organisms in the tissue or cell prepa-
ration itself and not only in an aqueous solution. The 
risk that some micro-organisms may survive decon-
tamination with antibiotics, but not be detected by 
post-decontamination microbiological testing, must 
be considered. This factor has been implicated in the 
death of, and serious injury to, patients [13, 14]. 

TEs should also consider the potential risk that 
use of antibiotics to decontaminate tissue and cell 
allografts may cause endotoxins to be released, due 
to the destruction of the cell walls of Gram-negative 
bacteria. This phenomenon is recognised clinically 
[15] when antibiotics are used to treat sepsis, but has 
not been reported following decontamination of 
tissue allografts (see Chapter 11 for further details).

Non-conforming products must be identified 
and separated from conforming products. The fate 
of non-conforming products will be decided by the 
Responsible Person (RP) in charge of the TE.

9.9. Significant changes in 
processing protocols

A documented risk assessment approved by the RP 
must determine the fate of all stored tissues and 

cells following the introduction of any new donor se-
lection or testing criterion, or any significantly mod-
ified processing step, that enhances safety or quality. 
Guidance on risk assessment is provided in Chapter 3.

A documented change-control procedure must 
be followed before any significant change is imple-
mented in processing. This must be supported by a 
comprehensive risk assessment. The purpose of this is 
to ensure that the change is justified, is documented 
and will not affect the quality of the product (see 
Chapter 2). All relevant persons should be involved 
in evaluation of the change.

As a minimum, the following aspects of any 
change in processing should be evaluated:

a� significance;
b� effect on quality;
c� need to update SOPs;
d� need to re-validate the process;
e� effects on quality-control (QC) analyses;
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f� need to inform, and be authorised by, regula-
tory authorities;

g� need to train personnel;
h� effect on risk analyses.

9.10. Process validation and 
verification

If processing is carried out according to GMP, the 
processing validation and subsequent verification 

activities must also be done according to GMP guide-
lines. In the EU, Commission Directive 2006/86/EC 
allows for validation studies to be based on any of the 
following:

a� studies undertaken by the establishment itself;
b� data from published studies;
c� for well-established processing procedures, ret-

rospective evaluation of the clinical results for 
tissues and cells supplied by the establishment.

Where validation is based on studies carried 
out by the establishment itself, reports should include 
at least the following elements:

a� a validation plan that specifies the critical pa-
rameters to be assessed and the acceptable 
result thresholds for these parameters;

b� a documented methodology;
c� all results obtained, described clearly and with 

relevant interpretation;
d� a declaration of validation acceptance or rejec-

tion signed by the quality manager (QM) or a 
person authorised by the RP.

The principle of the “worst case” scenario 
should always be applied in the design of validation 
studies; this means that the most extreme conditions 
of the processing protocol should be evaluated with 
regard to their effects on the critical quality attrib-
utes of the tissue or cell product being prepared. For 
example, if an irradiation sterilisation process is used 
for a tissue graft, validation of the antimicrobial effi-
cacy of the process should be done at the lower end 
of the acceptable dose range, while validation of the 
effects of the process on the structural properties of 
the tissue should be done at the upper end of the ac-
ceptable dose range. The equipment used for valida-
tion studies should be fully qualified, and measuring 
devices should be calibrated to traceable stand-
ards. For examples of good practice in the design of 
process validation studies, see Appendix 6. Example 
of process validation – tissue transportation and Ap-
pendix 7. Example of method validation – oocyte 
vitrification.

Where validation is based on data from pub-

lished studies, the relevant publications should be 
filed as part of the validation record. In this case, the 
TE should demonstrate that they can effectively re-
produce the published process with the same results 
in their facility (operational validation). Copies of the 
relevant SOP and the results of the operational val-
idation should be recorded, to demonstrate that the 
process is equivalent to that applied in the scientific 
literature.

Where specific steps have been significantly 
modified or adapted, separate validation should 
confirm that these changes have not invalidated the 
method. There should be a signed declaration of vali-
dation acceptance or rejection by the QM or RP.

If validation is based on retrospective evalu-
ation of the clinical results for tissues or cells sup-
plied by the establishment (i.e. for well-established 
processing procedures), data should be collected and 
analysed that include the number of tissues or cells 
implanted following processing by the method under 
consideration, and the time period (start and end 
dates/times) during which these implantations oc-
curred. It should be demonstrated that, where a vigi-
lance system was already in place at the time, clinical 
users were informed of the procedure for reporting 
adverse reactions. There should be a signed declara-
tion of validation acceptance or rejection by the QM 
or RP.

The procedures used to prevent or reduce con-
tamination during processing may vary, depending 
on the type of tissue and how it is processed. De-
contamination methods, such as antibiotic soaking, 
should be validated to demonstrate effectiveness 
against a range of contaminants similar to those 
commonly found on the tissues or cells in question. 
Such studies should be designed to ensure that re-
sidual decontaminants (e.g. antibiotics) do not affect 
the validity of the microbial tests carried out on the 
product. If the process includes a sterilisation or viral- 
inactivation step, process-specific validation studies 
should be completed to demonstrate the log reduc-
tion achieved by the process.

Subsequent to process validation and during 
routine processing, TEs should monitor tissue and 
cell quality according to a documented schedule and 
frequency. This verification will provide assurance 
of the continued capability of the process to produce 
finished tissues and cells that meet their required 
specifications. Relevant process trends (e.g. quality of 
incoming materials or components, in-process and 
finished product results, cases of non-conformance 
and defect reporting) should be collected and as-
sessed to verify the validity of the original process val-
idation and to confirm that quality control methods 
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are still fit for purpose. Documentation and tracking 
of patient outcomes constitutes a critical element of 
ongoing process verification. For new or significantly 
changed processes where significant potential risk is 
identified, a system to enable close clinical outcome 
monitoring should be agreed with clinical users.
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Chapter 10. Storage

10.1. Introduction

Storage is the maintenance of tissues and cells for 
clinical application under appropriate controlled 

conditions and it occurs at various stages from pro-
curement to clinical use. For the remit of this chapter, 
storage covers the stages from procurement to distri-
bution. Storage must be controlled and documented 
to ensure that the critical properties of the tissues 
or cells are maintained during storage and that 
cross-contamination or loss of functionality, efficacy, 
clinical effectiveness and traceability is avoided.

The opportunity to store tissues and cells is 
also common during processing and brings great 
advantages:

a� preservation of the required properties of the 
biological material, making extended storage 
for future use possible;

b� facilitating and optimising clinical use by di-
viding a donation into multiple, ready-to-use 
units of tissues or cells;

c� reducing the risk of disease transmission by 
testing of infectious diseases and microbial 
contamination prior to release and clinical use, 
though this is only possible if the tissues and 
cells can be stored under defined conditions 
for an adequate time in order to await the test 
results;

d� performing and awaiting other quality- control 
results before release, e.g. cell counts, clono-
genic assays for haematopoietic progenitor 
cells (HPC), residual moisture in lyophilised or 
dehydrated grafts.

This chapter provides generic guidance on the 
storage of tissues and cells carried out by tissue es-
tablishments (TEs). Further tissue- and cells-specific 
guidance is provided in Part B of this Guide.

10.2. Storage
10.2.1. General

Storage facilities for materials, tissues and cells 
are present in most TEs, procurement organisations, 
donation facilities and organisations responsible for 
human application (ORHA). These storage facilities 
must have policies and standard operating proce-
dures (SOPs) for all processes that affect quality and 
safety.

Storage facilities must ensure that the equip-
ment being used, the working environment, the 
process design and the qualification, validation and 
control conditions are in compliance with estab-
lished quality and safety requirements (see Chapter 2). 
Storage (before, during and after any processing ac-
tivities, as well as after release) must be carried out as 
defined in the specifications for the particular tissues 
or cells to guarantee their quality and safety. Organ-
isations must have a dedicated area or equipment 
for quarantine (temporary storage) and a plan for 
back-up storage in the event that the primary storage 
area is unavailable. An inventorial audit of tissues 
and cells stored should be performed regularly.

If an organisation entrusts one of the stages 
of storage to a third party, a written agreement is 
needed between the TE and the third party. The TE 
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must evaluate and select third parties based on their 
ability to meet the established standards of quality.

The recommended time limits between pro-
curement, processing and storage are described in 
the tissue- and cell-specific sections of this Guide (see 
Part B). These maximum times from procurement (or 
cardiac arrest) until processing and storage must be 
defined to maintain quality, safety and clinical effec-
tiveness of the tissues and cells. Procurement, pro-
cessing and storage times must be documented in the 
records for tissues and cells.

Reference samples of tissues and cells for 
quality control should be stored under the same con-
ditions as the tissues and cells themselves (e.g. HPC 
and cord blood reference samples).

In the case of termination of all activities, the 
tissue establishment must have third-party agree-
ments for transferring stored usable tissues and cells 
or for disposing of the unusable tissues and cells to 
another active tissue establishment, including quality, 
safety and traceability and data. 

10.2.2. Methods of storage

Following processing, tissues and cells must 
be stored according to currently accepted good prac-
tice, based on the best available scientific evidence 
as appropriate, for tissues and cells. All procedures 
associated with storage of tissues and cells must be 
documented in SOPs.

10.2.3. Storage temperature

Refrigeration devices/incubators containing 
tissues and cells must be suitable for the intended use, 
and the procedures for monitoring such devices must 
be appropriate so that tissues and cells are maintained 
at the required storage temperature. Continuous 
monitoring and recording of temperature, together 
with suitable alarm systems, must be employed on all 
incubators, storage refrigerators, freezers and liquid 

nitrogen tanks (see Chapter 2). The functionality of 
the alarm systems must be checked regularly. Tem-
perature ranges for storage of tissues and cells are 
shown in Table 10.1

10.2.4. Requirements for storage facilities

Facilities for storage must be dedicated to this 
activity, and must be designed, qualified and mon-
itored to ensure appropriate conditions (see §8.2). 
Out-of-order equipment must be labelled accordingly.

A written sanitation programme should be 
available, describing the frequency and methods of 
cleaning. Additionally, a pest control system should 
be in place [1].

If tissues and cells are not stored at the man-
ufacturing tissue establishment, storage may also be 
carried out at a storage facility.

Although storage facilities do not need to 
strictly follow the same environmental criteria as 
the procurement and processing facilities, once the 
tissues and cells have been processed and stored/
banked, storage facilities should maintain a secure, 
clean and stable environment for long-term storage. 
The storage facility should be large enough for its in-
tended purpose.

The room should be in a dry, cool, well- ventilated 
place, free from unnecessary heat sources. Where 
mechanical refrigerators and freezers are utilised, 
suitable air conditioning systems may be required to 
dissipate excess heat.

The necessary air-conditioning capacity for the 
storage area should be calculated on the basis of the 
actual heat load of the equipment and the environ-
mental factors.

For security reasons, access to the storage fa-
cilities must be restricted to authorised personnel. In 
facilities where compressed gases are used, appro-
priate alarms for temperature control and low levels 
of oxygen must be in place, in case of liquid nitrogen 
leaks. In case of loss of electrical power, as a part of the 

Table 10.1.  Temperature range for storage of tissues and cells

Storage method *°C minimum *°C maximum
Cryopreservation − 196 − 140

Deep frozen† − 80 − 60

Frozen‡ < − 15

Refrigerated‡ + 2 + 8

Cold or cooled‡ + 8 + 15

Room temperature‡ + 15 + 25

Organ culture + 28 + 37

* Tissue-specific temperatures are indicated in the relevant tissue or cell chapters as well as the associated monographs.
† Based on general practice.
‡ Based on the European Pharmacopoeia [2].
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general emergency plan, the storage facility should 
have an uninterrupted power supply (UPS) system 
linked to a backup generator for those devices where 
temperature cannot be maintained accordingly.

10.2.5. Selecting appropriate air quality for 
storage

In order to minimise the risk of environmental 
microbial contamination, certain areas such as cor-
ridors or open access from outdoors should be sepa-
rated from the storage area by doors. Storage rooms 
can be equipped with an HVAC (heating, ventilation 
and air conditioning) system for maintaining the 
temperature and humidity by adequate air exchange.

10.2.6. Environmental monitoring

Similarly, as with the processing rooms, if 
storage is carried out based on the principles of GMP 
and defined in the in-house environmental hygiene 
programme, monitoring systems for storage rooms 
may need to be put in place. The frequency of moni-
toring, as well as the implementation of alarm limits, 
will depend on the degree of stringency needed and 
the principles of quality risk management. Microbi-
ological contact-plate monitoring may be performed 
to demonstrate the degree of cleaning of the room 
(see §8.5.2 and §8.5.3).

10.2.7. Special safety measures for liquid 
nitrogen facilities

The organisation of the storage room should 
allow circulation and manipulation around the cryo-
genic tanks. The room must be clearly identified with 
pictograms indicating the dangers and also the lo-
cation of personal protection equipment. The staff 
need to be specially trained and qualified for these 
working conditions.

Before entering the room, the staff must be able 
to ensure that ventilation is functioning correctly 
and be able to check the oxygen level. An adapted 
mechanical ventilation (extraction and fresh-air 
intake) system, working continuously, is mandatory, 
ensuring that under normal operating conditions 
the minimum oxygen concentration is kept above a 
minimal level. Continuous monitoring of the oxygen 
level must be ensured by detectors, checked and 
maintained to the supplier’s recommendations. They 
must be placed in lower areas of the room in order to 
monitor any accumulation of nitrogen at floor level. 
The oxygen rate or alarm status must also be visible 
and audible outside the storage room.

Following nitrogen evaporation, leading to an 
oxygen level equal to or lower than 19 %, an alarm 
(visual and audible) must be activated and staff 
should then leave the room and await normalisation 
of the oxygen level. The alarm should be connected 
to a continuous monitoring station allowing alerts for 
the staff working in the room and the rescue or assis-
tance of staff, if necessary. Systems must be in place 
to ensure that, when the oxygen level in the facility 
is lower than 19 %, the facility can only be entered by 
suitably trained and qualified personnel equipped 
with an independent air supply [3].

Tank-filling systems should be designed to 
minimise evaporation of nitrogen. They should be 
equipped with safety valves and rupture discs, and 
external degassing valves for long lines.

It is important to control condensation on the 
tanks and the formation of ice inside them. The floor 
should be covered with a material resistant to low 
temperatures and high loads, allowing easy move-
ment of the tanks without shock. The tanks must be 
maintained and checked according to the manufac-
turer’s guidance. 

The entrance door of the room should be 
equipped with an oculus allowing surveillance from 
outside. Where the entirety of the room cannot be 
seen from the oculus, alternative surveillance systems, 
such as closed circuit television, should be used. The 
opening of the door should be outwards. Gloves with 
long sleeves able to protect against cold, cryoprotec-
tive aprons and shoes, as well as safety glasses (EN166) 
or visors protecting the face, must be made available 
to the staff. (For further details, see §8.2.)

10.2.8. Avoiding contamination and cross- 
contamination

Storage conditions must be designed to 
minimise the risk of mix-ups, contamination and 
cross-contamination of tissues, cells, supplies and 
reagents (see also §8.6) [4, 5, 6]. Areas designated for 
separate storage of cells and tissues in process, under 
quarantine, and released for distribution must be 
established and controlled. In order to avoid cross- 
contamination, the tissues or cells from one donor 
should not come into contact, at any time during 
storage, with tissues or cells from another donor, 
unless they are pooled intentionally. Every effort 
should be made to avoid cross-contamination of ma-
terial. It is advised that, where possible, tissues and 
cells should be stored in the vapour phase of liquid 
nitrogen, rather than by immersion.

If no alternative is available, tissues and cells 
immersed in liquid nitrogen should be double- 
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wrapped during storage or stored in a high-security 
primary container especially designed for liquid 
nitrogen (depending on the storage system, type of 
sample and after risk assessment).

This is highly important for storage with liquid 
nitrogen owing to the accumulation of microbial 
contaminants in liquid nitrogen storage vessels, as 
well as to avoid cross-contamination among samples. 
The seals and the material employed must be qual-
ified for their use at the designated storage temper-
ature and for the conditions of use, to demonstrate 
that the packaging and labelling can retain their in-
tegrity under such conditions.

In principle, to avoid contamination of tissues 
and cells, the entry of personnel to the storage facili-
ties should be reduced to a minimum.

Additionally, for periodical cleaning, a cleaning 
plan for the sanitation of the storage equipment 
should be implemented, depending on the type of 
equipment. During the cleaning process, a back-up 
unit should be used to provide the same safe con-
ditions as the storage equipment. The emptying for 
cleaning and maintenance should be scheduled in 
advance and needs to be performed following an SOP.

10.2.9. Types of storage

10.2.9.1. Quarantine storage
All human tissues and cells that are stored 

before having determined their suitability must be 
kept under quarantine. The TE must operate a system 
that identifies tissues and cells throughout any phase 
of processing and clearly distinguishes released 
products from quarantined and discarded products. 
Quarantined tissues and cells must be physically sep-
arated and visibly different (by labelling and/or pack-
aging whenever possible, or by any other means, e.g. 
computerised systems) from released tissues. An SOP 
must describe how to categorise quarantined and re-
leased tissues and cells.

To maintain physical separation, specific areas 
or storage devices (or secured segregation within 
the device) must be defined for tissues and cells in 
quarantine, for tissues and cells that must comply 
with special criteria and for tissues and cells that 
have been released; a separate area must be dedicated 
to the storage of medium and other materials used 
during the process of preparation. Access to storage 
facilities must be restricted to authorised persons. If 
the storage devices are located in a shared facility 
with other users, they must be securely locked.

10.2.9.2. Short-term storage
Because of processing methods and the life 

span of cells, some viable tissues and cells can only be 
stored for a short period of time (e.g. corneas stored 
in organ culture for about 4-5 weeks).

10.2.9.3. Long-term storage
If tissues or cells need to be stored for a longer 

period, other strategies such as cryopreservation, 
deep-freezing or lyophilisation should be consid-
ered. The long-term storage method selected must be 
suitable for maintaining the critical properties of the 
tissue or cell in question.

Obtaining and analysing the critical clinical 
outcome data can provide evidence to be used to 
verify the safety and efficacy of the storage procedures.

10.2.9.4. Storage at an organisation responsible for 
human application

Organisations responsible for human applica-
tion (ORHAs) have short- and long-term storage for 
tissues awaiting inspection, surplus or unused tissues 
and tissues recalled by TEs. Therefore, a system for 
identification of tissues and cells throughout any 
phase of the clinical application at the ORHA must 
clearly distinguish tissues and cells released from 
quarantine and/or discarded ones (see Chapter 13).

10.2.10. Expiry date

To ensure the maximum safety and quality 
of tissues and cells, it is mandatory to specify a 
maximum storage time with an expiry date for each 
type of tissue or cell and its storage conditions. The 
chosen maximum storage period for each individual 
type of tissue or cell should be validated, based on 
data from published studies, stability testing by the 
establishment or evidence-based facts (e.g. retrospec-
tive evaluation of the clinical results for tissues and 
cells supplied by the establishment), or it can be spec-
ified by national legislation. When determining the 
maximum storage period, several factors should be 
considered. These include (but are not limited to):

a� possible deterioration of the required proper-
ties of tissues and cells;

b� risks related to microbiology;
c� package integrity over time;
d� expiry of storage solutions;
e� stability at the storage temperature;
f� overall risk assessment of quality assurance: 

donor evaluation, donor testing (kits), quality 
criteria (viability, functionality after thawing), 
regulations.
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When relevant for the type of tissue or cell, the 
time of procurement should also be indicated. In 
certain specific cases, it may be possible to prolong 
the expiry date, especially in the case of cryopreserved 
HPC (i.e. cord blood), reproductive tissues and cells 
for partner donation or in cases of fertility preserva-
tion (see Chapter 29 and Chapter 30), e.g. MAR/ART 
do not have expiry dates, and HPC are retested before 
release, even after decades of storage.

10.3. Disposal of human tissues 
and cells

There must be a documented policy for disposal 
of tissues and cells that are unsuitable for clinical 
use (e.g. not meeting quality criteria, withdrawal of 
permission from donor, death of autologous donor). 
Records must include details of date and involved 
personnel, with method of and reasons for disposal. 
The material should be handled appropriately and 
disposed of in a manner compliant with local guide-
lines on control of infection. Human tissues and cells 
and other hazardous waste items should be disposed 
of in such a manner as to minimise the hazards to the 
TE’s personnel or the environment, and should be in 
conformity with applicable European, national and 
local regulations.

Disposal of human tissues and cells should be 
carried out in a manner that shows respect for funda-
mental rights and the human body. For HPC and au-
tologous tissues and cells it is necessary to document 
that the conditions for disposal defined in the consent 
prior to collection have been met, including (where 
applicable) the option to transfer the tissues and cells 
to another facility if the designated recipient is still 
alive after the agreed storage period. Disposal of cel-
lular therapy products must include a pre-collection 
written agreement between the storage facility and 
the designated recipient or the donor, defining the 
length of storage and the circumstances for disposal 
of cellular therapy products [7].

In case of MAR/ART, the donors and patients 
must declare in writing the destiny of their reproduc-
tive material when the maximum storage period has 
ended (see Chapter 29). A specific signed consent is 
needed for the acceptance of the final disposal of a 
given sample.
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Chapter 11. Principles of microbiological testing

11.1. Introduction

This chapter addresses a comprehensive strategy 
for the assessment of the microbiological quality 

and safety of human tissues and cells for human 
application. This outline of the test methods of the 
European Pharmacopoeia (Ph� Eur�) [1] takes into 
account the specific characteristics and limitations of 
human tissues and cells. The selection of these ana-
lytical methods should be based on a risk assessment 
that includes the initial microbial load (bioburden) of 
tissues and cells after procurement, the nature of the 
test sample, the availability of the test sample due to 
scarcity of tissues and cells, the ability to decontami-
nate or sterilise the final tissue or cell graft, the mode 
and route of application of tissue and cell to the re-
cipient and other relevant factors. Alternatives to the 
standard Ph� Eur� methods may be used in accordance 
with the recommendations of Ph� Eur� Chapter 5.1.6: 
‘Alternative methods for control of micro biological 
quality’. Guidance on microbiological testing for par-
ticular tissue and cell processes is provided in tissue- 
and cell-specific chapters in Part B of this Guide.

All facilities that procure, process or store 
tissues and cells should have access to the services 
of a microbiology laboratory with a fully imple-
mented quality management system and should have 
access to the advice of a suitably qualified expert 
microbiologist.

11.2. Testing

The approaches outlined in this section cover the 
microbiological testing of procurement, pro-

cessing, storage and release of tissues and cells. 

11.2.1. Sampling

Sampling for microbiological testing must be 
performed before processing starts, at any point from 
the end of the procurement process and the start of 
any processing protocols, and at the end of the pro-
cessing protocols, immediately before final pack-
aging of the tissue or cell graft. For tissues that do 
not undergo processing, there should be at least one 
sampling point prior to placing the graft in its final 
package. For some tissues and cells, pre-processing 
microbiology testing may not help to decrease the 
risk of microbiological transmission or to increase 
the safety of implantation [2, 3]. If an appropriately 
validated terminal sterilisation process is applied, 
parametric release allows tissue establishments to 
replace post-processing microbiological testing as 
a release criterion with acceptance criteria for the 
control of identified process parameters.

Because microbiological contaminants may be 
present inside the tissues and cells, as well as on the 
surface of tissues and cells, representative tissue or 
cell samples should be processed for microbiological 
testing [4]. If testing of a representative tissue or cell 
sample is not feasible owing to its nature, scarcity 
or size, sampling of the surface of tissues (swabs) or 
contact solutions (media used for storage, transport 
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or rinsing) may be appropriate for surrogate testing. 
If feasible, a representative sample of the adjacent 
tissues or cells could also be processed and used for 
testing. Even though tissues and cell samples avail-
able for testing might be limited, samples should be 
representative of the whole tissue or cell preparation 
and suitable to ensure that the chosen analytical 
method can be performed with acceptable sensitivity 
and specificity to prevent false negative or false posi-
tive test results (see Ph� Eur� 2.6.39).

11.2.2. Microbiological testing for bacteria and 
fungi

Testing for aerobic bacteria, anaerobic bacteria 
and fungi in tissue or cell samples under appropriate 
incubation conditions is the most accurate qualitative 
measure of microbiological contamination. Consid-
ering the nature of the procured tissues and cells and 
any subsequent processing step, the microbiological 
testing approach should follow the procedures out-
lined in the Ph� Eur�, specifically sections 2.6.1, 2.6.13 
or 2.6.27. Deviations from such standards should be 
justified, and alternative test methods should be val-
idated in accordance with Ph� Eur� 5.1.6� Factors such 
as samples containing antibiotics, very small sample 
amounts and/or specific micro-organisms known to 
represent a potential contamination risk may affect 
the sensitivity of tests leading, in the worst-case sce-
nario, to false-negative results. In addition to the pre-
scribed test strains, method suitability should also 
be demonstrated for tissue- and cell-associated con-
taminants, when not adequately covered by the test 
strains prescribed in the method [5]. 

Contamination with specific pathogenic micro- 
organisms should result in the discard of the tissues 
or cells unless treated with a sterilisation process val-
idated to eliminate the infectivity of such organisms 
[5-9]. If applicable, a non-exhaustive list of pathogens 
whose presence necessarily excludes the procured 
tissue or cells from further processing should be 
established by each tissue establishment based on 
Table 11.1 and their own experience. 

If release of the tissues or cells is necessary 
before the end of the required testing period, negative- 
to-date reading of the results may be carried out. In 
this case, intermediate results of the final testing in 
combination with intermediate or final results of 
in-process testing are used for tissue or cell release. 
The clinician using the relevant graft must be noti-
fied to decide if its application is clinically justified. 
If micro-organisms are detected after tissue or cell 
release, predefined measures such as identification 
and antibiotic sensitivity of the species should be 

carried out and information must be provided im-
mediately to clinicians caring for the patient. Alter-
native rapid microbiological testing methods should 
be considered, especially for preparations of tissues 
and cells with a short shelf life. Independent of the 
applied method, the fitness for purpose of rapid mi-
crobiological testing methods should be shown ac-
cording to Ph� Eur� 2.6.27 or 5.1.6. Deviations from 
these standards should be justified.

Table 11.1. Micro-organisms that, if identified in 
pre- processing tissue or cell samples, should result 
in discard of tissues or cells unless treated with 
a sterilisation process validated to eliminate the 
infectivity of such organisms*

Staphylococcus aureus, Staphylococcus lugdunensis

Streptococcus spp., Enterococcus spp.

Clostridium spp. 

Enterobacteriaceae (e.g. Escherichia coli, Enterobacter spp., 
Salmonella spp., Shigella spp., Klebsiella spp.) 

Yeast and filamentous fungi (moulds)

* Except in specific cases (e.g. HPC transplantation) where the 
decision is life-saving and where antibiotics can be applied to the 
recipient. In those cases, a case-specific risk assessment should 
be performed.

11.2.2.1. Processing using closed systems
For cells and tissues in which a closed system is 

used, pre- and post-process testing should be carried 
out. In this context, in-process testing does not yield 
more information on the microbiological status of 
the cell or tissue graft.

11.2.2.2.  Processing with terminal sterilisation
For cells and tissues that undergo a validated 

terminal sterilisation process, the requirements of 
Ph� Eur� 5.1.1 should be considered where methods of 
sterilisation are described. In particular, it should be 
shown that adequate precautions have been imple-
mented to minimise the microbial contamination 
before sterilisation and that tissues and cells with an 
acceptably low degree of microbial contamination 
have been used as determined by regular bioburden 
testing (see §11.2.5). Procedures and precautions em-
ployed for sterilisation are to be such as to give a ste-
rility assurance level (SAL) of ≥ 10−6 [10].

If the release of tissues and cells terminally 
sterilised in their final container is intended to rely 
on process data only (parametric release), and not 
on microbiological testing of the final tissue and 
cell graft, then validated procedures for all critical 
production steps and a fully validated sterilisation 
method should be applied. This approach includes 
validation of procurement of tissues or cells, trans-
portation, washing, antibiotic treatment and other 

TC5_en.indb   148TC5_en.indb   148 14/12/2022   13:21:5614/12/2022   13:21:56



149

11. PRINCIPLES OF MICROBIOLOGICAL TESTING

processing steps, packaging and storage. In some 
countries authorisation by the Health Authority is 
needed for such an approach. 

11.2.2.3. Open processing without terminal 
sterilisation or decontamination

Most tissues and cells are exposed to the direct 
environment at certain processing stages between 
procurement and packaging. Without terminal 
sterilisation, the environmental contamination risk 
during open processing should be avoided to the 
greatest possible extent. The requirements for micro-
biological sampling and testing are expected to be 
most stringent in these situations, and aseptic con-
ditions should be maintained throughout processing.

In accordance with a tissue- or cell-specific 
risk assessment, microbiological testing must be 
performed at least pre- and post-processing, unless 
justified by tissue- or cell-specific risk assessment or 
scientific evidence. Absence of microbial contamina-
tion should be confirmed by microbiological testing 
using either of the Ph� Eur� methods 2.6.1 or 2.6.27, 
depending on the nature of the preparation, or alter-
native methods validated according to Ph� Eur� 5.1.6.

In addition, enumeration of contaminants or 
detection of specified micro-organisms in in- process 
samples can be achieved using methods Ph� Eur� 
2.6.12 and 2.6.13 (as described in §11.2.5).

11.2.2.4. Processing that includes decontamination 
steps

Procedures applied for decontamination of 
tissues and cells are usually limited to approaches in 
which the vitality and functionality of the prepara-
tion can be maintained. For instance, treatment with 
antibiotics and anti-fungal agents is employed widely 
to achieve reduction of the microbial load in tissues 
and cells. Staphylococci, Streptococci, Pseudomonas, 
Bacillus, Candida, Acinetobacter, Escherichia, Cuti-
bacterium, Enterococci and Corynebacterium are 
generally the most frequently isolated organisms [11] 
and several of these strains are often susceptible to 
anti biotic decontamination procedures [12]. Efficacy 
studies focusing on the usually expected microbial 
flora of tissues or cells, as well as the type and con-
centration of effective antimicrobial agents, should 
be carried out. Based on those studies, treatment 
schemes and an exclusion list of specific contam-
inants for the incoming material should be deter-
mined, based upon not only the category of tissue 
but also upon the method by which the tissue was 
processed. 

Because of virulence mechanisms such as fac-
ultative intracellular parasitism, and persistence in a 

resting metabolic state without growth (which is re-
versible upon withdrawal of antimicrobial agents or 
stress conditions), micro-organisms can escape these 
treatments. Therefore, the efficacy of the decontami-
nation procedure should be validated for every tissue 
or cell type. Any changes in the decontamination 
procedure require risk assessment and validation of 
similar (non-inferior) efficacy of the new procedure. 

Further processing after the decontamina-
tion step should be conducted without antimicro-
bial agents, if possible. Microbiological test methods 
should be carefully evaluated with respect to possible 
inhibition of microbial growth due to such agents and, 
if needed, these agents should be removed from the 
sample matrix before microbiological testing or in-
activated by suitable techniques (e.g. Resins, Penase) 
[13]. Microbiological testing must be performed as a 
minimum pre- and post-processing unless justified 
by tissue- or cell-specific risk assessment or scientific 
evidence.

11.2.3. Testing for mycoplasma and 
mycobacteria

Testing for specific infectious agents such as 
mycoplasma and mycobacteria should be carried out 
if they are known to constitute a relevant risk. To 
identify and assess the contamination risk of specific 
tissues or cells, a sufficient number of samples from 
different tissue or cell batches should be examined. 
Possible sources for mycoplasma and mycobacteria 
contamination include the cellular starting material 
itself or its procurement, animal- or human-derived 
raw materials such as untreated sera, personnel in 
the clinic or manufacturing site, and the entire pro-
cessing method. Testing should be conducted at pro-
cessing steps at which mycoplasma (Ph� Eur� 2.6.7) or 
mycobacteria (Ph� Eur� 2.6.2) contaminations would 
most likely be detected, such as after collection, but 
before washing steps.

Mycoplasma are cell-associated micro- 
organisms that may even locate within the cell, so 
testing should always include the tissues or cells. 
Mycoplasma can penetrate sterilising-grade filter 
membranes with a nominal pore size of ≤ 0.2 µm. 
They also lack a rigid cell wall, which makes them 
unsusceptible to antimicrobial agents that target the 
cell wall. Furthermore, many broad-spectrum antibi-
otics inhibit the proliferation of mycoplasma but do 
not kill them. Hence, elimination with antibiotics is 
difficult.

Contamination with mycoplasma represents a 
potential risk for the patient because of transfer of in-
fectious microbial agents into a potentially immuno-
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compromised patient, but the effect of mycoplasma 
contamination on the tissue or cell preparation might 
also be critical. Mycoplasma are known to alter cell 
function, leading to an alteration of gene expression, 
cellular signalling and metabolic activity.

11.2.4. Testing for pyrogens

Pyrogens are microbial components that lead 
to fever if applied parenterally. In some specific sit-
uations, pyrogen contamination may be responsible 
for unexplained graft failure, e.g. pancreatic islet 
transplantation [14]. The major pyrogen of concern 
is lipopolysaccharide (LPS) derived from the outer 
membrane of Gram-negative bacteria, the so-called 
bacterial endotoxins, but also other non-endotoxin 
pyrogen contaminations are relevant, e.g. bacterial 
flagellin. Pyrogen contaminations can originate from 
the donor material itself or from raw materials, solu-
tions and instruments coming in contact with the 
tissues and cells during processing. Risk assessment 
of tissue and cell processing by tissue establishments 
should address potential risks of product contami-
nations with bacterial endotoxin and non- endotoxin 
pyrogens in respect to the intended use of the trans-
plant (e.g. route of administration, transplant size). 
The raw materials should be of adequate micro-
biological quality with specified bacterial endotoxin 
limits. 

In cases with a high bioburden status of starting 
material, testing for bacterial endotoxins might be 
warranted after elimination of viable microbes by 
decontamination or sterilisation steps. If risk as-
sessment reveals the necessity of bacterial endotoxin 
control, methods Ph� Eur� 2.6.14 (Bacterial endo-
toxins) or 2.6.32 (Test for bacterial endotoxins using 
recombinant factor C) should be used. Depending on 
the risk assessment, testing of non-endotoxin pyro-
gens in addition to endotoxin or mixtures of both can 
be performed with the monocyte activation test (Ph� 
Eur� 2.6.30). Guidance for selection of a suitable test 
strategy is provided by Ph� Eur� 5.1.10. In this chapter 
the specified endotoxin limit is 5 IU per kg of patient 
weight per bolus or hour for intravenous drugs (Ph� 
Eur� Table 5.1.10–1), which is usually applied for all 
parenteral preparations.

11.2.5. Bioburden testing

Bioburden testing is the quantitative measure 
of the microbiological status (bioburden) of tissue 
and cells. The bioburden status of starting material 
(pre-processing) should be measured as part of the 
validation and monitoring of the efficacy of decon-

tamination procedures and/or terminal sterilisation 
[15]. Regular bioburden testing should be carried out, 
based on a risk assessment if post-processing micro-
biological testing is replaced by parametric release or 
if post-processing microbiological test results are not 
available at the time of release. Although bacterial 
and fungal infection post-transplantation is rarely 
reported, some virulent microbes when present in 
high numbers on a tissue surface may form cytotoxic 
exoproducts such as proteases and toxins, which can 
have a deleterious effect on the cellular integrity or 
structural properties of the graft.

Bioburden is usually expressed as the total 
number and/or identity of micro-organisms asso-
ciated with a specific sample determined by testing. 
Bioburden test results are also used by tissue estab-
lishments to define acceptance/rejection criteria for 
tissues and cells for further processing. 

For the assessment of the bioburden status of 
the starting material, Ph� Eur� test methods 2.6.12 and 
2.6.13 can be carried out. Tissues or cells can be tested 
by a representative tissue or cell sample suspended 
in a broth medium and, less commonly, by a culture 
swab or suspension of an initial wash of the specimen. 
Although swab-based methods have a low efficiency 
of recovery, generally less than 20 % [16, 17], they 
allow a crude estimation of viable microbial contam-
inants as heavy, moderate or light, and the identifica-
tion of individual species helps to inform decisions as 
to the potential hazard of the contaminant. Rigorous 
sonication/mechanical shaking methods, exposing 
representative tissue samples to an extraction fluid 
with a surfactant, can increase the recovery efficiency 
[16]. (See also §11.3.3.)

11.3. Conditions and methods of 
microbiological testing

For each procedure, aerobic and anaerobic testing 
should be conducted under incubation conditions 

that are appropriate for the detection of tissue- or 
cell-specific bacteria and fungi (yeasts and moulds) 
as well as bacteria and fungi of environmental or 
clinical origin.

11.3.1. Sterility testing (Ph. Eur. 2.6.1)

Conditions for sterility testing are detailed in 
Table 11.2. Precautions should be taken against mi-
crobial contamination during a test (Ph� Eur� 2.6.1 and 
5.1.9). At the least, sub-cultivation should be carried 
out in a GMP Grade A laminar airflow cabinet, prop-
erly disinfected before the test, and no other activity 
should be conducted at the same time. The preferred 
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microbiological control procedure is dependent on 
the sample material.

11.3.1.1. Membrane-filtration method
This method uses membrane filters having a 

nominal pore size ≤ 0.45 µm whose effectiveness in 
retaining micro-organisms has been established.

11.3.1.2. Direct inoculation method
The direct inoculation method is suitable for 

solutions and tissue samples (i.e. solid substances). 
Sample quantities are listed in Ph� Eur� 2.6.1.

For both methods, microbial growth media are 
assessed macroscopically for evidence of microbial 
growth. During incubation, at least one intermediate 
reading and one final reading should be made. If the 
test carried out on the sample material results in tur-
bidity of the culture medium, sub-cultivation should 
be carried out (see Ph� Eur� 2.6.1).

Fungi are detected along with aerobic bacteria 
in soya-bean casein digest medium (see Ph� Eur� 2.6.1). 
However, other media and/or incubation tempera-
tures may be used, provided that the method is vali-
dated according to Ph� Eur� 5.1.6.

11.3.2. Microbiological testing using automated 
culture systems 

This method is based on the method described 
in Ph� Eur� 2.6.27 supplemented with additional in-
structions for samples containing cellular material.

11.3.2.1. Incubation conditions
Samples containing cellular material may 

result in turbidity of the culture media immediately 
after inoculation. Use of validated automated culture 
systems, which do not rely on turbidity for pathogen 
detection, may be advantageous in this case. 

Incubation in automated culture systems 
should be carried out over at least 7 days. The testing 
time can be adapted to specific requirements arising 
from the characteristics of the preparation. For 
example, if risk assessment identifies potentially 
slow-growing micro-organisms such as Cutibacte-
rium acnes the testing time could be extended up to 
14 days.

The temperature of incubation usually estab-
lished for clinical microbiology (at 37 °C) might be 
too limited to sufficiently account for a broad range 
of contaminating micro-organisms found in the 
environment or in tissues and cells. Hence, the in-
cubation conditions detailed in Table 11.3 are rec-
ommended as alternatives based on risk assessment, 
taking into account the expected microbial flora and 
environmental conditions. Testing times must be val-
idated if incubation temperature deviates from the 
temperature recommended by manufacturer.

Preparations of tissues and cells with a short 
shelf life may be released based on an intermediate 
readout of the test before the test period is completed 
(negative-to-date result). In the case of a positive 
readout during the test period after release of the 
tissue or cell graft, identification of the microbial 
species and an antibiotic susceptibility profile must 

Table 11.2. Incubation conditions for sterility testing

Culture medium Incubation temperature °C Testing period
Aerobic Soya-bean casein digest 

medium
20-25 14 days

Anaerobic Fluid thioglycolate medium 30-35 14 days

Fungi Soya-bean casein digest 
medium

20-25 14 days

Note: Fluid thioglycolate medium will also detect aerobic bacteria.

Table 11.3. Conditions for microbiological control testing according to Ph. Eur. 2.6.27*

Aerobic incubation Anaerobic incubation
Option 1 20-25 °C normally (automated system)

30-35 °C if necessary (automated system)
30-35 °C (automated system)

Option 2 35-37 °C (automated system)
and, where relevant, additional incubation at a lower temperature 
(manual method)† 

35-37 °C (automated system)

Option 3 30-32 °C (automated system) 30-32 °C (automated system)

Option 4 30-32 °C (automated system) 35-37 °C (automated system)

*  According to Ph. Eur. 2.6.27, testing period is 7 days with an automated growth-based method and may be extended up to 14 days. 
Testing period is 14 days with a manual method.

†  Where relevant, incubate in addition at 20-30 °C. Incubation can be done using commercially available microbiological media, either 
aerobic bottles intended for automated systems or tryptic soy broth (TSB).
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be carried out and the information immediately for-
warded to the caring physician.

11.3.2.2. Sample volume
For automated culture systems, recommended 

sample volumes from 100 µL up to 10 mL can be inoc-
ulated per culture bottle. Usage for testing of a small 
percentage part of total volume bears the risk of an 
increased sampling error, leading to false-negative 
results, especially if bioburden is low. Therefore, a 
larger amount of sample should be envisaged for in-
oculation (if applicable and appropriately validated).

11.3.2.3. Samples without anti-microbiological 
additives

Aerobic and anaerobic culture media bottles 
without any neutralising additives of microbial 
growth inhibitor should be used. 

11.3.2.4. Samples with anti-microbiological additives
Aerobic and anaerobic culture media bottles 

with resin or activated charcoal neutralising addi-
tives of microbial growth inhibitor should be used (if 
membrane filtration cannot be carried out due to the 
nature of the sample).

The type, amount and mixture of anti- microbial 
growth agents used during procurement and pro-
cessing or used for patient treatment (and therefore 
present in samples for microbiological testing) is 
highly variable. Culture media bottles containing 
neutralising or adsorbing substances are established 
for the testing of patients’ blood with therapeutic 
doses of a limited number of antibiotics or antimy-
cotics. Therefore, such samples should be validated 
very thoroughly for residual anti-microbial activity 
to prove the suitability of the chosen method.

11.3.2.5. Period between inoculation of culture 
bottles and incubation in an automatic 
culturing system

Inoculated culture media bottles should be 
placed into the automated culture system as soon 
as possible; if a delay occurs, they should be main-
tained at 15-20 °C [18]. If a delay period of 12 hours is 
exceeded, the results of the automated culture system 
should be verified by subculture unless otherwise 
validated. For some automated systems and delayed 
kinetic culture media bottles, manufacturer’s specifi-
cations mention as acceptable a delay up to 48 hours 
at room temperature. However, given the variability 
in terms of delay time, pre-incubation temperature 
and type of micro-organism, a delay exceeding 12 
hours should be validated.

11.3.3. Microbial enumerations tests (Ph. Eur. 
2.6.12 and 2.6.13)

The tissue-associated bioburden of aerobic 
mesophilic bacteria and fungi can be quantitatively 
enumerated either by membrane filtration or plate-
count methods according to Ph� Eur� 2.6.12. The 
preferred microbiological recovery procedure is de-
pendent on the type of sample. Different mechan-
ical techniques can be used, alone or associated, to 
extract micro-organisms of the product before filtra-
tion or plate-count method (e.g. sonication, crushing, 
blending, shaking). The addition of a surfactant, such 
as polysorbate 80, can improve the extraction. The 
extraction method should be validated. A correction 
factor can be calculated from the validation data. The 
tissue-containing jar can further be sonicated for 
5 minutes (47 kHz) followed by mechanical shaking 
for 30 minutes (200 strokes/minute) on a linear recip-
rocal shaker [16].

11.3.3.1. Membrane-filtration method
An appropriate volume of the extraction fluid 

is filtered through at least two appropriate filters 
(e.g. 0.45 µm pore size nitrocellulose filter). One filter 
should be transferred to the surface of a casein soya-
bean digest agar plate for determination of the total 
aerobic microbial count (TAMC) and one filter to the 
surface of a Sabouraud-dextrose agar plate for deter-
mination of the total combined yeasts/moulds count 
(TYMC). The casein soya-bean digest agar should 
be incubated at 30-35 °C for 3-5 days and the plate of 
Sabouraud-dextrose agar at 20-25 °C for 5-7 days. In 
addition, anaerobic bacteria can be enumerated by 
transfer of a filter to an appropriate medium plate 
(e.g. thioglycolate agar) and anaerobic incubation 
at 30-35 °C for 3-5 days. The microbial count can be 
calculated as colony-forming units (CFU) per unit 
weight or volume (gram or millilitre) or surface area 
of tissues and cells.

11.3.3.2. Plate-count methods
At least two Petri dishes for each level of sample 

dilution for each medium are prepared, either by the 
pour-plate method or by the surface-spread method. 
Plates of casein soya-bean digest agar, Sabouraud- 
dextrose agar and anaerobic medium agar are incu-
bated as stated above. Those plates should be counted 
that show the highest number of colonies less than 
250 for TAMC and 50 for TYMC, corresponding to 
a given dilution. The arithmetic mean per culture 
medium of the counts is used to calculate the number 
of CFUs per unit weight or volume (gram or milli-
litre) or surface area of tissues and cells.

For determination of the absence or limited 
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occurrence of specified micro-organisms, test con-
ditions are described in Ph� Eur� 2.6.13, in which the 
growth-promoting, inhibitory and indicative proper-
ties of specific media are described.

11.3.4. Alternative methods for control of 
microbiological quality (Ph. Eur. 5.1.6)

Alternative microbiological testing methods 
based on novel technologies that provide automated, 
rapid and more sensitive microbiological results, 
as compared with classic or conventional testing 
methods, may be used to control microbiological 
quality of pre-processing samples, in-process samples 
or final graft samples, in particular for preparations 
with a short shelf life. Validation of such alterna-
tive microbiological testing methods (examples in 
Table 11.4) should comply with requirements of Ph� 
Eur� 5.1.6, including validation for the intended use 
and demonstration of equivalence or non-inferiority 
compared with the compendia method.

11.4. Validation or verification 
of microbiological testing 
methods

Microbiological test methods listed in general 
chapters of Ph� Eur� do not require full validation. 
Only alternative methods need to be fully validated in 
accordance with Ph� Eur� 5.1.6 prior to use. However, 
every test laboratory needs to verify that it is able to 
perform the test according to recommendations of 
Chapter 2 of this Guide. Furthermore, method suit-
ability should be demonstrated for every tissue and 
cell preparation to be tested. Even small changes in 
the tissue and cell processing might result in interfer-
ence with the microbiological test procedure. There-
fore, method suitability should be re-demonstrated 
after any changes in the processing of the tissue and 
cell preparation. Similarly, changes in the test proce-
dure itself require re-demonstration of its suitability. 
Any deviation from these rules needs to be justified.

11.4.1. Growth-promotion testing

Each batch of the microbial culture medium 
used for microbiological testing should be tested for 
its growth-promoting capacities as well as being used 
to test for the microbial strains listed in the relevant 
Ph� Eur� chapters. In general, it is recommended to 
include in the assays any possibly relevant micro-
bial contaminants from the respective tissue or cell 
preparation or the environment – for instance, Cuti-

bacterium acnes and Micrococcus spp. – because of 
their specific growth properties.

Frequently, growth-promotion testing has been 
performed by the vendor of microbial media using 
set suitable micro-organisms and documented by the 
certificate for each particular medium batch. In this 
case growth promotion need not be repeated by the 
end user, provided transport and storage conditions 
are properly documented and are in accordance with 
the requirements of the vendor.

11.4.2. Method suitability

The method should be verified in the pres-
ence of the intended sample material (e.g. transport 
medium, tissues or cells). The basis for method verifi-
cation is the ‘method-suitability test’ laid down in the 
relevant chapters of Ph� Eur�

The same conditions should be chosen as for 
routine testing (e.g. culture conditions, sample type, 
sample amount). The method-suitability test should 
be undertaken using the bacterial and fungal species 
indicated in the relevant chapters of Ph� Eur� For mi-
crobiological methods not described in Ph� Eur�, vali-
dation is required, as described in Ph� Eur� 5.1.6.

It is recommended to complement the micro-
bial spectrum by tissue-specific and/or contami-
nating micro-organisms, if found to be applicable to 
the process, such as Cutibacterium acnes and Micro-
coccus spp., which are typical skin contaminants.

For instance, Cutibacterium acnes is not readily 
accessible to skin disinfection due to its prevalence 
in the sebaceous glands, and detection of this species 
in tissue preparations is not unusual. Cutibacterium 
acnes grows under anaerobic or microaerophilic 
conditions as a ‘slow-grower’ and is associated with 
a particularly long detection time, so it may be in-
cluded in method validation or verification.

The sensitivity of the chosen method should 
be shown, as described in the relevant chapters of Ph� 

Table 11.4. Alternative methods for control of 
microbiological quality

Growth-based methods Electrochemical

Gas consumption/produc-
tion

ATP bioluminescence

Turbidimetry

Direct methods Cytometry
• solid phase
• flow cytometry

Cell components methods Phenotypic

Genotypic
• RT-PCR
• Genetic fingerprinting
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Eur�, by experimental studies. Applicability of this 
method should be assessed in connection with its 
impact to ensure microbial safety of the tissues and 
cells.

Each micro-organism species should be tested 
to evaluate the capacity of the method to allow a good 
detection of the relevant micro-organisms. The effi-
cacy of the method to extract the micro- organism 
should be repeated with different samples (minimum 
3) with at least one strain. A strain of a bacterial 
aerobic germ is commonly chosen for this step, 
showing the robustness of the method.

For comparison, a positive control (without 
tissues or cells) should be included in the test for each 
test strain.

Inoculated media should be incubated under 
the conditions applied in routine testing (temper-
ature, duration) and checked for growth at regular 
intervals.

Test assays and controls should be evaluated at 
predetermined intervals during and at the end of the 
testing period. Samples for subculture should be taken 
from positive detected tests as quickly as possible. In 
the case of microbial growth, the micro- organisms 
should be identified.

If inhibition of microbiological growth by the 
sample material is identified at validation, the method 
should be adapted in an appropriate way, for instance, 
using a higher volume of the culturing media or addi-
tion of binding or enzymatic substances that inhibit 
anti-microbiological agents.

11.4.3. Documentation and interpretation of 
results

All materials used and working steps un-
dertaken should be documented. Interpretation of 
results should include at least the following factors:

a� assessment of the growth of micro-organisms 
in the presence of the tissues or cells to be 
tested and in controls;

b� specification of the microbial count for evalua-
tion of the method;

c� period of time until a positive result has been 
detected for test assays and positive controls;

d� proof of identity of inoculated micro-organ-
isms.

For negative controls or test assays without de-
tection of micro-organisms, the total testing period 
and results of the subculture (including the methods 
used) should be specified.

11.5. Microbiological examination 
of donors

Although they do not forecast what will be the 
microbiological status of the tissues, micro-

biological blood cultures can be a useful tool to give 
a picture of the microbiological status of the donor, 
especially for the diagnosis of infections in deceased 
donors [19] of tissues and cells, in addition to the re-
quired serological examinations. In the case of living 
donors, see Chapter 24 – Haematopoietic progenitor 
cells from bone marrow and peripheral blood for 
more information.

If available, the results might be also helpful 
information while assessing a potential contamina-
tion from the procurement team and environment, 
as well as cross-contamination between tissue or cell 
preparations or to evaluate the efficacy of antimicro-
bial treatment, if applicable.

Blood samples should be of sufficient quantity, 
collected properly within a suitable timeframe, pre-
pared/stored appropriately to ensure proper testing 
and accompanied by relevant clinical information. 
A clear protocol should be followed that addresses 
skin disinfection, the amount of blood obtained and 
the number of blood cultures. Skin disinfection is an 
important prerequisite for reliable results to avoid 
secondary contamination of the sample. At least a 
two-step alcoholic disinfection (preferably accom-
panied by sporicidal disinfection) should be done. 
Larger quantities of blood as well as several inde-
pendent blood cultures improve the probability of de-
tecting an infection in the donor. It is recommended 
to take at least 2-4 blood cultures (each aerobic and 
anaerobic), ideally in different vessels. The blood cul-
tures should be incubated for ≥ 5 days in order to give 
time for the potential micro-organisms to grow.

Blood samples for culture can be obtained:
• Before circulatory arrest. The results of blood 

cultures using samples collected before circu-
latory arrest provide useful information about 
the clinical status of the donor (e.g. infections 
with objectionable organisms) and can be a 
useful supplementary tool for evaluation of 
donor suitability, and the quality and safety 
of specific tissues and cells, especially if the 
tissues and cells are not terminally sterilised 
[15, 20-25].

• After cardio-circulatory arrest (in which case 
the organs, tissues and cells may be at a higher 
risk of endogenous microbiological contam-
ination), the information provided by blood 
cultures may be questionable due to agonal 
spread and post mortem bacterial translocation. 
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Manipulation of the deceased donor can lead to 
dissemination of micro-organisms from the lung and 
visceral organs to the heart. However, published data 
suggest that neither agonal nor post mortem spread 
can be expected to produce false-positive cultures if 
the body is appropriately cooled, the tissue procure-
ment is performed within 24 hours after death and 
the samples for microbiological culture are collected 
early during tissue procurement, with minimum 
possible manipulation of the deceased donor [15, 20]. 

Nevertheless, a positive culture, in the par-
ticular context of organ, tissue or cell procurement, 
may signify contamination or cross-contamination 
during procedures, indicating problems with post 
mortem microbial spread, recovery techniques and/or 
environment. These possibilities should be evaluated.

11.6. Interpretation of results and 
actions to be taken

In general, source material that demonstrates con-
tamination should be rejected unless the prepa-

ration undergoes decontamination and/or terminal 
sterilisation, and the detected bioburden can be re-
liably inactivated or removed by the intended pro-
cedure, or if it is justified by exceptional clinical 
circumstances (refer to Part B for specific examples).

Contaminated source material should be re-
jected if processing includes decontamination (but 
not terminal sterilisation) and if risk assessment 
considering the intended route of administration 
cannot exclude risk to the recipient even if adequate 
anti- microbial treatment is initiated. Such source 
materials should be evaluated on the basis of an ex-
clusion list for objectionable micro-organisms and 
bioburden status. The decontamination procedure 
should be shown to be suitable to remove or destroy 
the type and number of contaminants allowed in the 
source material. In particular, multi-drug resistant 
micro-organisms and possible toxin-producing mi-
cro-organisms, as well as yeasts and filamentous 
fungi, need to be evaluated carefully and, if appro-
priate, the tissues and cells should be rejected (see 
Table 11.1).

In the case of locally acquired contamination 
or a local infection, the microbial result applies only 
to the tissue where the contamination was detected 
and to tissues that could have been cross-contami-
nated. If bacteraemia, septicaemia (anamnestic or 
blood culture) or any other distribution of the ob-
jectionable micro-organisms (during procurement, 
storage, transport or manufacturing) cannot be ex-
cluded, other tissues should be rejected.

For contaminated autologous preparations, or 

preparations received from a specific allogeneic donor, 
where a repeated procurement cannot be conducted 
or involves a high degree of risk and it is considered 
clinically necessary to proceed with the implanta-
tion, a risk assessment based on the urgency of the 
application, judgment of infection risk and treatment 
options should be conducted. In any application of 
such preparations, measures should include full iden-
tification of the contaminating micro- organisms and 
their antibiotic susceptibility profile, as well as ade-
quate prophylaxis of the donor/recipient if the tissues 
or cells are used.
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Chapter 12. Release, distribution and import/export

12.1. Introduction

This chapter sets out the procedures for the release 
and distribution, import and export of tissues 

and cells that are deemed suitable for clinical appli-
cation; it also describes the requirements for distri-
bution of tissues and cells and defines recommended 
controls for their import and export.

Each tissue establishment (TE) must have a 
documented policy on tissue and cells release that de-
scribes which specifications should be met and when, 
how and by whom these are verified. These specifica-
tions must include all criteria considered by the TE 
to be essential for the safety and quality of the tissues 
and cells. In general, only when all specifications 
have been evaluated and met can the tissues and cells 
be distributed for clinical application.

The term ‘distribution’ should be understood 
to mean transport and delivery of tissues or cells 
to the organisation responsible for human appli-
cation of tissues and cells (ORHA). ‘Transport’ is 
meant as the act of transferring a tissue or cellular 
product between facilities under the control of suit-
ably trained, designated and authorised staff at the 
distributing and receiving facilities. ‘Shipment’ is a 
type of transport where the transfer of the tissues or 
cells from the distributing to the receiving facility is 
carried out by means of a contract with a third party, 
usually a specialised logistics company. The entire 
distribution chain must be validated appropriately, 
including the equipment used, to ensure the main-
tenance of critical transport or shipment conditions.

The terms ‘import’ and ‘export’ should be un-

derstood to include all processes and procedures that 
facilitate the entry or exit of tissues and cells, regard-
less their stage of processing, to/from a single country. 
Import/export controls must ensure that the quality 
and safety of the tissues or cells are in compliance 
with this Guide.

Tissues and cells can be transferred by a TE:
• to an ORHA within the same country, where 

they will be received and stored until clinical 
application (i.e. distribution);

• to another TE within the same country for 
local distribution.

• to another TE within the country for processing 
into tissues and cells for clinical application;

Cross-border movement of tissues and cells in-
cludes transfers:

• to a TE outside the country (i.e. export);
• from another country to a clinical facility or 

TE in the country (i.e. import).

For transfers of tissues or cells between coun-
tries that are within the European Union (EU), 
usually referred as ‘distribution’, the legislation does 
not require import/export controls to be in place pro-
vided that these tissue and cell preparations come 
from a duly authorised TE and their processes have 
also been authorised by the national Competent Au-
thority. However, several EU member states opt to 
apply more stringent requirements than those in the 
directives and consider this movement in the same 
way as import/export involving countries outside the 
EU (referred to as ‘third countries’). Written agree-

TC5_en.indb   157TC5_en.indb   157 14/12/2022   13:21:5814/12/2022   13:21:58



158

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

ments might be needed between countries in some 
member states (see §12.5.5).

12.2. Release
12.2.1. Release procedure

Release is the act of certifying compliance of 
a specific tissue or cells, or a batch of tissues or cells, 
with a pre-defined set of requirements and specifi-
cations. Before any tissues and cells are released, all 
relevant records (including current declaration forms, 
donor records, medical records, processing and 
storage records, and post-processing quality- control 
test results) must have been reviewed, approved and 
documented as acceptable by an authorised and 
trained person according to the relevant local SOP 
and national regulations. There must be an SOP that 
details the specifications, circumstances, responsibil-
ities and procedures for the release of tissues and cells.

At the time of release, donor records and tissue- 
or cell-processing records must be reviewed to ensure 
that the material is suitable for clinical use and im-
plantation. The review should include:

a� approval of donor eligibility by the responsible 
person (RP) or designated person;

b� consideration and approval of the processing 
and storage record (including environmental 
monitoring records);

c� final evaluation of the label and container to 
ensure traceability, accuracy and integrity;

d� results of screening tests on incoming material 
and in-process controls;

e� specifications for final release of tissues and 
cells based on testing results used to determine 
final release (e.g. quality controls such as via-
bility or cells count, microbiology test results, 
biological activity);

f� all the same checks if the tissue or cells are des-
ignated for autologous use; 

g� in case of deviating test results, the decision 
of the RP and the treating physician whether 
the tissue or cells can be used, but in any case 
the final decision has to be justified and docu-
mented.

There must be a documented system in place, 
supervised by the RP, for ratifying that tissues and/or 
cells meet the appropriate specifications for quality 
and safety. The RP, or personnel designated by the 
RP, must register (in writing or digital format) the 
review and fulfilment of all legal requirements, tissue 
and cells specifications and quality-release criteria as 
defined by the TE, thereby releasing the tissues and 
cells for storage in an inventory of tissues and cells 

that are available for human application. If release 
cannot be approved, the tissues or cells must be 
discarded or can be made available for research/ed-
ucational use, if a specific consent for research/edu-
cational use was given.

Released tissues must be clearly distinguishable 
(by labelling and/or packaging whenever possible, or 
by any other means, e.g. computerised systems) and 
preferably be physically separated from quarantined 
and discarded tissues. The TE must provide clinical 
users with instructions for handling and using the 
tissue or cells.

12.2.2. Exceptional release

In exceptional circumstances, a TE may agree 
with the treating physician from the ORHA that 
tissues or cells that do not meet the standard TE cri-
teria for release can be released and used in a specific 
patient. Such a release should be based on a risk–
benefit analysis taking into consideration the alterna-
tive options for the patient and the consequences of 
not providing the tissues or cells, and this analysis re-
quires documented informed consent by the treating 
physician. For more information, see Chapter 13.

12.2.3. Risk assessment

A documented risk assessment approved by the 
RP must determine the fate of all stored tissues and 
cells following the introduction of any new donor- 
selection or testing criterion or any significantly 
modified processing step that enhances safety or 
quality. Guidance on risk assessment is provided in 
Chapter 3.

12.2.4. Disposal of human tissues and cells

There must be a documented policy for dis-
posal of tissues and cells that are unsuitable for clin-
ical use. Records should include details of date and 
involved personnel, with method of and reasons for 
disposal. The material should be handled appropri-
ately and disposed of in a manner compliant with 
local control- of-infection guidelines. Human tissues, 
cells and other hazardous waste items must be dis-
posed of in such a manner as to minimise the hazards 
to the TE’s personnel or the environment, and should 
be in conformity with applicable European, national 
and local regulations.

Disposal of human tissues should be carried 
out in a manner that shows respect for fundamental 
rights and the human body. For HPC and autologous 
tissues and cells it is necessary to document that the 

TC5_en.indb   158TC5_en.indb   158 14/12/2022   13:21:5914/12/2022   13:21:59



159

12. RELEASE, DISTRIBUTION AND IMPORT/EXPORT

conditions for disposal defined in the consent prior 
to collection have been met, including (where appli-
cable) the option to transfer the tissues and cells to 
another facility if the designated recipient is still alive 
after the agreed storage period (see Chapter 24).

In case of MAR/ART, the donors and patients 
must declare in writing the destiny of their reproduc-
tive material when the maximum storage period has 
ended (see Chapter 29). A specific signed consent is 
needed for the acceptance of final disposal of a given 
sample.

Disposal of cellular therapy products must 
include a pre-collection written agreement between 
the storage facility and the designated recipient or the 
donor, defining the length of storage and the circum-
stances for disposal of cellular therapy products [1].

12.3. Transport

The choice of mode of transport should take 
into account any general regulations governing 

transport of biological substances and any specific 
handling, storage or transport recommendations 
provided by the TE.

Critical transport conditions, such as tem-
perature and time limit, must be defined to ensure 
maintenance of the required properties of tissues or 
cells [2]. When transport is carried out under storage 
conditions, the impact on transport time is minimal. 
Unfrozen products are usually transported refrig-
erated (2 to 8 °C), or cooled (8 to 15 °C) or at room 
temperature (15 to 25 °C); frozen products are trans-
ported deep-frozen (− 80  to − 60 °C in dry ice), frozen 
(< −15 °C with ice packs) or cryopreserved (< −140 °C 
in liquid nitrogen vapour phase). When the transport 
device does not allow the temperature conditions to 
be maintained over time, a time limit must be vali-
dated to guarantee that the storage conditions during 
transport do not affect the quality of the product.

For unfrozen products, such as bone marrow 
or mobilised peripheral blood, there are conflicting 
recommendations for storage and transportation – 
e.g. 4 °C versus room temperature [3, 4, 5] – so the 
transplant centre is usually requested to define the 
transport conditions they wish to be applied. But 
in any case, the TE must validate the best recom-
mended shipping temperature for their products. For 
cells and tissues potentially contaminated during the 
procurement, refrigerated transportation is generally 
recommended in order to prevent the risk of bacterial 
proliferation.

If the tissues or cells require specific envi-
ronmental conditions, the capacity of the transport 
container to maintain the required environmental 

conditions, and the length of time that these condi-
tions can be maintained by the transport container, 
must be determined by validation and documented. 
For instance, if liquid nitrogen is used to maintain 
very low temperatures, the dry-shipper must contain 
sufficient absorbed liquid nitrogen to maintain the 
storage chamber temperature < − 140 °C for a defined 
period of time, at least 48 h beyond the expected time 
of arrival at the receiving facility. In cases where the 
tissue or cells during transport could be exposed 
to a wide range of outdoor temperature (e.g. winter 
versus summer) the cycling temperature validation 
profiles should be used for validation of the transport 
container [6]. Where temperature control is critical, 
data loggers should be used to monitor temperature 
during transport or shipment, with data downloaded 
from the device providing a graph to show that tem-
perature was within the acceptable range at all times. 
Temperature indicators can be also used to indicate 
exposure to extremes of temperature.

Containers/packages must be secured and la-
belled appropriately (see Chapter 15).

Written agreements should be in place for the 
shipment of tissues and cells. In EU member states a 
written agreement must be signed between the ship-
ping company and the TE to ensure that the required 
conditions will be maintained. This document must 
describe what should happen if the tissues or cells are 
damaged or lost during shipment (see also Chapter 3) 
and must cover a requirement that any related serious 
adverse events should be identified and reported to 
the Health Authorities (see Chapter 17).

12.4. Allocation

The allocation of tissues and cells should be guided 
by clinical criteria and ethical norms. The allo-

cation rules should be equitable, externally validated 
and transparent.

The procedures for distribution of tissues and 
cells by authorised TEs must comply with the criteria 
laid out in the sections below.

It is mandatory for EU member states to have 
procedures in place for the management of requests 
for tissues and cells. The rules for allocation of tissues 
and cells to certain patients or healthcare institutions 
must be documented, and made available in appro-
priate circumstances, in the interests of transparency.

12.4.1. Visual examination

Packaged tissues or cells must be examined 
visually for appropriate labels, expiry date, container 
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integrity and security, and any evidence of contami-
nation prior to being dispatched (see Chapter 15).

12.4.2. Medical competence

Distribution for clinical application should be 
restricted to hospitals, physicians, dentists or other 
qualified medical professionals and must comply 
with all applicable national regulations.

12.4.3. Documentation

The place, date and time of pick-up and delivery 
(including time zone where relevant) and identity of 
the persons handing over and receiving the tissues 
and cells must all be recorded, and this record should 
be maintained in the TE from which the tissues or 
cells are distributed (see Chapter 2).

Any transportation must be accompanied by 
specific documentation attached to the package (see 
Chapter 7, Chapter 13 and Chapter 15).

12.4.4. Recall and return procedures

An effective recall procedure must be in place 
in every TE, including a description of the responsi-
bilities and actions to be taken in the case of a recall. 
This must include procedures for the notification of 
the relevant Health Authority/ies and all the facili-
ties/institutions potentially affected by the recall.

A documented system must be in place for the 
handling of returned products, including criteria for 
their acceptance into the inventory, if applicable.

For further information, see Chapter 16.

12.5. Import and export
12.5.1. Underlying principles

Import and export between countries should 
be done only through legally authorised tissue es-
tablishments that can guarantee that they have suf-
ficient competence to evaluate the safety and quality 
of tissues and cells from donation until distribution, 
and also can guarantee that they have adequate 
systems to meet traceability requirements. They 
should be specifically authorised for one or more of 
the following:

a� import and/or export of human tissues and/or 
cells intended for human application;

b� import and/or export of tissues or cells in-
tended for the manufacture of medicinal prod-
ucts derived from human tissues and/or cells 
(with the exception of tissues/cells that have 

been substantially manipulated, such as cell-
lines or cell banks);

c� import and/or export of procured human 
material intended for processing, storage or 
banking in a TE or cell establishment in their 
country.

As a general rule, if organisations responsible 
for human application, manufacturers of advanced 
therapy medicinal products, clinical practitioners 
or individuals identify a need to import tissues or 
cells, they should organise this through a written 
agreement with a licensed TE in their own country. 
Third-party agreements must specify the terms of the 
relationship and the relevant responsibilities, as well 
as the protocols to be followed, to meet the required 
performance specifications.

12.5.2. Import

TEs that wish to import tissues or cells should 
be able to demonstrate that the need cannot be ad-
equately met by comparable material available from 
sources within their country or that there is another 
justifiable reason for the import. They should also 
be able to justify the import in terms of accessibility, 
quality, speed of supply, risk of infection, quality of 
service, cost-effectiveness or scientific or research 
needs. They should ensure that any material intended 
for import is consistently sourced under the legal and 
ethical requirements of their country and the ex-
porting country. If the importing TE cannot satisfy 
itself that ethical standards are in place in the country 
of origin, the tissues or cells should not be imported.

The safety and quality characteristics of the 
tissues or cells to be imported must be equivalent to 
those in place within the importing country. Imports 
should be accepted only from countries that have es-
tablished procedures to authenticate the legitimacy 
of exporters and the provenance of the donated ma-
terial they supply. Exporter TEs should be asked to 
provide evidence of compliance with the regulations 
that they are required to observe before any orders 
are placed with them.

Companies that act as distributors, often also 
carrying out import and export activities, have re-
sponsibilities equivalent to those of TEs for ensuring 
the equivalent requirements for safety and quality, for 
maintaining traceability and for having adequate vig-
ilance systems in place. Fulfilment of these require-
ments implies having suitably trained, designated 
and authorised staff (including those with medical 
expertise) to evaluate donor-selection criteria and 
reports of adverse incidents and reactions.
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See also §12.5.5 below for EU requirements for 
import.

12.5.2.1. Routine importation
The importing TE should assess whether the 

supplying TE complies with the quality and safety 
recommendations in this Guide and should doc-
ument that assessment, which includes respect for 
the fundamental ethical principles of consent, non- 
remunerated donation, anonymity and respect for 
public health. The evaluation should include at least 
the following:

a� the general quality and safety systems at the 
exporting establishment, including organisa-
tional chart, staff training, facilities, processing 
methods, validation studies, traceability and 
biovigilance systems, licences and accredita-
tion (including lab certification/authorisation) 
and donor blood testing;

b� a review of the safety and quality of individual 
dispatches of tissues or cells (i.e. confirma-
tion of donor consent, verification of donor 
sample testing and the results, donor eligibility 
records, description of the tissue or cells, trans-
portation arrangements, etc.).

Potential language barriers should be consid-
ered and a common language agreed upon for all 
donor and tissue- and cell-related documentation.

A service-level agreement or contract between 
the exporting and importing TEs that clearly defines 
roles and responsibilities is a basic requirement. 
Agreed procedures for the transport of the tissues and 
cells from the country of origin to the TE in the im-
porting country must form part of the contract and 
must specify the methods to be followed to ensure 
maintenance of the required environmental con-
ditions, of the package integrity and of compliance 
with agreed timeframes. Such transportation should 
be direct, without intermediate stops when possible, 
using an approved courier. The courier or transpor-
tation service must provide records of pick-up and 
delivery to the TE so that complete traceability is 
ensured.

The agreement must specify how tissues and 
cells will be identified. Unique identifying codes must 
allow traceability and a formal and unambiguous 
identification of all tissues and cells (see Chapter 15).

Agreements between importing TEs and sup-
pliers in other countries should include provisions 
for the performance of audits at the exporting facility 
and should require that any changes to authorisa-
tion status be immediately communicated to the im-
porting TE.

12.5.2.2. ‘One-off’ importation
There may be cases where exceptional or 

one-off importation is necessary for a single patient. 
In these cases, the importing TE should ensure that 
there exists a documented evaluation of the safety 
and quality of the tissues or cells being imported. 
The importing TE should keep the documentation 
obtained from the supplying TE for the time period 
specified in national regulations (e.g. 30 years in EU 
member states).

In limited cases (e.g. in emergency situations or 
for immediate transplantation) the import of certain 
tissues and cells may be directly authorised by a 
Health Authority, which should take all the necessary 
measures to ensure that imported tissues and cells 
respect the national quality and safety standards.

12.5.3. Customs and security clearance

For clearance of Customs, all tissues and cells 
supplied from abroad require a clear description of 
the content of the consignment and its destination 
and must be labelled as described in Chapter 15. It 
is important that frozen tissues or cells, which are 
usually packed in dry ice or stored in a dry-shipper, 
as well as fresh cells and tissues for urgent medical 
need, must not be delayed at border crossings. Viable 
tissues and cells for clinical use must not be exposed 
to irradiation devices; instead they should be subject 
to a visual inspection, without impairing viability.

However, it should be noted that a study pub-
lished in 2002 concluded that even 10 passages 
through the hand-luggage control system resulted in 
no harm to haematopoietic progenitor cells (HPC) 
and lymphocytes in terms of viability and potency. 
Interestingly, the radiation dosage of passage through 
the hand-luggage control system is of 1.5 + 0.6 μSv 
compared to a radiation dose of 60 μSv received by 
the HPC during a 10 h flight [7]. The lack of data on 
long-term effects suggests that, in line with the pre-
cautionary principle, the non-irradiation rule should 
be followed for the time being. Therefore, it may be 
expedient for the importer to inform Customs in 
advance of a prospective consignment and any en-
quiries by Customs should be answered promptly. The 
agreement with the exporter should define responsi-
bilities for meeting the cost of transport, refrigeration 
and/or storage at a Customs facility for any items that 
may be detained pending Customs enquiries.

12.5.4. Acceptance at the tissue establishment

Each importing establishment must have a 
documented procedure and specifications against 
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which each consignment of tissues and cells, to-
gether with its associated documentation, is verified 
for compliance with the written agreement in place 
with the exporter. Any non-compliance should be 
reported to the exporter. Consignments should be 
examined for any evidence of tampering or damage 
during transport.

Tissues and cells must be stored in quaran-
tine in an appropriate secure location under defined 
conditions until they, along with their associated 
documentation, have been verified as conforming 
to requirements. The acceptance or rejection of re-
ceived tissues and cells must be undertaken and doc-
umented in accordance with the guidance shown in 
Chapter 13.

12.5.5. EU requirements for importing tissues 
and cells

In April 2015, a new implementing directive 
on procedures for verifying equivalent standards of 
quality and safety of imported tissues and cells was 
adopted by the EU. Commission Directive 2015/566/
EU stipulates that tissues and cells must be imported 
into the EU by an importing TE authorised for such 
imports by competent authorities. An importing TE 
is defined in the directive as:

a tissue bank or a unit of a hospital or 
another body established within the 
Union which is a party to a contractual 
agreement with a third country supplier 
for the import into the Union of tissues 
and cells coming from a third country in-
tended for human application.

Directive 2015/566/EU also lays down the obli-
gations of the importing TEs and the competent au-
thorities of EU member states who must verify that 
imported tissues and cells meet quality and safety 
standards equivalent to those in place in the EU leg-
islation for tissues and cells. These new requirements 
aim to facilitate the exchange of tissues and cells with 
non-EU countries while ensuring that high stand-
ards of quality and safety are applied whatever the 
origin of the imports.

The procedures laid down in the new direc-
tive mirror closely the verification systems already 
in place within the EU. That is, procedures on the 
authorisation and inspection of importing TEs are 
laid down, specifying the information and documen-
tation that must be provided or made available to 
Health Authorities in EU member states when TEs 
apply for import authorisations. Such information 
and documentation relates to the importing TE itself 

and the non-EU country suppliers it plans to use as a 
source of tissues and cells.

Another key element of the 2015 directive con-
cerns the need for written agreements between im-
porting TEs and their non-EU-country suppliers. 
Several minimum requirements for such agree-
ments are listed in the text with a view to ensuring 
that the roles and responsibilities of each party are 
clear and fully undertaken to ensure that equiva-
lent quality and safety standards are met. Annexes 
to the directive describe the minimum requirements 
in the information and documentation to be pro-
vided by importing TE applicants when applying to 
be accredited, designated, authorised or licensed for 
the purpose of import activities, the content of the 
authorisation certificate for the importing TE and 
the information to be provided regarding the third-
country supplier.

According to Directive (EU) 2015/565 the TE 
has the obligation to assign a Single European Code 
(SEC) on tissue and cells distributed or imported for 
human application in the EU or exported from the 
EU (see §15.2.3).

The directive allows a limited number of ex-
ceptions to certain procedures for situations where 
certain tissues and cells are imported on a one-off 
basis. A ‘one-off import’ is defined in the directive 
as the import of any specific type of tissue or cell 
which is for the personal use of an intended recipient 
or recipients known to the importing tissue estab-
lishment and third country supplier before the im-
portation occurs. Such an import of any specific type 
of tissue or cell must normally not occur more than 
once for any given recipient. Imports from the same 
third country supplier taking place on a regular or 
repeated basis must not be considered to be ‘one-off 
imports’.

Those tissues and cells imported under direct 
authorisation of the competent authority of an EU 
member state (i.e. in emergency situations or for im-
mediate transplantation) are not affected by the new 
procedures. An ‘emergency’ is defined in the direc-
tive as any unforeseen situation in which there is no 
practical alternative other than to urgently import 
tissues or cells from a third country into the Union 
for immediate application to a known recipient or 
known recipients whose health would be seriously 
endangered without such an import.

In the EU, distribution and shipment of all cells 
classified as advanced therapy medicinal products 
(ATMPs) are within the responsibility of a marketing 
authorisation holder and supervised by national/EU 
authorities for medicinal products.

Where an EU country imports from a non-EU 
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country and the ultimate destination is a different EU 
member state, then the tissues or cells should fulfil 
the quality and safety requirements of both EU coun-
tries (i.e. with one EU country acting as the point of 
entry into the EU and the other as the final receiver 
of the tissues or cells).

12.5.6. Export

Tissues or cells should not be exported if 
there is an unmet clinical need for the material in 
the country of origin. Exported material should be 
procured, used, handled, stored, transported and 
disposed of in accordance with the consent that has 
been given by the donor. Tissues and cells should 
be exported only to countries that have proper con-
trols on the use of donated material. They should be 
exported only for the purposes for which they can 
lawfully be used in the country of destination, and 
exporters should satisfy themselves beforehand that 
the human tissues and/or cells will be used for a bona 
fide clinical application or research.

TEs must ensure that the quality and charac-
teristics of the tissues and cells to be exported are 
equivalent to those of the tissues and cells implanted 
in their own country and are required in the country 
of destination.

12.6. International co-operation

For some transplant patients, including sensi-
tised patients, it may be difficult to find a match 

within their own country. In these cases, co-oper-
ation between countries is necessary and in some 
cases it may be necessary to search worldwide to 
identify suitable donors, e.g. the World Marrow 
Donor Association harmonises search and distribu-
tion worldwide. International co-operation and ex-
change of tissues and cells is necessary to increase 
the chances of providing tissues and cells for patients 
in life-threatening situations. For these reasons, it is 
important to ensure that there is good co-operation 
between organisations that allocate internationally, 
and that procurement and processing centres world-
wide use the same standards [1, 8]. Registries should 

be in place for all imported and exported tissues and 
cells to ensure transparency in the process.
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Chapter 13. Interaction between tissue establishments and 
organisations responsible for human application

13.1. Introduction

An organisation responsible for human application 
(ORHA) is a healthcare facility that carries out 

human application of tissues or cells. The type and 
frequency of interactions between a tissue establish-
ment (TE) and an ORHA may vary depending on the 
types of tissues and cells, geographical location and 
clinical environment. It is necessary to have a collab-
orative approach with well-defined roles and respon-
sibilities to be mutually beneficial to all stakeholders.

Tissues and cells for clinical application must 
be ordered by a clinician or other authorised person 
at the ORHA. On arrival at an ORHA, the respon-
sibility for maintaining the quality-assurance chain 
is transferred to that organisation. The ORHA must 
store and handle tissues and cells correctly according 
to the instructions of the supplying tissue establish-
ment (TE). The ORHA must also maintain tracea-
bility and biovigilance, which includes responsibility 
for immediately reporting serious adverse reactions 
and events to the TE and the Health Authority, par-
ticipation in the investigation and, where required, 
implementation of corrective and preventive actions 
[1, 2, 3].

13.2. Decisions on using and 
ordering tissues and cells

Clinicians intending to use tissues and cells with 
human application must be aware of the risks as-

sociated with the application of tissues and cells and 

give careful consideration to the risks and benefits of 
the procedure to the intended recipient. They should 
consider the feasibility and availability of alternative 
options, including associated risks. This must be ex-
plained to the patient in order for them to take a de-
cision on whether to undergo the procedure and give 
informed consent.

Tissues and cells for allogenic application are 
donated for the benefit of patients in need and are 
often in short supply; therefore, only the required 
amount should be ordered, to minimise the likeli-
hood of wastage. Healthcare professionals respon-
sible for the storage and preparation of human tissues 
and cells for clinical application should receive timely 
and appropriate training to ensure their compliance 
with all applicable technical and legal requirements 
that assure the quality and safety of the supplied 
tissues and cells.

13.3. Choosing a supplier of tissues 
or cells

ORHAs must comply with national regulations 
and obtain tissues and cells for human applica-

tion from a TE authorised by the Health Authority 
to distribute tissues and cells for clinical use. It is 
strongly recommended that ORHAs should obtain 
tissues or cells directly through a TE. If that is not 
possible, and the ORHA uses an organisation that 
mediates distribution between TE and ORHA, 
the ORHA should verify that the distributor is 
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authorised appropriately by a Health Authority and 
that the distributor has an agreement signed with the 
TE that processed those tissues and cells. It is recom-
mended that the ORHA select a TE supplying tissues 
and cells on a non-profit basis from voluntary unpaid 
donations as the provider. Health Authorities must 
also authorise, where appropriate, the direct distri-
bution of tissues and cells to ORHAs for immediate 
clinical application from abroad. Co-operating with 
authorised TEs ensures that the donors of tissues or 
cells have been selected and tested correctly, and that 
all quality system requirements are in place for the 
procurement, processing, storage and distribution of 
tissues or cells. 

To ensure that the quality and safety stand-
ards and the respective responsibilities of TEs and 
ORHAs are clearly set out and fully understood by 
both parties, there should be a formal service-level 
agreement (SLA) or contract in place between the 
supplying TE and the ORHA. These written agree-
ments should be signed, dated and reviewed regularly 
(as defined by the parties concerned), but sooner if 
changes are required. They must comply with rele-
vant laws and regulations. Where an ORHA and the 
supplying TE are within the same healthcare institu-
tion, responsibilities should be specified in the overall 
quality-system documentation.

Service-level agreements should include:
a� contact details for relevant persons in both 

parties, including the TE’s Responsible Person 
(RP);

b� procedures for ordering, including the method 
of assuring relevant quality and quantity pa-
rameters of ordered tissues and cells;

c� procedures for the delivery of tissues or cells, 
including liability for transport;

d� a statement that storage and preparation of 
tissues and cells for human application at the 
ORHA must comply with all relevant and spe-
cific instructions provided by the TE, including 
adherence to expiry dates;

e� procedures at the ORHA for the lawful dis-
posal of unused tissues or cells or remnants of 
tissues and cells after human application;

f� procedures, if permitted, for the return of 
tissues or cells to the TE, or to use for research;

g� responsibility for maintaining traceability and 
biovigilance, including procedures for the 
timely reporting and investigation of adverse 
reactions and adverse events, including ‘near 
misses’, and procedures for the management of 
tissue and cell recalls and look-backs;

h� procedures, where permitted, for reporting of 
relevant clinical outcome data relating to the 

quality, safety and efficacy of the applied tissues 
or cells by the ORHA to the TE (see §13.14);

i� the option for TE and ORHA to conduct an 
audit of the other party.

Where novel tissues and cells are to be sup-
plied by a TE, or where novel clinical applications 
of processed tissues and cells are intended, authori-
sation by the Health Authority is needed. The extent 
of clinical follow-up needed to evaluate the efficacy 
of the applied tissues and cells should also be agreed 
between the Health Authority, TE and ORHA (see 
Chapter 18).

Tissue establishments should distribute 
gametes, embryos and germinal tissues only to other 
authorised TEs or ORHAs for human application 
under the supervision of a clinician or other appro-
priate healthcare personnel.

In most cases, procured tissues and cells require 
processing and storage at the TE before their distribu-
tion to ORHAs for human application. In specifically 
authorised cases of direct distribution, procurement 
organisations send procured tissues and cells directly 
to the ORHA for immediate transplantation without 
any intermediate steps such as processing or storage.

Before requesting tissues or cells, the ORHA 
should confirm that the supplying TE, or the pro-
curement organisation in the case of direct distribu-
tion, is compliant with all relevant legal and technical 
standards and requirements for the lawful provision 
of tissues and cells that are safe and of appropriate 
quality. In the case of procurement of haematopoietic 
progenitor cells (HPC) or lymphocytes for unrelated 
allogeneic use, there is no direct interaction between 
the procurement organisation and the ORHA before 
cell procurement. This means that the ORHA does 
not directly select the procurement organisation 
that will procure the HPC or lymphocytes. Suitable 
donors are identified through donor registries. The 
registry is responsible for ascertaining whether the 
procurement organisation complies with appropriate 
quality and safety standards, including traceability of 
the procured cells.

13.4. Importing tissues or cells 
from other countries

If an ORHA needs to import tissues or cells from 
another country, it is good practice to make ar-

rangements through a local TE to locate and commu-
nicate with the exporting TE. In the EU, tissues and 
cells from a third country outside the EU must be 
imported through a TE authorised for importation 
by an EU Health Authority. Commission Directive 
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566/2015/EU sets out the procedures for verifying the 
equivalent standards of quality and safety of tissues 
and cells imported from third countries. The only 
exceptions to this rule are tissues and cells imported 
for direct distribution or for cases where there is an 
urgent clinical need. In the former, imported tissues 
and cells may be distributed directly for immediate 
clinical application provided the supplier is author-
ised for this activity. Urgent clinical cases include any 
unforeseen situation where there is no alternative 
other than to urgently import tissues and cells from a 
third country for immediate application to a known 
recipient or known recipients whose health would 
be seriously endangered without such an import. In 
both of these cases, the Health Authority must au-
thorise the import directly.

The importing and exporting TEs must liaise 
with each other to ensure that the equivalent stand-
ards of quality and safety required by the importing 
TE are applied. In the EU, any TE that is authorised 
by a Health Authority in its own member state may 
provide tissues or cells directly to ORHAs in other 
member states. However, some member states have 
implemented more stringent regulations that require 
formal import procedures to be followed, even if the 
tissues and cells come from another EU member state. 
It is important to be aware of the national legislation 
in place for the importation of tissues or cells from 
another country.

13.5. Exceptional release

In exceptional circumstances, an ORHA may agree 
with a TE that tissues or cells that do not meet the 

normal release criteria can be applied in a specific in-
dividual on the basis of a risk–benefit analysis, taking 
into consideration the alternative options for the in-
dividual and the consequences of not providing the 
tissues or cells. The risk assessment should be docu-
mented and shared with the treating clinician about 
the reason for the exceptional release of tissues or 
cells. The TE’s RP or nominated deputy/individual 
should liaise with the recipient’s clinician to discuss 
the exceptional release so that the treating clinician 
can make a decision by performing a risk–benefit 
analysis for the intended recipient. These discussions 
and conclusions must be documented. The treating 
clinician must inform the recipient, where possible, 
as part of the normal consenting procedure of the 
intention to use tissues or cells under exceptional 
release (see §13.6).

13.6. Recipient consent

Although donors are carefully selected and tested, 
there remains an albeit small risk of an adverse 

reaction in a recipient of tissues or cells. Recipients 
must therefore be made aware both of the risks and 
benefits of the intended treatment to be able to give 
informed consent. The Notify Library is an invalu-
able source of information for clinicians when evalu-
ating the risks associated with the human application 
of tissues and cells [3]. An additional important 
source of information on possible adverse outcomes 
and their frequency may also be based on specific 
types of tissues and cells and their specific applica-
tions, e.g. registries, if they exist; see Chapter 17 for 
more information.

Where the collection of clinical follow-up data 
is proposed, recipients may need to provide consent 
for the sharing and secondary use of their data in 
accordance with national legislation and guidance. 
In the EU, the General Data Protection Regulations 
(GDPR, Regulation EU 2016/679) provide certain ex-
emptions from the need for consent for the collection 
and use of such data under Articles 6.1 (e) and 9.2 (h). 
However, recipients must be informed about the col-
lection and use of their clinical data and, although 
they do not need to give consent, they do have the 
right to refuse to allow their data to be collected and 
used. However, their therapeutic care will remain 
unchanged. Moreover, they can request to have their 
data withdrawn at any time even though they may 
not initially have refused their permission.

The information given to a prospective recip-
ient should include at least the following:

a� a description of any adverse outcomes that 
have been reported for the given type of tissue 
or cell application;

b� an estimate of the frequency of the adverse out-
comes described;

c� whether the treatment is consolidated or if it 
involves novel methods of processing/clinical 
application;

d� information on alternative treatments, if avail-
able.

Once the appropriate information has been 
given, the recipient, if willing to proceed, should then 
consent to the treatment, according to national re-
quirements. The recipient should confirm :

a� that the risks associated with the human appli-
cation of the tissues or cells have been explained 
and the information has been understood;

b� that they accept the risks in light of the poten-
tial benefits.
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A specific consent form must be signed by 
the recipient in the case of any novelty. This novelty 
could be due to changes introduced either at the TE, 
such as introduction of new processing methodology, 
or at the ORHA, such as introduction of new clin-
ical application procedures for the tissues or cells (see 
Chapter 4 and Chapter 18).

13.7. Centralised versus devolved 
management of tissues and 
cells

Tissues and cells are either delivered directly to 
the relevant department or operating theatre in 

an ORHA (i.e. devolved management of tissues and 
cells) or they are delivered to a single, dedicated lo-
cation under the direct supervision of an authorised 
healthcare professional (i.e. centralised management 
of tissues and cells). The advantage of devolved man-
agement is that the relevant department or unit in 
the ORHA with the appropriate specialist knowledge 
takes responsibility for the tissues and cells, whereas 
under centralised management there may be a more 
uniform approach to biovigilance and traceability 
and to ensuring compliance with quality and safety 
requirements for storage, handling and inventory 
control of the tissues and cells.

Regardless of the model applied for the man-
agement of human tissues and cells, all activities 
associated with receipt, storage, handling and fol-
low-up should be incorporated into the existing qual-
ity-management system of the ORHA. The roles and 
tasks of officially designated persons should be clearly 
specified in standard operating procedures (SOPs).

13.8. Checks by ORHA on accepting 
delivery 

When tissues and cells are received by an ORHA, 
appropriate personnel should verify and 

record that:
a� the tissues or cells received correspond to what 

was ordered and to the information in the ac-
companying documentation, which must be 
complete and legible;

b� the shipping containers and primary con-
tainers are labelled with the required informa-
tion – including, where appropriate, the Single 
European Code (SEC) – and that labels are 
affixed and legible (see Chapter 15). Separate 
accompanying documents must provide any 
other relevant information that is not on the 
primary container label;

c� the shipping container and primary container 
are intact;

d� the specified expiry dates of tissues or cells 
have not been exceeded;

e� the transport temperature range was moni-
tored or maintained adequately and is accept-
able. For tissues or cells that are transported at 
low temperatures, maintenance of the required 
transport temperature can be confirmed by 
data readout from a temperature logger placed 
in the shipping container or by a residual 
coolant in the container (e.g. water ice for re-
frigerated tissues or cells and dry ice or vapour/ 
liquid nitrogen for frozen tissues or cells). The 
supplying TE should be able to provide, on 
request, a validation report to show that the re-
quired temperature can be maintained in the 
shipping container for a period of time that 
exceeds the maximum duration of transport.

Where the delivered tissues or cells do not 
comply with the above requirements, the ORHA 
must liaise with the TE to decide the correct course 
of action, which could include disposal of the tissues 
and cells or their return to the TE.

The TE must provide documentation demon-
strating that the tissues or cells comply with all the 
TE’s quality and safety standards and legal require-
ments for donation, testing and banking, along with 
specific information about the characteristics of the 
tissues and cells required by the end-user clinician.

13.9. Package insert/instructions 
and temporary storage 
before use

Once tissues or cells have been distributed by a 
TE for clinical use, appropriate storage and han-

dling become the responsibility of the ORHA. In-
structions must be available in the package insert that 
accompanies the tissues or cells, describing the ap-
propriate storage conditions and the proper handling 
procedures to be followed before clinical application. 
These instructions must be followed precisely by the 
ORHA, as specified in the contract with the TE (see 
points a to i listed in §13.3). 

Tissues and cells are stored under various 
temperature conditions, depending on their type, 
method of preservation and packaging. Where a spe-
cific storage temperature is necessary from receipt to 
clinical application, the storage device (e.g. refriger-
ator, freezer, liquid nitrogen storage tank, incubator) 
should be regularly maintained and calibrated and 
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should be secure, i.e. with restricted access. It should 
be dedicated to the storage of healthcare products 
and cleaned according to a defined protocol and fre-
quency. It should have functional alarms, and emer-
gency back-up storage capacity should be present. 
Storage procedures should address the steps to be 
taken if the temperature is outside defined limits or 
in the event of equipment/power failure. Failure to 
monitor and maintain controlled temperatures can 
result in waste of a precious resource and, if tissues 
or cells are used, serious adverse outcomes due to de-
terioration in their quality. All records pertaining to 
storage temperatures must be retained for at least 10 
years after clinical use, disposal or expiry date.

During the storage of tissues and cells at the 
ORHA before clinical application, they must be kept 
together with their associated documentation or else 
the documentation must be reliably linked to the 
tissues or cells and easily accessible. The accompa-
nying documentation must specify the presence of 
particular additives or reagents that may adversely 
affect the recipient (e.g. antibiotics, allergens). If there 
is no package insert accompanying the tissues or cells, 
they should not be used.

Some EU member states regard short-term 
storage of tissues or cells at an ORHA as a licens-
able activity that requires specific authorisation from 
a Health Authority. Therefore, it is important to 
be aware of the national legislation in place for the 
storage of tissues or cells at an ORHA.

13.10. Inspection of the container, 
documentation and tissues or 
cells prior to application

Before human application, the container/pack-
aging must be inspected and the accompanying 

documentation must be reviewed and confirmed to 
be complete and legible. The label should be checked 
and compared with the description on the package 
insert to confirm that the material is indeed what 
was ordered for the patient and is what is shown on 
the label. The packaging and the contents should be 
inspected for any signs of damage during transport. 
Where temperature during transport and storage at 
the ORHA is critical, there should be confirmation 
that the required temperature has been maintained.

In the case of tissues, the graft should be exam-
ined once the container has been opened to confirm 
that the anatomical characteristics are as shown on 
the label (e.g. left versus right femur, aortic versus pul-
monary heart valve).

Tissues to be used in surgery should be specified 
and their use documented in the surgical checklist.

13.11. Preparation of tissues or cells 
before use

Instructions for opening the container or package, 
and any required manipulation or reconstitution 

(e.g. thawing, washing, rehydration), as well as infor-
mation on expiry dates after opening/manipulation 
and the presence of any potentially harmful residues 
or reagents that may adversely affect the recipient 
(e.g. antibiotics, ethylene oxide), must be provided on 
the label or in the documentation accompanying the 
tissues or cells.

The handling instructions provided by the TE 
for the preparation of tissues and cells for human ap-
plication should be followed precisely. Any departure 
from the instructions provided by the TE is at the 
discretion of the clinical user, who must take full re-
sponsibility for any adverse outcome resulting from 
not adhering to the instructions provided by the TE.

13.12. Surplus or unused tissues or 
cells

Tissues or cells remaining from a clinical pro-
cedure must not be used in another patient; 

any residue should be discarded as clinical or ana-
tomical waste, in accordance with national rules, or 
returned to the supplying TE for appropriate and 
lawful disposal. Similarly, a single unit of tissues or 
cells (e.g. two halves of femoral head delivered in one 
container) must not be used in more than one sepa-
rate patient. Activities that are routinely performed 
to finally prepare tissues and cells just before their 
clinical application, e.g. shaping of tendons or bone 
grinding for impaction grafting, are not considered 
as processing and do not require notification to the 
RP at the supplying TE.

Tissues or cells provided to one ORHA should 
not, in general, be sent to another ORHA for clinical 
application. Within the EU, this would be defined as 
distribution and it would require specific authorisa-
tion. However, such transfer of tissues and cells may 
be acceptable where the TE manages the process and 
the quality and safety requirements of the tissues and 
cells are not in any way compromised.

Certain types of tissues (e.g. bone graft) that 
are received and not subsequently used in one recip-
ient or department of an ORHA may be occasionally 
reallocated to a different recipient or department in 
the same ORHA, If this is the case, safety, quality 
and traceability measures should be put in place with 
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clear documentation. The details of such activity 
must be specified in the overall quality-system doc-
umentation and in an SLA (see §13.3). There may be 
nationally established rules for such circumstances.

The documentation that accompanies the 
tissues and cells should specify whether they can be 
returned to the TE if not opened or used, e.g. if the 
patient is not well enough for surgery or if surgery is 
cancelled for another reason. Tissue establishments 
that do accept the return of unused and unopened 
tissues or cells must be able to confirm that the re-
quired storage conditions have been maintained, that 
the packaging has not been tampered with, and that 
the quality and safety of the tissues and cells has not 
been compromised.

13.13. Traceability

Coding and traceability are addressed fully in 
Chapter 15 and Chapter 16. In the EU, ORHAs 

are required to maintain traceability records from 
the point of receipt of the tissue until 30 years after 
clinical use. These records (mandatory in the EU) 
must include:

a� identification of the supplying TE or procure-
ment centre (for tissues and cells directly dis-
tributed);

b� identification of the clinician/end user/facility;
c� type of tissues or cells;
d� unique product identification;
e� identification of the recipient;
f� date of application or disposal.

Details of the tissues or cells applied should be 
in the recipient’s record and in the record of the treat-
ment room or operating theatre where they have been 
applied. However, these records alone are not ade-
quate to permit rapid tracing of patients who might 
be at risk from a particular donation or processing 
batch. The ORHA should also have an electronic 
or paper log where all received, transplanted and 
discarded tissues or cells are recorded. This should 
provide a robust two-way audit trail to facilitate rapid 
identification of tissues and cells in the case of a recall 
by the TE or the Health Authority, or identification of 
recipients where the TE has been notified of a serious 
adverse reaction or serious adverse event that may 
have implications for one or more recipients treated 
at the ORHA. Careful consideration should be given 
to where and how this log will be archived for the 
required period, and the person(s) responsible for its 
maintenance and safe storage should be clearly iden-
tified and documented.

Some TEs require the ORHA to return a trace-

ability form or card providing details that will be 
sufficient to unambiguously identify the recipient 
and the applied tissues and cell. A copy of the doc-
umentation of these details should be retained in 
the recipient’s medical record. Returning the card 
does not release the ORHA from its responsibility to 
maintain the above-mentioned traceability records 
for 30 years after clinical use or final disposal. Where 
cards or forms are returned to the TE, the manner of 
documentation should adhere to national data-pro-
tection regulations and should ensure that confiden-
tial information is stored in secure systems and that 
the recipient’s privacy is not compromised in any way.

It is highly recommended that when individ-
uals who have been treated with human tissues or 
cells are discharged from an ORHA, their discharge 
documentation should specifically mention this fact. 
Hence, general practitioners looking after the patient 
in the longer term will be able to associate unex-
pected symptoms with possible transmission or other 
reactions from the tissues or cells applied. Moreover, 
general practitioners should be advised to report any 
suspicious or unusual findings to the ORHA.

13.14. Recipient follow-up and 
clinical outcome registries

Depending on the healthcare system, a routine 
clinical follow-up of the tissue or cell recip-

ient is performed either by the ORHA or by another 
healthcare organisation. The extent and duration of 
this routine clinical follow-up should, where possible, 
be standardised for each tissue and cell product and 
application.

Clinical follow-up data are to be kept at the 
ORHA in the recipient’s records and may be sub-
mitted to national/international clinical outcome 
registries. If clinical follow-up data are collected, see 
section 13.6 and Chapter 17 for discussion of the impli-
cations for recipient consent. In some countries there 
may be legal obligations to collect clinical follow-up 
data. In addition to registries for which clinical 
outcome data entry is mandatory, there are registries 
based on voluntary reporting of clinical data. Some 
of them are national, others international; some are 
maintained by scientific or professional associations 
whereas others are held by Health Authorities.

Clinical outcome registries provide real-world 
data that may give a more realistic overview of out-
comes compared with single-centre studies. While 
randomised clinical trials are considered to provide 
the highest level of evidence, it is not always possible 
to apply the results more generally outside the strict 
inclusion/exclusion criteria of such studies. Regis-
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tries fulfil an important role in allowing studies on 
large data sets that can be used to determine recipient 
outcomes for a wide range of conditions, evaluating 
factors that influence clinical outcome or that may 
increase the risk of adverse events, and for valida-
tion of TE protocols and practices [5]. Registries have 
been established for several tissue and cell products 
including HPC, medically assisted reproduction and 
corneal transplantation.

TEs should have a policy for introducing new or 
novel tissues or cells into clinical use. The level of clin-
ical follow-up should be determined by risk assess-
ment using standard methodology such as the Euro 
GTP II tool. See Chapter 18 for more information.

13.15. Adverse events and adverse 
reactions

Vigilance and surveillance (V&S) is addressed 
in Chapter 17. However, it should be noted that 

effective V&S relies heavily on all healthcare pro-
fessionals involved, from procurement through to 
application.

Serious adverse reactions (SARs) may be de-
tected during or after procurement in living donors 
or after application in recipients of procured tissues 
or cells. As SARs in recipients might result from 
many diverse factors associated with the clinical pro-
cedure or with the recipient’s underlying condition, 
clinicians might not consider the applied tissues or 
cells to be the cause of or a contributory factor to 
the SAR. However, there is an obligation, legal in the 
EU, for ORHAs to report known or suspected SARs 
to the supplying TE, which then must report to the 
Health Authority. ORHAs are key players in the 
identification of relevant factors in SARs and in im-
plementation of the Vigilance investigation. Health 
professionals at ORHAs have to be trained in vigi-
lance and should collaborate with others to achieve 
the desired outcomes.

Serious adverse events (SAEs), if detected by 
the ORHA, must also be reported to the TE and the 
Health Authority.

TEs that supply tissues and cells should 
provide ORHAs with clear instructions on how to 
report SARs and SAEs, preferably using standardised 
documentation. In general, any suspected adverse 
reaction or event should be reported immediately 
by the ORHA to the TE that supplied the tissues or 
cells, before it is confirmed or investigated, to enable 
the TE to take appropriate precautionary actions to 
prevent harm to other recipients and to involve the 
TE in the investigation process. The ORHA has a key 

role in supporting and contributing to the TE’s in-
vestigation of suspected adverse reactions and events.

13.16. Management of recalls and 
reviews

There are various reasons why a TE may recall 
tissues or cells that were distributed to an ORHA. 

A recall may be related to the receipt of new infor-
mation on the donor’s medical or behavioural history 
that implies a risk of disease transmission, or it may 
be related to the discovery of an error in processing or 
a fault or contaminant in a reagent or solution used 
in processing. It may be instigated by the TE or re-
quired by the Health Authority.

When a TE issues a recall, it will be necessary to 
trace very quickly all the recipients of the particular 
batch (or donation) of tissues or cells implicated. The 
existence of a centralised logbook or electronic data-
base that maintains a two-way audit trail of tissues 
and cells received, with dates of use or disposal and 
identification of recipients, will greatly facilitate con-
ducting a recall, so that appropriate actions may be 
taken. In many of the most significant cases of disease 
transmission arising from tissue and cell transplanta-
tion, it has not been possible to trace the fate of some 
of the tissues supplied for clinical use. This could 
leave some patients at risk and without appropriate 
follow-up and treatment. In these situations, central-
ised management of tissues and cells in the ORHA 
should facilitate effective action.

A review may also be required as part of an 
investigation of the safety of particular tissues or 
cells that have been applied to patients in the past. It 
may require recalling patients for additional testing 
or other investigations. Again, maintenance of a 
two-way audit trail is essential for effective identifica-
tion of potentially affected patients.
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Chapter 14. Computerised systems

14.1. Introduction

Computerised systems are playing an ever-in-
creasing part in the management of business op-

erations, including those related to healthcare. Tissue 
establishments (TEs) and donor registries may use 
a wide range of computerised systems. These can 
range from simple stand-alone computer systems 
that use a software package to track and trend data to 
fully integrated systems that control a range of pro-
cessing steps and present data that will allow release 
of tissues and cells for clinical applications. In some 
cases, these systems are relied upon to record consent 
and donor identity. Computerised systems may also 
have a role in managing the quality system docu-
mentation, and controlling the facility (premises) or 
ensuring that the required environmental conditions, 
such as air-pressure differentials or particle counts, 
are maintained (e.g. a building-management system).

Errors and malfunctions of computer systems 
can go unnoticed and might have serious conse-
quences [1]. Changes in software must be managed 
carefully to ensure that data have not been cor-
rupted or reorganised in a manner that changes 
their meaning or impact. A review conducted in 2010 
reported the discovery of a systematic error in the 
documentation of wishes of organ donation that had 
probably occurred in 1999 and which potentially af-
fected the records of > 900 000 individuals. 

Computerised systems help to bring efficiency 
to processes. However, if they record critical infor-
mation with an impact on donation, processing and 
release of tissues and cells, they must be selected and 

validated just like any other piece of critical equip-
ment [2].

14.2. Planning the implementation 
of a computerised system

Figure 14.1 describes the different steps in imple-
menting a computer system. It illustrates the 

design flow and documents related to specific phases 
(life-cycle documentation), together with the divi-
sion of responsibilities between supplier/vendor and 
user with regard to testing, user instructions, main-
tenance, system improvements and access to source 
code. Diagram A reports the models for system 
software categories 4-5 and diagram B reports the 
simplified model for system software category 3 (as 
in Table 14.1). Before implementation of a computer-
ised system at a TE, it is advisable that the user has 
close contact with their information technology (IT) 
department, or an IT consultant independent of any 
supplier of computerised systems.

The TE needs to:
a� define the system by generating a written de-

scription of the functions that it is designed 
to carry out, and all human interactions, i.e. 
functional and non-functional requirements, 
to define the user requirements specifications 
(URS). The URS will be the basis for subse-
quent testing and verification of the developed/
supplied system. A list of minimal require-
ments for the computerised system includes 
(but is not limited to):
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Table 14.1. An approach to verification and control of computerised systems by system category

Category Description Typical examples Typical approaches
Infrastructure software
(Cat.1)

• Software on which appli-
cations are built

• Software used to manage 
the operating environ-
ment

• Operating systems
• Database engines
• Statistical packages
• Spreadsheets
• Network monitoring tools
• Scheduling tools
• Document version control 

tools

• Record version num-
ber and verify correct 
installation by following 
approved installation 
procedures

Non-configured (Cat.3)* • Software cannot be con-
figured to suit the specific 
process, but working pa-
rameters can be set to suit 
the intended use.

• Firmware-based applica-
tion

• Commercial off-the-shelf 
software packages

• Instrument software (e.g. 
software associated with 
machines used for testing 
bacteriology or serology, 
cell counters)

• Specify user requirements 
before selection

• Risk-based approach to 
supplier assessment

• Record version number 
and verify correct instal-
lation

• Risk-based tests against 
requirements as dictated 
by use (for simple systems, 
regular calibration may 
substitute for testing)

• Procedures in place for 
maintaining compliance 
and fitness for intended 
use

Configured (Cat.4) • Software, often very 
complex, that can be 
configured by the user to 
meet the specific needs 
of the user’s business 
process; software code is 
not altered

• Management system for 
donation, processing, 
storage and distribution of 
tissues and cells

• Building-management 
systems (monitoring air 
pressures in rooms, tem-
perature and/or particles, 
temperatures of fridges, 
freezers and incubators)

• Clinical trial
•  Monitoring
• Note: specific examples of 

the above system types 
may contain substantially 
customised elements

• Risk-based approach to 
supplier assessment

• Demonstrate supplier has 
adequate quality manage-
ment system

• Some life-cycle docu-
mentation retained only 
by supplier (e.g. design 
specifications)

• Configuration documen-
tation supplied to the 
customer

• Record version number 
and verify correct instal-
lation

• Risk-based testing to 
demonstrate application 
works as designed in a test 
environment

• Risk-based testing to 
demonstrate that the 
application works as de-
signed within the routine 
environment

• Procedures in place for 
maintaining compliance 
and fitness for intended 
use

• Procedures in place for 
managing data

Custom 
(Cat.5)

• Software custom-de-
signed to suit business 
process

Varies, but may include:
• Internally or externally 

developed management 
systems for donation, 
processing, storage and 
distribution of tissues and 
cells

• Internally or externally 
developed process control 
applications

• Spreadsheet macro (i.e. 
database spreadsheet for 
clinical trial monitoring)

Same as for ‘Configured’ 
above, but also:
• More rigorous supplier 

assessment, with possible 
supplier audits

• Possession of full life-cycle 
documentation (as indicat-
ed in Figure 14.1)

*In GAMP4, firmware applications represented category 2, which is now integrated into category 3.
Source: International Society for Pharmaceutical Engineering. Good Automated Manufacturing Practice (GAMP) 5 [10].
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Figure 14.1. ‘V’ model diagrams for computer system implementation

A. Models for system software categories 4-5

User requirement 
speci�cation

Validation plan

Installation 
quali�cation

Validation report

Functional 
speci�cation

Performance 
quali�cation

Initial risk 
assessment

Operational  
quali�cation

Design speci�cation

System built 
including test and 

integration
Design quali�cation

Functional risk 
assessment

Activities could be
carried out

by third-party companies

Customer (user) Supplier Customer/Supplier

Related to

Related to

Related to

Related to

Iteration

B. Simplified model for system software category 3

Requirement testing
User requirement 

speci�cation

Validation plan Validation report

Initial risk 
assessment

Non-con�gured 
product

Customer (user) Supplier Customer/Supplier

Related to

Related to

Dashed lines indicate relationships between testing and specification documents. Section A (top) describes system software categories 
4-5; section B describes category 3 (categories as in Table 14.1).

TC5_en.indb   174TC5_en.indb   174 14/12/2022   13:22:0314/12/2022   13:22:03



175

14. COMPUTERISED SYSTEMS

i. the need to manage calculations and printouts 
(e.g. reports and labels),

ii. the need for data protection, e.g. personal 
access to the system or parts of the system (see 
§14.12),

iii. the duration of and options for record storage 
(in general in the EU, 10 years is required for 
quality-system-related data and 30 years for 
traceability-related data),

iv. backup conditions ensuring data restoration,
v. the need to interface with other computerised 

systems/registries (social security registries, 
administrative systems, financial systems), as 
well as system availability over time,

vi. the need for encryption in case information is 
transferred over an open network,

vii. fulfilment of the applicable legal requirements 
if the computerised system is intended to be 
used for a purpose specified in the definition 
of a “medical device” (in the EU, this is defined 
in the medical devices regulation EU 2017/745),

viii. the need for audit trails (registration of 
GMP-relevant changes or data deletion),

ix. read-only access of Quality Assurance to the 
computerised system and its audit trail(s),

x. handling of data originating/accumulating 
from measurements,

xi. e-archives for long-term storage of data,
xii. the need to handle archive migration to other 

TEs in compliance with data protection and 
national regulatory authority directives; 

b� evaluate the different systems available and 
choose one that meets the established require-
ments (though the degree of user-friendliness 
and maintenance should also be taken into 
consideration);

c� audit the developer/manufacturer to ensure 
that they can provide a product that meets reg-
ulatory requirements on the basis of a risk as-
sessment (see Chapter 2).

These steps should ensure that the user has all 
the necessary information about the system to be 
purchased and that the IT department or IT con-
sultant has received the relevant technical informa-
tion. It is recommended that the developer/supplier 
of the computerised system receives proper informa-
tion about integrated systems that have to be linked 
to the system to be purchased. This course of action 
also minimises the need for ‘work around’ by the user 
(which can be a source of error).

The computer system that manages the activi-
ties of a TE usually includes hardware, software, pe-
ripheral devices and documentation such as manuals 

and standard operating procedures (SOPs). For 
further information, refer to the International Or-
ganization for Standardization ISO/IEEE 12207:2017, 
ISO/IEC/IEEE 29148:2018, ISO/IEC 27001:2013 and 
ISO/IEC 27007:2011 [3, 4, 5, 6].

14.3. Qualification and testing

The guidance in Chapter 2 on the qualification 
of new equipment should be taken into account. 

The qualification of computerised systems in a TE 
should be incorporated in the general validation plan 
of the centre, which should include:

a� the identity of the computerised systems and 
interfaces that are subject to qualification;

b� a brief description of the verification strate-
gies for different categories of computerised 
systems, as well as other qualification activities;

c� an outline of the protocols and related test pro-
cedures for all qualification activities of the 
computer system (the reporting requirements 
for documenting the qualification exercises 
and related results should also be defined);

d� the identity of the responsible persons of the 
computerised system, and their responsibilities 
as part of the qualification programme.

The level of qualification required for comput-
erised systems is dependent on the criticality of the 
systems to the quality and safety of the tissues and 
cells. Therefore, a criticality rating based on a risk 
assessment should be applied to all computerised 
systems in place. The method of verification of these 
critical systems depends on the type/category of soft-
ware used. Table 14.1 gives some examples with sug-
gested approaches to verification.

Verification should be commensurate with 
level of risk, intended use and potential implications 
of malfunction to quality and safety.

Before qualification of a newly installed com-
puterised system can be carried out, a full set of doc-
umentation that is as detailed as necessary to ensure 
appropriate operation of the system must be in place. 
The documentation should include:

a� a detailed specification (inventory) of the hard-
ware, software and peripheral devices, in-
cluding their environmental requirements and 
limitations;

b� diagrams or flowcharts of the system’s opera-
tions that describe all component interfaces, a 
network diagram and all database structures 
(e.g. file sizes, input and output formats) – if 
applicable: i.e. for system software categories 4 
and 5;
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c� SOPs that describe how the system is used. 
The user should develop the SOPs, based on 
the instructions for use provided by the soft-
ware developer and the internal procedures of 
the establishment. In particular, SOPs should 
address all manual and automated interactions 
with the system, including:

i. routine backup, maintenance and diagnostic 
procedures, including assignment of responsi-
bilities,

ii. safety leading indicators [5, 6, 7],
iii. ‘work-arounds’ for system limitations,
iv. procedures for handling errors, including as-

signment of responsibilities,
v. procedures for handling disasters and contin-

gency planning, including assignment of re-
sponsibilities,

vi. procedures for database amendments by 
formal request by authorised persons,

vii. procedures for verification of a change,
viii. a training system that includes manuals, docu-

mentation and procedures for training.

Verification documents and the results of tests 
undertaken and approved by the supplier/vendor or 
developer of the system must be part of the documen-
tation supplied to the user. The user can then carry 
out tests according to a predefined and documented 
test plan [8]. Types of risk to consider include inade-
quate design of a system, errors that may occur in use 
(errors of use or system defects) and loss or distortion 
of data [9]. Testing should involve the entire system, 
and in the manner in which it is expected to perform 
routinely in the establishment. Testing may be done 
by a third party but, in that case, must also include 
personnel from the TE. The organisation for owner-
ship, system management, maintenance and support, 
and the plan for regular internal revisions, should 
be included in the quality-management system (see 
Chapter 2). If the operating system and/or firmware 
platform are subject to changes, including but not 
limited to patching or updating for security reasons, 
an analysis should be performed to evaluate whether 
those changes could affect the system, and a revision 
of the quality system should be done to assure the 
procedures (see §14.4).

The following types of basic testing are exam-
ples of what should be conducted initially and when 
new versions of the software are installed:

a. Functional testing of components
Initial qualifications are usually carried out by 
supplier/vendor, who will provide the user with 

documentation related to the tests performed. 
At minimum, documents should include:

i. details of the methods employed to conduct 
verifications and testing of requisites stated in 
the URS document,

ii. qualification documents with results of tests 
(test scripts) for each functionality, including 
test procedure, expected result, test result, ac-
ceptance criteria, and

iii. conformity statement with relevant signatures. 
iv. For traceability and to facilitate quality assur-

ance review and follow-up, it is recommended 
that any supporting documentation (e.g. print 
screens) be included to verify the specific test 
case.

b. Data migration
The process for data migration should be 
defined, documented and tested appropriately. 
This should ensure full maintenance of tracea-
bility, including archiving of data (if necessary).

c. Environmental testing (installation and verifi-
cation instructions, or IVI)
In the actual operating environment, func-
tional tests are carried out to demonstrate that:

i. the software systems work appropriately with 
the hardware,

ii. all applications of the software perform appro-
priately with the software operating system,

iii. appropriate information passes correctly 
through system interfaces, including appro-
priate data transfer to or from other labora-
tory and automated (e.g. serology testing, cell 
counting) systems (if applicable),

iv. accessories such as barcode scanners perform 
as expected with the barcodes in use (if appli-
cable),

v.  printed reports are formatted appropriately 
and correctly,

vi. personnel are trained and use the system cor-
rectly,

vii. the system performs appropriately at peak pro-
duction times and with the maximum number 
of concurrent users,

viii. backups restore data in a correct and regular 
way.

Moreover, monitoring of personnel usage 
training should be performed periodically as part of 
the quality system. 
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14.4. Change control

In case of changes in the software, the verification 
status needs to be re-established. If re-verification 

analysis is needed, it should be based on risk assess-
ment and conducted not only for verification of the 
individual change, but also to determine the extent 
and impact of that change on the entire computerised 
system.

Changes should be handled following the V 
diagram in Figure 14.2. Depending on the system, it 
may be desirable to have a test version of the comput-
erised system containing the same data (mirrored).

14.5. Maintenance and scheduled 
operations

Data should be checked periodically and system-
atically by qualified IT personnel to identify and 

remove unwanted data (e.g. duplicate records) and to 
ensure that data entries are stored accurately and ap-
propriately. Manual entry of critical data requires in-
dependent verification by a second authorised person, 
and this step can be part of the software requirements.

Please refer to ISO/IEC 14764 for further guid-
ance on maintenance [9].

Security should cover at least:

a� an adequate change history of the system, for 
both software and hardware (when necessary);

b� periodically altering electronic passwords and 
removing unnecessary or outdated access;

c� creating records of all data changes (i.e. an 
audit trail), including a retained record of pre-
vious data and the reason for the change;

d� appropriate use of malware (e.g. computer 
virus) protection programs;

e� control of administrative security access to 
ensure that only authorised personnel can 
make changes to the software, system config-
uration and data;

f� regular testing to verify the appropriate integ-
rity and accuracy of backed-up data;

g� consider if a permanent storage (e-archive) of 
specific data is necessary. 

14.6. Quality assurance

The data-processing system should be considered as 
critical equipment within the quality- assurance 

programme, which as a minimum should:
a� ensure the ongoing accuracy and completeness 

of all documentation on equipment, software 
maintenance and operator training;

b� undertake audits periodically to verify ap-
propriate accomplishment of all performance 

Figure 14.2. Handling of software life-cycle activities

‘ ’ modelV

Concept Project Operation Retirement

URS

GxP assessment Release

Changes

Migration

Supplier may provide knowledge, experience, documentation and services throughout life-cycle.

URS: user requirements specifications. GxP: good [specialism] practice. Orange: user. Blue: supplier.
Source: modified from ISPE Good Automated Manufacturing Practice (GAMP) 5 [10].
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tests, routine maintenance, change procedures, 
data-integrity checks (including audit-trail 
checks), error investigations and operator- 
competence evaluations.

Appendix 26 contains an example of a checklist 
that can be used for internal or external audits.

14.7. Industry guidance for 
verification of computerised 
systems

The most common industry guide used for veri-
fication of computerised systems is that from 

the International Society for Pharmaceutical Engi-
neering (ISPE) [10]. More specific guidance related to 
blood and tissues is available from the British Com-
mittee for Standards in Haematology [11].

14.8. Regulations and official 
guidance on verification of 
computerised systems

Regulation of computerised systems is well estab-
lished in the pharmaceutical industry, with EU 

Good Manufacturing Practices (GMP) [12] acting as 
the regulatory reference in the EU. The advice of the 
OECD Working Group on Good Laboratory Practice 
on applying these principles to computerised systems 
is also recommended [13]. Inspectors in the EU also 
use the Pharmaceutical Inspection Co-operation 
Scheme Guidance (PIC/S) [14]. The pharmaceutical 
industry operates on a global scale, so many Euro-
pean companies maintain compliance with the US 
Food and Drug Administration (FDA) [15]. These 
regulatory documents can be useful sources of refer-
ence for TEs.

If a computerised system replaces a manual 
operation, there should be no decrease in product 
quality, process control or quality assurance, as well 
as no loss of data. There should be no increase in the 
overall risk of the process [12].

The PIC/S document also lists the critical items 
that an inspector should consider during inspec-
tion and is a valuable tool for TEs since it details the 
minimum requirements that should be in place [14]. 
Appendix 26 contains a checklist adapted from ISO/
IEC 27007:2011 and the guidance document of the 
Swedish Board for Accreditation and Conformity 
Assessment (SWEDAC).

14.9. Infrastructure

Infrastructure is necessary in order to guarantee 
the correct data handling between work stations 

hosting the computer system and the relevant server(s). 
Infrastructure includes but is not limited to commu-
nication by physical lines (e.g. ethernet), switches 
and routers. Correct design of a computer system 
must consider the use of suitable tools (e.g. test suites, 
servers, version- and configuration-control systems, 
modelling and architecture tools, communication 
tools, traceability and behavioural- modelling tools). 
With increasing availability of flexible working solu-
tions, some infrastructure limitations may ensue 
from the use of personal work stations.

14.10. Failure of the system

For computerised systems that support critical pro-
cesses, provision (e.g. disaster recovery or busi-

ness contingency plan/procedure) should be made to 
ensure continuity of support for those processes in 
the event of a system breakdown (e.g. a manual or al-
ternative system). The time required to enact alterna-
tive arrangements should be based on risk assessment 
and should be appropriate for the particular system 
and the business process it supports. These arrange-
ments should be documented and tested adequately 
[12]. Testing of these alternative systems and their 
ability to retrieve data should be assessed periodically 
(based on risk assessment).

14.11. Electronic signature

Records may be signed electronically. According 
to Annex 11 of EU GMP [12], all electronic signa-

tures are expected to:
a� have the same impact as handwritten signa-

tures within the boundaries of the organisa-
tion;

b� be permanently linked to their respective 
record;

c� include the reason, the time and date that they 
were applied.

14.12. Data protection

Critical and sensitive data must be protected from 
unauthorised information modification and 

from unauthorised information access/release. Pro-
cedures for personal data protection must comply 
with national legal requirements or, for EU countries, 
with the requirements defined in Regulation EU 
2016/679 and Directive 2010/45/EU on the Protection 
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of natural persons with regard to the processing of 
personal data and on the free movement of such data.

Appropriate technical and organisational 
measures must be taken to guarantee a level of se-
curity appropriate to the risk, measured against the 
context and purposes of the processing. The factors 
which may be analysed to determine the appropriate-
ness of the measures include degree of data sensitivity, 
the risks to data subjects in the event of a breach, and 
the costs involved in implementing specific types of 
security measures. The latter may include:

a� encryption or pseudonymisation;
b� measures to ensure the confidentiality, integ-

rity and resilience of processing systems;
c� methods which enable the timely access to, res-

toration of or availability of personal data in 
the event of an incident;

d� regular tests and evaluation to ensure that the 
measures implemented meet their desired ob-
jective of maintaining security of data pro-
cessing.

All personal data stored in computerised 
systems must be stored in a secure manner, with 
access available only to authorised personnel. The 
system should ensure data inalterability, and an audit 
trail with registration of data access and modifica-
tions, including date and identification of personnel 
executing modifications. For those applications in 
which all users should not have identical authority, 
some scheme is needed to ensure that the computer 
system implements the desired authority structure.

14.13. Archiving

Critical data must be archived in a long-term stable 
medium and placed ‘off site’ physically or as an 

e-archive backup at a location remote from the hard-
ware, to ensure secure storage. Backup is essential for 
disaster recovery, and a common approach, one that 
keeps data safe in almost any failure scenario and 
is easy to remember, is the 3-2-1 backup rule: there 
should be at least three different versions of your data 
over different periods of time stored on two different 
pieces of media, one of which is placed off-site [16].

Archived critical data should be checked for 
accessibility, readability and integrity. If changes are 
made to the system (e.g. new computer equipment 
or software is installed), then the ability to retrieve 
archived data must be ensured and tested [12]. Ar-
chiving should be conducted using secure software 
methods such as databases compliant with ACID 
(atomicity, consistency, isolation and durability) re-
quirements, that guarantee data integrity. Files should 

be stored in databases, if possible in a time-durable 
format. Among formats more commonly used are 
software-encrypted files and CRC (cyclic redundancy 
check)-secured files, that require dedicated software 
to be managed. As this characteristic may condition 
future retrieval, an ISO-standardised version of the 
Portable Document Format (PDF), called PDF/A [17], 
has been implemented to ensure document reproduc-
tion using any device in years to come, as the format 
is independent of hardware and software platforms. 
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Chapter 15. Coding, packaging and labelling

15.1. Introduction

The quality and safety of tissues and cells is de-
pendent not only on the way they are procured 

or processed, but in the way they are coded, pack-
aged and labelled before being sent to an organisation 
responsible for human application [1, 2]. The World 
Health Organization (WHO) has published an aide-
mémoire on the key safety requirements (including 
storage, packaging and labelling) for essential min-
imally processed human cells and tissues for trans-
plantation, and some countries have adopted legal 
requirements to ensure that human tissues and cells 
are appropriately packaged, labelled and coded [3]. 
These steps are also addressed in the EU tissues and 
cells legislation. This chapter offers guidance on the 
coding of tissues and cells, and their packaging and 
labelling requirements are discussed.

15.2. Coding

With increasing movement of tissues and cells 
across borders, the capacity to uniquely iden-

tify them is essential. This can be achieved by coding 
that facilitates tracing the tissues and cells from 
donor to recipient and vice versa while respecting 
data protection and confidentiality rules.

Coding started with the development of local 
coding systems applied in individual tissue estab-
lishments, but in the last two decades there has been 
significant movement towards the use of national 
and international coding standards, building on the 

longer and more consolidated experience in blood 
transfusion.

15.2.1. ISBT 128

ICCBBA (the International Council for Com-
monality in Blood Banking Automation) manages 
ISBT 128 [4, 5, 6], which is the most widely used in-
formation standard for medical products of human 
origin, including tissues and cells. ICCBBA is a not-
for-profit, non-governmental organisation in official 
relations with the WHO, and ISBT  128 is endorsed 
by 21 scientific and professional organisations. The 
standard is developed and maintained with input 
from more than 250 volunteer experts in the fields 
of transfusion and transplantation from around the 
world and provides a structured product terminology 
with more than 2 500 defined cell and tissue codes. 
In January 2020, the ICCBBA standardised the ter-
minology of almost all types of cells and tissues and 
based it on the concepts of Class, Modifiers and At-
tributes [4, 5].

Due to the growing number of cell donors 
worldwide, the World Marrow Donor Association 
has developed a unique global donor identifier to 
guarantee safe and unequivocal donor identification: 
the Global Registration Identifier for Donors (GRID) 
[7]. In September 2017, ICCBBA issued a new ISBT 128 
standard [7, 8] describing its rules.
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Figure 15.1. Examples of finished tissue product labels with the Single European Code

A. Label with SEC derived from ISBT 128

Product description

Single European Code

Globally unique
donation identi�cation
number

Product code
and split number

Expiry date

B. Label with SEC derived from Eurocode

Service labels for end-users

Expiry date

Label for small containers

Pharmaceutical registration ID
(Germany only)

Unique product ID – Eurocode

Product code

Single European Code (SEC)

15.2.2. Eurocode
Eurocode International Blood Labelling 

Systems e.V. (Eurocode IBLS) [9] is a not-for-profit as-
sociation under German law. Eurocode IBLS manages 
the coding standard Eurocode, which is an ISO15418-
listed information standard providing worldwide 
unique identifiers for labelling blood products, cells 
and tissues to enhance security in blood transfusion 
and cell and tissue transplantation. Today it is used 
in various countries, including Germany and Austria.

15.2.3. Single European Code for tissues and 
cells

In 2015, the European Commission adopted 
Directive 2015/565/EC, amending Directive 2006/86/
EC [10] as regards certain technical requirements 
for the coding of human tissues and cells, and es-
tablishing the EU Coding Platform and the Single 
European Code. The EU Coding Platform (https://
webgate.ec.europa.eu/eucoding) provides access to 
the EU Tissue Establishment Compendium, the EU 

Tissues and Cells Products Compendium (EUTC) 
and a code-translator application. The directive in-
troduces the obligation on tissue establishments to 
affix a Single European Code (SEC) on tissues and 
cells distributed or imported for human application 
in the EU or exported from the EU [11]. The direc-
tive also sets out the requirements for its application 
(including exceptions) and the general obligations of 
tissue establishments, competent authorities and the 
European Commission.

The SEC provides for standardisation across the 
EU. The permitted product coding systems are ISBT 
128, Eurocode and the EUTC (Figure 15.1). The ISBT 
128 and Eurocode product descriptions are mapped 
to the high-level product description codes provided 
by the EUTC (see §15.2.3.3 below).

15.2.3.1. Application of the Single European Code
Except for the exemptions described later, ap-

plication of the SEC [11, 12, 13] by EU tissue establish-
ments is mandatory for all tissues and cells distributed 
for human application. When tissues and cells are 
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released for circulation (e.g. to other tissue estab-
lishments, third parties, manufacturers of advanced 
therapy medicinal products), the primary package 
must include a unique identification number or code 
and the donation identification sequence (DIS) (see 
Table 15.1). If the container is too small to include the 
DIS on the label, the DIS must be included in the ac-
companying documentation.

There are some general exemptions to the re-
quirement for application of the SEC code. These 
include partner donation of reproductive cells, tissues 
and cells distributed directly for immediate trans-
plantation to the recipient (e.g. HPC), and tissues and 
cells imported from non-EU countries into the EU in 
cases of emergency that are authorised directly by the 
Health Authorities. EU member states may also allow 
exemptions for tissue and cells other than partner 
gamete donation, when these tissues and cells remain 
in the same centre or when tissues and cells that are 
imported from non-EU countries into the EU remain 
within the same healthcare facility from importation 
to application (provided that the healthcare facility 
is a tissue establishment authorised to import tissues 
and cells).

Application of the SEC does not preclude addi-
tional application of other codes in accordance with 
the national requirements of EU member states.

Countries already using existing coding 
systems compatible with the SEC requirements (i.e. 
ISBT  128, Eurocode) with a standard for barcoding 
and other forms of machine readability can continue 
using those systems while incorporating the new 
legal requirements. There will also be the potential of 
making the SEC machine-readable in the future. The 
use of machine-readable barcode labels will ensure 
the accuracy of records, as manual transcription 
errors will not occur, and the machine output can 
easily be entered into electronic databases.

Tissues or cells imported from third countries 
for distribution in the EU must also be labelled with 
the SEC (unless the EU member state applies the ex-
emption above). The importing tissue establishment 
is responsible for the application of the SEC on the 
product and in the accompanying documentation 

(double coding/labelling with both the original code 
and the SEC).

The DIS (see Table 15.1) must use the tissue 
establishment number allocated to the importing 
tissue establishment in the EU Tissue Establishment 
Compendium. Imported tissues or cells that are 
already labelled with a globally unique number pro-
vided by an international organisation (e.g. ICCBBA 
or Eurocode IBLS) must use this as the unique do-
nation number. If the imported tissues or cells do 
not carry an identifier from one of these systems, the 
importing tissue establishment must assign its own 
unique number. The importing tissue establishment 
must retain traceability mapping between the identi-
fier they have assigned and the original identification 
of the imported tissues or cells. Consideration must 
be given to the possibility that the original identi-
fier may not be unique if products are received from 
more than one source where the suppliers have used 
local donation numbering systems; it is quite possible 
that the same identifier may be used by different sup-
pliers to identify completely different donations. The 
traceability mapping must therefore include both the 
original identifier and the supplier identification.

If the imported tissues or cells are already la-
belled using ISBT 128 or Eurocode, the product code 
from the original label may be used in the product 
identification sequence (see Table 15.1) provided that 
this code is listed in the EU Product Compendium. 
In all other cases, the importing tissue establishment 
must assign a product code from one of the three 
product coding systems (EUTC, ISBT 128 or Eu-
rocode) that is listed in the EU Product Compendium 
and most accurately describes the imported tissues 
or cells.

Split numbers carried by imported tissues or 
cells that do not exceed three alphanumeric charac-
ters can be used directly in the SEC. If the imported 
tissues or cells carry a longer split number, or where 
no split number is provided, the importing tissue 
establishment must assign a new split number with 
a maximum of three alphanumeric characters to 
ensure uniqueness of the SEC. Particular care needs 
to be taken where the product code being assigned to 

Table 15.1. Single European Code for tissues and cells

Donation Identification Sequence Product Identification Sequence
Tissue establishment code Unique dona-

tion number
Product code Split number Expiry date 

(yyyymmdd)ISO country 
code

Tissue establish-
ment number

Product Coding 
System iden-

tifier

Product 
number

2 alphabetic 
characters

6 alpha-numeric 
characters

13 alpha-numeric 
characters

1 alphabetic 
character

7 alpha-numeric 
characters

3 alpha-numeric 
characters

8 numeric char-
acters

Source: Annex VII of EU Directive 2015/565.
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the imported tissues or cells is more generic than the 
original product; for example, bone rings and bone 
dowels imported with the same donation number 
where each product is identified by a product code as-
signed by the supplier and with a split number of 001. 
The importing tissue establishment applies the SEC 
using the EUTC code of MUSCULOSKELETAL, BONE, 
SHAPED GRAFT, which means that the two different 
original product codes have now been mapped to one 
EUTC code. It is, therefore, no longer possible to use 
the allocated split numbers as this would result in 
duplication and the importing tissue establishment 
must assign a new split number and retain records to 
map back to the original identifiers.

15.2.3.2. Structure of the Single European Code
The SEC is a unique identifier that consists 

of two elements: a donation identification sequence 
that indicates the origin of the tissue or cells, and a 
product identification sequence that describes the 
type of tissue or cells. Further details are specified in 
Annex VII to the directive (see Table 15.1).

15.2.3.2.1. Donation identification sequence
The coding system must identify each donation 

event because donors can potentially donate tissues 
and cells on several occasions (e.g. an individual may 
donate gametes and HPC when alive and corneal 
tissue after death). Each tissue establishment au-
thorised in an EU member state must use the tissue 
establishment number allocated in the EU Tissue 
Establishment Compendium which, in combination 
with the International Organization for Standardiza-
tion (ISO) country code, will create the tissue estab-
lishment code.

Each tissue establishment must assign a unique 
number for the donation based on the donation iden-
tification system in place in their country. Donation 
numbers with fewer than 13 characters will be padded 
with leading zeros in the SEC. The unique donation 
number may be created locally by the tissue estab-
lishment, centrally (by a Health Authority) or glob-
ally as a unique number provided by an international 
organisation (e.g. ICCBBA or Eurocode IBLS).

Taken together, these codes will ensure that 
each donation event will have a unique donation 
identification number that can be used to label each 
tissue. In the case of pooling of tissues and cells, a 
new donation identification number must be allo-
cated to the final product.

15.2.3.2.2. Product identification sequence
The product identification sequence consists 

of the assigned product code, a split number (if ap-

plicable) and the expiry date of the product (if ap-
plicable) in ISO standard format (yyyymmdd). For 
tissues and cells without a defined expiry date, the 
expiry date must be 00000000. The product code in-
cludes an identifier of the coding system used (‘E’ for 
EUTC, ‘A’ for ISBT 128 and ‘B’ for Eurocode) followed 
by the appropriate product number corresponding to 
the tissue/cell type.

As explained above, and also taking into 
account the coding practices used by the EU 
member states, the SEC provides a flexible solution 
by allowing tissue establishments to use one of three 
product coding systems (EUTC, ISBT 128, Eurocode) 
for which all tissue and cell codes have been included 
in the EU Tissue and Cell Product Compendium. 
Tissues and cells in the three product coding systems 
are mapped to each other to ensure that a tissue or 
cell code in the SEC can be ‘translated’ irrespective 
of the system used. EUTC provides only the basic no-
menclature, but ISBT 128 and Eurocode include more 
detailed product information (e.g., EUTC may rep-
resent a product type such as a tendon, whereas the 
other two systems may specify whether the tendon is 
whole, shaped or irradiated).

EU member states may decide to permit tissue 
establishments to use only one product coding system 
(EUTC, ISBT 128 or Eurocode), or more than one in 
parallel.

The SEC on the label attached to each product 
will be in eye-readable format and preceded by the ab-
breviation ‘SEC’. The DIS and product identification 
sequence must be separated by a single space or as 
two successive lines. Using ISBT 128, a data structure 
is available to allow the SEC to be machine-readable.

The coding system for traceability of reproduc-
tive tissues and cells started to be obligatory from 
April 2017. Now, tissue establishments distributing 
reproductive tissue and cells must provide the SEC 
within the transport documentation. For reproduc-
tive samples stored before April 2017 or within the 
transitional period, centres may need to create the 
SEC manually by combining the donation identifica-
tion number with the product identification number. 

During the manual creation of the sequence, 
and taking into consideration the importance of the 
number of digits of the SEC, double witnessing pro-
tocols have to be applied if in-house automation is not 
possible during the SEC generation.

An example of SEC for reproduction cells can 
be found in the article by Alteri et al� [14].

15.2.3.3. EU Coding Platform
The EU Coding Platform introduced by Direc-

tive 2006/86/EC (as amended by Directive 2015/565/
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EC) is the major tool for implementing the SEC re-
quirements. It is an IT platform hosted by the Com-
mission and it contains the EU Tissue Establishment 
Compendium and the EU Tissue and Cell Product 
Compendium [15].

a� The EU Tissue Establishment Compendium 
is the register of all tissue establishments that 
are authorised, licensed, designated or accred-
ited by each EU member state’s competent 
authority or authorities; it contains the infor-
mation about these tissue establishments along 
with their corresponding tissue establishment 
codes. The EU Tissue Establishment Compen-
dium is hosted by the European Commission 
and maintained by the member states’ com-
petent authorities. Each competent authority 
is responsible for the accuracy of the entries 
for the tissue establishments that they have li-
censed or authorised and for keeping these 
entries up to date.

b� The EU Tissue and Cell Product Compen-
dium is the register of all types of tissues and 
cells circulating in the Union and the respec-
tive product codes under the three permitted 
coding systems (EUTC, ISBT  128 and Eu-
rocode IBLS).

Acknowledging the existence of product 
coding systems already in use in the EU, Directive 
2015/565/EC allows the use of ISBT  128 [16] and Eu-
rocode [17] coding systems, and has put in place 
bilateral agreements with their managing organi-
sations (i.e. ICCBBA and Eurocode IBLS) to ensure 
that updated product codes are regularly made avail-
able and included in the EU Tissue and Cell Product 
Compendium.

The EUTC tissue and cell product coding 
system was developed by the European Commis-
sion for tissue establishments not using the other 
two coding systems. The EUTC covers all types of 
tissues and cells along with high-level terminology 
and their corresponding product codes. A mapping 
of the more detailed ISBT 128 and Eurocode product 
codes to the generic EUTC codes is also provided on 
the EU Coding Platform. Each tissue and cell product 
must be assigned a specific code, which identifies and 
describes that product. The information in the SEC 
can be decoded by the code-translator application in 
the EU Coding Platform to obtain text that describes 
the tissues or cells and their origin.

These tools are publicly available and free of 
charge. Therefore, the EU tissues and cells product 
coding system used by EU member states may also 
be used by other countries. Further information on 

the SEC and its application can be found on the Eu-
ropean Commission’s website [11, 12, 13].

15.3. Packaging and labelling

Packaging of tissues and cells has an important 
role during all procedures, starting from pro-

curement, through the processing and storage steps, 
to distribution and human application. Adequate 
packaging minimises the risk of contamination of 
tissues and cells, protects the persons involved in 
transportation and aids retention of required charac-
teristics and biological functions.

Ensuring the traceability of all tissues and cells 
from the donor to the recipient is a responsibility 
shared by procurement centres, tissue establishments 
(TEs) and organisations responsible for human ap-
plication (ORHAs). All of these participate and 
contribute actively to safeguarding, in a continuous 
manner, the tracking of the tissues and cells through 
from procurement to human application. Accurate 
tracking of tissues and cells allows reliable data to be 
scientifically assessed for potential risks to the donor, 
to the procurement and processing operations, and 
to the storage, transport and clinical use of donated 
material. Traceability is addressed in depth in 
Chapter 16. An essential aspect of ensuring accurate 
traceability is clear and complete labelling of tissues 
and cells at all stages. The system of identification for 
donors and recipients must be aligned with the pack-
aging and labelling system of tissues and cells in such 
a way that a connection between tissues and cells, the 
source and the recipients exists at all times.

Labels must be attached to packaging that 
has been validated to demonstrate that it maintains 
the required properties of the tissues and cells and 
ensures integrity. This part of the chapter addresses 
good practice in packaging and labelling at all stages 
from donation to implantation.

15.3.1. General concepts

Packaging and labelling operations must be 
considered an integral part of the activities of pro-
curement organisations and TEs. They must be in-
cluded in the training of personnel and specified in 
all relevant procedures. Although this chapter estab-
lishes specific recommendations for packaging and 
labelling for the procurement and processing phases, 
they should equally apply to intermediate phases, 
such as in-process steps, in which all materials, con-
tainers, equipment and tissues and cells must be ade-
quately identified at all times. In addition, tissues and 
cells procured or processed for research purposes 
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should be clearly identified as such on their packages 
and labels (e.g. ‘FOR RESEARCH USE ONLY’ or ‘NOT FOR 
CLINICAL USE’).

There should be written procedures describing 
the receipt, identification, quarantine, sampling, ex-
amination, testing and release of packaging and la-
belling materials, as well as the handling of such 
materials.

Premises and procedures for the packaging 
and labelling of tissues and cells must be designed 
to prevent cross-contamination or mix-ups. Simul-
taneous operations should be avoided or, where un-
avoidable, adequate additional safeguards should be 
put in place.

Primary packaging and labelling of tissues or 
cells must be done in an environment specified in 
standard operating procedures (SOPs).

For EU member states, the requirements for 
packaging and labelling of tissues and cells are de-
tailed in Annex IV of Directive 2006/17/EC, Annex II 
of Directive 2006/86/EC and Directive 2015/565/EC.

15.3.2. Packaging of tissues and cells

Packaging includes all operations, including 
primary and secondary packaging, which procured 
or processed tissues and cells have undergone from 
the start, during processing or as final packaging. 
Packaging aims to protect tissues and cells, and to 
present them to the operator (in initial or in-process 
packaging) or to the clinical end user (in final pack-
aging) in a suitable manner. The type of substance of 
human origin and its intended use will determine the 
requirements needed to carry out a packaging opera-
tion in a safe manner.

Special consideration must be given to the 
primary packaging that will be in direct contact 
with tissues and cells. Containers intended to be 
used as primary packaging should be submitted to 
visual inspection before use and, if single-use con-
tainers are unavailable, the need for applying an 
adequate cleaning process should be assessed along 
with suitable sterilisation methods such as irradia-
tion or autoclaving of materials and containers. If the 
cells/tissues are stored in liquid nitrogen, they must 
be double-bagged to prevent cross-contamination 
during storage [18] or stored in validated high-secu-
rity packaging especially designed for liquid nitrogen 
(see Chapter 10, §10.1.4). The packaging materials 
should be stored in a clean area. In this case, the ma-
terials and the conditions under which packaging 
takes place must be carefully specified, assessed and 
approved before use. Processing facilities must estab-
lish and document validated packaging protocols.

Storage containers must be appropriate for the 
type of tissue or cells, the temperature and method 
of storage, and the intended application. They must 
withstand sterilisation (where this is to be applied), 
not produce toxic residues during storage and be ade-
quately robust to remain intact when handled during 
transport. Each tissue or cell container must be ex-
amined visually for damage or evidence of contami-
nation before distribution for clinical use and by the 
end user.

15.3.3. Labelling of tissues and cells

Written procedures must be established and 
followed to ensure correct labelling. Each labelling 
phase for all tissues or cells must be documented. 
Tissues and cells must be labelled during all phases 
of procurement, processing, storage and distribution. 
Labelling must be clear, legible, indelible and unique.

Before labelling a unit of donated or processed 
tissues and cells, the container must be inspected for 
evidence of impurities, defects, broken seals or con-
tamination that could compromise the quality, integ-
rity or safety of the product.

Labels attached to the containers should 
identify and describe the contents. The description 
should characterise the tissues and cells, and reflect 
key aspects of their maintenance and use. Standard 
nomenclature and standard international units of 
measurement must be used to describe the tissues 
and cells, and the processing they have undergone 
(see §15.2 on coding).

Identification should provide information on 
traceability that links the tissues and cells to the 
tissue establishment of origin and, ultimately, the 
donor. When tissues or cells are to be distributed 
internationally, language barriers should be consid-
ered, and information translated or coded to ensure 
understanding. 

For autologous or directed donations, the 
name or identifier of the intended recipient must be 
included in the label. Further guidance on tracea-
bility is provided in Chapter 16.

The production of labels must be controlled. 
When applicable, reconciliation of labels that have 
been edited, used or returned/rejected must be un-
dertaken according to written procedures. All excess 
labels containing quality or traceability information 
must be destroyed or maintained in a secure manner, 
when necessary, to prevent mix-ups. Obsolete, 
unused labels must be destroyed according to written 
procedures.

It is highly recommended to undertake label-
ling and packaging simultaneously, in a continuous 
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process, to reduce the risk of mix-ups or cross-con-
tamination. Before application to the container, 
printed labels must be carefully examined to ensure 
that the information they contain conforms to the 
corresponding tissues or cells. The results of this ex-
amination should be documented at identified crit-
ical stages. Labels must be designed to adhere firmly 
to the container under all anticipated storage and 
transport conditions. The label applied must not be 
removed, altered or obscured. A sufficient area of the 
container must remain uncovered to permit inspec-
tion of the contents, whenever possible.

Where additional labels are applied to pack-
aging, an automated verification step to ensure the 
correct match between container label and package 
label is recommended.

For processing of batches that include large 
numbers of individual final units, a representative 
printed label should be included in the processing 
batch record.

In the European Union, the requirements for 
final labelling of tissues and cells for distribution 
are detailed in Annex II.E of Directive 2006/86/EC. 
Following the adoption of Directive 2015/565/EC, the 
label also needs to include the SEC and, for imported 
tissues and cells, the country of procurement and the 
exporting country (if different from the procurement 
country).

15.4. Sample and documentation 
labelling

All key cell and tissue samples for testing or ar-
chiving and all related documents must be la-

belled in a legible, indelible and unique manner that 
ensures traceability to the donor and the associated 
donations. A record of the time and place the sample 
was taken must be included on the label or in accom-
panying documentation.

15.5. Management of packaging 
and labelling materials

Selected packaging material must be able to with-
stand the storage temperature (ambient temper-

ature, refrigeration, freezing, cryopreservation) and 
the sterilisation procedure (if this is to be applied) 
that are needed to preserve the required characteris-
tics of the tissues or cells and, if applicable, biological 
function. Additionally, the shipping container must 
be able to maintain this environment for an appro-
priate amount of time during transport. Primary 
packaging and transport containers used for tissues 
and cells should be validated for this purpose, and 

they must be suitable for use with human materials 
(see Chapter 2). Selection of packaging, or a combi-
nation of packaging systems, should result in a sealed 
environment that prevents leaks.

As a general rule, labels should be machine- 
printed for clarity. They should be printed with ink 
that does not run or otherwise become unreadable 
when exposed to water or other liquids. Labels must 
maintain integrity and remain attached to primary 
packages and transport containers at the storage 
temperatures.

All printed labels for primary packaging, sec-
ondary packaging and for documentation intended 
to accompany the tissue or cell product should be 
stored in access-controlled areas.

Management of packaging and labelling mate-
rials must include the following elements:

a� there must be written specifications for all 
packages and labels used for tissues and cells;

b� there must be documented procedures de-
scribing the receipt, identification, quarantine, 
sampling, examination, testing, release and 
handling of both packaging and labelling ma-
terials;

c� a version control system should be in place to 
guarantee use of the current approved version. 
If a change of version occurs with regard to 
labels, inserts or packages, the actions needed 
to ensure that only the latest version is attached 
to the tissue or cells should be described in a 
written manner;

d� the suitability of packaging material, con-
tainers and labels for their intended purpose 
must be documented.

15.6. Packaging and labelling for 
procurement operations

15.6.1. Primary packaging and labelling for 
procurement operations

‘Primary packaging’ refers to the materials that 
will come into direct contact with the tissues and 
cells and are, therefore, considered to be ‘critical’. The 
selected materials should not leach harmful chemi-
cals, they should be capable of being sterilised by a 
safe method (if required) and they should be sealable, 
leakproof and traceable.

After procurement, all tissues and cells must be 
packaged in a manner that minimises the risk of con-
tamination and must be stored at temperatures that 
preserve the required characteristics and biological 
functions of the tissues and cells.

Packaging must also prevent contamination 
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through exposure to those persons responsible for 
handling and transportation of the tissues and cells.

Procured tissue must be inspected and recog-
nised appropriately before packaging and labelling 
to avoid mix-ups. Each tissue must be packed sep-
arately in sterile packaging as soon as possible after 
recovery. Double or triple wrapping may be neces-

sary, depending on the tissue-specific requirements. 
Musculoskeletal tissues and skin may be packed in 
sterile, transparent polymer foil (though additional 
cotton wrapping can be used) or in containers with 
or without transport medium. Corneas must be 
placed in sterile transparent containers with medium, 
whereas heart-for-heart valves, amniotic membrane, 

Table 15.2. Labelling of the primary container

Minimum requirements
As a minimum, the primary container must include a unique donation identification number or code. The information listed in 
this table in bold print must be included on the label if space permits or, if there is insufficient space on the primary container 
label, the information must be included in a separate sheet accompanying the primary container. Information listed in normal 
print must be included either on the label or in accompanying documentation, which must include the unique donation iden-
tification number or code specified on the primary container.

Labelling of procured tissues and cells
• unique donation number or code
• type of tissues or cells
• date (and, where possible, time) of procurement
• identification of the procurement organisation

Any accompanying tissue or blood samples for testing must be accurately labelled to ensure identification with the donor and 
must include a record of the time and place the specimens were taken.

Labelling of tissues and cells from a tissue establishment released for circulation to another operator for further 
processing
• unique donation number or code and, for tissue establishments in the EU, the donation identification sequence (DIS) 

from the Single European Code (SEC). For tissues or cells imported from outside the EU, the DIS must be applied by the 
tissue establishment responsible for import.

• identification of the originating tissue establishment
• type of tissues or cells
• expiry date and, where relevant, time (in UTC if the tissues or cells are to be shipped to another time zone). If an expiry 

date has not been defined, the expiry date must be recorded in the SEC as ‘00000000’
• date of circulation (in accompanying documentation to avoid having to re-label the primary container)
• biological tests/assessments carried out on the donor and the results
• presence of potential harmful residues (e.g. antibiotics, ethylene oxide)

Final labelling of tissues and cells released for distribution to an organisation responsible for human application
• unique donation number or code and, for tissue establishments in the EU, the SEC; for tissues or cells imported from 

outside the EU, the SEC must be applied by the tissue establishment responsible for import
• types of tissues or cells and lot or batch number where applicable
• expiry date and, where relevant, time (in UTC if the tissues or cells are to be shipped to another time zone); if an expiry 

date has not been defined, the expiry date must be recorded in the SEC as ‘00000000’
• description (definition) and, if relevant, dimensions/volume of the tissue or cell product
• date of distribution (in accompanying documentation to avoid having to re-label the primary container)
• biological tests/assessments carried out on the donor and the results
• presence of potential harmful residues (e.g. antibiotics, ethylene oxide)
• morphological and functional data, where relevant
• biological investigations carried out on the donor and the results 
• a statement limiting use of the tissues or cells to specific health professionals
• a statement, as applicable, that the tissues or cells may not be sterilised or re-sterilised
• a statement that it is the responsibility of the organisation responsible for human application to maintain the tissues or 

cells according to specified storage conditions and to follow instructions for opening the container, package and, where 
relevant, any required manipulation/reconstruction

• instructions for reporting serious adverse reactions and/or events

Information to be included on all labels
• for autologous donations, the label must state ‘FOR AUTOLOGOUS USE ONLY’
• for directed donations, the label must identify the intended recipient
• when tissues or cells are from a donor known to be positive for a relevant infectious disease marker, the warning ‘BIO-

LOGICAL HAZARD’ must be included
• for imported tissues or cells, the country of procurement and, if different from the country of procurement, the exporting 

country
• nature of additives (if used)
• storage conditions required to maintain the quality and safety of the tissues or cells
• instructions for opening the container, package and, where relevant, any required manipulation/reconstitution
• expiry date after opening/manipulation
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skin, or cartilage for cell cultures must be packed in 
sterile containers with transport medium. Whole 
eyes must be stored separately in moist chambers. 
Composition of the transport medium for a particular 
type of tissue must maintain the biological properties 
of such tissues and may include antibiotics and anti-
mycotics validated by type and concentration.

Procured cell products are mostly packaged in 
disposable bags. These bags are also double wrapped 
before the product is transported. Reproductive 
tissues and cells are mainly packed and transported 
in straws or tubes, either in culture medium or 
cryopreserved.

A unique identification number or code must 
be allocated to the donation and to donated tissues 
and cells during procurement, or at the end of the 
recovery process, to ensure appropriate identification 
of the donor and traceability of all donated material.

The minimum information that should be 
present in a primary label is described in Table 15.2. 
If any of the information listed in Table 15.2 cannot 
be included on the primary package label, it must be 
provided in accompanying documentation inside 
the transport container. Small containers, such as 
straws, must be labelled at least with a unique iden-
tification number or code (e.g. treatment code, do-
nation number or similar) and this identifier must 
be provided on the accompanying documentation. 
Table 15.2 lists the required information that should 
be provided either on the label or in accompanying 
documentation.

15.6.2. Secondary packaging and labelling for 
procurement operations

If secondary packaging is used after procure-
ment, it should comply with the same requirements 
as those established for primary packaging. If labels 
with all the required information are not attached 
to the primary packaging they should be attached 
to the secondary packaging, which should be closed 
and sealed, ensuring that any unique identifica-
tion number on the primary label is present on the 
label for the secondary pack and on accompanying 
documentation.

15.6.3. Outer container packaging and labelling 
for procurement operations

Packaged tissues and cells must be shipped in a 
container that is suitable for the transport of biolog-
ical materials and maintains the safety and quality of 
the tissues or cells. Temperature conditions between 
recovery and processing must be appropriate for the 
type of tissue or cell to preserve the required char-
acteristics and biological functions (i.e. temperature 
and duration of transport to the tissue establishment 
where the tissue processing will take place). The con-
tainer must be closed fully with a tamper-evident seal 
and not opened until the procured tissues or cells are 
received by the tissue establishment.

When tissues or cells are shipped from the pro-
curement site to the tissue establishment, the trans-
port container must be labelled with the information 
described in Table 15.3.

Table 15.3. External labelling of the shipping container

For transfer of procured tissues or cells from the procurement organisation to a tissue establishment
• identification of the originating procurement organisation, including name, address and telephone number of a contact 

person
• identification of the tissue establishment destination, including name, address and telephone number of a contact person

For transfer of tissues or cells from a tissue establishment to another operator for further processing
• identification of the originating tissue establishment, including name, address and telephone number of a contact person
• identification of the other operator destination, including name, address and telephone number of a contact person

For transfer of tissues or cells from a tissue establishment to an organisation responsible for human application
• identification of the originating tissue establishment, including name, address and telephone number of a contact person
• identification of the organisation responsible for human application destination including name, address and telephone 

number of a contact person

Information to be included on all shipping labels
• a statement that the package contains HUMAN TISSUES/CELLS and the warning HANDLE WITH CARE
• where living cells are essential for successful human application, the warning DO NOT IRRADIATE must be added
• when tissues or cells are from a donor known to be positive for a relevant infectious disease marker, the warning BIOLOGI-

CAL HAZARD must be added
• date and time at the start of shipping
• shipping conditions relevant to the quality and safety of the tissues or cells (e.g. DO NOT DELAY, KEEP COOL, KEEP IN UP-

RIGHT POSITION, DO NOT FREEZE)
• when shipping by air, it is mandatory under International Air Transport Association (IATA) regulations that an IATA Time- 

and Temperature-sensitive Label is attached to the outside of the shipping container. The lower half of the label must 
indicate the permitted external temperature range in degrees Celsius (see §15.9)
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15.6.4. Procurement package insert

It is recommended that the documentation ac-
companying the procured tissues or cells indicates, 
where applicable, that they are in a state of ‘quaran-
tine’ to ensure that it is clear that a final review re-
garding their release for distribution and use has not 
been completed. See Chapter 7 for full guidance on 
the requirements for procurement documentation.

15.7. Packaging and labelling of 
tissues and cells

Labelling of tissues or cells during intermediate 
phases of processing must be applied to all pack-

aging materials and containers to assure identifica-
tion at all times.

15.7.1. Primary packaging and labelling 

Primary packaging and labelling refers to the 
materials that will come into direct contact with 
tissues and cells, and the requirements in this regard 
are described in section 15.6, with a special focus on 
the radiation-resistance of packaging material for 
tissue that will be sterilised by irradiation. The expiry 
date will be determined not only by the properties 
of the tissues and cells but also by the integrity and 
stability of the packaging and labelling materials, 
among other factors.

Packaging and labelling procedures must be 
done to prevent cross-contamination or mix-ups. 
Simultaneous operations should be avoided or ad-
equate measures should be taken to ensure that no 
cross-contamination or mix-ups occur [19].

Facilities where packaging or labelling op-
erations have taken place should be checked before 
starting any other operation to guarantee that all pre-
vious materials have been removed.

Printed labels must be examined carefully to 
ensure that the information contained conforms to 
the corresponding tissues or cells. Results of this ex-
amination should be documented. A printed label, 
representative of those used, should be included in 
the processing records.

Unused and already printed labels must be de-
stroyed according to written procedures.

The information that needs to be on the primary 
package label is detailed in Table 15.2.

If the primary container is too small to host 
a label with all the required information (as may be 
the case with gametes and embryos), the minimum 
information on the primary container needs to be a 
unique identification number or code. This unique 
identification number or code and the other required 

information must be included in an accompanying 
document.

The additional information that must be pro-
vided either on the label or in accompanying docu-
mentation is described in Table 15.2.

15.7.2. Secondary packaging and labelling 

‘Secondary packaging’ and ‘labelling’ refer to 
materials that are not intended to come into direct 
contact with the tissues and cells. Special consider-
ation must be given when primary and secondary 
packaging and labelling are designed to be kept to-
gether until the moment of use. If secondary pack-
aging is not sterile, it should be clarified in the 
package instructions that the outside of the primary 
package is also not sterile and should not be placed 
within the sterile field during clinical application.

15.7.3. Outer container packaging and labelling 

When tissues or cells are shipped for distribu-
tion, every transport container must be guaranteed 
to maintain the conditions needed for the specific 
tissue or cell type. Containers must provide adequate 
protection against deterioration or contamination of 
tissues and cells that may occur during storage and 
transportation. Containers should be cleaned before 
use to ensure that they are suitable for their intended 
use. These containers should not alter the quality, 
safety or efficacy of the tissues or cells. Records 
should be maintained for each shipment of labels and 
packaging materials showing receipt, examination or 
testing, and whether accepted or rejected. For trans-
port, the shipping container must be labelled with all 
the same information as specified in Table 15.3.

15.7.4. Package insert 

A ‘package insert’ refers to the supplementary 
information (associated with tissues and cells) that 
cannot be placed on labels. Critical information for 
the clinical user must be provided.

15.8. Customs clearance

For clearance of customs, all tissues and cells 
crossing borders require a clear description of 

the content of the consignment, its destination and 
intended use. The paperwork sent with the con-
signment should include the World Customs Or-
ganization Tariff Number for Human Tissue for 
Transplantation. It is important that the transport of 
frozen or cryopreserved products packed in dry ice or 
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stored in a dry-shipper must not be delayed at border 
crossings. If the goods are being transported by air, 
packages must be labelled with the appropriate In-
ternational Air Transport Association (IATA) codes: 
UN1845 for dry ice or UN1977 for liquid nitrogen in 
a dry-shipper, and UN3373 for shipment of biological 
substances by air [20, 21]. Therefore, it may be expe-
dient for the importer to inform customs of a pro-
spective consignment, and any enquiries by customs 
should always be answered promptly (see Chapter 11). 
For tissue or cell transport, the agreement with the 
shipping tissue establishment should define respon-
sibilities for meeting the cost of transport and storage 
under appropriate conditions at a receiving facility 
for any items that may be detained pending customs 
enquiries.
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perishable-cargo-regulations.aspx, accessed 10 April 
2022.
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Chapter 16. Traceability

16.1. Introduction

Clinical application of tissues and cells brings great 
benefits for patients. There are, however, rare (but 

important) risks associated with such clinical use, in-
cluding graft/application failure, donor-transmitted 
infections, malignancies and genetic conditions. 
The concept of traceability is the means of linking a 
donor with recipients, or with offspring born through 
medically assisted reproduction (MAR), and with all 
information about the transferred tissues and cells 
from donation to clinical outcome and follow-up.

Traceability means the ability to locate and 
identify the tissue/cell during any step from pro-
curement, through processing, testing and storage, 
to distribution to the recipient or disposal, which 
also implies the ability to identify the donor and the 
tissue establishment (TE) receiving, processing or 
storing the tissue/cells, and the ability to identify the 
clinicians at the medical facility applying the tissue/
cells to the recipient(s). Traceability also covers the 
ability to locate and identify all relevant data relating 
to products and materials coming into contact with 
those tissues/cells [1].

The increased transportation of grafts across 
national boundaries has made traceability difficult 
and sometimes impossible [1]. It is therefore essential 
to facilitate rapid action to prevent harm when links 
in the safety and quality chain are found to have been 
compromised. Apart from quality and safety, tracea-
bility is also crucial for ethical reasons, as it allows le-
gitimate donation with proper consent to be verified 
for every tissue or cell product.

The system of traceability is inseparable from, 
and in practice dependent on, the coding system (see 
Chapter 15). Effective traceability and biovigilance 
in the global context depend on the use of globally 
unique identification for all donated biologic prod-
ucts [2].

The need to comply with traceability require-
ments should not compromise the need to guar-
antee anonymity between donor and recipient (or 
newborn), depending on the type of donation and the 
national legislation enforced. Records must be kept 
by the entities involved in the donation, procurement, 
processing, storage, distribution and application of 
tissues and cells to ensure compliance with safety re-
quirements, but records should never allow the dis-
closure of confidential information to unauthorised 
persons.

Human error, equipment failure or other 
adverse events that cannot be predicted may affect 
quality, safety or effective use of tissues and cells at 
any stage, potentially increasing the risk to recipients 
and offspring. In the case of deceased donors, pro-
curement teams are provided with a medical history 
at short notice, and additional information about the 
donor at a later stage may have implications for the 
safety and quality of tissues procured from those 
donors. Use of defective equipment, poor-quality 
consumables, contaminated solutions or defective 
testing kits may only come to light after the tissues 
and cells have been processed and transplanted. This 
means that traceability, from donation through to 
end use, is essential to determine which tissues or 
cells could potentially be affected by additional infor-
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mation or adverse incidents. For MAR, traceability 
does not stop when the tissues and cells reach the 
recipient. The health of the children born as a result 
of MAR treatment must be followed up, so that data 
on follow-up of pregnancies and children’s health are 
included in the chain of traceability.

TEs play a special role in assuring traceability, 
collecting the data that guarantee the ability to locate 
and recall tissues and cells or inform the applying 
clinicians and recipients, once the establishment 
becomes aware of information that may have implica-
tions for their quality and safety. TEs are responsible 
for communication with other entities, such as organ 
transplant units, and with other TEs (including MAR 
centres) involved in the procurement/collection or 
processing of additional tissues and cells, or cells 
from shared donors.

The time interval between detecting a risk to the 
quality and safety of tissues and cells and preventing 
them from being used in patients has been referred to 

as the ‘traceability window period’ [3]. Recalls can be 
due to inappropriate evaluation of donors, positive se-
rology tests in the donor, contamination of tissues or 
cells, infection in recipients of other tissues donated 
by an individual donor and other risks introduced 
during the processing or storage of tissues or cells. 
The increasing global circulation of tissues and cells 
for clinical use, the fact that several tissue products 
can originate from one donor who may also donate 
organs, or that many children may be born from 
one sperm donor, and the existence of international 
markets for equipment, consumables and additives 
all add to the need for robust systems of traceability.

Records and procedures required to maintain 
traceability must be kept long after the clinical use 
of products (see §16.2.f), allowing personnel to track 
and trace all steps associated with the tissues and 
cells long after their clinical application, making ade-
quate biovigilance and follow-up procedures possible. 
Traceability underpins biovigilance (see Chapter 17). 

Figure 16.1. Example of traceability system in medically assisted reproduction

Assign a unique identi�cation code to the patient/donor 
and donation cycle.

Before commencing

�nique identi�cation code 
refers to patient’s or donor’s 
documentation.

If required, check consent 
forms, clinical data and 
serological examinations.

Ÿ Verify patient/donor identity at each donation/
reception and correspondence with the unique 
identi�cation code assigned.

Ÿ Label clearly and permanently all containers of 
biological material with the unique patient/donor and 
cycle identi�cation code and add properties of the 
tissues and cells.

Ÿ Organise incubators/tanks to facilitate identi�cation of 
tissues and cells.

Ÿ Double-check critical steps.

Ÿ Record critical data/operators/cells’ �nal destination/
equipment and material.

In the lab

Ÿ During import/export ensure that institutions involved 
and, if applicable, third parties are identi�ed.

Ÿ Check information on the storage containers.

Transport

Clearly de�ne the traceabil-
ity system in place in the 
laboratory in the operating 
manual;  there must be 
de�ned and e�ective 
documentation, records, 
registers and standard oper-
ating procedures.

Train embryologists and lab 
operators according to the 
established traceability 
system.

Source: ESHRE revised guidelines for good practices in IVF laboratories (2015) [4].
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Within each TE, investigation of adverse events and 
adverse reactions, and of deviations from standard 
procedures, can be carried out only if a system of 
traceability is in place. Many establishments share 
practices and standards, and effective investigations 
can help to improve them. Hence, in addition to bio-
vigilance, ongoing quality improvement – of pro-
cedures relating to procurement, processing, donor 
testing, storage and distribution of tissues and cells 

– also benefits from good systems of traceability.
Traceability requirements are often defined in 

legal obligations and may include the ability to report 
the precise number of units and recipients, for use as 
denominator data in the evaluation of adverse occur-
rence frequency at national and international level. 
Traceability must encompass all the data associated 
with the final destination of tissues and cells distrib-
uted by third parties, including records of the final 
distribution and application of imported and/or ex-
ported units (see Figure 16.1 for an example of trace-
ability through unique identification and coding).

16.2. How traceability works

Traceability is the ‘thread’ that joins all the 
pieces of critical information together, from the 

moment that a potential donor is identified until the 
moment when the tissues or cells are applied to the 
recipient or discarded. This means traceability is 
a concept allowing: (i) tracing of procedures when 
donors and/or recipients show any adverse reaction 
that could be linked with procurement of the tissues 
and cells and/or the quality of the tissues or cells dis-
tributed, respectively (see Chapter 6); (ii) tracking the 
fate of recipients; (iii) tracking follow-up of the health 
of MAR children; (iv) tracking those units associated 
with incidents detected after distribution or clinical 
application; and (v) tracing the tissues and cells avail-
able to be re-tested if new risks become evident after 
release, e.g. from procurement, processing, testing, 
handling, storage or transport. 

TEs must ensure that data protection and 
confidentiality measures are in place, in accordance 
with the national and European data protection laws. 
Many organ donors are also tissue and cell donors, 
so it is important that effective links are in place 
between organ-procurement organisations and TEs.

The following are the key requirements of an 
effective traceability system:

a. Unique identification
At each stage in the pathway, from donor to re-
cipient or child conceived as a result of MAR 
treatment, each TE must have records of the 

donor, the donation and the donation samples, 
and must ensure that they are identified and 
labelled uniquely within their own organisa-
tion. While uniqueness can be ensured without 
difficulty within one organisation, the risks of 
duplication are increased when tissues, cells, 
samples or records move from one organisa-
tion to another. For example, duplicate iden-
tifiers may result when samples are sent to a 
testing laboratory or when tissues or cells are 
sent to a hospital because each receiving estab-
lishment may assign its own identifier. This risk 
can be eliminated if a global standard is used 
to identify samples or tissue products. Within 
the European Union (EU), the Single European 
Code (SEC) will help to address this need (see 
Chapter 15). The SEC allows, within its struc-
ture, incorporation of the international coding 
systems ISBT 128 and Eurocode.

b. Double witnessing protocols
The implementation of specific policies, such as 
double-checking protocols, is receiving more 
and more interest. Because manual witnessing 
is associated with human errors due to the oc-
currence of conscious automaticity, involun-
tary automaticity, ambiguous accountability 
and stress, different models for witnessing the 
identification of samples and patients have been 
proposed, such us barcoding or radiofrequency 
[5]. Risk assessment of all steps in all processes 
should be performed to identify where double 
witnessing is needed.

c. Safe transfer of critical information
The traceability trail depends on the accurate 
transcription of critical identification infor-
mation. Manual transcription errors can cause 
disruption of the traceability trail. Use of a 
qualified electronic transfer system for crit-
ical information (bar codes or other machine- 
readable codes) is recommended. If manual 
transcription is used, double checking of data 
should be implemented. Electronic storage of 
data – in well-protected databases for easy and 
quick access by authorised personnel – is pre-
ferred to paper-based information collections.

d. Timeliness
If a risk is identified, it should be possible to 
rapidly trace all implicated products or all po-
tentially affected recipients and children con-
ceived through MAR. A delay could result in 
harm to patients or children conceived through 
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MAR. Systems need to be quickly accessible, 
with efficient links between organisations to 
reduce the ‘traceability window period’.

e. Clarity of responsibilities at interfaces between 
organisations
To guarantee traceability, TEs should distribute 
tissues and cells to other TEs, to organisations 
responsible for human application (ORHAs) 
or to healthcare professionals who have re-
sponsibility for clinical application (and not 
directly to recipients). It is essential that each 
organisation in the chain clearly understands 
its responsibilities for traceability. It is notable 
that, in the published high-profile cases of viral 
transmission during transplantation, hospitals 
were often not able to trace all recipients [6]. 
Maintaining traceability is one of the key legal 
and technical responsibilities of an ORHA 
(see Chapter 13). TEs must define responsibil-
ities and procedures prior to the distribution 
of tissues, cells, gametes or embryos to those 
organisations.

f. Long-term storage of secure records
For effective reviews, traceability data need to 
be maintained for long periods of time; there-
fore secure premises equipped with adequate 
protection systems are necessary. For example, 
in the EU, all information related to tracea-
bility must be maintained for 30 years after ap-
plication or the expiry date of the tissues and 
cells. Data that are critical to the safety and 
quality of tissues and cells, including records of 
equipment used and materials such as consum-
ables coming into contact with those tissues or 
cells, should be kept so as to ensure access to 
the data for at least 10 years after clinical use 
of the product, its expiry date or disposal. Or-
ganisations need to consider the impact of the 
obsolescence of technology and ensure that 
records remain quickly accessible. There is a 
need for regular management review of data 
storage, with a proactive approach to prevent 
obsolescence.

g. Traceability provisions
The location of traceability records may change 
when organisations are closed or merged, or if 
they cease activities relating to donor selection, 
donor testing, procurement, processing, distri-
bution or transplantation. In such cases, there 
should be an effective link between the new 
location of the data and the previous location, 

and provision must be made to prevent loss 
of traceability information, for example by 
signing contracts with other TEs for taking 
care of these data in critical situations.

h. Traceability audits
Organisations should include audits of trace-
ability from donor to recipient and vice versa 
as part of ongoing quality management. The 
traceability trail may encompass data stored in 
several organisations.

The EU definition of traceability is provided in 
the Glossary (Appendix 3) of this Guide.

16.3. Which records must be 
traceable?

All records must be legible and indelible, protected 
from unauthorised amendments, stored se-

curely and readily retrievable. Establishments should 
conduct regular audits of records to ensure that they 
are accurate and comprehensive. Good practice re-
quires that there is trail of amendments to written 
and digital records and that these are authenticated 
and dated. Computer records should be maintained 
in a validated system (see Chapter 14) and there 
must be procedures to back up electronic records to 
prevent loss, corruption and unauthorised access or 
amendment. Records must be shown to be reliable 
and a true representation of the events. Records may 
be handwritten or transferred to another qualified 
system, such as a computer or microfilm. Records 
should be maintained of critical equipment and con-
sumables, including the lot numbers and expiry dates 
of additives, cryoprotectants and packaging materials 
used during procurement and processing. The TE 
must also retain temperature records, analyser print-
outs and relevant environmental monitoring records 
for viable and non-viable particles. If tissues and cells 
have been imported, it is important that TEs ensure 
that the traceability chain is retained and that the 
records for traceability (see §16.3) are accessible.

There must be a system of record keeping for 
all activities associated with tissues and cells. These 
robust systems must ensure secure identification of:

a� the donor and all records associated with the 
donor and their medical and behavioural 
history,

b� the donation (tissues or cells procured/col-
lected from the donor),

c� all records associated with processing, storage 
and distribution of the final products, and 
related events,

TC5_en.indb   196TC5_en.indb   196 14/12/2022   13:22:0914/12/2022   13:22:09



197

16. TRACEABILITY

d� all samples taken from the donor or from the 
tissues/cells for the purposes of testing for 
quality and safety,

e� the clinical application and recipient(s) of the 
tissues or cells,

f� the health of the resulting child(ren) and any 
adverse data on pregnancies (for MAR treat-
ment).

16.3.1. Records of identification, donor tests 
and clinical evaluation of the donor

Besides the information defined in Chapter 5 – 
Donor evaluation, TEs must keep in their records at 
least the following data:

a� donor identity,
b� age, sex, medical and behavioural history of 

the donor,
c� outcome of clinical and physical examinations 

for the donors,
d� completed haemodilution algorithm (where 

applicable),
e� consent/authorisation form, 
f� relevant clinical data, laboratory test results 

and the results of any other tests carried out,
g� for deceased donors, results of the autopsy (if 

carried out) or preliminary verbal report,
h� for haematopoietic progenitor cell (HPC) 

donors, the donor’s suitability for the chosen 
recipient (see Table 16.1 for an example),

i� for unrelated HPC donations, where the organ-
isation responsible for procurement has limited 
access to recipient data, the ORHA or the phy-

sician should be provided with the relevant 
donor data to confirm suitability.

In addition, the donor testing records must 
be accessible at the laboratory (in-house or at a con-
tracted laboratory) and contain at least:

a� date and time donor blood samples were taken,
b� date of receipt of the blood sample at the testing 

facility,
c� record of each test kit used to test donor blood 

sample (i.e. manufacturer, lot number, expiry 
date),

d� results of donor testing, including repeat 
testing (if applicable).

Accessibility authorisations and the responsi-
bilities associated with record keeping and reporting, 
of both TEs and testing laboratories, should be prop-
erly defined through a technical and legal written 
agreement (for technical agreements with testing 
laboratories, see §6.4).

16.3.2. Records of procurement of tissues and 
cells

Besides the information defined in Chapter 7 
– Procurement, the organisation undertaking pro-
curement must produce procurement reports and 
provide them to the TE. The procurement report 
must contain at least:

a� the identification data of the TE receiving the 
tissues or cells,

b� donor identification data (including how and 

Table 16.1. Traceability of unrelated haematopoietic progenitor cells (HPC) donor and recipient data

Donor centre National 
registry

WMDA Collection 
centre

Tissue 
establishment

Transplant 
centre patient

Activities Consent
Testing
Donor 
follow-up

Listing
Donor and pa-
tient follow-up

Listing HPC collection Product label-
ling, processing 
and release

Infusion
Patient 
follow-up

Donor data* ID code
Identity

ID code
Identity of Na-
tional Registry 
donors only

ID code only ID code
Identity

ID code
Product code 
(e.g. SEC)

ID code only

Patient data* ID code
Identity

ID code
Identity

ID code ID code
Identity

ID code
Identity

ID code
Identity

WMDA: World Marrow Donor Association.
The identity and privacy of all patients and donors are protected throughout the process of HPC donation and transplantation 
(identity = name).
*Donor/patient data: anonymous contact between patient and donor is allowed post-transplantation only through registry.
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by whom the donor was identified) and records 
of testing of the donor,

c� description and identification of procured 
tissues and cells (including samples for testing),

d� identification of the person who was respon-
sible for the procurement session, including 
his/her written or digital authentication,

e� date, time (start and end, if relevant) and lo-
cation of the procurement and standard oper-
ating procedure used,

f� description of the physical area where procure-
ment took place, including environmental con-
ditions at the procurement site (where relevant),

g� for deceased donors, storage conditions of the 
deceased donor, i.e. refrigerated (or not) and 
time of start and end of refrigeration,

h� manufacturers and lot numbers of reagents 
and transport solutions used,

i� any incidents that occurred during procure-
ment,

j� equipment used during procurement.

16.3.3. Records of processing of tissues and cells

Besides the information defined in Chapter 9 
– Processing, Chapter 10 – Storage and Chapter 12 – 
Release, distribution and import/export, the organi-
sation undertaking processing must keep at least the 
following records:

a� tissues and cells received and evaluation of 
their suitability,

b� standard operating procedures used to process 
the tissues and cells,

c� equipment used during processing with full 
maintenance records,

d� records of consumables used during processing 
(manufacturer, lot number, storage conditions 
of consumables – if appropriate – and expiry 
date),

e� records of sterilisation or decontamination, if 
applicable,

f� records of cryopreservation and freezing pro-
tocols, if applicable,

g� records of environmental monitoring (temper-
ature monitoring, microbial monitoring and 
particle counts as appropriate),

h� records of product testing, including microbial 
testing,

i� any incidents that occurred during processing.

16.3.4. Records of storage and distribution of 
tissues and cells

Besides the information defined in Chapter 12 
– Release, distribution and import/export, organi-
sations undertaking storage of tissues or cells must 
keep at least the following records:

a� storage location and a transfer record if storage 
locations change,

b� date placed in storage,
c� date removed from storage,
d� records of storage temperature including 

details of nitrogen storage (e.g. vapour phase 
above liquid nitrogen),

e� any incidents that occurred during storage.

In addition, when the tissues or cells are trans-
ported or distributed to hospitals or clinics for appli-
cation, TEs must keep the following records:

a� name of party responsible for distribution,
b� identification of the establishment, courier or 

individual who transported the tissues and 
cells at any stage between procurement and 
end use (clinical application),

c� packaging records (e.g. records of the dry-
shipper used),

d� time and date of distribution of tissues and 
cells,

e� time and date of delivery of tissues and cells,
f� identification of the receiving establishment, 

clinician or ORHA,
g� any incidents that occurred during distribu-

tion.

16.3.5. Records of clinical application of tissues 
and cells

Besides the information defined in Chapter 13, 
the ORHA must keep at least the following records:

a� identification of the supplier TE,
b� identification of the clinician or ORHA,
c� type(s) of tissues and cells,
d� product identification,
e� identification of the recipient,
f� date of clinical application,
g� any incidents that occurred during clinical ap-

plication,
h� any adverse reactions or adverse events in the 

recipient,
i� health outcomes of children born following 

MAR.

Systems must be in place to assure the follow- 
up of tissue and/or cell recipients and children con-
ceived after MAR treatment. Such follow-up can be 
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achieved only if a close working relationship exists 
between all stakeholders: that is, the TE, ORHA, 
MAR centre and parent(s) involved.

Some national standards require the ORHA to 
provide the supplying TE with details of the patient 
to whom the tissues or cells were clinically applied. 
Whether this information is sent to the TE or not, it 
is essential that the end user maintains these records 
and keeps the chain of traceability intact from the be-
ginning to the very end.
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Chapter 17. Biovigilance

17.1. Introduction

This chapter provides general guidance on the 
implementation of good vigilance and surveil-

lance (V&S) practice by all those involved in the 
process from donation through banking to clinical 
use, which includes medically assisted reproduction 
(MAR), assisted reproductive technology (ART) and 
haematopoietic progenitor cells (HPC), including 
regulators and Health Authorities. The tissue- and 
cell- specific chapters in Part B provide additional 
specific guidance on vigilance in those fields; in par-
ticular, Chapter 29 and Chapter 30 detail, respec-
tively, several specificities within MAR and fertility 
preservation vigilance.

In a tissue establishment (TE), the quality 
management system focuses on preventing errors 
and maintaining a consistent standard of agreed 
specification for tissues and cells released for clinical 
application. However, residual or unexpected risks 
or procedural errors occasionally result in failures, 
disease transmissions or situations in which donors 
or patients are exposed to risk, even if not harmed. 
A programme of V&S is essential for ensuring the 
quality and safety of tissues and cells for human 
application. Reporting of these incidents presents 
important learning opportunities that can help all 
procurement organisations, TEs, cell therapy, MAR 
facilities and clinical users (not only those involved 
in the incident/problem in question) to improve their 
processes and to achieve higher standards of safety 
and quality at all levels: from TEs to donors and re-
cipients [1, 2].

17.1.1. Biovigilance phases

Biovigilance is the systematic monitoring of 
serious adverse reactions and events (SAREs) from 
the selection of the donor to the follow-up of the re-
cipient, with the objective of making the application 
of different substances of human origin (SoHO) safer 
and more effective. There are several stages (phases) 
in a biovigilance system:

a� Detection. The first stage is to detect a biovigi-
lance case that could be described as an adverse 
event or reaction. Depending on the case and 
the system in place at national level, the fol-
lowing steps can be done in parallel. Each case 
should be collected.

b� Reporting/notification. After detecting the 
case, it must be reported or notified to the 
Health Authority even if the investigation is 
not concluded. If there is a suspicion that other 
centres, TEs, suppliers, donors, recipients or 
children in MAR could be affected or involved, 
they have to be alerted rapidly by the TE or by 
the Health Authority to prevent further com-
plications.

c� Investigation/evaluation. Every single case (at 
least every serious case) must be investigated 
and evaluated by the TE and Health Authority, 
with the collaboration of all parties involved 
and also a group of relevant multidisciplinary 
professionals with experience in infectious and 
malignant or genetic diseases, quality control 
and quality management, as well as profes-
sionals with experience in the use of the tissue 
involved in the case.
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d� Management. During the investigation or once 
the investigation is finished, it is important to 
decide how its findings should be managed, de-
pending upon what kinds of actions have been 
decided on. Occasionally, an SAE (Serious 
Adverse Event, e.g. discovery of an infectious 
diseases marker as positive or a tumour found 
after tissues or cells were used) does not inflict 
immediate harm on the recipient, but requires 
follow-up during a specified period of time to 
detect if the recipient develops any problem 
related to the SAE (for example, seroconver-
sion). The period of time should be established 
between TE and clinicians, taking into account 
the SAE (tumoral, infectious etc.) and ac-
cording to the data recorded when the patient 
developed signs or symptoms. In that case, 
what was at the beginning defined as an SAE 
is converted later to an SAR (Serious Adverse 
Reaction). 

e� Closing the notification/report. Finally, the 
case will be closed and the final report must 
include both corrective and preventive meas-
ures and therapeutic measures if applicable. 
This final report should detail how to act on 
similar occasions in the future in order to 
prevent the recurrence of the SARE. It is worth 
noting that learning is an important benefit 
derived from biovigilance, and feedback to all 
involved parties should be given.

17.2. Definitions

17.2.1. Adverse events

An adverse occurrence can be classified into 
‘adverse events’ (AEs), which are process failures 

that might expose a recipient or living donor to risk 
or to a loss of any irreplaceable autologous tissues 
or cells or to a loss of any highly matched allogeneic 
tissues or cells, and ‘adverse reactions’ (ARs), which 
are adverse outcomes that have indeed occurred with 
harm to a donor, a recipient or a child born through 
MAR procedures. An adverse event may or may not 
cause an adverse reaction. Similarly, an adverse re-
action may or may not be related to an adverse event.

According to European Union (EU) defini-
tions, a ‘serious adverse event’ (SAE) in the present 
context is any untoward occurrence associated with 
the procurement (including donor selection), testing, 
processing, storage and distribution of tissues and 
cells that might lead to the transmission of a com-
municable disease, to a life-threatening, disabling or 
incapacitating condition for the patient or that might 

result in prolonged hospitalisation, morbidity or 
death. In MAR, the unintended mix-up of gametes or 
embryos is considered an SAE. 

Although adverse events may occur at all 
stages from donor selection to distribution of tissues 
and cells, many of them are not severe and may be 
managed through the quality management system 
(QMS) of the TE. Conversely, SAREs are rare. There-
fore, there are significant benefits associated with 
consolidating V&S data on regional, national or in-
ternational scales and on an integrated system for the 
various substances of human origin (SoHO), because 
all such substances are exposed to risks from do-
nation to transplantation (from breaches of ethical, 
legal and safety standards).

17.2.2. Adverse reactions

A ‘serious adverse reaction’ (SAR) is an un-
intended response, including a communicable disease, 
in the donor or in the recipient, associated with the 
procurement or human application of tissues and 
cells that is fatal, life-threatening, disabling or inca-
pacitating, or which results in, or prolongs hospitali-
sation or results in morbidity.

The follow-up of living donors after donation 
should ensure that, if a condition not known at the 
time of donation occurs to the donor that may have 
an impact on the recipient, it is clearly identified. In 
such cases there should be a documented procedure 
to notify the recipient’s physician of this condition. 
This is not necessarily an adverse event. Conversely, 
when the recipient’s physician detects an impact on 
the recipient, this must be reported to the TE. The 
same also applies to the potential long-term influence 
of any treatment provided for the procurement (e.g. 
mobilisation with cytokines or hormonal stimula-
tion), in which case pharmacovigilance should also 
be involved. 

In summary, an adverse reaction is an incident 
whereby a living donor, a recipient or a fetus or child 
created through IVF or intra-uterine insemination 
using donor gametes has been harmed, whereas an 
adverse event is an incident that results in a risk of 
harm, although no harm may actually occur. Those 
that are classified as ‘serious’ should be notified to 
Health Authorities, in accordance with national or 
regional requirements.

These definitions are also reflected in the World 
Health Organization (WHO) Notify Library for V&S 
of medical products of human origin (MPHO) [3]. 
Adverse occurrence type is categorised in the library 
as follows:

a� harm to recipient,
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b� harm to donor,
c� harm to fetus or offspring,
d� risk of harm.

If products containing tissues or cells are 
classified as advanced therapy medicinal products 
(ATMPs) in the EU, biovigilance is applied in the 
first steps of the process (selection of the donor, col-
lection and controls of the collected products) and 
pharmacovigilance in the rest of the process (see 17.6 

– Vigilance co-ordination). 

17.3. Management and quality of 
vigilance

17.3.1. Vigilance
The organisation of the vigilance system, as 

well as the role of the various parties involved, should 
be defined and broadly communicated within the 
TE. Health Authorities are encouraged to draw up 
guidelines for vigilance systems, notification forms, 
surveillance methods, acceptable risk criteria and ex-
amples of SAREs for tissues and cells that should be 
reported to them. Appropriate communication and 
co-ordination between procurement organisations, 
TEs and organisations responsible for human appli-
cation (ORHAs) are essential for an efficient vigilance 
system. Organisations or bodies involved in activities 
based on tissues and cells (including clinical users) 
should have standard operating procedures (SOPs) in 

place that describe how to detect, collect, report, in-
vestigate and communicate notifications for adverse 
reactions and events (AREs). 

The co-ordinator (officer at local, hospital, re-
gional level etc.) in charge of biovigilance should be 
clearly identified in order to receive a notification, 
co-ordinate investigations, gather experts from dif-
ferent fields and establish with the experts and the 
TE the measures to be implemented. It is recom-
mended that the QMS and V&S systems, both of 
which contribute to risk-management policy, should 
be co- ordinated at TE level according to guidelines 
established by the Health Authority and under the 
direct responsibility of the Responsible Person (RP). 
Implementation of computerised and integrated 
systems for collection and management of ARE data 
is encouraged to facilitate the assessment, synthesis 
of the data, and preparation and dissemination of 
reports.

This chapter focuses on the procedures for 
detection, collection, reporting, alert, investigation, 
management, evaluation and closure of AREs that 
may occur from the time of selection of the donor 
until clinical application and follow-up. All AREs and 
non-compliances involving any party (clinical users, 
donors, patients or third parties) and including those 
with minor consequences, should be documented and 
reviewed regularly within the QMS of the TE. Each 
report or communication should be considered for 
classification as an SARE and should be managed as 

Figure 17.1. Categories of biovigilance scenarios

Urgent Rapid alert, e.g. RATC (rapid alert for tissues and cells)

Notication of SARERoutine – 
reactive

Surveillance, e.g. for infectious emergency risk –
European Centre for Disease Control (ECDC)

Continuous – 
proactive

Surveillance, e.g. for infectious emergency risk –
European Centre for Disease Control (ECDC)

Continuous – 
proactive
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such if it meets the criteria described in this chapter. 
This allows trends to be monitored and actions to be 
taken to continually improve quality and safety. 

Three categories of biovigilance scenario can 
be described, depending on the type of measures and 
the speediness of the actions that can be taken into 
consideration: urgent communication, routine noti-
fication and proactive monitoring of possible SARs/
SAEs (see Figure 17.1). These categories are explained 
further in this chapter.

17.3.2. Surveillance

The term ‘surveillance’ denotes the follow-up of 
organs, cells or tissue recipients or living donors, with 
or without SARE, to provide indicators and informa-
tion on stratification of risks. Furthermore, an active 
surveillance system should monitor all follow- up, not 
only for some specific expected serious reactions or 
events. When a surveillance system is implemented, 
periodic analyses can show if there is an upward 
trend of SAREs, AEs or ARs, more or less system-
atically occurring and expected. These should be re-
ported to the Health Authority, a root cause analysis 
should be initiated, and corrective measures should 
be implemented.

Routine monitoring of clinical outcomes is 
part of the surveillance system. Clinical teams should 
set up a system with follow-up on grafts and recipi-
ents post-transplant (e.g. registries), as well as living 
donor outcomes, in order to monitor the results and 
to identify currently unknown risk factors. This 
monitoring should be complemented by an active 
surveillance system for well-known adverse reac-
tions. Unfortunately, in the case of tissues, there are 
very few transplant registries at European level. One 
of those registries is the ECCTR (European Cornea 
and Cell Transplantation Registry), which aims to 
build a common assessment methodology and es-
tablish an EU web-based registry to assess and verify 
the quality and efficacy of corneal transplantation in 
ophthalmic surgery [4]. Importantly, registries can 
help to identify both known and previously unidenti-
fied long-term effects of cell or tissue transplantation. 

In the field of MAR, the European Society of 
Human Reproduction and Embryology (ESHRE) 
has set up a European IVF Monitoring Programme 
(EIM) that, among others, collects data on perinatal 
outcomes, risks and complications of MAR treat-
ments. Although they are outside the scope of the 
vigilance system, because this focuses only on the 
‘undesired and unexpected SAR’, any ‘known ARs’ 
should be evaluated further in order to exclude their 
occurrence being caused by a systematic error (e.g. 

incorrect handling of heart-for-heart valves during 
procurement).

The expected frequency of these ‘known SARs’ 
can be defined by the relevant experts or professional 
bodies, based on local experience and evidence 
based on literature data (e.g. expected rate of arterial 
thrombosis after the use of cryopreserved arteries). 
When the frequency of these complications increases 
in one centre beyond a threshold of pre-defined rates, 
a notification of ‘suspected SAR’ must be made to the 
Health Authority. The root cause analysis has to be 
performed by the local investigation team in order 
to determine the reasons for this deviation from 
the acceptable rate. This investigation falls within 
the framework of the vigilance system, and should 
trigger corrective measures and improve the quality 
and safety of care to patients. But such surveil-
lance should also identify whether good results are 
achieved by risk-avoiding behaviour of an institution 
or by true best clinical practice being applied. 

When a TE asks clinicians specifically about 
the presence of SAR for each tissue or cell implanted, 
the number of cases reported is higher than the per-
centage collected by the Health Authority [5, 6]. For 
this reason, it is important to reinforce the surveil-
lance and registries, to avoid under-reporting.

The widespread use of active surveillance 
systems will be a step-by-step process that still re-
quires healthcare professionals to obtain consensus 
views on some important points, including issues 
like the definition of serious adverse reactions and 
events, as well as the description of their appropriate 
monitoring.

17.3.3. Surveillance for new risks

Surveillance programmes should also include 
an activity of scanning for new risks that have not 
been recognised previously or have not yet occurred. 
New risks may be related to new donor selection cri-
teria, new techniques, new medical devices (including 
new ancillary products) or new reagents to which 
cells or tissues can be exposed during processing, or 
new inheritable pathogenic DNA variants that MAR 
donors have not been tested for. Newly emerging in-
fectious diseases, for which targeted testing can be 
carried out or which might imply the need to exclude 
certain donors, represent an example of one type of 
new risk. The European Centre for Disease Preven-
tion and Control (ECDC) monitors the epidemiology 
of diseases in Europe and publishes a weekly Eurosur-
veillance report that provides useful data to support 
the development of donor-selection policy. Moreover, 
the ECDC has recently been mandated to initiate risk 

TC5_en.indb   203TC5_en.indb   203 14/12/2022   13:22:1214/12/2022   13:22:12



204

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

assessments on particular epidemic agents, infec-
tious diseases or new in vitro diagnostic techniques 
in the field of tissues and cells. This is what we call the 
proactive biovigilance category (surveillance).

17.4. Adverse reactions

Adverse reactions must be detected, reported, in-
vestigated and evaluated in terms of:

a� severity, 
b� imputability,
c� probability of recurrence or frequency, and
d� consequences. 

Several symptoms or situations can suggest 
that an adverse reaction might have occurred in a re-
cipient of tissue or cells and should, therefore, be seen 
as ‘triggers’ for an adverse reaction report. Note that, 
in certain circumstances, clinicians may knowingly 
transplant an infective donation (e.g. Cytomegalo-
virus-positive bone marrow); in such cases, patients 
should be informed about the benefits and the ad-
ditional risks using an informed consent, and there 
should be specific follow-up. Clinical and biological 
monitoring, as well as prophylactic or pre-emptive 
treatment, should comply with existing recommen-
dations or regulatory requirements, where they exist. 
Below are examples of reportable adverse reactions 
(for more information, see the chapters in Part B on 
each specific tissue) [with abbreviated descriptions in 
square brackets]:

a� suspected harm in living donor related to pro-
curement [Donor harm];

b� unexpected primary infections possibly trans-
ferred from donor to recipient (e.g. viral, bac-
terial, parasitic, fungal, prion) [Infection from 
donor];

c� suspected transmitted infection (viral, bacte-
rial, parasitic, fungal, prion) possibly due to 
contamination or cross-contamination by an 
infectious agent in the procured tissues, cells 
or associated materials, between procurement 
and their clinical application [Infection from 
infected/contaminated tissues and cells] – this 
could be during processing (e.g. if the previous 
donor processed was infected and the clean-
room was not disinfected) or during storage 
(e.g. if the tissues and cells were stored with 
only one bag in liquid nitrogen); 

d� immunological reactions, including allergic 
reactions, graft-versus-host disease, rejection, 
haemolytic reactions or other immunological 
reactions [Immunology];

e� malignant disease possibly transferred 

by the tissues or cells (donor-derived, 
process- associated or other) [Malignancy];

f� unexpectedly delayed or absent engraftment, 
or graft failure (including mechanical failure) 
[Failure];

g� toxic effects to tissues and cells or associated 
materials [Toxicity];

h� unexpected immunological reactions due to 
tissue or cell mismatch [Mismatch];

i� aborted procedure involving unnecessary ex-
posure to risk, e.g. wrong tissue supplied, dis-
covered after patient is anaesthetised and the 
surgical procedure has begun [Undue risk];

j� suspected transmission of genetic disease by 
transplantation or gamete/embryo donation 
[Genetic abnormality];

k� suspected transmission of other (non- 
infectious) illness [Other transmission];

l� transfusion-associated circulatory overload in 
haematopoietic progenitor cell (HPC) trans-
plantation [Volume overload];

m� neurological reaction [Insult];
n� severe febrile reaction [Fever];
o� other [Other].

Efficient systems for rapid quarantine or recall 
of unsafe tissues or cells must be in place, along with 
procedures for look-back where donors or recipients 
are found to have been exposed to a risk. Important 
learning outcomes from each adverse reaction should 
be communicated appropriately to all professionals 
involved.

17.4.1. Detection of adverse reactions

Effective V&S relies heavily on all health pro-
fessionals involved, from donor selection to clinical 
application and follow-up, namely:

a� medical staff (including surgeons) involved in 
tissue- and cell-procurement activities who 
might become aware or informed of additional 
safety information on donors during their 
follow- up;

b� staff and personnel carrying out procurement 
of tissues and cells;

c� clinical users who should pay attention to 
adverse outcomes and be aware when such out-
comes might be associated with the clinical use 
of tissues or cells;

d� physicians caring for children born after 
non-partner MAR/ART treatment who may 
detect a genetic abnormality and, by reporting 
it, prevent further distribution of gametes/
embryos from that donor;
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e� any other TE staff involved in any procurement, 
processing, tissue distribution or follow-up in-
formation step; 

f� other vigilance systems (e.g. haemovigilance, 
vigilance of organs, material/device vigilance, 
pharmacovigilance) when issues of concern are 
detected that might affect the safety of tissues 
or cells for transplantation.

Adverse outcomes might result from many 
diverse factors associated with the surgical proce-
dure or the patient’s underlying condition. Hence, 
clinicians might not consider the tissues or cells 
(including MAR) that were applied to be a possible 
source of the adverse outcome. TEs that supply tissues 
and cells should encourage procurement organisa-
tions and clinical users of tissues and cells to always 
consider whether adverse outcomes might have been 
associated with the donation process or caused by the 
tissues or cells applied (see §17.4.3 – Investigation and 
assessment of adverse reactions) so that similar oc-
currences are prevented in the future.

For most types of well-established clinical 
application of tissues and cells, detailed reporting 
of clinical outcome by the clinical user to the TE is 
required only in those exceptional circumstances in 
which there is suspicion of an untoward adverse re-
action. However, reporting of the clinical progress of 
tissue and cell recipients to the TE might also be re-
quired for all highly matched, life-saving transplants 
such as HPC infusions, or when novel tissue or cell 
processes have been applied or new types of tissues 
or cells are being transplanted. This routine clinical 
follow-up is considered as part of surveillance.

An important part of vigilance is detecting do-
nation complications (also considered to be adverse 
reactions) in living donors that might be associated 
with the donation process in some way. For example, 
adverse reactions may be detected after stimula-
tion treatment in living donors and recipients (see 
Chapter 24 – Haematopoietic progenitor cells from 
bone marrow and peripheral blood and Chapter 29 – 
Medically assisted reproduction).

17.4.2. Serious adverse reactions reporting

17.4.2.1. Clinicians to tissue establishments
TEs that supply tissues and cells should provide 

organisations representing clinical users with clear 
instructions on how to report adverse reactions, pref-
erably using standardised documentation. In general, 
suspected adverse reactions should be reported im-
mediately by the clinical users to the TE that supplied 
the tissues or cells before investigation or confirma-

tion of an SAR. This approach allows the TE to take 
appropriate precautionary actions to prevent harm 
to other patients, if needed, and start the investiga-
tion process. Clinical users should be encouraged 
in the surveillance of all types of suspected adverse 
reactions (serious and non-serious) which might be 
related to the tissues and cells from the supplying TE, 
to allow filtering of those considered to be serious 
and reportable to an authority at a later stage. Ad-
ministrative barriers for reporting of adverse events 
by clinicians should be minimised if possible. 

Specifically, in MAR, patients (and, if appro-
priate, partner) undergoing non-partner donations 
are important stakeholders when reporting of SARs 
is concerned. Clinicians offering treatments that 
involve the use of donor gametes or donor embryos 
should inform and encourage patients (and, if ap-
propriate, partner) that, if any disease is detected in 
their child, they must report back to the MAR/ART 
centre. Patients (and, if appropriate, partner) should 
be clearly informed of their registration obligations 
concerning diseases in children. It is in the interest of 
all (future) patients and couples using donor gametes 
that SARs in gametes donors are quickly notified in 
order to be able to quarantine material from these 
specific donors and prevent further spread of a par-
ticular disease or condition. It is imperative to note 
that not all diseases in these children are directly 
related to the donor. Therefore, a careful risk assess-
ment is needed that takes into account the type of 
disease (chromosomal, multifactorial, single-gene 
or mitochondrial disorders, communicable and 
non-communicable diseases) and the possibility of 
(genetic) testing of the child, biological parent and/
or gametes donor, as well as global prevalence and 
genetic predisposition. A similar approach applies to 
HPC transplantation (see  §24.10.2.1.12).

17.4.2.2. Procurement organisations to tissue 
establishments

Health professionals and procurement organ-
isations should report adverse reactions in living 
donors and organ and tissue recipients to the TE, 
even if the adverse reaction is only suspected to be 
donation-derived, so that the broader implications for 
other centres and donors can be considered without 
delay. For this reason, it is important to link all the 
different vigilance systems, especially organ and 
tissue systems (see §17.6 – Vigilance co-ordination).

17.4.2.3. Reporting to regional/national programmes
TEs must report information on SARs to Health 

Authorities (see Figure 17.2 – Reporting flow for 
serious adverse events/reactions). In the EU, all SARs 
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related to quality or safety that meet the descriptions 
of ‘serious’, ‘life-threatening’ or ‘death’ must be re-
ported to the Health Authorities. The TE is respon-
sible for providing clinical user organisations and 
critical third parties with clear instructions, forms 
and guidance on how to notify adverse reactions 
in accordance with national or local requirements. 
Reporting and management of adverse reactions 
should be incorporated in the quality system of the 
TE, with one or more SOPs that describe the process 
for acknowledgement of notifications, investigation, 
follow-up on corrective and preventive actions and 
reporting to the Health Authorities if criteria are met. 
Moreover, a specific procedure should enable rapid 
action, if needed, to be taken by all affected organi-
sations to protect the safety of recipients (see Figure 
17.1 – Categories of biovigilance scenarios).

This may involve tissue and cell quarantine, 
recall and look-back in patients who have already had 
implicated tissues or cells applied. These actions may 
need to be taken by organisations other than the one 
that received the original notification. For example, 
the organ procurement organisation will play a 
central part when the deceased donor was an organ 
and tissue donor.

Figure 17.3 shows a series of actions that might 
need to be taken in a report of suspected transmis-
sion from a deceased donor of organs and tissues. It 
makes clear that communication with other organ-

isations that might need to quarantine implicated 
tissues or cells, or conduct recalls or look-backs, 
should be quick and effective.

Although reporting of SARs should, in general, 
be co-ordinated and centrally reported by TEs at a na-
tional level, it is recommended that national V&S pro-
grammes allow direct reporting from clinical users or 
even patients to Health Authorities. There are some 
examples in pharmacovigilance of patients directly 
reporting outcomes of adverse events. The idea with 
this initiative is to have a full range of self-reporting 
rather than patients’ reports only being collected by 
clinicians. The project is called PROSPER (Patient Re-
ported Outcome Safety Event Reporting) [7]. In the 
case of tissues and cells, patients should be advised 
to contact healthcare professionals in the event of any 
potential symptom which is not expected.

17.4.2.4.  International reporting
If SARs are detected in relation to tissues or 

cells that have entered international distribution 
channels, appropriate international collaboration 
should ensure that all the stakeholders involved (cli-
nicians, TEs and Health Authorities) in each of the 
countries concerned are informed and participate, as 
necessary, in the investigation and follow-up actions.

In the case of HPC, WMDA and national 
HPC registries have implemented a global reporting 

Figure 17.2. Reporting flow for serious adverse events/reactions

TE
• When it receives an SAR/SAE
  noti!cation or detects an SAE
  internally, it quarantines and/or 
  recalls other products, as 
  necessary
• Reports to HA
• Informs PO and TE, as appropriate
• Co-ordinates the investigation, 
  involving clinical users’ PO, as 
  necessary

NATIONAL HA
• Evaluates and intervenes
   as necessary
• Reports annually to 
  regional system where
  relevant (e.g. European 
  Commission)
• Issues national rapid alerts
  where appropriate
• Communicates relevant
  information to the professional
  !eld to maximise learning 
  impact

INTERNATIONAL
REPORTING
• Gathers and analyses annual 
  cumulative SARE reports from
  individual countries
• Publishes cumulative report
• Highlights important trends
• Issues international rapid 
  alerts when appropriate

CLINICAL USER/PO
• Detects suspected SAREs
• Reports to TE
• Participates in investigations 
  with TE

NOTE: direct reporting from clinical users or PO 
to the Health Authorities should also be allowed.

HA: Health Authority; EU: European Union; PO: Procurement Organisation; SAE: Serious Adverse Event; SAR: Serious Adverse Reaction; 
SAREs: Serious Adverse Reactions and Events; TE: Tissue Establishment.
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system because HPC products have specific charac-
teristics (for more information see Chapter 24).

In the EU, according to Directive 2006/86/
EC, member states must submit to the European 
Commission an annual report on the notification 
of Serious Adverse Reactions and Events (SAREs) 
compiled at national level by the Health Authori-
ties. In return, the European Commission submits 
a summary of the reports received which is publicly 
available on their website [8]. Such international re-
porting allows for trend analyses on the basis of con-
solidated data and for sharing of the lessons learned. 
This directive also states that Health Authorities must 
make this report available to TEs. 

The latest data available, from the 2020 SARE 
exercise (data 2019), were published by the commis-
sion on 08 November 2021. In the summary of the 
European Commission of the 2020 annual reporting 
of serious adverse reactions and events for tissues 
and cell using the data collected from 2019, a total of 
more than a million tissues and cells were distributed 
(393 625 non-reproductive and 966 690 reproduc-
tive). In total, 306 SARs were reported (156 non-re-
productive and 150 reproductive) and 949 SAEs were 
reported (689 non-reproductive and 260 reproduc-
tive). Unfortunately, still not all countries report their 
complete data although the number of notifications 
is increasing regularly since the first European pub-
lished report.*

* https://ec.europa.eu/health/publications/summary-2020-
annual-reporting-serious-adverse-reactions-and-events-
tissues-and-cells_en.

In order to put into context the numbers of 
SAEs and SARs related to the use of tissues and cells 
of human origin, it is essential to collect harmonised 
and accurate activity data. These data would also 
be critical in assessing how many tissues and cells 
are available in a given country or region and how 
many are regularly used, in an effort to achieve self- 
sufficiency both at the level of each country and at 
European scale, so that transplantation requirements 
can be consistently met. In an attempt to streamline 
and harmonise data collection exercises in Europe, 
in the framework of a co-operation Grant Agreement 
between the European Commission and the Council 
of Europe/EDQM and with the support of the main 
professional societies and existing registries in the 
field, the EDQM co-ordinated the identification of 
a minimum dataset that, if regularly collected by 
member states, would serve the above-mentioned ob-
jectives [9]. The exercise entailed reaching an agree-
ment on the parameters, units and expected quality 
of the data to be collected, as well as making recom-
mendations on who should be accountable for the 
collection and validation of the data and who should 
ensure dissemination among all relevant stake-
holders. It was agreed that all stakeholders identified 
in this exercise should collect and record the identi-
fied data. This would lead to important improvements 
in the data available at national and European level 
for transparency and biovigilance purposes, as well 
as supporting policy decisions in relation to supply 
and self-sufficiency.

Figure 17.3. Example of an adverse reaction involving multiple parties
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17.4.2.5. Follow-up of the donors of tissue and cells
The follow-up of donors of tissue and cells is 

important for the early detection and reporting of 
SAREs. Short-term follow-up is essential to ensure 
recovery from the donation procedure. Long-term 
follow-up is desirable to enable any long-term effects 
of the donation to be identified. The nature and du-
ration of this follow-up will depend on the type of 
donation, the nature of the intervention and its po-
tential impact on the individual’s health [10]. Adapted 
and robust registries should be developed by profes-
sionals in order to trace and assess these data. We can 
consider follow-up as an example of the continuous- 
proactive category of biovigilance (see Figure 17.1).

Completed donor follow-up has been defined 
as physical, phone or laboratory contact at a given 
time point [11]. There should be written SOPs for 
follow- up of donors. For related donors, the respon-
sible person for the follow-up should be the physician 
undertaking the assessment of the donor for the do-
nation. For unrelated donors, the follow-up should 
be the responsibility of the relevant donor registry, if 
present.

After donation, the living donor (related or un-
related) should also be followed up, by documented 
procedures. This follow-up will depend on the type of 
donation, and the length of follow-up should reflect 
the guidance of the professional body. This follow-up 
ensures that, if a new condition occurs that may have 
an impact on the recipient, proper action can be 
taken; it also ensures that, if SARs occurred to the 
donor, the procurement procedure will be improved. 
This should be clearly documented. No matter how 
extensive the testing that is performed prior to do-
nation, the donor can develop diseases not known at 
the time of donation. These can be newly discovered 
infectious diseases or malignancies. These conditions 

may have been transmitted to the recipient as well. 
There is no clear evidence regarding malignancies, 
but haematological malignancies within one year 
of donation may have been present in the graft and 
transmitted to the recipient. In these cases, the recip-
ient should be specifically monitored for the presence 
of the disease and if possible, preventive steps should 
be taken.

17.4.3. Investigation and assessment of adverse 
reactions

Depending on the level at which the adverse re-
actions occurred, certain measures have to be taken 
before starting the investigation. The first precau-
tionary measure is to quarantine any other remaining 
tissues or cells from the same donor. If tissues or cells 
have already been distributed, it must be determined 
where or to whom they are allocated and consider the 
possibility of recalling if still an option. These meas-
ures are intended to minimise the number of recipi-
ents exposed to the same reaction.

a� The first step in the investigation is to deter-
mine the severity. A ‘severity scale’ can be 
used to decide whether a particular adverse 
reaction is an SAR that needs to be reported 
to the Health Authorities. The scale shown in 
Table 17.1 is used in the EU. It was proposed 
by the project European Union Standards and 
Training for the Inspection of Tissue Establish-
ments (Eustite) [12] for vigilance for tissues 
and cells and is based on the scale used for 
haemo vigilance.
Adverse reactions in recipients of tissues or 
cells should be investigated by a multidiscipli-
nary team that can carry out an independent 
investigation; the team should also include the 

Table 17.1. Severity scale for adverse reactions

Not reportable Insignificant No harm to the recipient or living donor, and considered to be reportable as an 
event rather than a reaction according to EU directives

Non-serious Mild clinical consequences that do not necessitate hospitalisation and/or do not 
result in long-term disability or consequences for the recipient or living donor

To be reported Serious Adverse reaction resulted in:
• hospitalisation or prolongation of hospitalisation and/or
• persistent or significant disability or incapacity and/or
• medical or surgical intervention to preclude permanent damage or impair-

ment of a body function and/or
• evidence of a serious transmissible infection and/or
• birth of a child with a serious genetic disease after ART with non-partner 

gametes or donated embryos

Life-threatening • The living donor or recipient required major intervention after procurement 
or application of tissues or cells (vasopressors, intubation, transfer to the 
intensive care unit) to prevent death and/or

• There is evidence of a life-threatening transmissible infection

Fatal Death in a living donor or a recipient of tissues or cells
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clinician who transplanted the tissues or cells, 
the TE that provided them and, in more serious 
cases, the Health Authority in that country. Ef-
ficient co-ordination of the investigation is 
critical to the rapid implementation of effective 
corrective actions. If relevant, experts in par-
ticular fields (e.g. viral transmission) should 
also be invited to participate in the investiga-
tion of the adverse reaction.

b� The second step is to assess imputability. The 
investigation should focus on establishing the 
level of imputability (i.e. the extent to which 
the tissues or cells used clinically can be con-
sidered to have caused the adverse reaction). 
The scale provided in Table 17.2, developed 
by Eustite, can be applied to describe the 
outcome of an imputability investigation. It 
proposes that all adverse reactions be graded 
in terms of imputability. Table 17.2 also rec-
ommends specific approaches to the establish-
ment of imputability for suspected infectious 
or malignant transmissions, as proposed by 
Garzoni and Ison in the context of transplan-

tation [13]. Imputability grades might change 
during an investigation and should, in general, 
be assigned at the point of initial notification 
and again at the completion of the adverse re-
action investigation. The evaluation of imput-
ability should be based on scientific or clinical 
data. The ECDC, the WHO or other sources 
of epidemiological and risk information may 
be useful to support the process. Considera-
tion should also be given to the practice of ar-
chiving pre- transplant samples for transplant 
recipients to support imputability investiga-
tions (including the possibility of genetic mate-
rial from donors in MAR).
TEs have to review:

1. all the reagents, substances etc. that were in 
contact with the tissues and cells during pro-
cessing, checking the expiry date and the ste-
rility;

2. the tissues processed in the same room on the 
same day, the day before and the day after;

3. donor medical and social history;

Table 17.2. Scale describing possible outcomes of an imputability investigation

Criteria adapted from Eustite-
SoHO V&S [14, 15]

Criteria for infectious and malignant transmissions, adapted from 
the Disease Transmission Advisory Committee [16]

Not 
assessable

Insufficient data for imputability 
assessment

Insufficient data for imputability assessment

0. Excluded Conclusive evidence beyond 
reasonable doubt for attributing 
an adverse reaction to alternative 
causes

Suspected transmission and fulfilment of at least one of the following 
conditions:
• clear evidence of an alternative cause
• the appropriate diagnostic tests carried out have failed to document 

infection by the same pathogen in any recipient from the same donor
• laboratory evidence that the recipient was infected with the same 

pathogen or had a tumour before the application of organs, tissues or 
cells

1. Possible The evidence is indeterminate for 
attributing an adverse reaction to 
the quality/safety of tissues and 
cells, to the donation process or 
to alternative causes

Either
• suspected transmission and
• laboratory evidence of the pathogen or tumour in a single recipient
or
• data suggest a transmission but are not sufficient to confirm it

2. Probable The evidence is clearly in favour of 
attributing the adverse reaction 
to the quality/safety of tissues 
and cells (for recipients) or to the 
donation process (for donors)

Not only are the following two conditions met:
• suspected transmission and
• laboratory evidence of the pathogen or tumour in a recipient
but also at least one of the following conditions is met:
• laboratory evidence of the same pathogen or tumour in other recipi-

ents
• laboratory evidence of the same pathogen or tumour in the donor
If there is pre-transplant laboratory evidence, such evidence must indi-
cate if the same recipient was negative for the pathogen involved before 
transplantation

3. Definite; 
certain

The evidence is conclusive 
beyond reasonable doubt for 
attributing the adverse reaction 
to the quality/safety of tissues 
and cells (for recipients) or to the 
donation process (for donors)

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 recipi-

ents (if multiple recipients)
• laboratory evidence of the same pathogen or tumour in the donor
If there is pre-transplant laboratory evidence, it should be noted that the 
same recipient was negative for the pathogen before transplantation

This table can be adapted to other tissues or cells and for MAR in order to take into account the specificities of each type of product.
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4. all the microbiological results of the donor and 
of each specific graft;

5. the microbiological checks of the processing 
rooms.

The ORHA that uses the tissues or cells needs 
to determine whether other patients were oper-
ated on in the same operating room and those 
patients’ clinical and microbiological condi-
tions. This approach is not advised for recipi-
ents of gametes or embryos (see Chapter 29).

c� The final step is the impact assessment, which 
establishes the probability or likelihood of re-
currence of the SAR, taking into account the 
consequences to the individual, or the system 
or the supply, selecting the worst-case scenario 
in each category. Using the impact matrix 
allows determination of the level of corrective 
and preventive action to be taken according to 
the Health Authority (see the impact assess-
ment tool given in Appendix 27).

17.5. Adverse events
Adverse events can occur at any moment from 

donor selection to clinical application. However, it 
should be emphasised that an adverse event may not 
always produce a subsequent reaction in the recipient.

Non-compliances with the quality system 
should be documented and investigated as part of the 
internal QMS. On occasions, however, a particular 
non-compliance may be of such importance that it 
should be considered as an SAE and reported through 
the vigilance system. Some examples of SAEs are (for 
more information, check the specific tissue chapter in 
Part B):

a� Final result of a negative-to-date release with 
a cultured cornea was reported as positive; no 
adverse reaction detected in the cornea recip-
ient.

b� Aspergillus was detected in an incubator used 
for storing tissues and cells that had been dis-
tributed. This could be attributed to a pro-
cessing step.

c� Loss of all embryos during handling; the 
patient requires a new cycle of IVF. 

d� Skin donor not tested for malaria although 
donor resided in a malaria-endemic area.

e� Lack of liquid nitrogen, in a liquid nitrogen re-
frigerator containing several tissues, resulting 
in thawing of the tissues. This example could 
have been related to storage.

f� A frozen bone arrives at the hospital and the 

bag is broken, this being discovered before 
patient is anaesthetised and before the surgical 
procedure has begun.

17.5.1. Detection of serious adverse events

For effective detection of adverse events, all 
relevant stakeholders must be aware of their respon-
sibilities for identifying errors or unexpected results. 
This includes all staff in TEs and procurement or-
ganisations, those working in organisations such as 
testing laboratories that provide ‘third party’ services 
to TEs, and clinical users who may also detect errors 
at the point of clinical use. Following the SoHO 
V&S project in the EU, some Competent Authorities 
now promote the reporting of what are called near 
misses, meaning those errors that have real potential 
to provoke a serious adverse reaction, which either 
does not take place (by chance or preventive remedial 
action) or does not have consequences for the patient, 
the system or the staff.

17.5.2. Serious adverse event reporting

According to instructions from the European 
Commission to EU member states for annual vig-
ilance reporting, deviations from SOPs in TEs (or 
other adverse events) that have implications for the 
quality and safety of tissues and cells should result in 
an SAE report to the Health Authority if one or more 
of the following criteria [17] apply (see also Figure 17.1).

a� Inappropriate tissues/cells have been distrib-
uted for clinical use, even if not used;

b� The event could have implications for other pa-
tients or donors because of shared practices, 
services, supplies or donors;

c� The event resulted in loss of any irreplace-
able autologous tissues or cells or any highly 
matched (i.e. recipient-specific) allogeneic 
tissues or cells;

d� The event resulted in the loss of a significant 
quantity of unmatched allogeneic tissues or 
cells.

The criteria adopted for reproductive tissues 
and cells are:

a� inappropriate gametes, embryos or germinal 
tissues have been released for clinical use, even 
if not used;

b� the event could have implications for other pa-
tients or donors because of shared practices, 
services, supplies, critical equipment or donors;

c� any type of gamete or embryo misidentifica-
tion or mix-up of gametes or embryos;
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d� the event resulted in a loss of traceability of 
gametes or embryos;

e� contamination or cross-contamination;
f� accidental loss of gametes, embryos, germinal 

tissues (e.g. breakdown of incubators, acci-
dental discard, manipulation errors) resulting 
in a total loss of chance of pregnancy for one 
cycle.

17.5.3. Investigation and assessment of serious 
adverse events

Despite the fact that SAEs, by definition, have 
not (or not yet) involved harm to recipients or donors, 
the impact of an SAE can be significant if considered 
in a broader way. The impact assessment tool given in 
Appendix 27 can also be applied to SAEs to help reach 
a decision on the response required. Appendices 28, 
29, 30 and 31 provide examples that may serve as 
guidance.

17.6. Vigilance co-ordination

Co-ordination between various systems of vigi-
lance (e.g. organ and haemovigilance, material/

device vigilance, pharmacovigilance) should be in 
place at the local level (TE) and at the Health Au-
thority level.

The European Medicine Agency defines phar-
macovigilance as “the science and activities relating 
to the detection, assessment, understanding and 
prevention of adverse effects or any other medi-
cine-related problem”. The relevant legal texts and 
guidelines are described on the pharmacovigilance 
web page of the European Commission [18]. Dona-
tion, procurement and testing of the tissues and cells 
used to prepare an ATMP are regulated in the EU by 
directives on tissues and cells. Consequently, good 
communication between biovigilance and pharma-
covigilance systems is essential to facilitate effective 
investigation and corrective/preventive actions if 
ATMPs are associated with adverse outcomes.

The lack or omission of the exchange of infor-
mation can put more patients or the same recipients at 
risk. Sometimes it is someone within the system who 
discovers a problem and needs to inform the Health 
Authority. For example, if there is problem with a 
bag used for cryopreserved tissues or cells and that 
problem altered the characteristics of the product, or 
if such a bag was stored at −196 °C and after some 
time this bag was broken, then the medical device 
vigilance system should be informed. The same 
caution should apply when faced with an SAR or SAE 
with organs if it involves tissues which were retrieved, 

or vice versa; in either case, all the corresponding 
vigilance systems should be informed. Sharing infor-
mation between vigilances and health professionals 
might be really important, notably because some ma-
terials or devices used in the preparation, shipment or 
other steps of the process from procurement to graft 
are manufactured by only one supplier and a quality 
defect or a problem can have huge consequences on 
SoHO activities.

Each country decides how to connect all the 
vigilance systems at national and international level. 
There are some initiatives to join organs, tissues and 
cells in one system, although not all professionals 
agree on this due to the differences in terms of risk 
assessment [19]. In any case, the systems must be 
linked, connected and able to exchange information 
in both directions.

17.6.1. Rapid alerts

In some circumstances, a particular event or 
reaction requires rapid communication nationally or 
internationally to facilitate urgent action, such as a 
recall of products or critical materials or the quaran-
tine of tissues or cells (see Figure 16.1). In that case a 
communication system must be available at all times. 
Rapid alerts should only be issued in exceptional cir-
cumstances. The following criteria have been iden-
tified in the SoHO V&S project [20] as triggers for 
rapid alerts within or between EU member states:

a� an ARE of a serious or potentially serious 
nature;

b� potential risk to other individuals or other TEs;
c� wider public health implications;
d� rapid intervention needed (preventive or cor-

rective measures, urgent communication).

Within the EU, a system for rapid alerts – called 
Rapid Alerts for Tissues and Cells (RATC) – is hosted 
by the European Commission and enables the Com-
petent Authorities of EU member states to rapidly 
share urgent information on risks to patients where 
that information has consequences in more than one 
EU member state [21]. In February 2013, this system 
was moved to a new secure internet platform where 
all rapid alerts are generated and shared, with access 
restricted to Competent Authorities. The reports 
summarising the launched alerts every year are pub-
lished on the EC webpage [22].
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17.7. Vigilance communication: 
education and training

17.7.1. ‘No blame’ culture

Effective communication at all levels of the 
results of vigilance systems is fundamental to ensure 
the benefits of these programmes. Regular feedback to 
health professionals is critical in supporting the con-
tinued notification of AREs. All stakeholders, Health 
Authorities, TEs and clinicians should promote a 
culture that encourages reporting in a non- punitive 
context for the benefit of patients and donors. It 
should be accepted that mistakes happen and that no 
programme of transplantation or MAR is risk-free. 
Programmes of training and awareness should be or-
ganised to encourage reporting. The message should 
be promoted that reporting and disseminating V&S 
information can result in positive improvements for 
donors and patients, as well as feedback to health 
professionals.

17.7.2. Vigilance experience and feedback

Health Authorities and professional socie-
ties should publish the results of their programmes 
without identifying individual centres, hospitals or 
people. Those TEs or hospitals directly involved in 
specific incidents should also consider publishing 
their experience to alert others to the means by which 
they detected and confirmed the event or reaction.

The Notify Library is an initiative launched 
by the WHO and supported by the Italian National 
Transplant Centre (CNT) that has gathered informa-
tion on documented adverse occurrences in trans-
plantation and assisted reproduction. It has reviewed 
cases to identify general principles supporting de-
tection and investigation. The database has been 
constructed from the information gathered and is 
accessible on a dedicated website [3, 23]. The database 
is maintained and updated on this platform and is in-
tended as a communication hub for institutions and 
organisations worldwide collaborating in the facilita-
tion of access to V&S information to improve safety 
and efficacy.

17.7.3. Educational training and workshops

When SoHO are used, there is always a risk 
that needs to be considered if something happens 
afterwards that can be related to the quality of the 
tissue or cells used and that needs to be communi-
cated. Health Authorities should encourage bio-
vigilance awareness in all professionals involved 
in tissues and cells at any step (from donation to 

implant). To achieve this awareness, it is necessary to 
educate and train the professionals about the bene-
fits of implementing a biovigilance system. This can 
be done with a high-quality educational programme 
and with well-organised workshops, disseminating 
the message in meetings, publishing reports with an-
onymised data, etc.

The purpose is to stimulate reporting in an 
appropriate manner while avoiding over-reporting, 
which can collapse the system. Professionals need 
guidance about what to communicate, when and to 
whom. Healthcare providers need to have confidence 
in this system, which is why it is important that the 
reporting system is non-punitive and confidential. 
Reporting and further analysis are very useful tools 
for learning how to avoid mistakes and other errors; 
in the end, the resulting analysis is beneficial for the 
safety of donor and patients.

Workshops – using real cases for discussion, 
describing how to investigate them and defining the 
possible causes of SAREs summarised in the final 
reports – can help in professionals’ daily work.
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Chapter 18. Introduction of novel processes and clinical 
applications

18.1. Introduction

Advances in basic science, technology and medi-
cine create opportunities for the development of 

novel tissue or cell preparation processes (including 
changes to donor selection, procurement, processing, 
storage and distribution methodologies) or clinical 
applications. There are several key elements that 
should be considered to ensure the quality, safety and 
efficacy of novel processes and applications and, thus, 
the safety of donors and recipients:

a� Clinical need should be the predominant driver 
for the development of novel processes and ap-
plications for tissues and cells.

b� The involvement of, and close co-operation 
between, three stakeholders – tissue estab-
lishments (TEs), clinicians representing or-
ganisations responsible for human application 
(ORHAs) and Health Authorities – is essential 
to ensure that the above-mentioned principles 
(i.e. quality, safety and efficacy) are addressed. 
A clear structure identifying the responsibili-
ties of each party, and how the different parties 
interact with each other, must be established 
and documented.

c� Comprehensive risk analysis should underpin 
the development and evaluation of novel pro-
cesses and applications. This risk analysis 
should consider both the risks and potential 
clinical benefits of the novelty. Evaluation may 
comprise in vitro, in vivo and, where indicated, 

clinical evaluation and patient follow-up ac-
cording to the level of risk identified.

Some processes and applications, while new to 
a specific TE, are not novel per se as they have been 
well consolidated by others. For those processes, Part 
D of this Guide includes monographs appropriate to 
different processes and applications for substances of 
human origin. Monographs are useful tools for TEs 
and Health Authorities, providing the minimum 
criteria to ensure the quality of different types of 
tissues and cells; they are tools that can be used by 
TEs to design appropriate validation studies for new 
processes.

18.2. Regulatory considerations

When a TE is developing a novel preparation 
process, or if it plans to provide tissues or 

cells for a new clinical application, it should consider 
whether the process or therapy might lead to a regu-
latory classification of the tissues or cells as medicinal 
products, or as advanced therapy medicinal products 
(ATMPs) or as medical devices. If this is the case, the 
regulatory framework for the authorisation of the rel-
evant product type will be applicable in the EU (for 
further information, see Chapter 34). In these cases 
the regulatory requirements of the tissue and cell leg-
islation for donation, procurement and testing still 
apply. TEs should engage with their Health Authority 
at an early stage of the product development cycle, in 
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order to establish in advance which is the applicable 
legal (regulatory) framework in their country.

This chapter is based on the principles and 
guidance developed by three EU-funded projects.

a. VISTART
This EU Joint Action (Vigilance and Inspection 
for the Safety of Transfusion, Assisted Repro-
duction and Transplantation) proposed regu-
latory principles for Health Authorities for the 
appraisal and approval of clinical evaluation 
protocols for blood, tissues and cells prepared 
with new processing methodologies [1]. These 
VISTART principles aim to guide stakeholders 
in the development and implementation of 
novel preparation processes or clinical appli-
cations, ensuring compliance with regulatory 
and technical requirements, and they propose 
an approach whereby the degree of risk asso-
ciated with the novelty is linked to an appro-
priate clinical follow-up plan.

b. EuroGTP II
This project (Good Practices for demonstrating 
safety and quality through recipient follow-up) 
developed good-practice guidance for TEs for 
evaluation of the safety, quality and efficacy of 
tissue and cellular therapies and products. The 
key outputs from Euro GTP II included a sys-
tematic mechanism and interactive assessment 
tool to identify and evaluate risk, and defined 
methodologies that can be used to mitigate risk 
[2] (see also Chapter 3).

c. GAPP
GAPP Joint Action (facilitating the Author-
isation of Preparation Process for blood and 
tissues and cells) focused on facilitating the 
development of a common and optimal ap-
proach for Competent Authorities to assess 
and authorise preparation processes in blood 
and tissues establishments (BEs and TEs) [3]. 
This project developed Good Practice Guide-
lines for Health Authorities for preparation 
process authorisation (PPA) for blood, tissues 
and cells, and three annexes: 1. authorisation 
changes in donation, procurement and col-
lection, processing, preservation, storage and 
distribution; 2. assessing the quality and safety 
of donor testing, microbial inactivation/re-
duction and sterilisation steps as part of PPA; 
and 3. assessing clinical data as part of PPA. 
The EuroGTP II tool and methodologies are 
recognised by the GAPP project as a suitable 

mechanism for performing this type of evalua-
tion based on the ViSTART principles.

18.3. Interaction between key 
stakeholders

When introducing novelties in the field of tissue 
and cells, three main stakeholders should in-

ter act closely. These are the TEs, the clinicians in the 
ORHA and Health Authorities. They each contribute 
their specific expertise to establish a structured, safe 
and efficient approach to the introduction of new 
tissue and cell preparations and clinical applications. 
As consideration of the risks, both to the product ef-
fectiveness and to the safety of the patient and donor, 
is critical, consultation with all of these stakeholders 
is essential. There should be a formal agreement 
between the TE and the clinicians/ORHA clearly 
specifying their respective roles and responsibilities 
when setting up clinical evaluations. Moreover, the 
TE and clinicians/OHRA may contribute informa-
tion for completing the preparation-process dossier 
to request a formal authorisation/agreement to their 
Health Authorities. Figure 18.1 describes schemat-
ically a structured flow of information between TE, 
clinicians/ORHA and Health Authorities.

18.3.1. Responsibilities of the tissue 
establishment

The TE is responsible for ensuring that the 
quality and safety of tissue and cell products meet 
the regulatory requirements and technical specifica-
tions necessary for release for clinical application. In 
this context, quality and safety result from the donor 
selection, the procurement of tissues and cells, the 
testing and the preparation processes. Preparation 
processes must be performed in compliance with the 
tissue and cell Good Practice Guidelines (Part C) and 
the EU Tissue and Cells directives requirements.

Two different perspectives currently apply to 
the meaning of the term ‘quality’ within the field 
of tissue and cell processing and both should be ad-
dressed by the set of quality-control parameters used 
to characterise the tissues and cells resulting from the 
preparation process: quality may be seen as the ful-
filment of a specific set of standards, characteristics 
and requirements as predefined by the preparation 
process, i.e. compliance of the tissue or cell product 
with its specifications (tissue and cell monographs). 
Quality may also be seen as an indicator of the safety 
and efficacy of the tissue or cell product. The critical 
parameters for novel tissue or cell preparation pro-
cesses should cover both quality perspectives.
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The safety profile of tissues and cells covers 
biological (infectious, immunological), physical 
(e.g. morphological appearance, integrity, elasticity) 
and/or chemical (e.g. toxicological, residual traces 
of reagents) properties. The safety of novel prepara-
tion processes or clinical applications results from a 
careful and comprehensive risk analysis. The meth-
odology to perform a risk-based analysis of tissue 
and cells preparation processes and clinical applica-
tions proposed by the EuroGTP  II project [2] takes 
into account risks related to donor characteristics, 
procurement process and environment, preparation 
process and environment, reagents, reliability of mi-
crobiology testing, storage conditions, transport con-
ditions, the presence of unwanted cellular material 
and the complexity of the preparation/application 
method (see Chapter 3).

Risk analysis should be based on current evi-
dence derived from known preparation processes, 

processing steps and products that are comparable to 
the tissues and cells obtained with novel preparation 
methods and/or new clinical applications. In circum-
stances where evidence is lacking, due to the grade 
of novelty and uncertainty, an analysis should be 
done to estimate the risks. The EuroGTP II tool and 
methodologies are recognised as a suitable method 
for performing this type of evaluation. The TE should 
use in vitro and (where feasible) in vivo testing to in-
vestigate and mitigate any potential risks prior to 
clinical application. The TE should include the risk 
analysis and supporting information in the prepara-
tion-process dossier to submit to Health Authority 
for approval (see §18.3.3). The results of these tests are 
a pre- requisite to initiate a clinical investigation or 
follow-up of a well-defined patient cohort, as a first 
step of the clinical efficacy and safety validation of 
these new products, before a routine application. The 

Figure 18.1. Flow of information between tissue establishments, clinicians and Health Authorities
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safety and efficacy of the tissue and cells product can 
only be confirmed by clinical outcome data.

18.3.2. Responsibilities of the clinicians/
organisations responsible for human 
application

The key role of the clinician is ensuring product 
safety and efficacy in the context of clinical applica-
tion of tissue and cell products. The clinician is re-
sponsible for obtaining appropriate patient consent 
for application, and for collecting clinical outcome 
data from patients. Clinical outcome data should 
be gathered from a well-defined patient cohort to 
demonstrate clinical efficacy and safety of the novelty.

The extent to which clinical outcome data are 
required to verify the safety and efficacy of novel 
tissues or cells depends on the level of risk of the 
novelty. A systematic analysis of literature evidence 
may be used to define the extent of clinical follow-up 
required. In this case, the methodology used must 
be documented. The clinical evaluation plan, where 
feasible, should have a statistical evaluation to ensure 
the right number of patients treated, the right param-
eters assessed and the end points to generate data to 
support the safety and efficacy of the new product. 

The principles of Good Clinical Practice and the Dec-
laration of Helsinki must be integral to the design 
and performance of clinical evaluation. The clinical 
outcome data must be shared between the clinician 
and the TE and forwarded to the Health Authorities 
by means of a clearly structured process. This is in 
addition to the routine biovigilance reporting proce-
dures, which are mandatory. 

If long-term clinical outcome data are re-
quired for the demonstration of clinical efficacy/ef-
fectiveness, then national, European or international 
registries might be a useful tool to obtain sufficient 
clinical information. The quality of the data should 
be assessed before being included on registries to 
improve reliability. 

18.3.3.  Responsibilities of the Health 
Authorities

Regulation of tissue and cells by independent 
bodies, e.g. Health Authorities, is important to ensure 
quality, safety, efficacy/effectiveness of tissue and cell 
products [1]. Regulation focuses on two key elements:

• data-driven, risk–benefit assessment of 
tissues and cells, based on well-established 
specifications;

Figure 18.2. Regulatory models of risk assessment for novel preparation processes and clinical applications
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• risk-based decision-making on the approval of 
preparation processes or clinical applications 
by the Health Authorities.

As novel tissue or cell products, inherently 
by definition, have limited clinical data relating to 
quality, safety and efficacy, it can be challenging to 
assess their benefits and risks. Health Authorities 
can only approve tissue and cell products for routine 
clinical use based on sufficient data relating to safety 
and quality. In cases when the Health Authority de-
termines that it has insufficient data to provide full 
authorisation, they might approve the tissue and cell 
for restricted clinical use, providing a conditional 
authorisation, if the expected benefit justifies the ex-
pected risk; see Figure 18.2.

In the case of innovative preparation method-
ologies or new applications, the normal authorisation 
procedure might need to be enhanced with asso-
ciated clinical follow-up requirements, depending 
on the assessed risk. This approach allows regula-
tory requirements to be balanced with timely access 
for patients to novel tissues and cell therapies – for 
example, authorisation might be granted on the con-
dition that the TE and clinicians provide novel tissue 
and cell therapies for clinical application only to 
limited numbers of selected recipients, possibly in the 
context of an ethically approved clinical evaluation, 
or only to a limited number of named clinicians – so 
that the data needed to guarantee a comprehensive 
assessment of safety and quality can be systemati-
cally generated and reported by the TE to the Health 
Authority.

At that point, if deemed appropriate, the Health 
Authority can issue a full approval. A final proof of 
the quality, safety and efficacy of tissues and cells 
can only be provided by favourable clinical outcome 
data. Consequently, data resulting from clinical 
evaluation constitute the basis for a fully data-based, 
risk- dependent decision whether full approval of the 
novel preparation process or clinical application may 
be granted. Figure 18.2 summarises models of author-
isation for novel preparation processes and clinical 
applications for tissues and cells.

18.4. Life-cycle management of 
novelties and registries of 
consolidated practices

Because novel tissues and cells are typically pre-
pared, regulated and applied in the context of a 

continuously evolving ‘state of the art’, effective and 

efficient life-cycle management is of high importance. 
Life-cycle management comprises management of 
knowledge, change and uncertainty at the interface 
of the TE, clinician and the Health Authority. Thus, 
clinical follow-up of patients and biovigilance sur-
veillance, i.e. the analysis of clinical outcome data 
and adverse reactions, is essential. Life-cycle man-
agement of tissues and cells also comprises a close 
regulatory oversight of the entire donation–distribu-
tion–application chain, requiring a close interaction 
between Health Authority, ORHA and TE.

Life-cycle management of novel preparation 
processes or new clinical applications requires a 
broad and comprehensive data-based framework. 
Continuous review of preparation processes, clinical 
monitoring of recipients and review of up-to-date 
clinical outcome data all contribute to maintaining 
product quality and safety, and establishing an effi-
cacy/efficiency profile. Such data-based frameworks 
require consideration of geographic, temporal and 
technical aspects: instead of local or regional over-
view of products, a much broader approach should be 
considered, utilising the tissue and cell monographs 
included in Part D of this Guide and by utilising ex-
isting European databases, e.g. the European Cornea 
and Cell Transplantation Registry (ECCTR), the 
European Society for Blood and Marrow Transplant 
(EBMT), Patient Registry and European IVF Mon-
itoring (EIM), whenever possible. The co-operation 
between stakeholders to improve data collection, 
data processing, data analysis and data sharing will 
provide reliable information to inform patients about 
their treatments. 
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Chapter 19. Ocular tissue

19.1. Introduction

Ocular tissues procured from deceased donors 
are used for treating loss of vision caused by 

irreversible corneal disease or trauma, as well as for 
reconstructive and glaucoma surgery. 

The cornea is the principal refractive compo-
nent of the eye. Good vision depends on its transpar-
ency and a smooth, spherical corneal surface. The 
cornea is also part of the ocular surface and must 
therefore be strong enough to withstand the intraoc-
ular pressure and help protect the delicate inner 
structures of the eye.

19.1.1. Corneal transplantation

A corneal transplant (keratoplasty) is an oper-
ation to remove all or part of a diseased or damaged 
cornea and replace it with healthy donor tissue. In 
Europe, the main indications for corneal transplan-
tation include:

• Fuchs endothelial corneal dystrophy (FECD) 
– failure of the corneal endothelium, the 
monolayer of non-dividing cells lining the 
inner surface of the cornea, that controls 
stromal hydration and thus maintains corneal 
transparency.

• Keratoconus – a connective tissue disorder 
resulting in thinning and degeneration of the 
corneal stroma, which normally accounts for 
90 % of corneal thickness, and distortion of 
corneal shape.

• Pseudophakic bullous keratopathy (PBK) – 

failure of the corneal endothelium as a conse-
quence of previous cataract or other intraocular 
surgery.

• Infection, such as Herpes simplex keratitis 
(HSK) – mainly treatment of post-infectious 
scars, but acute infection may require a thera-
peutic keratoplasty.

• Regraft for a failed corneal transplant.

These conditions may all be treated with a 
full-thickness corneal transplant (penetrating kera-
toplasty, PK); however, current practice is to replace, 
where possible, only the dysfunctional part of the 
cornea [1, 2, 3] as illustrated in Figure 19.1.

Endothelial keratoplasty (EK) is the method 
of choice for endothelial dysfunction such as FECD 
or PBK. The lamellar graft, which consists of en-
dothelium on its basement membrane (Descemet 
membrane), with or without a thin supporting layer 
of stroma, is inserted through a small incision into 
the anterior chamber of the eye and attaches to the 
posterior surface of the patient’s cornea. The initial 
attachment is ensured by air or sulphur hexafluoride 
gas tamponade in the anterior chamber. The affected 
patients are mostly elderly and the advantages of EK 
over PK include much faster visual rehabilitation, 
lower rejection rates and, since there are no sutures 
required to hold the graft in place, negligible surgi-
cally induced astigmatism.

There are currently four techniques for pre-
paring tissue for EK:

a� Descemet stripping endothelial keratoplasty 
(DSEK) – endothelium on Descemet mem-
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brane with a thin layer of stroma, prepared by 
manual dissection.

b� Descemet stripping automated endothelial 
keratoplasty (DSAEK) – endothelium on De-
scemet membrane with a thin layer of stroma, 
prepared by using a microkeratome.

c� Descemet membrane endothelial keratoplasty 
(DMEK) – endothelium on Descemet mem-
brane without any stroma, prepared by manu-
ally separating Descemet membrane from the 
stroma.

d� Pre-Descemet membrane endothelial kera-
toplasty (PDEK) – endothelium on Descemet 
membrane with a thin layer of pre-Descemet 
stroma, prepared by injecting air to create a 
‘big bubble’, which separates the graft from the 
bulk of the stroma.

For keratoconus, which typically affects 
younger patients, deep anterior lamellar kerato-
plasty (DALK) is an alternative to PK that replaces 
the full thickness of the stroma, leaving the recipi-
ent’s endothelium intact. In PK, the immunological 
rejection against the endothelium is one of the main 
reasons for failure, and the advantage of DALK is that 
the patient’s endothelium is maintained. Superficial 
stromal defects and scars can also be treated by ante-
rior lamellar keratoplasty (ALK), without the need to 
replace the full thickness of the stroma.

Whereas a tissue for PK and EK requires a 
donor corneoscleral disc with a viable endothelium, 
a tissue for DALK and ALK does not; however, cor-
neoscleral discs with an endothelium suitable for PK 
may be requested for DALK owing to the occasional 
need to switch procedure in the operating room from 
DALK to PK. Nowadays tissue for EK is mostly pre-
pared in a tissue establishment (TE), which saves time 
for the surgeon and avoids the risk of damage to the 
tissue when prepared in the operating room. In this 
way risks of damage to the tissue are transferred to 
the TE, but the advantage is that this does not happen 
in the OR and a backup tissue can be arranged. Fur-
thermore, TEs are more and more trained to prepare 
high-quality tissues for EK due to the sheer volume of 
their preparations.

Corneal transplant outcome – in terms of 
both graft survival and visual acuity – depends on 
the recipient disease, the presence of pre-operative 
risk factors, such as vascularised cornea, glaucoma 
and inflammation, and post-operative complications 
such as allograft rejection. In the absence of other risk 
factors, keratoconus and FECD are considered to be 
low-risk grafts with 4-year survivals of, respectively, 
95 % and 88 % [4]. Regraft and PBK are more likely 
to undergo allograft rejection and/or failure, and 
are therefore considered high-risk grafts with 4-year 
survival of, respectively, 63 % and 63 % [4]. A major 
cause of graft failure is allograft rejection. Most rejec-

Figure 19.1. Different types of keratoplasties

Descemet stripping automated
endothelial keratoplasty. The 
Descemet’s membrane and endo-
thelium of the recipient are removed 
manually, and the donor tissue, con-

 sisting of ≈ 100 µm posterior stroma 
and Descemet’s membrane with endo-
thelium (prepared with a micro-
keratome), is implanted.

Descemet membrane endothelial 
keratoplasty. The Descemet’s mem-
brane and endothelium of the recipi-
ent are manually removed (as in 
DSAEK), and donor tissue, consisting 
of Descemet’s membrane and endo-
thelium (prepared by manual strip-
ping) is implanted.   

Penetrating keratoplasty. All recipi-
ent’s corneal layers are replaced with 
full thickness donor corneal tissue.

Deep anterior lamellar keratoplasty. 
Most of the recipient’s corneal ante-
rior part is removed and donor cor-
neal tissue without Descemet’s mem-
brane and endothelium is implanted.

DSAEK DMEK

PK DALK
Epithelium

Endothelium

Descemet’s membrane

Stroma

Bowman’s membrane

Epithelium

Endothelium

Descemet’s membrane

Stroma

Bowman’s membrane
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tion episodes can be successfully treated with topical 
(sometimes intraocular, subconjunctival, peribulbar 
or systemic) corticosteroids. In some cases, use of 
systemic immunosuppression (e.g. cyclosporine, tac-
rolimus, mycophenolate) is considered necessary to 
reduce the risk of immune reactions. The results from 
studies of human leukocyte antigen (HLA) matching 
to reduce the risk of rejection are not as conclusive as 
for organ transplantation, but matching may be ben-
eficial for high-risk corneal grafts [5].

19.1.2. Further use of ocular tissue

If, for example, a patient has suffered multiple 
failed corneal grafts, a keratoprosthesis may be an 
appropriate alternative to a corneal graft [6]. Kera-
toprostheses are attached to a ring of corneal tissue 
from a donor, which is then sutured to the recipi-
ent’s cornea after removal of the failed graft. Sclera 
and cornea can also be used in glaucoma surgery 
and for reconstructive surgery of the ocular surface. 
Limbal tissue, which contains a population of corneal 
epithelial progenitor cells, may be transplanted as a 
keratolimbal allograft (KLAL) to treat ocular surface 
disease caused by failure of the corneal limbus 
(limbal stem cell deficiency) [7].

There are other tissues and cells that are used in 
ocular surgery but not covered in this chapter:

• Limbal progenitor cells may be isolated from 
a corneoscleral disc and expanded ex vivo for 
treating ocular surface disease (Chapter 34) [8];

• Corneal endothelial cells may be isolated from 
a corneoscleral disc and expanded ex vivo 
for injection as a suspension into the anterior 
chamber for treatment of corneal endothelial 
disease (Chapter 34) [9];

• Amnion is used for treating ocular surface con-
ditions and as a support for limbal progenitor 
cells (see Chapter 20) [10];

• Autologous and allogeneic serum eye drops 
may be used for treating dry eye (Chapter 33) 
and/or persistent epithelial defects [11].

The following generic chapters of this Guide 
(see Part A) all apply to ocular tissue banking and 
must be read in conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases

g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

This chapter defines the specific requirements 
for ocular tissues that vary from the generic chapters 
in Part A of this Guide. Where differences are not 
specified, the requirements of the relevant generic 
chapter should be followed.

19.2. Donor evaluation
19.2.1. Tissue-specific exclusion criteria for 

ocular tissue donation

Acceptance and exclusion criteria for cornea 
donation that differ from the criteria for other tissues 
are based on the avascularity of the cornea and 
ocular- specific conditions that may affect the cornea.

19.2.1.1. Selection criteria for ocular tissue other than 
cornea

For any tissue or cells that are not derived from 
the avascular cornea, such as sclera, limbal tissue 
and limbal cells, the exclusion criteria for non-ocular 
tissues must be followed (see Chapter 5).

19.2.1.2. Donor age
Provided that corneas are examined to exclude 

those unsuitable for transplantation based on en-
dothelial cell density and/or stromal abnormalities 
(see §19.7), the upper age limit for eye donors may be 
determined by the TE. The likelihood that corneas 
will be suitable for PK or EK does decline with in-
creasing donor age but, where the endothelial cell 
density is considered sufficient, graft survival is little 
affected by donor age [12, 13]. The minimum donor 
age is more uncertain and should be determined by 
the TE because corneas from young children lack 
rigidity and have a high radius of curvature. There-
fore, there is little demand for corneas from young 
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donors for transplantation; however, corneas from 
these donors may be important as a source of limbal 
grafts or limbal progenitor cells. Older donors (over 
65 years) are often preferred for DMEK surgery, as 
grafts from older donors are easier to prepare and to 
unfold during surgery [14], although a clinical study 
does not suggest any clinical disadvantage of using 
donors younger than 55 years [15].

19.2.1.3. Malignancies
Haematological neoplasms, retinoblastoma 

and malignant tumours of the anterior segment 
are absolute contraindications to cornea donation. 
Donors with certain malignant diseases may be eval-
uated and considered for avascular cornea donation 
but not for vascularised ocular tissues (i.e. limbal 
tissue, limbal stem cells or sclera). A report of met-
astatic cholangiocarcinoma cells found in the sclera 
and sclerocornea interface, but not avascular cornea, 
supports this [16]; there has been a report of malig-
nant cutaneous melanoma (MCM) metastases in pe-
ripheral, but not central, avascular cornea [17]. The 
Medical Standards of the Eye Bank Association of 
America recommend the exclusion of donors with a 
history of melanoma with known metastatic disease 
[18], while the European Eye Bank Association rec-
ommends that, in the case of donors with malignant 
diseases and a potential risk of metastasis formation 
in the anterior ocular segment, a thorough slit-lamp 
examination of the globe or the corneo-scleral disc 
focused on possible metastasis must be undertaken 
in the eye bank [19].

The incidence of metastases from non- ocular 
tumours to the anterior segment of the eye is ex-
tremely low; however, corneas must be excluded 
where there is evidence of anterior segment metas-
tases from the slit-lamp examination of the eye or 
the corneoscleral disc [19, 20, 21]. As these diseases 
typically are unilateral, only the affected eye must be 
excluded. The utmost care must be taken to correctly 
identify the affected eye/cornea to avoid the risk of 
procuring/processing the affected eye/cornea.

19.2.1.4. Infections
Individuals with localised ocular infection 

(bacterial, viral, fungal, protozoal, parasitic) are ex-
cluded from donation of ocular tissues. This exclu-
sion includes those with a known history of past 
ocular Herpes infection. As these diseases typically 
are unilateral, only the affected eye must be excluded. 
The utmost care must be taken to correctly identify 
the affected eye/cornea to avoid the risk of procuring/
processing the affected eye/cornea.

Individuals with uncontrolled systemic infec-
tions should in general be excluded from donation. 
Individuals suffering from bacterial septicaemia may 
be considered for cornea donation, provided that the 
corneas are stored by organ culture and the medium 
tested for microbial contamination before transplan-
tation. Donors colonised with multidrug-resistant 
bacteria need a thorough risk assessment before they 
may be accepted as donors.

19.2.1.5. Diabetes mellitus
Diabetes mellitus increases the risk of unsuc-

cessful DMEK graft preparation [22]. However, this 
risk may be related to the severity of the diabetes, 
and an algorithm has been proposed to allow grafts 
to be prepared from corneas from donors with mild 
disease [23].

19.2.1.6. Eye diseases
The following exclude cornea donation:

a� ocular inflammation and infection (see 
§19.2.1.4);

b� autoimmune disease, e.g. sarcoidosis, rheuma-
toid arthritis, if there is ocular involvement.

The following exclude cornea donation for PK 
or DALK, but not necessarily for EK:

a� corneal disorders including keratoconus, ker-
atoglobus and epithelial and stromal dystro-
phies. As these diseases typically are bilateral, 
both eyes should be excluded;

b� corneal opacity, scarring, pterygium or other 
superficial disorders of the conjunctiva or 
corneal surface that involve the central area 
of the cornea. As these diseases typically are 
unilateral, only the affected eye must be ex-
cluded. The utmost care must be taken to cor-
rectly identify the affected eye/cornea to avoid 
the risk of procuring/processing the affected 
eye/cornea. 

The following exclude cornea donation for EK 
and PK, but not necessarily for DALK:

a� endothelial disease: either primary, such as 
Fuchs endothelial corneal dystrophy; or sec-
ondary, such as bullous keratopathy.

19.2.1.7. Previous intraocular or anterior segment 
surgery

The following exclude cornea donation:
• previous ocular surgery that would prejudice 

graft outcome;
• receipt of a corneal, scleral or limbal allograft.
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The following exclude cornea donation for PK 
or DALK, but not necessarily for EK:

• refractive corneal surgical procedures, in-
cluding radial keratotomy, synthetic lamellar 
inserts and laser refractive surgery. As these 
procedures typically are performed bilaterally, 
both eyes should be excluded.

19.3. Procurement
Minimising risks of contamination during 

procurement (see Chapter 7) and processing (see 
Chapter 9) activities is crucial to ensure ocular 
tissue safety. Risks are often multi-factorial, and to 
help quantify and map them, a dedicated chapter 
(Chapter 3) has been developed as well as a tailored 
EDQM Microbiological Risk of Contamination As-
sessment tool (MiRCA). By using this tool, TEs can 
better understand the overall risk of their protocols, 
and how risk factors are distributed along the tissue/
cell supply chain, from procurement to distribution, 
and implement the most efficient mitigation/risk-re-
ducing measures, as needed.

19.3.1. Post mortem time

Ocular tissues should be procured from donors 
as soon as possible after cardiac arrest, preferably 
within 24 h; however, Health Authorities or local 
practice may allow procurement up to 72 h after 
cardiocirculatory arrest for organ-cultured corneas. 
A recent study has documented the safety of this 
practice in corneal tissue procurement [24]. For EU 
member states, a blood sample for the mandatory 
tests for transmissible disease must be obtained 
from the donor within the first 24 h after death (see 
Chapter 6).

19.3.2. Procurement team

Ocular procurement personnel must be appro-
priately clothed and must apply aseptic technique to 
minimise the risk of contamination of the tissue to 
be removed and also to protect personnel. Usually, 
this requires hand disinfection, the wearing of sterile 
gowns and gloves and the use of face masks or pro-
tective masks.

19.3.3. Procurement procedures

The ocular surface is exposed to the environ-
ment and, after death, there is no blinking and no 
tear film. Therefore, it is likely to be contaminated by 
environmental micro-organisms. For these reasons, 

a classified area with a specified air quality is not 
required for ocular tissue procurement, but other 
guidance given in Chapter 7 does apply. In case of 
concomitant skin donation, procurement of skin 
before ocular tissue is recommended (as described in 
Chapter 21 §21.3.1).

The donor’s eyelids and surrounding skin 
area should be cleaned with an antiseptic solution 
and a sterile drape (eye sheet) placed over the face 
leaving the eyes exposed. The donor’s eyes should 
be flushed with an appropriate sterile solution to 
remove debris, mucus and foreign matter from the 
cornea and conjunctival sac. An antiseptic solution 
suitable for cleaning the ocular surface prior to in-
traocular surgery, or a broad-spectrum antibiotic 
solution, should be applied. After insertion of a lid 
speculum, peritomy is performed, preferably leaving 
a frill of conjunctiva at the limbus to avoid damage to 
the limbal progenitor cell niche.

The subsequent procedure depends on whether 
the eye is to be enucleated or just the corneoscleral 
disc procured by in situ excision. Advantages of in 
situ excision include: reduced death-to-preservation 
time since the corneoscleral disc is placed in storage 
medium immediately following procurement; poten-
tially improved cosmetic reconstruction of the donor; 
and it may be more acceptable to some relatives or 
next of kin than enucleation. However, procurement 
by enucleation is simpler, with less risk of harm to the 
corneal endothelium; and enucleated eyes provide 
sclera, for glaucoma or reconstructive surgery, and 
retina, optic nerve, lens and iris for research. Further-
more, a whole eye can be rinsed with physiological 
salt solution and disinfected easily with, for example, 
povidone-iodine. Also, trephining the corneoscleral 
disc is better controlled in the lab environment inside 
the TE. There is no reported evidence of a difference 
in corneal quality or clinical outcome between these 
two procurement methods.

19.3.3.1. Procurement of the whole eye
The lateral extraocular muscle is located and 

lifted with a muscle hook and clamped with artery 
forceps close to its point of attachment to the sclera. 
The muscle is divided distally, leaving the artery 
forceps in place to stabilise and steady the eye. The 
remaining rectus muscles are then lifted in turn with 
the muscle hook and divided close to the sclera. It 
is not necessary to divide the oblique muscles. The 
eye is then gently lifted and the optic nerve severed 
using curved enucleation scissors. After enucleation, 
the whole eye should be placed, cornea uppermost, in 
a fixed position in a moist chamber and transported 
to the TE refrigerated in ice. Broad-spectrum anti-
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biotics may be used to further minimise the risk of 
bacterial contamination.

19.3.3.2. Procurement of corneoscleral discs
After peritomy, sclerotomy is performed, main-

taining a wide scleral rim (about 4 mm) around the 
cornea. The corneoscleral disc is then gently lifted 
away from the eye without folding, to avoid damage 
to the endothelium. After excision, the corneoscleral 
disc should be immersed, endothelium uppermost to 
avoid the risk of damage, in an appropriate corneal 
storage solution that may contain antibiotics and an-
timycotics. Unless the cornea is to be transferred di-
rectly to organ culture at the TE, it is recommended 
that, when possible, the container be a corneal 
viewing chamber or have a flat bottom and adequate 
optical properties to facilitate subsequent assessment 
by slit lamp and specular microscopy.

For light microscopy evaluation, other relevant 
containers and evaluation methods may be used.

19.3.3.3. Procurement of scleral tissue
Scleral tissue is prepared in the TE from the 

whole eye after excision of the corneoscleral disc.

19.3.4. Reconstruction of the donor

The aim is to mimic as closely as possible the 
original profile of the donor’s closed eyes. After enu-
cleation, the orbit should be filled with an appropriate 
prosthesis or other suitable material. The eye lids are 
then closed to restore the appearance of the donor.

19.4. Temporary storage and 
transportation to the tissue 
establishment

Whole eyes should be stored and transported in 
a moist chamber at 2 to 8 °C. The time from 

procurement to processing at the TE should not 
exceed 48 h.

Corneoscleral discs procured by in situ exci-
sion may be placed in a hypothermic storage solution 
or in a room-temperature storage medium or solu-
tion (designated by the manufacturer). In both cases, 
the manufacturer’s recommendations for storage 
temperature should be followed or the temperature 
conditions during transport should be validated.

19.5. Processing, preservation and 
storage

19.5.1. Processing facilities

In selecting an appropriate air-quality spec-
ification for ocular tissue, and according with their 
special characteristics, the criteria and tools identi-
fied in Chapter 3 (such as the MiRCA tool), Chapter 7 
and Chapter 9 should be considered.

19.5.2. Cornea processing methods

When corneoscleral discs have been procured 
by in situ excision, they will already be in a storage 
medium on arrival at a TE and may not require 
further processing unless they are to be transferred 
to organ culture. When whole eyes are received by a 
TE, they should be subjected to a cleaning protocol to 
reduce the bioburden on the ocular surface before ex-
cision of the corneoscleral disc; for example, rinsing 
in sterile saline and immersion in a disinfectant such 
as povidone-iodine or chlorhexidine [25]. Further 
processing of corneoscleral discs to prepare grafts for 
EK may be undertaken in the TE [26, 27].

19.5.3. Cornea storage methods

a. Hypothermic storage at 2 to 8 °C
i. For whole eyes in moist chambers, storage 

times of < 48 h are recommended for proce-
dures where a viable corneal endothelium is re-
quired. This may be extended to 72 h for other 
purposes.

ii. For corneoscleral discs in storage medium, 
the manufacturer’s recommendations should 
be followed for storage temperature and for 
maximum storage time, which can vary up to 
21 days [28, 29, 30]. Corneas prepared in a TE 
for DSAEK or for DMEK can be shipped to 
hospitals in hypothermic storage media.

b. Organ culture at 28 to 37 °C
i. A storage time of up to 4-5 weeks is typical for 

organ culture, although successful transplants 
after 7 weeks have been reported [31]. It is at the 
discretion of the Responsible Person (RP) or 
medical director to approve prolonged storage 
times, provided that the procedure has been 
validated. An inspection of the endothelium 
is mandatory at the end of the storage period 
and then the transplant can be assigned to the 
proper kind of surgery based on the cell density.
Renewal of the storage medium using aseptic 
procedures during the storage period is at 
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the discretion of the RP/medical director 
and may depend on the manufacturer’s 
recommendations.

ii. To reverse the stromal oedema that occurs 
during organ culture, corneas are transferred 
to a medium, the transport or ‘deswelling’ 
medium, containing a macromolecule to in-
crease oncotic pressure and induce an efflux of 
water from the stroma. The cornea may be kept 
at 15 to 37 °C for up to 4-7 days, at the discretion 
of the RP and depending on the medium used 
[32, 33]. A cornea that is released to the surgeon 
for a DMEK procedure, to be prepared by the 
surgeon in the OR, may also be sent without 
pre-thinning. 

iii. Organ-cultured corneas can be prepared in the 
eye bank for DSAEK after pre-thinning in de-
swelling medium, or for DMEK with or without 
pre-thinning [34]. The DSAEK grafts may be 
laid back on the anterior stroma to provide ad-
ditional support during transport in deswell-
ing medium [35]. DSAEK grafts are prepared 
after mounting the corneoscleral disc in a pres-
surised artificial anterior chamber followed by 
cutting away the anterior stroma using a micro-
keratome. Clinical results after graft prepara-
tion using a femtosecond laser have been found 
inferior when compared with microkeratome- 
cut DSAEK grafts [36, 37]. Clinical quality-con-
trol studies comparing DSAEK grafts prepared 
in an eye bank with DSAEK grafts prepared by 
the surgeon immediately before surgery have 
not identified differences in early complica-
tions (graft detachment), primary graft failure 
or endothelial cell density two years after 
surgery [38]. DSAEK grafts possibly should be 
cut as thin as possible because visual acuity is 
better after grafting with a thin graft compared 
with a thick graft [39].

iv. Of relevance for eye banks, DMEK grafts can 
be prepared by manual dissection, pneumat-
ic dissection, or hydrodissection. A no-touch 
technique, without direct physical tissue ma-
nipulation during tissue preparation, may be an 
ideal approach to minimise graft damage [40]. 
Clinical results after eye-bank- and surgeon- 
prepared DMEK grafts seem similar [41]. For 
DMEK, the graft may be supplied rolled in the 
final diameter direct into medium or attached, 
either in the centre or at the periphery, and 
laid back on the stroma and stored in normal 
medium with or without deswelling properties 
[26, 42] although medium without deswelling 

properties seems superior [43]. Pre-prepared 
grafts for DSAEK and DMEK may be shipped 
to hospitals in medium at room temperature 
[26]. Pre-loaded grafts for both DSAEK and 
DMEK can also be provided in order to min-
imise the time and effort needed for tissue 
preparation in the theatre [44, 45].

v.  Although not yet implemented in TE prac-
tice, corneal storage under controlled positive 
pressure (bioreactor) and continuous medium 
renewal, thereby avoiding corneal swelling, can 
improve endothelial survival during culture. 
This technique may become a significant tech-
nical advancement of the organ culture tech-
nique [46].

c. Storage of non-viable corneal tissue
i. Corneoscleral discs or pieces of cornea for 

glaucoma or reconstructive surgery may be 
stored in ethanol (≥ 70 % v/v) or glycerol for ex-
tended periods. Corneal tissue may also be ir-
radiated and stored in albumin, cryopreserved 
or frozen [47].

19.5.4. Sclera processing and storage

After excision of the corneoscleral disc from 
the eye, sclera is prepared using aseptic techniques by 
removing the intraocular contents (vitreous, lens, iris, 
choroidal and retinal tissue) and adnexa (remnants of 
muscles, conjunctiva). Sclera may be stored – whole, 
or divided into smaller, individually packaged pieces 

– in ethanol (≥ 70 % v/v) or glycerol, or fixed in for-
malin, freeze-dried, frozen or kept in physiological 
solution or medium with antibiotics. Sclera stored in 
saline with antibiotics in a refrigerator should only 
be kept for short periods (≤ 7 days).

19.6. Microbiological testing

Testing may be carried out before processing by 
swabbing the eye before excision of the corneo-

scleral disc; however, there appears to be little predic-
tive value in this procedure [48, 49]. At the discretion 
of the transplanting surgeon, any corneoscleral tissue 
and storage medium remaining after preparation of 
the graft may be sent for microbiological testing; 
although there appears to be little predictive value 
from this [50], it can be helpful for the investigation 
of post-operative endophthalmitis. For further infor-
mation, refer to Chapter 11 on the principles of micro-
biological testing.
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a. Hypothermic storage of corneas
Taking a sample of medium for microbiological 
testing during hypothermic storage of corneas 
is not standard practice but may be required 
by national guidelines. Due to low tempera-
ture and limited time of storage, sampling of 
storage medium as a surrogate for direct mi-
crobiological testing of tissue may be made im-
mediately upon arrival at the TE. 

b. Organ-culture storage of corneas
Since corneoscleral discs intended for trans-
plants requiring viable cells cannot be ster-
ilised, microbiological testing of samples of 
organ-culture medium taken during corneal 
storage must be undertaken to test for micro-
bial contamination. If an external validated 
microbiological laboratory is used, the labora-
tory should be aware of the type and concen-
tration of anti-microbiological components 
added to the culture media. Microbiological 
media for bacteria and fungi should be inoc-
ulated and incubated at appropriate tempera-
tures. A minimum corneal storage period of at 
least 3 days is required before taking samples 
for microbiological testing. In addition to 
microbiological testing, the culture medium 
should be inspected regularly for turbidity and 
change in pH (e.g. change in colour of phenol 
red in the medium), which may indicate micro-
bial contamination. It is recommended to keep 
the organ-culture medium for at least a week 
after transfer of the corneoscleral disc to trans-
port medium to allow additional monitoring 
for signs of contamination.
Further microbiological testing should, if 
possible, be carried out whenever a cornea is 
re-exposed to the environment, for example 
after endothelial assessment and transfer of 
the cornea into the transport medium or after 
preparation of corneas for DSAEK or DMEK 
in a TE. However, given the restricted time a 
cornea may remain in this medium, it is pos-
sible that growth of micro-organisms may not 
be detected before the cornea is transplanted. 
A negative-to-date release is possible, as de-
scribed in Chapter 11. If growth is detected, 
the surgeon must be informed immediately 
to prevent transplantation of the tissue. If the 
transplantation has taken place, the identifi-
cation and sensitivities of the contaminating 
micro- organisms must be established as soon 
as possible in order to help the surgeon’s 
post-operative management of the recipient. 

The fellow cornea should be re-evaluated and 
the donor risk should be re-assessed, where-
after the fellow cornea may be discarded, e.g. in 
case of contamination with Candida spp. If the 
fellow cornea has already been transplanted, 
the transplanting surgeon should be informed, 
and the patient monitored.

c. Sclera
Depending on the method of storage, for 
example refrigerated in saline, microbiological 
testing should be carried out after processing. 
Storage in ethanol (≥ 70 % v/v), glycerol (≥ 85 % 
v/v) or gamma irradiation of the tissue may 
render microbiological testing unnecessary 
(see Chapter 11).

19.7. Quality control and cornea 
evaluation

Quality-control tests on corneal grafts should 
consider at least the following minimum quality 

criteria:
a� no evidence of microbiological growth (aerobic 

or anaerobic bacteria, yeast or fungi);
b� endothelial characteristics;
c� morphology and integrity of the cornea layers;
d� diameter of clear central area of cornea.

Depending on the specific use of the cornea, it 
is necessary to document the appearance of:

a� epithelium (it may partially detach or reduce in 
thickness during storage);

b� stroma, which should have no central opacities 
or scars; the stroma of organ-cultured corneas 
may be hazy but should be transparent after re-
versal of stromal oedema in transport medium;

c� endothelium.

The quality-control tests to be carried out 
include the following:

a. Gross examination
i. Abnormalities of the external globe;

ii. Signs of previous surgery of the anterior 
segment;

iii. Epithelial abrasions, retention of excessive 
orbital tissue or laceration of the globe;

iv. Epithelial defects;
v. Stromal opacities – a mild arcus senilis with a 

defined clear central zone may be acceptable; 
the minimal diameter of the clear zone is at the 
discretion of the RP/medical director;

TC5_en.indb   228TC5_en.indb   228 14/12/2022   13:22:2314/12/2022   13:22:23



229

19. OCULAR TISSUE

vi. Abnormal corneal shape (keratoconus, micro- 
or megalocornea);

vii. Condition of the anterior chamber (shape, evi-
dence of blood);

viii. Abnormalities, such as the pterygium extend-
ing over the optical zone of the cornea.

b. Slit-lamp evaluation
i. Slit-lamp examination of whole eyes and cor-

neoscleral discs is recommended by the Euro-
pean Eye Bank Association [19].

ii.  It facilitates exclusion of pathological changes 
to the epithelium or stroma, such as scars, 
oedema, significant arcus, striae, epithelial 
defects, endothelial guttae or disease, infil-
trates or foreign bodies, and anterior segment 
tumours or metastases.

c. Microscopic evaluation of corneal endothelium
i. The aim is to provide an estimate of endothelial 

cell density and a qualitative assessment of the 
appearance of the endothelium.

ii. This evaluation must be applied to all corneas 
intended for PK or EK in order to minimise 
the risk that factors such as low endothelial cell 
density may have a negative influence on graft 
survival [12].

iii. For corneas stored by hypothermia, this assess-
ment is typically at the start of storage.

iv. If the corneoscleral disc is not in a corneal 
viewing chamber, it needs to be turned over 
so that the endothelium is facing downwards 
to allow observation by specular microscopy 
through the base of the container.

v. It should then be returned to the endothelium- 
uppermost position to avoid the risk of subse-
quent damage.

vi. For organ-cultured corneas, this endothelial 
assessment can be both at the start and at the 
end of the storage period; assessment at the end 
of storage, shortly before the cornea is trans-
ferred to the transport medium, is considered 
to be essential, whereas assessment at both the 
start and end of storage allows endothelial cell 
loss during storage to be determined.

d. There are two main methods used for endothe-
lial evaluation by microscopy:

i. Specular microscopy. This method allows direct 
examination of the endothelium without stain-
ing; however, the appearance of the endothelial 
cells varies with temperature, type and time of 
preservation and the storage medium used. It 
is recommended that cold-stored corneas are 

warmed to room temperature to enhance the 
quality of the endothelial image.

ii. Transmitted light microscopy (bright field 
or phase contrast). If necessary, to enable cell 
counting, brief exposure to hypotonic sucrose 
solution (1.8 % w/v) or short exposure (few 
seconds, max. 4 minutes) to either balanced 
salt solution (BSS) or 0.9 % (w/v) NaCl is pos-
sible to make endothelial cell borders visible. 
The exposure time to these solutions must be 
limited. Prior use of a stain such as trypan blue 
(0.06-0.4 %) will help to identify dead cells and 
areas of denuded Descemet membrane.

e. Contraindications to use of corneas for PK or 
EK include:

i. low endothelial cell density – the minimum en-
dothelial cell density is set at the discretion of 
the RP/medical director but is typically 2 000 
to 2 500 cells/mm²;

ii. moderate to severe signs of polymegathism 
and pleomorphism;

iii. significant (> 25%) endothelial cell loss during 
organ culture;

iv. abnormalities such as guttae;
v. central stromal scars or opacities (may be 

acceptable for EK, depending on cause and 
depth);

vi. presence of dead endothelial cells – corneas 
with scattered, isolated dead cells are accept-
able, whereas corneas with larger areas of dead 
or missing cells are not.

f. For eye-bank-prepared tissues for DSAEK or 
DMEK, quality control also includes:

i. gross inspection for larger variations in the 
thickness of DSAEK grafts and edge ruptures 
in DMEK grafts;

ii. measurement of the overall diameter of the 
prepared graft;

iii. for DSAEK grafts, measurement of the thick-
ness of defined areas of the graft by indirect ul-
trasound or optical coherence tomography.

19.8. Corneal transplant registries

Corneal transplant registries, such as those in 
Australia, the Netherlands, Sweden and the UK, 

provide an invaluable resource to validate the quality 
and safety of transplanted corneas. Registries also 
allow investigation of donor and recipient factors 
influencing graft survival, post-operative complica-
tions (including immunological rejection and serious 
adverse reactions) and visual outcome [4, 12, 51]. 
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Although randomised clinical trials (RCT) are con-
sidered to provide the highest level of evidence, they 
are costly and complicated to set up, they can be un-
dermined by changes in clinical and surgical practice 
during the course of the study, and it is not always 
straightforward to generalise beyond the specific in-
clusion/exclusion criteria of an RCT, especially when 
corneal transplantation outcomes and the risk of 
post-operative complications are influenced by many 
factors.

Registries, while not without pitfalls, rely on 
large datasets to reduce selection bias. They provide a 
broad overview across multiple transplant units and 
an evidence base that does not always reflect the op-
timism generated by the excellent results from single- 
centre studies [52, 53]. In addition to evaluating the 
outcome of established techniques and monitoring 
the uptake and success of new processing and sur-
gical techniques, such as endothelial keratoplasty, 
registry data can also be used for validating eye-bank 
processes and storage methods in terms of clinical 
outcome measures rather than simply relying on in 
vitro laboratory measures of quality and safety [12, 
54, 55]. A recent project, part funded by the EU and 
led by the European Society for Cataract and Refrac-
tive Surgery, has established a European Cornea and 
Cell Transplant Registry (ECCTR), building on the 
existing registries in the Netherlands, Sweden and 
the UK. The registry is based on donor and recipient 
factors registered at the time of surgery and a follow- 
up two years after surgery. The registry is open for all 
surgeons or transplant centres (see www.ecctr.org).

19.9. Biovigilance

Serious adverse reactions (SARs) for corneal trans-
plants include:

a� primary graft failure (corneal transplant never 
cleared);

b� local infection (endophthalmitis or other 
serious ophthalmic infection);

c� graft failure due to a defect in the donor tissue, 
which was out of date, scarred or marked by in-
cisions from previous surgery;

d� transmission of malignancy (possibly attribut-
able to the transplanted tissue);

e� transmission of systemic infection (possibly at-
tributable to the transplanted tissue).

Serious adverse events (SAEs) include:
a� wrong tissue supplied for the intended surgical 

procedure;
b� tissue supplied was damaged or showed signs 

of unacceptable previous surgery;

c� tissue supplied beyond its expiry date;
d� infection detected in organ-culture medium 

after the cornea was supplied to the surgeon.

Partial or complete graft detachment after EK 
is not uncommon; although the reported incidences 
vary, they are often in the range of 5-10 % for DSAEK 
procedures and 10-30 % for DMEK procedures [56]. 
Fortunately, graft detachment is most often success-
fully treated by re-bubbling (repeated air or SF6 tam-
ponade of the anterior chamber of the recipient). It 
has not been possible to ascribe this serious adverse 
event to donor factors such as donor endothelial cell 
density, donor age or method of preservation [57, 58]. 
Consequently, graft detachment is mainly considered 
a surgical complication.

The Notify Library includes some 
well- documented cases of adverse reactions and 
adverse events in transplantation of ocular tissue; for 
example:

• A case of donor-to-recipient transmission of 
the Herpes simplex virus (HSV) by cornea 
transplantation was confirmed by polymerase 
chain reaction-based DNA fingerprinting 
of donor and recipient HSV strains (Record 
Number 429);

• A case of a transplant-acquired diagnosis of 
rabies is supported by temporal association of 
the recipient’s illness, lack of other exposure to 
rabies and the retro-orbital pain of the recip-
ient of the corneal transplant (Record Number 
20);

• A case of transmission of T-cell lymphoma is 
described, whereby molecular analyses were 
used to detect the same alleles in HLA-DQα 
testing of the recipient and donor of the graft 
(Record Number 338);

• A case of donor ocular tissue being examined 
and then shipped to the eye bank with a contact 
lens on the cornea, thereby highlighting the 
importance of in situ inspection before re-
covery (Record Number 720);

• A case of metastases from a cholangiocarci-
noma in the vascularised limbal region of a 
corneoscleral disc. There was no evidence of 
transmission to the recipient of the avascular 
corneal graft. The authors recommended 
that tissue from donors with a history of ma-
lignancy should not be used for limbal allo-
grafting (Record Number 1663) [16].

Further cases of adverse outcomes associated 
with ocular tissue can be found in the Notify Library 
at www.notifylibrary.org. The database is publicly ac-
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cessible and can be searched by the substance type, 
adverse occurrence type and record number. A rel-
atively recent report, Notify Library record number 
1681, concerns the identification of metastases in the 
peripheral, but not central, avascular cornea from 
a donor with malignant cutaneous melanoma (see 
§19.2.1.3) [17]. The implications for donor-selection 
criteria have been considered by the Eye Bank As-
sociation of America Medical Advisory Board, re-
sulting in the exclusion of donors with a history of 
melanoma with known metastatic disease [18].

Examples of two different SAR notification 
reports for ocular tissues used in France and by 
the NHS (UK) are included as Appendix 32 and 
Appendix 33.

19.10. Patient follow-up

Patients undergoing corneal transplantation need 
systematic and regular clinical follow-up in order 

to comply with international standards for patient 
care. Follow-up may take place at the corneal trans-
plant centre exclusively or as shared care between 
the transplant centre and primary or secondary eye 
clinics or general ophthalmology practices. Regular 
routine follow-up is needed to recognise complica-
tions, such as suture-loosening, rejection episodes or 
an increase in intraocular pressure. If unnoted and 
untreated these events ultimately will result in graft 
failure and/or loss of vision. 

The frequency of follow-up visits is individ-
ualised according to the type of corneal transplant 
procedure, the indication for surgery and presence 
of possible risk-factors in the recipient. Low-risk 
procedures are, for example, EK for Fuchs endothe-
lial corneal dystrophy, while high-risk procedures 
include re-grafting of patients with ongoing ocular 
inflammation. High-risk procedures need closer 
follow-up.

Systematic longer-term follow-up at 1 and 2 
years after corneal transplantation is typically per-
formed in many transplant centres, either as part 
of an internal quality programme and/or as part of 
participation in a national or international corneal 
transplant registry. After 2 years, lifelong annual or 
biannual clinical follow-up visits at an ophthalmolo-
gist are often recommended for all corneal transplant 
recipients. 

Systematic follow-up includes registration of 
some basic clinical and quality criteria. Most regis-
tries record the main clinical indication to surgery, 
which typically is performed to 1. improve visual 
acuity, 2. relieve the patient from pain or 3. preserve 

the integrity of the eye (tectonic keratoplasty). At the 
follow-up it is, first of all, registered whether the graft 
is functional (clear). Reasons for non-clarity include 
primary graft failure, failure due to immunological 
graft rejection, late endothelial failure or recurrence 
of disease (for example, if the graft was performed 
for tectonic reasons in an eye with uncontrolled ker-
atitis). Registries such as most national registries and 
the ECCTR provide definitions (SOPs) of clinical and 
quality criteria to improve agreement of the registra-
tion in different corneal transplant centres.

Primary graft failure is typically defined as 
lacking clearance of the graft and cornea after surgery. 
Although this may be caused by a real failure of the 
graft itself, for example caused by errors in the TE 
related to endothelial cell evaluation and counting 
or wrong handling during transport, it is most often 
caused by surgical complications or recurrence of 
disease in the recipient. For example, primary graft 
failure is extremely rare after penetrating kerato-
plasty for uncomplicated cases such as keratoconus 
and Fuchs endothelial dystrophy, while it is more 
common in EK performed by surgeons in their 
learning phase.

Visual acuity is typically registered at follow- 
up, but this measure may be confounded by other 
co- existing eye diseases such as age-related macular 
degeneration and pre-existing glaucoma damage 
but also of the refractive optical quality of the graft, 
which in penetrating and deep lamellar keratoplasty 
is determined by the specific performance of the op-
erating surgeon. 

Systematic patient follow-up and participa-
tion in registries is important for corneal transplant 
centres, not only for providing the best treatment of 
individual patients at the level of international stand-
ards, but also for comparing own results to interna-
tional standards. 

Although it is obligatory to report SARs to the 
national CA, it is often international personal con-
tacts in corneal societies or groups which actually 
realise and address rare serious adverse reactions. 
Recently, several cases of fungal infection were rec-
ognised after EK and also reported as SARs to the 
respective CA but it was not until these cases were 
presented at a small group meeting of European 
corneal surgeons that actions were taken. Investi-
gations were initiated and appropriate initiatives to 
prevent further reactions considered [59]. Therefore, 
international collaboration and exchange of single 
case reports on top of the obligatory SAR reports 
should be supported at the level of clinicians taking 
care of corneal transplant procedures.
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19.11. Developing applications for 
patient treatment

The Bowman Layer lies between the epithelial 
basement membrane and the stroma. It can be 

dissected from donor corneas and inserted into the 
mid stroma of corneas with advanced keratoconus to 
help strengthen and flatten the patient’s cornea [60].

Decellularised stroma can be used as a scaffold 
or for transplantation for corneal scars/ulcers. Decel-
lularised porcine stroma is being used clinically, and 
development of human decellularised stroma is in 
progress [61]. Retinal pigment epithelial cells derived 
from human embryonic stem cells, induced pluripo-
tent stem cells, umbilical cord, fetal brain or bone 
marrow are being investigated for the treatment of 
age-related macular degeneration [62].

Corneal endothelial cells may be isolated from 
a corneoscleral disc and expanded ex vivo for injec-
tion as a suspension into the anterior chamber for 
treatment of corneal endothelial disease [9].

Stromal corneal lenticules, obtained as a 
surgical by-product of Small-Incision Lenticule 
Extraction (SMILE) refractive technique, or poten-
tially prepared in the TE, may be used in the future 
for tectonic or refractive purposes. Intrastromal 
corneal lenticule implantation (additive keratoplasty), 
allowed by the minimally invasive femtosecond laser 
technology, may offer new therapeutic options and 
expand the surgeon’s armamentarium for treating 
corneal diseases [63, 64].

19.12. References
1. Tan DT, Anshu A, Parthasarathy A, Htoon HM. 

Visual acuity outcomes after deep anterior lamellar 
keratoplasty:  a case-control study. Brit J Ophthalmol 
2010; 94: 1295-9.

2. Dapena I, Ham L, Melles GR. Endothelial kerato-
plasty:  DSEK/DSAEK or DMEK – the thinner the 
better? Curr Opin Ophthalmol 2009; 20: 299-307.

3. Kruse FE, Schrehardt US, Tourtas T. Optimizing 
outcomes with Descemet’s membrane endothelial 
keratoplasty. Curr Opin Ophthalmol 2014; 25: 325-34.

4. Williams KA, Keane MC, Coffey NE et al� (eds). 
Australian Corneal Graft Registry 2018 Report. Ade-
laide:  Snap Printing;  2018, available at https: //dspace.
flinders.edu.au/xmlui/handle/2328/35402, accessed 12 
April 2022.

5. van Essen TH, Roelen DL, Williams KA, Jager MJ. 
Matching for human leukocyte antigens (HLA) in 
corneal transplantation – to do or not to do. Prog 
Retin Eye Res 2015; 46: 84-110.

6. Chang H-YP, Luo ZK, Chodosh J et al� Primary 

implantation of Type I Boston Keratoprosthesis in 
nonautoimmune corneal diseases. Cornea 2015; 34: 
246-70.

7. Ilari L, Daya SM. Long-term outcomes of keratolimbal 
allograft for the treatment of severe ocular surface 
disorders. Ophthalmology 2002; 109: 1278-84.

8. Rama P, Matuska S, Paganoni G et al� Limbal stem-
cell therapy and long-term corneal regeneration. 
N Engl J Med 2010; 363: 147-55.

9. Kinoshita S, Koizumi N, Ueno M et al� Injection of 
cultured cells with a ROCK inhibitor for bullous kera-
topathy. N Engl J Med 2018; 378(11): 995-1003. 

10. Dua HS, Gomes JA, King AJ, Maharajan VS. The am-
niotic membrane in ophthalmology. Surv Ophthalmol 
2004; 49: 51-77.

11. van der Meer PF, Seghatchian J, de Korte D. Autol-
ogous and allogeneic serum eye drops. The Dutch 
perspective. Transfus Apheresis Sci 2015; 53: 99-100.

12. Armitage WJ, Jones MN, Zambrano I et al� The 
suitability of corneas stored by organ culture for 
penetrating keratoplasty and influence of donor and 
recipient factors on 5-year graft survival. Invest Ophth 
Vis Sci 2014; 55: 784-91.

13. Writing Committee for the Cornea Donor Study Re-
search Group, Mannis MJ, Holland EJ et al� The effect 
of donor age on penetrating keratoplasty for endothe-
lial disease:  graft survival after 10 years in the Cornea 
Donor Study. Ophthalmology 2013; 120: 2419-27.

14. Heinzelmann S, Hüther S, Böhringer D et al� Influ-
ence of donor characteristics on descemet membrane 
endothelial keratoplasty. Cornea 2014; 33: 644-8.

15. Schaub F, Enders P, Zachewicz J et al� Impact of donor 
age on descemet membrane endothelial keratoplasty 
outcome:  evaluation of donors aged 17-55 years. Am J 
Ophthalmol 2016; 170: 119-27.

16. Yao X, Lee M, Ying F et al� Transplanted corneal graft 
with metastatic cholangiocarcinoma to the donor eye. 
Eye and Contact Lens 2008; 34: 340-2.

17. Campanelli M, Misto R, Limongelli S et al� A donor 
cornea with metastatic cells from a cutaneous malig-
nant melanoma. Cornea 2013; 32(12): 1613-16.

18. Eye Bank Association of America. Medical Stand-
ards. Washington DC, USA:  Eye Bank Association of 
America.

19. European Eye Bank Association, Minimum med-
ical standards, available at www.eeba.eu/files/pdf/
EEBA%20Minimum%20Medical%20Standards%20
Revision%205%20Final.pdf, accessed 12 April 2022.

20. Dubord PJ, Evans GD, Macsai MS et al� Eye banking 
and corneal transplantation communicable adverse 
incidents:  current status and project NOTIFY. Cornea 
2013; 32: 1155-66.

21. McGeorge AJ, Vote BJ, Elliot DA, Polkinghorne PJ. 
Papillary adenocarcinoma of the iris transmitted by 

TC5_en.indb   232TC5_en.indb   232 14/12/2022   13:22:2414/12/2022   13:22:24

https://dspace.flinders.edu.au/xmlui/handle/2328/35402
https://dspace.flinders.edu.au/xmlui/handle/2328/35402
http://www.eeba.eu/files/pdf/EEBA%20Minimum%20Medical%20Standards%20Revision%205%20Final.pdf
http://www.eeba.eu/files/pdf/EEBA%20Minimum%20Medical%20Standards%20Revision%205%20Final.pdf
http://www.eeba.eu/files/pdf/EEBA%20Minimum%20Medical%20Standards%20Revision%205%20Final.pdf


233

19. OCULAR TISSUE

corneal transplantation. Arch Ophthalmol 2002; 120: 
1379-83.

22. Greiner MA, Rixen JJ, Wagoner MD et al� Diabetes 
mellitus increases risk of unsuccessful graft prepara-
tion in Descemet membrane endothelial keratoplasty:  
a multicenter study. Cornea 2014; 33: 1129-33.

23. Williams RS, Mayko ZM, Friend DJ et al� Descemet 
membrane endothelial keratoplasty (DMEK) tissue 
preparation:  a donor diabetes mellitus categorical risk 
stratification scale for assessing tissue suitability and 
reducing tissue loss. Cornea 2016; 35: 927-31.

24. Hofmann N, Wittmershaus I, Salz A-K, Börgel M:  
Cornea procurement and processing up to 72 hours:  
no risk for cornea transplant quality. Transfus 
Med Hemother 2021 Feb; 48(1): 3-11. https://doi.
org/10.1159/000510588.

25. van Luijk CM, Bruinsma M, van der Wees J et al� 
Combined chlorhexidine and PVP-I decontamination 
of human donor eyes prior to corneal preservation. 
Cell Tissue Bank 2012; 13: 333-9.

26. Price FW Jr, Price MO. Evolution of endothelial kera-
toplasty. Cornea 2013; 32(Suppl 1): S28-S32.

27. Lie JT, Birbal R, Ham L et al� Donor tissue prepara-
tion for Descemet membrane endothelial keratoplasty. 
J Cataract Refract Surg 2008; 34: 1578-83.

28. McCarey BE, Meyer RF, Kaufman HE. Improved cor-
neal storage for penetrating keratoplasties in humans. 
Ann Ophthalmol 1976; 8: 1488-92, 1495.

29. Lindstrom RL, Kaufman HE, Skelnik DL et al� Op-
tisol corneal storage medium. Am J Ophthalmol 1992; 
114: 345-56.

30. Parekh M, Salvalaio G, Ferrari S et al� A quantitative 
method to evaluate the donor corneal tissue quality 
used in a comparative study between two hypo-
thermic preservation media. Cell Tissue Bank 2014; 15: 
543-54.

31. Madzak A, Hjortdal JO. Outcome of human donor 
corneas stored for more than 4 weeks. Cornea 2018; 
37: 1232-6.

32. van der Want HJL, Pells E, Schuchard Y et al� Elec-
tron microscopy of cultured human corneas:  osmotic 
hydration and the use of dextran fraction (Dextran 
T500) in organ culture. Arch Ophthalmol 1983; 101: 
1920-6.

33. Redbrake C, Salla S, Nilius R et al� A histochemical 
study of the distribution of dextran 500 in human cor-
neas during organ culture. Curr Eye Res 1997; 16: 405-11.

34. Yoeruek E, Hofmann J, Bartz-Schmidt K-U. Compar-
ison of swollen and dextran deswollen organ-cultured 
corneas for Descemet membrane dissection prepara-
tion:  histological and ultrastructural findings. Invest 
Ophthalmol Vis Sci 2013; 54: 8036-40.

35. Jhanji V, Pollock GA, Mackey AL et al� Histopatho-
logical evaluation of anterior lamellar corneal 

tissue-on/-off storage conditions on DSAEK donor 
tissue after storage in organ culture. Curr Eye Res 
2012; 37: 155-8.

36. Cheng YY, Schouten JS, Tahzib NG et al� Efficacy and 
safety of femtosecond laser-assisted corneal endothe-
lial keratoplasty:  a randomized multicenter clinical 
trial. Transplantation 2009; 88: 1294-302.

37. Hjortdal J, Nielsen E, Vestergaard A, Søndergaard A. 
Inverse cutting of posterior lamellar corneal grafts by 
a femtosecond laser. Open Ophthalmol J 2012; 6: 19-22.

38. Ragunathan S, Ivarsen A, Nielsen K, Hjortdal J. Com-
parison of organ cultured precut corneas versus 
surgeon-cut corneas for Descemet’s stripping auto-
mated endothelial keratoplasty. Cell Tissue Bank 2014; 
15: 573-8.

39. Dickman MM, Kruit PJ, Remeijer L et al� A ran-
domized multicenter clinical trial of ultrathin 
Descemet stripping automated endothelial kerato-
plasty (DSAEK) versus DSAEK. Ophthalmology 2016; 
123: 2276-84.

40. Birbal RS, Sikder S, Lie JT et al� Donor tissue prepara-
tion for Descemet membrane endothelial keratoplasty:  
an updated review. Cornea 2018; 37: 128-35.

41. Menzel-Severing J, Kruse FE, Tourtas T. Organ-cul-
tured, pre-stripped donor tissue for DMEK surgery:  
clinical outcomes. Br J Ophthalmol 2017; 101: 1124-7.

42. Deng SX, Sanchez J, Chen L. Clinical outcomes of 
Descemet membrane endothelial keratoplasty using 
eye bank-prepared tissues. Am J Ophthalmol 2015; 159: 
590-6.

43. Abdin A, Daas L, Pattmöller M et al� Negative impact 
of dextran in organ culture media for pre-stripped 
tissue preservation on DMEK (Descemet membrane 
endothelial keratoplasty) outcome. Graefes Arch Clin 
Exp Ophthalmol 2018 Nov; 256(11): 2135-2142. https://
doi.org/10.1007/s00417-018-4088-4.

44. Ruzza A, Parekh M, Ferrari S et al� Preloaded donor 
corneal lenticules in a new validated 3D printed smart 
storage glide for Descemet stripping automated en-
dothelial keratoplasty. Br J Ophthalmol 2015; 99: 1388-95.

45. Parekh M, Ruzza A, Ferrari S et al� Preloaded tissues 
for Descemet membrane endothelial keratoplasty. Am 
J Ophthalmol 2016; 166: 120-5.

46. Garcin T, Gauthier AS, Crouzet E et al� Innovative 
corneal active storage machine for long-term eye 
banking. Am J Transplant 2019; 19: 1641-51.

47. Chae JJ, Choi JS, Lee JD et al� Physical and biological 
characterization of the gamma-irradiated human 
cornea. Cornea 2015; 34: 1287-94.

48. European Eye Bank Association. Statement on pre-pro-
cessing microbiology testing in eye banks, available at 
www.eeba.eu/news/news-details/eeba-statement-on-
pre-processing-microbiology-testing-in-eye-banks, 
accessed 12 April 2022.

TC5_en.indb   233TC5_en.indb   233 14/12/2022   13:22:2414/12/2022   13:22:24

https://doi.org/10.1159/000510588
https://doi.org/10.1159/000510588
https://doi.org/10.1007/s00417-018-4088-4
https://doi.org/10.1007/s00417-018-4088-4
http://www.eeba.eu/news/news-details/eeba-statement-on-pre-processing-microbiology-testing-in-eye-banks
http://www.eeba.eu/news/news-details/eeba-statement-on-pre-processing-microbiology-testing-in-eye-banks


234

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

49. Fuest M, Plum W, Salla S et al� Conjunctival and in-
traocular swabs for the microbiological assessment of 
donor corneas. Acta Ophthalmol 2016; 94: 70-7.

50. Everts RJ, Fowler WC, Chang DH, Reller LB. Corneo-
scleral rim cultures:  lack of utility and implications for 
clinical decision-making and infection prevention in 
the care of patients undergoing corneal transplanta-
tion. Cornea 2001; 20: 586-9.

51. Claesson M, Armitage WJ, Fagerholm P, Stenevi S. 
Visual outcome in corneal grafts:  a preliminary anal-
ysis of the Swedish Corneal Transplant Register. Br J 
Ophthalmol 2002; 86: 174-80.

52. Patel SV, Armitage WJ, Claesson M. Keratoplasty 
outcomes:  are we making advances? [editorial]. Oph-
thalmology 2014; 121: 977-8.

53. Armitage WJ, Claesson M. National corneal transplant 
registries. In:  Hjortdal J (ed.), Corneal transplantation, 
ch. 10. Cham, Switzerland:  Springer;  2016: 129-38.

54. Rijneveld WJ. Donor tissue for corneal transplantation:  
trust and control. PhD thesis (ISBN 978-9-08659428-
3), Amsterdam:  Vrije Universiteit 2010, available at 
https: //research.vu.nl/en/publications/donor-tissue-
for-corneal-transplantation-trust-and-control, 
accessed 12 April 2022.

55. Pels E, Rijneveld WJ. Organ culture preservation for 
corneal tissue:  technical and quality aspects. Dev 
Ophthalmol 2009; 43: 31-46.

56. Meta-analysis of postoperative outcome parame-
ters comparing Descemet membrane endothelial 
keratoplasty versus Descemet stripping automated en-
dothelial keratoplasty. Cornea 2017; 36: 1445-51. https://
doi.org/10.1097/ICO.0000000000001384.

57. Hovlykke M, Ivarsen A, Hjortdal J. Venting incisions 
in DSAEK:  implications for astigmatism, aberrations, 
visual acuity, and graft detachment. Graef Arch Clin 
Exp Ophthalmol 2015; 253: 1419-24.

58. Parekh M, Leon P, Ruzza A et al� Graft detachment 
and rebubbling rate in Descemet membrane endothe-
lial keratoplasty. Surv Ophthalmol 2018; 63(2): 245-50.

59. Lau N, Hajjar Sesé A, Augustin VA et al� Fungal infec-
tion after endothelial keratoplasty:  association with 
hypothermic corneal storage. Br J Ophthalmol. 2019 
Oct; 103(10): 1487-90.

60. Van Dijk K, Liarakos VS, Parker J et al� Bowman 
layer transplantation to reduce and stabilize progres-
sive, advanced keratoconus. Ophthalmology 2015; 122: 
909-17.

61. Zhang M-C, Liu X, Jiang D-L et al� Lamellar ker-
atoplasty treatment of fungal corneal ulcers with 
acellular porcine corneal stroma. Am J Transplant 
2015; 15: 1068-75.

62. Ramsden CM, da Cruz L, Coffey PJ. Stemming the 
tide of age-related macular degeneration:  new thera-
pies for old retinas. Invest Ophthalmol Vis Sci 2016; 57: 
ORSFb1-3.

63. Mastropasqua L, Nubile M, Salgari N et al� Fem-
tosecond laser-assisted stromal lenticule addition 
keratoplasty for the treatment of advanced kerato-
conus:  a preliminary study. J Refract Surg 2018; 34: 
36-44.

64. Trias E, Gallon P, Ferrari S,et al� Banking of corneal 
stromal lenticules:  a risk-analysis assessment with the 
EuroGTP II interactive tool. Cell Tissue Bank 2020; 21: 
189-204.

ℹRelated material
Appendix 32. Serious adverse reaction: notification form – for ocular tissues (Agence de la Biomédecine, France)
Appendix 33. Serious adverse reaction or event: notification form – for ocular tissues (NHS, UK)

TC5_en.indb   234TC5_en.indb   234 14/12/2022   13:22:2514/12/2022   13:22:25

https://research.vu.nl/en/publications/donor-tissue-for-corneal-transplantation-trust-and-control
https://research.vu.nl/en/publications/donor-tissue-for-corneal-transplantation-trust-and-control
https://doi.org/10.1097/ICO.0000000000001384
https://doi.org/10.1097/ICO.0000000000001384


235

Chapter 20. Amniotic membrane

20.1. Introduction

Amniotic membrane (AM) allografts have been 
used in different medical specialties since the 

early 20th century. Histologically, AM is the inner-
most, semi-transparent layer of the fetal membranes 
(amnion and chorion), formed by a single layer of 
cuboidal epithelial cells (epidermis-like cells), that 
is attached to a thick basement membrane and an 
avascular stromal matrix consisting of scattered 
mesenchymal stromal cells in a collagen scaffold. The 
amnion contains no blood vessels, lymphatic vessels 
or nerves. It has some unique properties. A number 
of mechanisms have been suggested to explain the 
beneficial effects of AM, on the basis of its biological 
composition. 

Clinical and experimental data have shown 
[1-6] that AM provides a compatible substrate for cell 
growth, facilitating migration and differentiation 
of epithelial cells, supporting maintenance of the 
original epithelial phenotype and having low or no 
antigenicity.

20.1.1. Properties of amniotic membrane

Overall, AM is mainly formed by three types 
of components: structural collagen and extracellular 
matrix, biologically active cells and a large number of 
important regenerative molecules. Collagen types I, 
III, IV, V and VII and specialised proteins (including 
laminin and fibronectin) have been identified in the 
amniotic basement membrane and stroma. Laminin 
and fibronectin are particularly effective in facili-

tating epithelial cell adhesion. The presence of a rich 
extracellular matrix and collagen endows the stroma 
with anti-inflammatory properties, which arise from 
the entrapment of inflammatory cells, the presence of 
various growth factors and the inhibition of protease 
activity and decreased lipid peroxidation. In addi-
tion, AM has other biological properties that include 
anti-adhesive, antibacterial and anti-fibrosis effects, 
along with the ability to decrease scarring and neo-
vascularisation, enhance wound healing and reduce 
pain [7-9]. Moreover, AM contains various growth 
factors (e.g. epidermal growth factor, basic fibroblast 
growth factor, hepatocyte growth factor, keratino-
cyte growth factor and transforming growth factors) 
and cytokines (e.g. interleukin 6 and 8) [10-12].

These characteristics have led to the use of 
AM for a wide range of ophthalmic indications (e.g. 
corneal ulcerations, persistent epithelial defects, con-
junctival defects, limbal stem cell deficiency, trau-
matic macular hole, chemical or thermal burns) and 
in the treatment of a broad variety of pathological 
conditions, including management of burns (as a tem-
porary or permanent wound dressing), repair of skin 
lesions of different aetiologies (e.g. vascular ulcers, 
epidermolysis bullosa, radiation burns), in surgery 
(e.g. orthopaedic, nerves, genitourinary tract, head) 
and in intra-abdominal and reconstructive surgery 
as well as oral and maxillofacial surgery [13-21].

In addition, the special structure and biolog-
ical properties of AM make it an important potential 
source for scaffold material [22].

Stem cells derived from AM have been demon-
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strated to display multilineage potential and immu-
nomodulatory properties [23, 24].

The fetal membranes, amnion and chorion, can 
be procured either separately or together with pla-
centa. In this chapter, when discussing procurement, 
the term ‘placenta/fetal membranes’ is used to mean 
‘not processed’, whereas ‘AM’ here means ‘processed 
in a tissue establishment’.

The following generic chapters (Part A) of this 
Guide apply to AM banking and must be read in con-
junction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

This chapter defines the additional specific re-
quirements for AM.

20.2. Donor recruitment and 
evaluation

Prior to full-term delivery, potential donors are 
approached to ascertain whether they would be 

willing to donate their placenta/fetal membranes 
(see Chapter 4). A trained nurse or healthcare pro-
fessional will discuss the procurement process and 
complete the consent and medical and behavioural 
lifestyle assessment. General criteria for donor evalu-
ation are described in Chapter 5. The potential donor 
should be evaluated before giving birth and after full 
consent, also having been informed that procurement 

will take place only if the delivery is without any 
complications.

Placenta/fetal membranes should be collected 
only from living donors, after a full-term pregnancy.

20.2.1. Specific exclusion criteria

In addition to the general exclusion criteria 
described in Chapter 5, there are some specific con-
ditions that exclude placenta/fetal membranes dona-
tion. The diseases of the female genital tract or other 
diseases of the donor or unborn child that present a 
risk to the recipient include but are not limited to:

a� significant local bacterial, viral, parasitic or 
mycotic infection of the genital tract, especially 
amniotic infection syndrome;

b� (known) malformation of the unborn/newborn;
c� premature rupturing of membranes;
d� endometritis;
e� meconium ileus;
f� vaginal delivery or emergency caesarean de-

livery, if a terminal sterilisation is not per-
formed.

Individual tissue establishments (TEs) may 
have additional exclusionary criteria.

20.3. Procurement
Minimising risks of contamination during 

procurement (see Chapter 7) and processing (see 
Chapter 9) activities is crucial to ensure the safety 
of amniotic membrane grafts. Risks are often multi- 
factorial, and to help quantify and map them, a dedi-
cated chapter (Chapter 3) has been developed, as well 
as a tailored EDQM Microbiological Risk of Con-
tamination Assessment tool (MiRCA). By using this 
tool, TEs can better understand the overall risk of 
their protocols, and how risk factors are distributed 
along the tissue/cell supply chain, from procurement 
to distribution, and implement the most efficient mit-
igation/risk reducing measures, as needed.

20.3.1. Procurement facility and procurement 
team

Donor placenta/fetal membranes are procured 
by clinical staff at obstetrics units after delivery. AM 
could be contaminated by normal vaginal flora during 
vaginal delivery; therefore, procurement under 
aseptic conditions after elective caesarean section is 
to be preferred. If placenta/fetal membranes are pro-
cured during vaginal delivery, different sterilisation 
procedures [25-27] should be applied to the processed 
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AM (e.g. sterilisation by gamma irradiation). Staff 
undertaking procurement must be dressed appropri-
ately for the procedure to minimise the risk of con-
tamination of the procured tissue and any hazard to 
themselves. Further details can be found in Chapter 7.

20.3.2. Temporary storage and transportation to 
the tissue establishment

Placenta/fetal membranes should be stored at 
appropriate temperatures to maintain the structural 
and biological properties of AM.

The storage and transport time of procured pla-
centa/fetal membranes should be kept as short as pos-
sible (the recommended maximum time is 24 h) and 
a temperature of + 2-8 °C should not be exceeded. If 
AM is processed within less than 2 h after the delivery, 
the placenta/fetal membranes may be transported at 
room temperature [28].

Procured placenta/fetal membranes should be 
placed in a sterile, pre-labelled container. If the trans-
port exceeds 2 h an appropriate transport medium (or 
decontamination solution) should be used [29]. The 
sterile packaging should then be placed inside an 
adequate outside container to be transported to the 
TE. Individual TEs should validate the composition 
of the transport medium and determine if antibiotics 
are required.

The temperature during transport to the TE 
must be maintained. Temperature stability should be 
guaranteed by the container, conditions of transport 
used and for the time interval before processing. A 
temperature-recording unit (data logger) should be 
enclosed in the container to record temperature at 
≤ 30-minute intervals unless the transport system 
has been previously validated to maintain the tem-
perature within the required limits for the required 
transport time.

20.4. Processing and storage
20.4.1. Receipt of placenta/fetal membranes at 

the tissue establishment

Upon receipt, the procured tissue should be 
stored in a temperature-controlled refrigerator at 
+ 2-8 °C to ensure that the refrigeration process is not 
interrupted. Processing should be carried out within 
24 h after procurement [29].

20.4.2. Processing facilities

In selecting an appropriate air-quality speci-
fication for processing amniotic membrane, and ac-
cording with their special characteristics, the criteria 

and tools identified in Chapter 3 (such as the MiRCA 
tool), Chapter 7 and Chapter 9 should be considered.

It is appropriate that processing of AM should 
take place in a controlled environment with defined 
air quality (see Chapter 8), especially for cryopro-
tected AM where there is less opportunity for micro-
bial inactivation.

Within the EU, tissues exposed to the environ-
ment without subsequent microbial inactivation must 
be processed in environments with an air quality 
equivalent to GMP Grade A, with a background en-
vironment of at least Grade D.

20.4.3. Processing and preservation methods

Processing must not change the physical and 
biological properties of AM so as to make it unac-
ceptable for clinical use. TEs may use different pro-
cessing and preservation methods, according to their 
own standard operating procedures (SOPs) and man-
datory regulations. The methods used must be in line 
with current best practice and must be validated in 
accordance with the guidance given in Chapter 2 and 
Chapter 9.

Processing of AM generally includes the me-
chanical detachment of fetal membranes (after being 
previously separated from placenta, when applicable), 
according to a documented SOP. Fetal membranes 
easily split into an amnion and a chorion leaflet, sep-
arated by a jelly-like intermediate layer. The chorion 
is discarded or kept for further processing (see 
section 20.9.2) and then the amnion should be rinsed 
several times in sterile saline until blood residues are 
removed completely. During processing, AM may be 
decontaminated by soaking in antibiotic/antimycotic 
solution. The incubation temperature and the compo-
sition of decontamination cocktails must be defined, 
after validation, by each TE. Following the decon-
tamination step and rinsing procedure, AM should 
be spread on a suitable carrier membrane (e.g. nitro-
cellulose), or fine mesh gauze for easier handling and 
if it needs to be cut into multiple pieces. Depending 
on the intended clinical use, both sides of amnion 
(epithelial and stromal) can be placed directly on the 
selected carrier.

Consistent with the defined preservation 
method, AM grafts may be decontaminated or steri-
lised by irradiation. Sterilisation methods should be 
validated for the initial estimated level of bioburden 
[25-27]. AM grafts should be packaged in sterile 
containers and labelled as advised in Chapter 15. 
Maximum storage time will depend on the preser-
vation method and should be defined and validated 
[28, 30]. There are several methods of AM prepara-
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tion and preservation, as below. In this chapter, the 
expression ‘cryoprotected AM’ refers to frozen AM 
in the presence of cryoprotectants.

20.4.3.1. Cryoprotected amniotic membrane
AM can be preserved in culture medium con-

taining glycerol or dimethyl sulphoxide (DMSO), 
which is used to protect cells against freezing injury. 
AM intended to be cryoprotected may be decontam-
inated by soaking in antibiotic/antimycotic solution.

Following packaging, AM grafts are stored at 
− 80 °C or in liquid or vapour phase of nitrogen at 
temperatures below −140 °C (cryopreserved) [31-33] 
but, in the case of cryopreservation, only after being 
previously submitted to a controlled-rate freezing 
procedure. Prolonged storage up to 5 years has been 
used after storage at −140 °C. Most TEs consider the 
maximum storage time at − 80 °C to range between 1 
and 2 years [34]; no evidence found for longer expi-
ration date.

20.4.3.2. Deep-frozen amniotic membrane
If cell viability is not to be maintained, the pro-

cessed AM can be deep frozen without addition of a 
cryoprotective agent or controlled-rate freezing. AM 
intended to be deep frozen may be decontaminated 
by antimicrobial solution or sterilised [28]. Following 
packaging, AM grafts should be stored below − 80 °C. 
Most TEs consider the maximum storage time at 

− 80 °C to range between 1 and 2 years; no evidence 
found for longer expiration date.

20.4.3.3. Heat-dried amniotic membrane
The processed AM is dried overnight in an oven 

at +40 ± 2 °C, then packed and sterilised. Storage 
should be at room temperature [29].

20.4.3.4. Air-dried amniotic membrane
The processed AM is air-dried overnight in a 

laminar-flow hood. It can then be packed and ster-
ilised. Although high temperatures are not applied 
using this method, some properties of the amnion 
are lost or altered due to dehydration. Air-dried irra-
diated AM grafts should be stored at room tempera-
ture [35, 36].

20.4.3.5. Lyophilised (freeze-dried) amniotic 
membrane

The processed AM is rapidly frozen at − 50 °C to 
− 80 °C. Then it is vacuum-dried using a freeze-drying 
device. Water from the tissue is extracted through 
sublimation until a final water content of 5-10 % is ob-

tained. Following packaging, AM grafts may be ster-
ilised by irradiation even if alterations to AM were 
demonstrated [37]. This preservation method induces 
minimal changes in the properties of the AM, and 
the product can be stored at room temperature [38] 
for a long period of time without deterioration. The 
expiration time should be validated due to different 
packaging system and residual water.

20.4.3.6. Glycerolised amniotic membrane
Glycerolisation is a preservation method com-

bined with the antimicrobial properties of high 
concentrations of glycerol. Since glycerol permeates 
more slowly than water, there will be an initial efflux 
of water when the glycerol is added. However, as 
glycerol begins to permeate the tissue, water will re-
enter. At the end of the glycerolisation process, the 
final water activity (aw) is about 0.3, which is known 
to minimise lipid peroxidation and reduce other deg-
radation reaction rates to very low levels. Rather than 
dehydrating the tissue, as is commonly assumed, it 
has been demonstrated with skin that glycerolisation 
results in the effective sequestration of water [39-
40]. Typically, 85 % (v/v) glycerol is used to preserved 
AM, which can then be stored at + 2-8 °C for up to 
two years, although it does lose some of its biological 
properties [41].

AM intended to be glycerolised may be decon-
taminated by soaking in antimicrobial solution or 
sterilised by irradiation.

20.4.3.7. Amniotic drops/suspension 
For some clinical applications where a liquid 

form of AM (injectable or drops) is required, the 
AM should be sliced into small pieces through pul-
verisation, micronisation or morselisation. The small 
pieces obtained should be immersed in a suitable cer-
tified liquid for the clinical application or freeze dried 
[42-52].

The amniotic suspension is widely used for 
different applications, especially for orthopaedic pa-
thology [18, 53-56].

20.4.3.8. Amniotic membrane extract
There are various methods for the preparation 

of amniotic membrane extract, without consistent 
standardisation. The steps are: washing isolated 
human AM, slicing into small pieces, and sub-
merging in liquid nitrogen. The mixture is homog-
enised and centrifuged, and then the supernatant is 
collected. One of the main applications of amniotic 
membrane extract is for ophthalmic use [57-58]. 
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20.5. Quality control

During procurement and processing of AM, reli-
able macroscopic examination of the donor fetal 

membranes should be undertaken to exclude visible 
pathological changes and ensure structural integrity 
of the tissue (to provide barrier function). Samples 
for detecting aerobic and anaerobic bacteria and 
fungi should be obtained from the transport/storage 
medium or from the initial washings of the AM, 
and from pieces of the tissue obtained both before 
and after antibiotic decontamination step. Microbio-
logical testing for the detection of bacteria and fungi 
should be carried out according to the procedures de-
scribed in Chapter 11.

These approaches cover the minimum stand-
ards to control microbiological safety (see Table 11.3). 
Deviations from such standards should be justified, 
and the suitability of the intended test method must 
be demonstrated. Factors such as samples containing 
antibiotics or very small sample amounts may affect 
the sensitivity of tests leading, in the worst case, to 
false-negative results. Where samples taken before 
antibiotic/antimycotic decontamination yield micro- 
organisms that are considered pathogenic and 
highly virulent (see Table 11.1), the tissue cannot be 
approved for clinical use. Tissue showing heavy or 
confluent bioburden growth should also be rejected. 
After decontamination, tissue is not deemed suitable 
for transplantation if the samples taken for microbi-
ological testing show signs of any microbial growth.

20.6. Distribution

The TE must ensure that distribution of AM 
grafts is carried out under controlled conditions. 

General considerations can be found in Chapter 12.
For cryopreserved AM, distribution should 

be in dry ice (solid carbon dioxide) or in a liquid ni-
trogen dry-shipper. The expiration date of AM stored 
in liquid nitrogen and shipped in dry ice must be 
shorter. For frozen AM grafts, distribution should be 
in dry ice. Transport temperatures of cryoprotected 
or deep-frozen AM above − 60 °C must be avoided, 
to ensure the stability of the product and maximum 
safety for the recipient. 

Heat-dried, air-dried and freeze-dried AMs 
can be distributed at room temperature, whereas 
glycerolised AM should be transported at + 2-8 °C.

20.7. Biovigilance

Serious adverse events (SAEs) and reactions (SARs) 
must be recorded, reported and investigated 

according to the relevant national regulations to 
Health Authorities for tissues and cells, as described 
in Chapter 17.

The Notify Library includes some documented 
cases of adverse occurrences. Examples of SAEs 
include:

• LN2 ran out from an LN2 tank containing AM 
(as a result, all tissues thawed),

• Loss of significant quantity of AM grafts due 
to storage at inadequate temperature (e.g. in a 
case of equipment failure),

•  High level of microbial contamination of pro-
cured AM (reflecting the hygiene conditions of 
the delivery room).

20.8. Patient follow-up

Amniotic membrane application (AMA) is per-
formed for many indications. Some indications 

are fairly standardised, such as in pterygium surgery 
where the membrane is used to cover the bared sclera 
[59], but most indications are for a variety of more 
complex ocular surface diseases, such as non-healing 
epithelial defects, deeper corneal ulcers and small 
perforations, ocular surface burns caused by chem-
ical agents and fireworks [60], and as an adjunctive 
in simple limbal epithelial transplantation (SLET) 
procedures. 

All patients undergoing AMA need close follow- 
up in order to monitor healing, adjust topical eye 
drop treatment, change of contact lens and removal 
of sutures. 

While no national clinical registers on patient 
follow-up include AMA efficacy, the usefulness of 
the procedure has been reviewed in several publi-
cations. The use of amniotic membranes in routine 
pterygium surgery compared with a free autologous 
conjunctival auto-transplantation was evaluated in 
a Cochrane review. The authors concluded that the 
efficacy concerning recurrence was inferior using 
AMA [61]. In another review, it was concluded that 
in treatment of corneal ulcers, AMA was efficient 
in the majority of cases [62], whereas the efficacy of 
AMA is less clear in treatment of severe ocular burns. 
Heterogeneity of disease presentation, variations in 
treatment, undefined criteria for treatment success 
and failure, and non-uniform outcome measures are 
some of the factors complicating the search for clear 
evidence regarding treatment of severe ocular burns 
[63].

Serious adverse reactions are rare after AMA 
and may be very difficult to identify due to the severe 
indications for surgery. For example, AMA may be 
used to treat a tiny corneal perforation in order to 
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avoid a corneal transplant procedure, but the perfo-
ration may enlarge due to progression of the original 
disease eventually making corneal transplantation 
necessary.

AM is widely used in extra-ocular applications 
with encouraging results. Human amniotic mem-
brane has been used for centuries as a biological 
wound dressing. 

The first reported use of amniotic membrane 
in burn wounds was by Sabella in 1913 [64], shortly 
after Davis reported on the use of the material in skin 
transplantations in 1910 [65]. Many advantages of 
amniotic membrane as a wound dressing have been 
reported, most notably prevention of infection [66-
69], alleviation of pain [68-69], acceleration of wound 
healing [66, 68, 70], and good handling properties 
[71].

In recent years, there has been an increasing 
body of literature addressing the use of amniotic 
membrane in chronic wounds and burns, with im-
portant outcomes and demonstration of AM safety 
and efficacy [72-73], also for paediatric patients [74]. 
AM has been used in burns for more than 100 years, 
and the further beneficial effects of HAM in burns 
have been demonstrated for pain relief, fluid loss and 
scar reduction and, especially in developing coun-
tries, low costs. The key role for the revival of AM in 
reconstructive surgery has been the development of 
long-term preservation techniques to overcome limi-
tations of immunogenicity and infectiosity [75].

AM is widely used also for wound manage-
ment, including chronic ulcers, venous stasis ulcers, 
post-operative or post-traumatic chronic wounds, 
and post-surgical wound dehiscence. AM assists in 
the healing process through a number of physical, 
biochemical and molecular biological pathways to 
promote regenerative healing while simultaneously 
reducing scar formation [76]. Serena et al� demon-
strated that venous leg ulcers treated with allograft 
had a significant improvement in healing at 4 weeks 
compared with multilayer compression therapy 
alone [77]. Haugh et al� performed a meta-analysis 
examining randomised controlled trials comparing 
amniotic tissue products with standard of care in 
nonhealing diabetic foot ulcers; the conclusion indi-
cates that the treatment of diabetic foot ulcers with 
amniotic membrane improves healing rates in di-
abetic foot ulcers. Further studies are needed to de-
termine whether these products also decrease the 
incidence of subsequent complications, such as am-
putation or death, in diabetic patients [78]. 

For the new applications, such as the treat-
ments of maxillofacial and oral pathology [79-82], 
orthopaedic diseases [18, 83, 84], plastic surgery [85], 

general surgery (e.g. urology, recto-vaginal, cardio- 
vascular applications) [86] and other innovative uses, 
there are many cases in humans, but more high-
level clinical trials are required. AM gives promising 
results and the scientific literature supports use of 
placental membranes to reduce inflammation, pain 
and scarring.

20.9. Developing applications for 
patient treatment

20.9.1. De-epithelialised amniotic membrane
AM can be used either with the amniotic epi-

thelium (intact AM) or without it (denuded AM), and 
a huge number of experimental studies have been 
performed with AM as a scaffold [87].

Several methods have been described for de-
nuding AM [88], such as:

• Dispase method,
• EDTA method, 
• Trypsin-EDTA method, 
• Urea method, 
• Ethanol method,
• Thermolysin method,
• Hypotonic buffer, SDS and nuclease method.

20.9.2. Amnion-chorion membrane

So far, literature hardly differentiates between 
amnion and chorion grafts. However, based on the 
finding that amnion and chorion present different 
content of growth factors and cytokines [89], dif-
ferent effects from amniotic and chorionic grafts can 
be expected [90].

Amnion-chorion membrane, that includes the 
amnion and chorion layers inclusive of the spongy 
layer, has been used as a wound covering for different 
aetiology. The chorionic membrane is the outermost 
layer of placental tissue, consisting of the chorionic 
mesenchyme and trophoblast layer that encapsulates 
the amniotic tissue and embeds into the mother’s 
endometrium during development. As previously de-
scribed for AM, amnion-chorion grafts also contain 
a wide variety of growth factors and cytokines rele-
vant to tissue repair [91-92].
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Chapter 21. Skin

21.1. Introduction

Autologous skin is considered the gold standard for 
wound treatment and final wound closure. For 

large wounds, autologous thin split-thickness skin 
can be widely expanded (meshed) or transplanted as 
island grafts (Meek wall technique). The autologous 
skin grafts will grow out to close the wound.

In cases of shortage of autologous skin sources 
(especially in burns), donor skin is used to treat pa-
tients with extensive skin loss, for wounds with either 
split-thickness or full-thickness depth. Deep injuries 
lead to dermal damage, impairing the ability of the 
skin to heal and regenerate. Skin allograft basically 
acts as a temporary coverage, preparing the wound 
bed, reducing scarring, controlling pain, preventing 
infection and maintaining patient homoeostasis by 
reducing loss of fluids, proteins and heat through the 
burn wound. For these reasons, donor skin is critical 
(and often life-saving) in the treatment of severely 
burned patients, after escharectomy. 

In addition, allogeneic skin is considered to 
be an excellent biological dressing for the treatment 
of other types of skin defects such as ulcers (venous, 
decubitus), diabetic foot, surgical wounds, exfoli-
ative skin disorders such as toxic epidermal necrol-
ysis (Lyell’s syndrome) and congenital epidermolytic 
skin disease. In these cases, skin allografts promote 
re-epithelialisation and formation of granulation 
tissue, shorten healing time, control pain and protect 
important structures (e.g. tendons, bones, cartilage, 
nerves) [1]; they are also successfully used as skin sub-
stitutes that incorporate the dermal component into 

the wound bed, guiding a more physiological healing 
process, having the ability to be integrated into the 
wound bed of full-thickness burns or leg ulcers.

Allogeneic skin can also be placed on top of 
the autologous skin (the ‘sandwich technique’) to 
protect it from mechanical damage, dehydration and 
infection. After 7-10 days the allogeneic skin can be 
removed from the wound [2, 3, 4].

These factors explain the consistent demand 
for skin allografts by burn centres and reconstructive 
surgery units, where their capacity to ‘take’ and inte-
grate into the wound bed is exploited. In the past, al-
logeneic skin was used sometimes to replace the lost 
dermis (‘Cuono technique’) [5], but the donor cells 
and hairs still present may cause inflammatory reac-
tions with a negative effect on the final scar forma-
tion. Nowadays acellular dermis is available. Several 
tissue banks have developed this type of skin graft 
that is more suitable as a dermal equivalent.

The shortage of allogeneic skin grafts has pro-
moted the development of skin-replacement products, 
and many research teams have focused on biomate-
rials for skin substitution in wound healing. In the last 
30 years, a huge number of biological, semisynthetic 
and synthetic skin/dermal substitutes have been de-
veloped with the aim of producing an artificial skin 
that is able to replace human skin completely, but 
an ideal skin substitute has not yet been realised. A 
further logical development of this research involves 
the use of stem cells to re-populate the dermal matrix 
and reproduce ‘physiological’ skin, but to date there 
is no ideal skin-replacement product available based 
on stem cells. 
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The following generic chapters of this Guide 
(see Part A) all apply to skin banking and must be 
read in conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

This chapter defines the additional specific re-
quirements for skin.

21.2. Skin-specific donor 
evaluation

21.2.1. Skin inspection and skin-specific 
contraindications

In addition to the standard physical examination 
described in Chapter 5, the donor’s skin must be 

inspected in a particular manner before skin pro-
curement. Skin should be visually checked for me-
chanical damage, open wounds, multiple (> 100) or 
dysplastic naevi (see Appendix 16), dermatitis, local 
infections, scars and ectoparasites. The results must 
be recorded and taken into account.

The list of selection criteria for donors is based 
on a risk analysis related to the use of the tissue on 
patients, i.e. to minimise the risk of disease transmis-
sion to the recipient and to ensure the appropriate 
quality of skin for optimal functional results. The fol-
lowing conditions contraindicate skin donation:

a� autoimmune diseases and systemic connective 
tissue diseases affecting skin;

b� diseases affecting the dermis (e.g. dermal mu-

cinosis, nephrogenic fibrosing dermopathy, 
porphyria, lupus erythematosus);

c� toxicity of the skin as a result of the presence of 
toxic agents or poisons;

d� systemic use of corticosteroids or Cushing 
disease, inducing severe skin atrophy.

The following relative contraindications for 
skin donation should be considered case by case, and 
eventually require risk assessment:

a� extensive lacerations, haematoma or scars;
b� skin diseases with extensive involvement (e.g. 

psoriasis, eczema);
c� relevant skin ulcers, pressure ulcers, stoma, 

pyoderma or mycoses;
d� skin disorders interfering with procurement 

or aesthetically not acceptable for patients (e.g. 
extensive tattoos, jaundice);

e� diabetes mellitus with skin complications (e.g. 
ulcers, amputation, neuropathy);

f� pre-malignant conditions such as actinic kera-
toses and Bowen’s disease;

g� mechanical, thermal or microbial damage 
where skin is to be procured;

h� extreme peripheral oedema, high body mass 
index (BMI) (≥ 40) or poor nutritional status 
affecting procurement or body reconstruction.

The common practice is not to procure skin 
from donors aged < 15 years but many tissue estab-
lishments (TEs) do not indicate any age limits, which 
are basically determined by the medical director of 
the TE, according to characteristics and quality of 
tissues. Some TEs define a minimum body weight 
criterion for procuring skin.

21.3. Skin procurement

Minimising risks of contamination during pro-
curement (see Chapter 7) and processing 

(see Chapter 9) activities is crucial to ensure skin 
grafts safety. Risks are often multi-factorial and, to 
help quantify and map them, a dedicated chapter 
(Chapter 3) has been developed with the tailored 
EDQM Microbiological Risk of Contamination As-
sessment tool (MiRCA). By using this tool, TEs can 
better understand the overall risk of their protocols, 
and how risk factors are distributed along the tissue/
cell supply chain, from procurement to distribution, 
and implement the most efficient mitigation/risk re-
ducing measures, as needed.

Skin can be obtained from deceased donors 
after brain death (DBD) or circulatory death (DCD). 
It is recommended to procure the skin within a 
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period of 12  h, should the body not be refrigerated, 
or up to 24 h after death if the body has been cooled 
or refrigerated within 6 h of death. It is obvious that 
refrigeration of the DCD donor before procurement 
will reduce skin contamination and facilitate skin 
procurement due to the harder consistency of the 
subcutaneous tissue.

It may be permissible to extend procurement 
times to > 24h after death if skin processing has been 
validated to guarantee quality and microbiological 
safety; in these cases the blood samples for serolog-
ical testing should be taken just prior to death or 
within 24  h after death (to avoid extensive haemol-
ysis) [6]. See Chapter 6 for details of sample collection.

Skin can also be obtained from living donors 
if there is a shortage of post mortem donors, from 
patients having abdominoplasty or mammoplasty 
procedures who consent to tissue donation. Poten-
tial living donors are evaluated similarly to deceased 
donors to determine donor suitability according to 
standard exclusion criteria for skin donation and 
absence of adverse physical, psychological or emo-
tional outcome before, during or following the dona-
tion (see Chapter 5). In these cases, the procurement 
area is prepared by depilation and disinfection and 
the tissue is processed to obtain full-thickness skin 
grafts.

21.3.1. Procurement teams and sequence

Skin-procurement teams should consist of at 
least two people operating under aseptic conditions 
and appropriately clothed for the type of procurement. 
In the case of multi-tissue procurements, the order in 
which the tissues are removed should be standard-
ised and predefined and, in the case of multiple pro-
curement teams, should be agreed between the teams 
beforehand so that risks of cross- contamination 
between tissues are minimised (see Chapter 7). 
Studies show that, whether the skin procurement is 
done before or after bone procurement, the contami-
nation rate of skin is not different if the procurement 
process is controlled and standardised [7, 8]; there-
fore, skin is usually retrieved in aseptic technique 
prior to bone tissue due to the difficulty in obtaining 
grafts of consistent quality in particular after exten-
sive bone procurement.

Notably, procurement of skin before ocular 
tissue is recommended to avoid eye bleeding from 
the sockets if the donor has to be placed in a prone 
position following enucleation of the eyes. Some 
tissue banks place the head at a higher level than the 
donor’s back to minimise bleeding.

21.3.2. Skin-procurement procedure

Skin is procured under aseptic conditions 
after shaving of the donor areas and appropriate 
pre- operative scrubbing and disinfection of the donor 
skin to remove the transient, and reduce the resident, 
microbial flora. An effective and validated procedure 
for skin disinfection should be established by the TE 
and applied to all procurement sites.

The procedure should aim to reduce the bio-
burden, which can significantly decrease the mi-
crobial positivity rate of processed skin samples. 
Therefore, suitable disinfectants, such as povidone- 
iodine or chlorhexidine, should be chosen. Their 
concentrations and the durations of exposure should 
also be evaluated and validated. Thorough cleaning 
of the skin with a surgical detergent prior to applica-
tion of disinfectants will enhance their efficacy.

A local sterile field using sterile drapes must 
be used prior to procurement to effectively prevent 
microbial contamination. Skin grafts can be pro-
cured by manually, electrically, compressed-air or 
battery-operated dermatomes from areas of the body 
that are typically not exposed, particularly from the 
posterior trunk and the lower limbs. Grafts should be 
obtained as homogeneously as possible.

According to graft thickness, skin grafts can 
be divided into split-thickness and full-thickness 
grafts. They consist of the entire epidermis and a 
dermal component of variable thickness. If the entire 
thickness of the dermis and skin adnexal structures 
is included, the appropriate term is full-thickness 
skin graft (FTSG). This type of skin graft can be pro-
cured using a scalpel instead of a dermatome. If less 
than the entire thickness of the dermis is included, 
this graft is referred to as a split-thickness skin 
graft (STSG). STSGs are categorised further as thin 
(0.2-0.3 mm), medium (0.3-0.45 mm) or thick (0.45-
0.75 mm). The choice whether to procure STSG or 
FTSG can also be determined by the intended clin-
ical use and downstream processing of the procured 
tissue (e.g. FTSG can be preferred in the production 
of acellular dermis to be used as a dermal-equivalent). 
The clinical use of full- or split-thickness grafting (see 
Figure 21.1) depends on wound conditions, location, 
thickness, size and aesthetic concerns [9, 10].

Staged separate procurement of particular body 
areas, with placement of procured material from each 
area into separate containers, is sometimes preferred 
in order to reduce eventual cross- contamination of 
the procured tissue. Containers and solutions for 
transportation of procured skin to processing TEs 
must be sterile and suitable for the intended use. 
Pre-labelling of the containers is important to prevent 
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mix-up of tissues and to ensure their full traceability 
(see Chapter 15).

21.3.3. Reconstruction of the skin donor

For aesthetic reasons and with a view to a 
respectful reconstruction of the donor, it is not ac-
ceptable to take skin from the neck, face and other 
typically exposed areas of the body that might be 
visible when people pay their last respects to the 
donor, unless specific authorisations are obtained. 
Conditions which may affect body reconstruction 
after procurement such as extreme oedema or a high 
BMI (≥ 40) should be evaluated prior to procurement; 
body reconstruction should ensure that loss of fluid 
that accompanied skin procurement is not noticeable. 
Once the tissue has been procured, or at the end of 
recovery in the case of multi-tissue donors, appro-
priate dressing of the donation areas should be used 
to prevent leaking and oozing. This could include the 
use of sealing agents, padding and/or appropriate 
garments. Effective communication with all parties 
involved can help to meet expectations in regard to 
delays, as well as aesthetic considerations in case of 
unexpected leaking.

21.3.4. Temporary storage and transportation to 
the tissue establishment

Immediately after procurement, skin samples 
for initial microbiological control should be ob-
tained and the recovered tissue must be stored in 
sterile, pre-labelled containers filled with a suit-
able refrigerated transport medium (e.g. PBS at pH 
7.2-7.3). If samples are not taken immediately after 
procurement, or before the start of processing, the 
testing process should be validated to demonstrate 

that post-procurement transport/storage does not 
impact its accuracy. The containers must be sealed 
securely, refrigerated to 2-8 °C and transported to 
the processing facility or TE. Transportation at low 
temperatures prevents proliferation of most bacteria 
and fungi, and maintains skin viability (if viable 
grafts are required). Antibiotics (whose stability at 
the transport temperature should be defined) can be 
added to the transport medium, taking into account 
that the optimal operating temperature of most an-
tibiotics is much closer to 37 °C than to 2-8 °C and, 
at refrigerated temperature, antibiotic cocktails can 
fail to decontaminate skin grafts [11-12]. If skin grafts 
are to be glycerolised (i.e. they are non-viable grafts), 
refrigerated transportation may not be required and 
the recovered skin can be stored and transported at 
room temperature in 50 % glycerol solution.

After procurement, skin grafts should be trans-
ferred to the processing TE as soon as possible; im-
mediately in the case of cryopreserved skin grafts, 
and no longer than 72 hours after procurement for 
other types of graft. 

Before processing, the recovered skin should 
be kept in a temperature-controlled refrigerator at 
2-8 °C, without interruption throughout the refriger-
ation process. It is recommended that the cell nutrient 
medium used for viable grafts be changed shortly after 
receipt of skin grafts, or that the medium be validated 
for the storage time (i.e. adequate buffering capacity). 
All the manipulations where the transport containers 
are going to be exposed and the media changed must 
be performed in a controlled-air-environment (safety 
cabinet in a clean room of at least Grade D).

21.3.5. Procurement documentation

The organisation responsible for the skin pro-
curement must produce a procurement report to be 
provided to the TE. In addition to the generic re-
quirements defined in Chapter 7, it must contain a 
description and identification of the procured skin 
(including samples for testing) as well as any incident 
during procurement.

21.4. Skin processing

The recovered skin is processed to reduce microbial 
contamination and allow longer storage periods 

until transplantation. Skin pieces are trimmed, cut 
into defined pieces, and possible hair remnants are 
removed. Processing must not change the physical 
properties of the tissue, making it unacceptable for 
clinical use. The methods used must be in line with 
current state-of-the-art procedures and validated 

Figure 21.1. Differences between split- and full-
thickness graft
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procedures (see Chapter 2, Chapter 4 and Chapter 9). 
Different TEs apply specific preparation methods ac-
cording to their own standard operating procedures 
(SOPs) and any applicable local authorisations. All 
processes must be validated in accordance with the 
guidance given in Chapter 2.

21.4.1. Skin processing methods

Depending on the intended clinical use and the 
quality requirements, skin grafts can be processed 
and preserved according to various methods (deep 
freezing, cryopreservation, glycerol preservation, ly-
ophilisation), and potentially terminally sterilised 
with gamma-irradiation. These methods produce 
different grades of skin viability, integrity and im-
munogenicity. Skin grafts destined for cryopreser-
vation should be processed as soon as possible after 
procurement in order to maintain cell viability and 
structural integrity. Skin allografts can also be pro-
cessed into de-epidermised skin and acellular dermal 
matrix (ADM). Processing of skin grafts generally 
includes soaking in antibiotic and antimycotic cock-
tails; where maintenance of donor cell viability is 
desired, soaking in antibiotic cocktails selectively in-
activates micro-organisms while affording some pro-
tection to cells. In accordance with the requirements 
stated in §21.3.4, the incubation temperature and the 
composition of decontamination cocktails should 
be defined, after validation, in written procedures 
by each TE, considering the initial tissue microbial 
contamination.

The usual width of the grafts procured depends 
on the width of the dermatome blades (usually 8 or 
10 cm). The length of the grafts varies according to 
the size of the donor site and the final storage con-
tainers according to requirements of the end-user 
clinicians and final storage container capacity. Pro-
cured skin allografts can be cut into specific smaller 
sizes according to requirements of the end-user cli-
nicians. The skin grafts may be provided as sheets or 
meshed (extended on a synthetic mesh to increase 
the surface area and to allow wound fluid drainage). 
If grafts are meshed by the TE, the appropriate mesh 
ratio should be agreed with clinical users. The graft’s 
irregular edges should be trimmed and, typically, a 
rectangular shape should be obtained. The final graft 
sizes are measured with a ruler or calipers. The di-
mensions and area of each graft must be recorded 
and displayed on the label. The grafts should then be 
packaged in validated sterile packages and labelled 
appropriately (see Chapter 15).

21.4.2. Glycerol-preserved skin allografts

Glycerol-preserved skin allografts (GPA) were 
developed [13] to maintain skin allograft at 2-8 °C 
using an increasing series of glycerol concentrations 
(50 %, 70 %, 85 %) for preservation and storage without 
freezing. Glycerol preservation is an excellent pres-
ervation method to obtain de-vitalised skin grafts 
characterised by reduced immunogenicity and low 
antibacterial/antiviral properties, though it cannot 
be considered a sterilising agent [14-25]. If there are 
positive microbiology results from cryopreserved 
skin, the skin can be processed in 85 % glycerol as 
a recovery procedure [15-16]. The glycerol solutions 
used must be sterile and of high quality (e.g. see Eu-
ropean Pharmacopoeia monograph 0497 – Glycerol 
85 %). Most skin banks validate an expiry date of 5 
years for GPA stored at 2-8 °C.

21.4.3. Unprocessed skin allografts

The use of unprocessed skin allografts (‘fresh 
skin allografts’) is not the preferred option because it 
may not allow for complete donor screening, autopsy 
reports and/or extensive microbiological testing. 
However, some TEs use unprocessed skin allografts 
as it is possible to maintain structural integrity and 
cell viability for short periods of time (maximum 7-8 
days at 2-8 °C) [11]. These allografts were initially pre-
ferred in burn centres due to their high cell viability 
[26].

21.4.4. Cryopreserved and deep-frozen skin 
allografts

These preservation methods aim to maintain 
cell viability and structural integrity of skin allo-
grafts for extended periods of time. Biological and 
structural functions of skin tissue are preserved 
by cooling to subzero temperatures in a freezing 
medium with cryoprotectants, such as dimethylsul-
phoxide (DMSO) or glycerol [27, 28], to protect cells 
against freezing injury. Cryoprotectants can, however, 
adversely affect cell viability and graft efficacy. A 
controlled-rate freezing procedure is recommended 
to preserve cell viability. Cell viability is maintained 
in cryopreserved and, to a lesser degree, deep-frozen 
skin grafts. It facilitates the tissue engraftment to the 
wound bed, as a substrate for revascularisation and 
recolonisation by host cells [29-30, 12]. Skin-cell vi-
ability, referred to as the mean percentage of cell vi-
ability after 10-20 days of storage, is reported to be 
between 40 and 50 % that of the fresh skin [31-34]. 
When cell viability is required for clinical use, it must 
be validated and can be assessed by various methods, 
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including vital dye staining, oxygen consumption, 
and enzymatic and metabolic assays (described in 
§21.5.2).

Cryopreservation is considered to be the best 
method that allows the long-term preservation of 
skin [12]. After cryopreservation, skin allografts must 
be stored at a temperature of < −140 °C in liquid ni-
trogen tanks (vapour or liquid phase) or ultralow 
temperature mechanical freezers. Storage of grafts 
immersed in liquid nitrogen is not recommended. 
If stored below −140 °C, a storage period of up to 5 
years is permissible; longer storage periods should 
be supported by validation studies. Storage at higher 
temperature (− 60 °C to − 80 °C) is a method applied 
for medium-term (maximum of 2 years) preservation 
of viable skin allografts [31-33]. Inappropriate storage 
compromises the potential to restore normal meta-
bolic activity and, thus, physiological functioning 
after transplantation.

21.4.5. Lyophilised skin allografts

Processing of grafts by freeze-drying devital-
ises the grafts while maintaining their structure. A 
maximum limit for residual water content should be 
established and measured (ideally < 5 %). Lyophilised 
skin grafts can be stored at ambient temperature for 
3-5 years.

21.4.6. De-epidermised skin

De-epidermising skin (frequently associated 
with de-cellularisation) is a method to lower the anti-
genicity of the skin graft. Thicker skin obtained from 
deceased donors is processed aseptically to remove 
the epidermis. Various methods for separating the 
epidermis from dermis are reported such as chemical 
(sodium chloride, phosphate buffered saline, dispase), 
physical (heat, freezing and thawing) or mechanical 
(dermatome). These methods are frequently used in 
association to obtain optimal de-epidermisation. 
In cases of shortage of deceased skin donors, full- 
thickness skin can be obtained from living donors 
undergoing abdominoplasty or body-contouring 
procedures and is processed in a similar manner 
to produce thicker dermal allografts to be used in 
full-thickness skin loss if primary closure or donor- 
site availability of autografts is limited or suboptimal 
[35]. The result is an intact dermal matrix that can 
be cryopreserved, frozen, preserved in glycerol or 
lyophilised.

21.4.7. Skin tissue decellularisation

Tissue decellularisation is a technique that 
aims to remove all cell remnants from a tissue, main-
taining an intact extracellular matrix (ECM). In 
recent years several innovative biological products 
based on decellularisation of donor-derived skin 
tissue have been developed using biotechnological 
sciences. Resulting tissues are acellular dermal allo-
grafts, as the decellularisation processes invariably 
remove the epidermis, with the possible exception 
of the basement membrane. The clinical applications 
of these grafts extend beyond the traditional role of 
skin allografts, including tendon repair, abdominal 
patches and breast reconstruction.

Three methods are actually used to achieve 
tissue decellularisation: chemical, physical and bi-
ological (enzymatic). Each of these methods has a 
different mode of action and effect on the ECM. A 
combination of methods is recommended to ensure 
effectiveness [36]. Chemical methods comprise al-
kaline/acid solutions, alcohols, hyperosmotic/hy-
posmotic solutions, ionic detergents, non-ionic, 
zwitterionic detergents, chelating agents; physical 
techniques are based on temperature (freeze–thaw 
cycles), hydrostatic pressure, mechanical agitation 
and sonication; biological methods include trypsin 
and endo/exonucleases (see Appendix 34). Decellu-
larisation protocols generally start with cell lysis by 
physical/chemical treatments, detachment and sol-
ubilisation of the cell components using enzymatic 
treatments and detergents, and removal of the cell 
remnants from tissues. These processes may be as-
sociated with mechanical agitation/sonication to in-
crease the treatment effectiveness. At the completion 
of the decellularisation process, it is important to 
thoroughly rinse the tissue matrix to minimise the 
residual amounts of any processing chemicals in the 
final graft, as these may be toxic or immunogenic, 
and impact its clinical efficacy. 

Sterilisation techniques may be applied to 
provide a higher level of safety. There are significant 
advantages in combining decellularisation and ster-
ilisation processes to ensure a clinically safe ECM, 
minimising the effect on its ultrastructure.

The common goal of all these methods is to 
obtain an acellular dermal matrix (ADM) charac-
terised by an intact fibrous and collagenous architec-
ture, able to be repopulated by autologous cells of the 
patient after its engraftment. The absence of immune 
response and graft rejection in patients is ensured by 
removing the cellular components (fibroblasts and 
endothelial cells) as well as the donor DNA and hair 
remnants. From a functional point of view, these 
dermal matrices act as cell-free scaffolds able to per-
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manently reconstruct and regenerate damaged and/
or pathological skin tissue.

The main biological characteristics of an 
optimal ADM are biocompatibility (the ability 
to take after engraftment and the absence of re-
jection/inflammatory reaction due to induction 
of pro- inflammatory cytokines), integrity of the 
matrix (the maintenance of integrity of elastic 
fibres and collagen physiologically identified in the 
tissue), sterility (absence of Gram+/− bacteria, fungi 
and bacterial endotoxins), malleability and sutu-
rability (handling; mechanical resistance with or 
without stitches) and storage options (the ability to 
be stored by different methods e.g. cryostorage in 
nitrogen vapours, storage at − 80 °C, freeze-drying, 
dehydration, room- temperature storage, storage in 
high- percentage glycerol).

See Chapter 34 and Appendix 34 of this Guide 
for information on decellularisation of tissues as 
natural extracellular matrices.

Clinical indications of acellular dermal ma-
trices are in the field of regenerative medicine and 
surgery and depend on wound thickness. Among 
them are:

• dermatology, plastic and reconstructive, 
general surgery and vascular surgery used 
for the treatment of acute (e.g. burns) and 
chronic (e.g. skin ulcers in various aetiology) 
skin wounds with extensive loss of substance: 
acellular dermal matrices with a thickness of 
0.2-0.4 mm can be used in combination with 
a thin autologous split-skin graft to improve 
the scar quality of the wound; thicker acellular 
dermis is used for other indications such as re-
construction of the breast after mastectomy or 
hernia repair [37-47];

• orthopaedics for the repair of the rotator cuff 
of the shoulders as well as for the treatment of 
skin surgical wounds [48];

• maxillo-facial surgery, ENT (ear, nose and 
throat) surgery, dentistry for the sinus lift and 
implant dentistry for augmentation in gum re-
constructions [49-50].

21.4.8. Processing facilities

In selecting an appropriate air-quality specifi-
cation for processing skin grafts, and in accordance 
with their special characteristics, the criteria and 
tools identified in Chapter 3 (such as the MiRCA 
tool), Chapter 7 and Chapter 9 should be considered. 
For EU countries, the background must be at least 
Grade D but, given the risks associated with the use 
of skin grafts which are not sterilised or treated with 

equivalent microbial reduction methods, more strin-
gent requirements are recommended.

21.4.9. Sterilisation of skin allografts

When tissue viability is not required or when 
skin tests positive for microbiological contaminants, 
it can be sterilised by gamma or electron beam ir-
radiation. Ionising radiation (in relation to its dose) 
can cause structural changes in the irradiated skin 
allografts, especially in the epidermis [51]. Research 
has shown that a maximum dose of 25 kGy irradia-
tion of deep-frozen skin in radio-protective solutions 
sterilises tissue without relevant histomorphological 
or physical alterations (such as pliability) compared 
with normal cryopreserved skin [11, 52]. 

Sterilisation methods should be validated for 
the initial estimated level of bioburden prior to appli-
cation of the sterilisation method to skin allografts. 
Sterilisation can be used to ‘rescue’ skin that has been 
initially processed as cryopreserved, viable skin but 
is not considered suitable for transplantation due to 
microbial contamination. Sterilisation with irradia-
tion will destroy viable donor cells, but if performed 
appropriately does not compromise the structure 
and mechanical properties of the graft, meaning it 
can serve as a biological dressing. This type of graft 
is not expected to engraft to the wound bed, as cryo-
preserved skin grafts can. This can, however, result 
in the graft giving a better cosmetic outcome when 
applied to facial or hand burns, for example.

21.5. Quality control
21.5.1. Microbiological control

In addition to the standard microbiological 
controls described in Chapter 11, microbiological 
testing should be done before the start of processing 
and on post-processed samples of skin (after rinsing 
to remove as much disinfection and processing 
reagent as possible), before the skin is approved for 
clinical use. These approaches are based on the mi-
crobiological test methods of Ph� Eur� and cover the 
minimum standards to control the microbiological 
safety of preparations of human tissues. Deviations 
from such standards should be justified and the 
suitability of the intended alternative test methods 
must be demonstrated and validated. Specimens of 
a representative sample of finished product (e.g. a 
predefined number of pieces of skin allografts that 
have undergone all stages of production) should be 
sent for microbiological testing to check for aerobic 
and anaerobic bacteria and fungi using appropriate 
culture media [27]. Acceptance criteria for microbial 
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load and types of contaminant in processed tissues 
should be defined in advance and reported in written 
procedures.

If a positive microbiology result is obtained at 
the initial stage or at an intermediate stage of pro-
cessing, a risk-assessment analysis should be con-
ducted to assess the suitability of the skin tissue 
(and other tissues from the same donor), taking 
into account the micro-organism(s) detected. Basi-
cally, skin allografts may be accepted for clinical use, 
without sterilisation, when bacteriological and myco-
logical assessment (refer to Chapter 11 for acceptable 
microbiological examination techniques) reveal only 
low bioburdens of inherent inhabitants of the resi-
dential skin flora. The surgeon must be informed of 
the skin-graft bioburden before the use of the graft 
(see §21.9 for further information). Bioburden can be 
determined using quantitative cultures, but it is per-
mitted to use more pragmatic validated approaches in 
which bacterial density is measured in terms of bac-
terial lawn confluency or the appearance of turbidity 
in periodically inspected liquid cultures. The pres-
ence of micro-organisms in finished product samples 
results in a definite rejection of the donor tissue if no 
validated sterilisation or decontamination method is 
applied (see Figure 21.2). In exceptional cases, skin 
grafts could be released with low bioburdens of skin 
commensals “on board” [27], after appropriate risk 
assessment and consultation with surgeons (e.g. in 
urgent cases).

For terminally sterilised skin, an equivalent 
analysis should be carried out, taking into consid-
eration the capacity of the sterilisation process as 
demonstrated through validation.

Specimens contaminated by (endo)spore-
forming micro-organisms such as Bacillus (anthracis 
or cereus) and Clostridium spp. or any of the patho-
gens listed in Table 11.1 in Chapter 11, at any stage of 
the process (even if negative at the end of processing), 
unless otherwise validated should be discarded 
without corrective actions in order to remove po-
tentially unsuitable tissue from the transplantation 
process, unless a terminal sterilisation process is to 
be applied.

21.5.2. Skin allograft performance and quality 
issues 

Viable donor skin is still considered the gold 
standard for the temporary covering of burns. In 
cryopreserved skin allografts, the viability of skin is 
often considered as an essential requisite and should 
be tested. Different methodologies are used to assess 
cell viability in skin grafts before and after thawing:

• quantitative, e.g. tetrazolium salt assay (MTT), 
neutral red test (NRT), resazurin test, oxygen 
or lactate consumption assay [33-34];

• and /or qualitative, by histological staining, e.g. 
orcein, Masson, haematoxylin-eosin.

Controversy exists in the literature data re-
garding the importance of cell viability in graft per-
formance and quality. It is widely considered that 
viable skin allografts are superior to all other dressing 
materials, and the majority of physicians agree that 
higher viability is usually associated with better 
wound-bed preparation and graft take [33, 53-56]. 
Comparison of unprocessed, cryopreserved (viable) 
and glycerolised skin allografts by the use of animal 
studies (immuno-competent Balb/c mice) revealed a 
better performance (evaluated by histology) of un-
processed skin and, to a lesser degree, of deep-frozen 
(− 80 °C) and cryopreserved (in liquid nitrogen) skin 
[57]. These data demonstrated that graft performance 
of cryopreserved skin decreased with time.

However, non-viable skin allografts can be suc-
cessfully employed when viable cryopreserved skin 
allografts are not available or where cell viability is not 
required for wound treatment [4]. Literature studies 
[26] indicate that there is no evidence that viability of 
the graft influences healing outcomes. Thus, instead 
of viability, other aspects, such as structural integ-
rity, clinical outcome and intrinsic anti- microbial 
safety of the preservation method and cost should 
be the primary criteria for the choice of preservation 
method to be used for allografts.

It is demonstrated that allografts’ dermal com-
ponent can easily take [55], whereas homologous epi-
dermis is normally rejected within two weeks [58]. To 
obtain re-epithelialisation of full-thickness wounds/
burns it is usually necessary to follow a two-step 
surgical procedure: reconstruction of the dermal 
compartment by skin or dermal allografts and then 
re-epithelialisation by autologous thin grafting. Re-
cently, some authors [59] have reported a successful 
one-step procedure in the treatment of severe burns, 
by using mixed auto- and cryopreserved allograft 
skin grafting. This technique seems to shorten the 
wound healing time significantly, thus greatly raising 
the utilisation rate of autologous skin. 

21.6. Packaging and labelling
The grafts are packaged in sterile containers (e.g. 

foil or polythene/polyethylene/EthylVinylAcetate 
bags) and coded, packaged and labelled in accord-
ance with the guidance in Chapter 15. All packages 
must be labelled with the name of the processing in-
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stitution, a unique identifier or serial number linking 
the tissue to the donor, the expiry date, size and type 
of skin graft (e.g., cryopreserved, glycerolised).

21.7. Storage

Processed skin grafts are stored in various con-
ditions depending on processing method (see 

§21.4.1) summarised in Table 21.1.

21.7.1. Expiry date

In order to ensure the safety and quality of 
tissues and cells, the maximum shelf-life of tissue 

under each type of storage condition should be speci-
fied. The expiry or retest date should come from formal 
validation with stability studies, which should take 
into account, among other factors (e.g. expiry dates 
of reagents), possible deterioration of the required 
tissue and cell properties, integrity and stability of 
the packaging and labelling materials, according to 
the requirements of Chapter 9 and Chapter 10.

21.8. Skin allograft distribution

Skin allografts are considered life-saving thera-
peutic materials, so TEs should have a written 

procedure for allocation of grafts based on clinical 

Figure 21.2. Algorithm for acceptance or rejection of skin after bacteriological assessment

Cryopreserved skin (skin is processed with microbiological results pending)

Pre-decontamination microbiological assessment results

Growth No growth

Non-pathogenic
sp.

identied

‘Critical’
pathogenic sp.

identied

Post-decontamination
microbiological

assessment results

Growth No growth

Discard Pathogenic sp. identied Non-pathogenic sp. identied

Validated terminal sterilisation Risk assessment

Release
after consultation

with end-users
Release Release

Note: Pathogenic spp. identified during skin assessment should be understood as those defined in Chapter 11.

Table 21.1.  Storage conditions for processed skin grafts

Type of skin grafts Storage conditions
Glycerolised skin Refrigerators (2 to 8 °C)

Lyophilised (freeze-dried) skin/dermis Room temperature (15 to 25 °C)

Cryopreserved skin Vapour phase of liquid nitrogen or mechanical freezer (< − 140 °C)

Deep-frozen skin Mechanical freezers (− 80 to − 60 °C)
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priority. Distribution of skin grafts for transplanta-
tion should be restricted to hospitals, TEs, physicians, 
dentists or other qualified medical professionals, in 
compliance with national regulations and the WHO 
Guiding Principles on Human Cell, Tissue and Organ 
Transplantation (Chapter 1).

21.9. Acceptance criteria and 
exceptional release

The acceptance criteria should be based on vali-
dated protocols and reported in the TE’s written 

procedures. The release criteria and specifications 
of skin/dermal allografts should be defined, vali-
dated, documented and approved. There should be 
a defined procedure for exceptional release of non-
standard skin/dermal allografts under a planned 
non-conformity system. The decision to allow such 
release should be documented clearly, and trace-
ability should be ensured.

21.10. Biovigilance

Adverse events and reactions as well as serious 
adverse events and reactions must be recorded, 

reported and investigated (in accordance with corre-
sponding national regulations) to the Health Author-
ities for tissues and cells.

Non-exhaustive list of reportable SARs
• transmission of infective disease;
• transmission of malignant disease;
• allergic reaction (e.g. to antibiotics used for 

processing media);
• engraftment failure/delayed engraftment 

(related to the tissue graft);
• unexpected immunological reactions due to 

tissue;
• bleeding (wound bed preparation);
• aborted procedure involving unnecessary ex-

posure to risk (e.g. wrong tissue supplied or 
delayed transport, discovered after patient is 
anaesthetised and the surgical procedure has 
begun) [59]. See also www.notifylibrary.org.

Non-exhaustive list of reportable SAEs
a. Procurement
• procurement without consent;

b. Processing and labelling
• use of non-sterile/expired materials for tissue 

processing;
• mistaken processing media (errors in media 

preparation);

• incorrect labelling;

c. Storage
• storage at inadequate temperature (e.g. in case 

of equipment failure; unattended alarm);

d. Transport/distribution
• loss of irreplaceable autologous tissues;
• delayed transport of cryopreserved skin (re-

sulting in tissue discard);
• incorrect tissue type, i.e. a different type 

of tissue is supplied than was intended or 
requested;

e. Testing
• bacterial/viral/fungal contamination of tissues 

distributed for transplantation;
• loss of cell viability in cryopreserved viable 

tissue.

The Notify Library (www.notifylibrary.org) in-
cludes some well-documented cases of adverse occur-
rences in skin transplantation. Examples include:

• Contaminated skin graft that caused serious 
infection of a burn wound with Acinetobacter 
(Record Number 428).

• A case involving distribution of cryopreserved 
skin without review of the results of bacte-
rial tests. Several allograft recovery cultures 
showed virulent pathogens ordinarily not ac-
cepted for use that prompted recall of >100 
skin allografts, fortunately without any case of 
disease transmission (Record Number 128).

• Two cases describing incidents in which un-
suitable skin grafts were released for clinical 
use. In one case, skin was torn upon thawing 
and implanting; in the second case, it was not 
measured appropriately, resulting in delay in 
patient treatment and graft loss in both cases 
(Record Numbers 126 and 127).

For further evaluated cases of adverse out-
comes associated with skin banking, search the 
Notify Library at www.notifylibrary.org. The da-
tabase is publicly accessible and can be searched by 
substance type, by adverse occurrence type and by 
record number.

21.11. Developing applications

Wound healing is a major target in 
tissue- engineering research. In the past 40 

years a large number of biological and synthetic skin/
dermal substitutes have been produced. Products 
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such as bioengineered skin equivalents and syn-
thetic/biosynthetic materials integrated with cul-
tured epidermal cells have been developed for this 
purpose, and most of them would be classified in the 
EU as advanced therapy medicinal products (ATMP) 
(Chapter 34). However, the ideal skin substitute has 
not yet been established and human skin allografts 
remain a gold standard in the therapy of major burns 
and skin loss treatment. Thus, researchers in the field 
of tissue engineering are still working on the produc-
tion of an ideal artificial skin able to act as a physio-
logical skin.

21.11.1. Epidermal cell suspensions

Epidermal cell suspensions (non-cultured 
autologous epidermal cellular grafting) have been 
used in the surgical management of vitiligo since 
1992, when Gauthier and Surlève-Bazeille developed 
a non-cultured cellular grafting technique [59]. With 
this technique an epidermal cell suspension is used 
without cell expansion to treat larger areas (8- to 
10-fold size of donor skin) on an outpatient basis with 
simple laboratory procedures. Epidermal cell suspen-
sions can be useful in a variety of epidermal defects, 
involving both keratinocytes and melanocytes, and 
several approaches to delivering autologous keratino-
cytes/epidermal cells to restore epithelialisation have 
been developed [60, 61].

A recent technique based on aerosol spraying 
of non-cultured epidermal cells suspensions rep-
resents an efficacious and rapid way to obtain 
re- epithelialisation. To prepare the epidermal sus-
pension, a cutaneous biopsy is trypsinised and epi-
dermal cells are obtained by scraping of the dermal 
side of the epidermis. A suspension of autologous 
keratinocytes, melanocytes and fibroblasts can be 
delivered onto the wound bed by a spray apparatus. 
Therefore, epidermal cell sprays can be considered 
as aerosolised skin grafts that can potentially treat a 
variety of epidermal defects for burns and traumatic 
injuries, but also in scar reconstruction, donor-sites 
repair and in skin resurfacing techniques [60]. In 
consideration of the presence of melanocytes, this 
technique is also effective in pigmentation defects, 
including vitiligo and post-burn leukoderma.

Special commercial devices or prefabricated 
cellular preparation kits have also been developed 
to isolate and apply non-cultured epidermal cells, 
dermal cells or adipocytes to wounds in a one-step 
surgical procedure.

21.11.2. Epidermal 3D cell cultures

It was in 1975 that Rheinwald and Green [62] 
first described the serial cultivation of human ke-
ratinocytes in monolayer culture obtained from 
primary keratinocytes seeded onto lethally irradi-
ated murine fibroblast feeder layers. Since then nu-
merous advances have been made in the cultivation 
of human keratinocytes, in both two-dimensional 
monolayer and three-dimensional organotypic 
culture. Cultured epidermis was originally used to 
re- epithelialise severe burns, but, because of the pres-
ence of melanocytes, it was also used in vitiligo and 
other skin pigmentation disorders and to treat scars, 
ulcers and skin-graft donor sites.

Three-dimensional (3D) bioprinting, a flexible 
automated platform for the fabrication of complex 
living architectures, is a novel approach to the design 
and engineering of human organs and tissues [60]. 
Natural decellularised extracellular matrices (ECM) 
represent emerging biomaterials to be printed and 
used in tissue engineering and regenerative medicine. 
These matrices provide a physiological environment 
acting as a bioscaffold which supports cell prolifera-
tion and differentiation. The 3D bioprinting process 
involves direct printing of the bio-ink (biomaterials 
+ cells) by inkjet, micro-extrusion and laser-assisted 
bioprinters [63]. The most relevant challenges in skin 
bioprinting deal with the necessity of skin structures, 
such as epidermis–dermis interface, vascularisation 
and adnexal structures, and are still to be addressed 
[64].

All cell-culture methods are relevant in the 
field of tissue engineering and they comply, when 
considered for clinical applications, with the ATMP 
regulations. These tissues can be used to test pharma-
ceutical products, as well as cosmetics and consumer 
chemical products, in vitro where current regulations 
require testing that does not use animals.

21.11.3. Skin composite grafts – nipple 
preservation

Practically any human tissue can be procured 
and banked for clinical use. Patients with loss of the 
nipple and areola from cancer, excision, trauma or 
congenital absence can undergo nipple-sparing mas-
tectomy in specific cases after histological examina-
tion of the tissue surrounding the nipple and areola to 
eliminate the possibility of eventual cancer invasion. 
If a patient’s nipple–areola complex (NAC) is avail-
able for grafting after mastectomy, it is the best mate-
rial to use for reconstruction. It can be cryopreserved 
as a composite graft to be autografted for reconstruc-
tion of the breast after mastectomy. According to 
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published literature and skin-bank protocols [65], a 
slow cooling procedure for cryopreservation is used 
by incubating the NAC in a cryoprotectant solution 
with 10 % DMSO or 15 % glycerol.

The timing of transfer usually ranges from 
6 months to 1 year after breast reconstruction. At the 
time of transfer, the cryopreserved NAC is thawed 
in 37 °C water and grafted on a projection made by a 
denuded dermal flap on the reconstructed breast.
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Chapter 22. Cardiovascular tissue

22.1. Introduction

Cardiovascular tissues, i.e. cardiac and vascular 
(arterial or venous) tissues, can be procured 

from deceased donors (after brain death or after cir-
culatory death) and living donors (e.g. heart valves 
from a patient undergoing a heart transplant). 

Cardiac tissues, obtained from donated hearts, 
comprise aortic, pulmonary and mitral valves. In 
the majority of cases, after heart procurement, vas-
cular segments (arteries and veins) are recovered as 
well. Procured vascular segments include ascending 
and descending abdominal aorta, aortoiliac bifurca-
tion, iliac arteries and femoral arteries. Occasionally, 
procurement of veins is also considered (e.g. inferior 
cava, iliac and saphenous veins). In addition, in living 
donors, some surgeons recover saphenous veins 
during the procedure of stripping. After processing, 
the resulting cardiac and vascular tissues are referred 
to as allografts.

Pericardium, although considered a soft tissue 
graft, is also included. This is due to the anatomic 
relation with the heart and as a result this tissue is 
recovered together with the heart. 

Heart valves are used mainly in paediatric 
cardiac surgery for treatment of congenital malfor-
mations, such as tetralogy of Fallot, valve atresia, bi-
cuspid or monocuspid aortic valve, or transposition 
of great arteries. The most important reason for clin-
ical use of heart-valve allografts in these indications 
is the identical morphology of the allografts and 
the native valve of the patient, which enables easy 
reconstruction of the left/right ventricular outflow 

tracts (RVOT/LVOT). Another advantage is that 
recipients, who are mainly children and neonates, 
do not need long-term anticoagulation because of 
the non-thrombogenicity of human tissue, thereby 
avoiding the side-effects of anticoagulation therapy 
in these patients. A second important indication is 
the reconstruction of the RVOT in the Ross opera-
tion, which is often used for the treatment of young 
female patients of child-bearing age and for athletes. 
This entails replacement of the diseased aortic valve 
with the autologous pulmonary valve (autograft) and 
reconstruction of the patient’s RVOT with a pulmo-
nary (or aortic) allograft.

A third important indication for use of allo-
geneic heart valves is the endocarditis of either the 
prosthetic or the native valves, as the allografts are be-
lieved to have a very high resistance against infection. 
So, it is very seldom that an allograft valve develops 
endocarditis after being implanted in the infected 
area. In recent years, allogeneic heart valves have 
also often been used to repair failed or infected bio-
logical valves implanted by endovascular procedure 
(TAVI, trans-arterial valve implantation). The most 
common indication for the use of vascular segments 
(arteries and veins) is infection of the prosthetic and/
or native vascular tissue. Arteries may be used for pe-
ripheral re-vascularisation, vascular reconstruction 
in cases of malignant infiltration of the vascular wall 
(arterial, venous) [1] or reconstruction of the thoracic 
and/or abdominal aorta. Iliac vessels are sometimes 
removed from deceased donors at the time of organ 
donation, and they can be used to support organ 
transplantation. However, if they are not used during 
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the liver transplantation, they may be sent to the 
tissue establishment for further processing as vas-
cular tissue allografts. From that moment the tissues 
need to comply with criteria set for tissue donation, 
and specific consent for tissue donation should be in 
place.

Respecting ischaemia time is very important, 
so as to be able to cryopreserve them at the appro-
priate moment. Following excellent collaboration 
between tissue establishments and organ procure-
ment teams, an important number of iliac arteries 
have been procured as part of organ retrieval and 
subsequently sent to a tissue establishment, allowing 
their further use for other indications (e.g. abdom-
inal oncology, vascular surgery).

In light of long-term follow-up studies, it has 
been identified that implanted cardiovascular allo-
grafts are the subject of premature deterioration, 
mainly in very young patients and children, perhaps 
because of immune-related deterioration [2, 3]. There-
fore, methods for the reduction of immunogenicity 
in cardiovascular allografts have been the subject of 
much research during the past two decades. This has 
involved the development of new procedures to de-
cellularise cardiovascular allografts. This may also 
facilitate recellularisation of the graft with cells from 
the recipient in vitro before implantation or repopu-
lation of the graft in vivo after implantation.

The following generic chapters (Part A) of this 
Guide all apply to cardiovascular tissue banking and 
must be read in conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance

r� Chapter 18. Introduction of novel processes 
and clinical applications

This chapter defines the additional specific re-
quirements for cardiovascular tissue.

22.2. Donor evaluation
22.2.1. Contraindications and exclusion criteria 

specific to cardiovascular tissue donation 

The following exclusion criteria are specific to 
donation of cardiovascular tissue:

a� valvulopathy of both the aortic and pulmonary 
valves, with moderate-to-severe stenosis or in-
competence (the vessels can still be acceptable);

b� aortic dissection (detachment of the intima 
and adventitia);

c� Marfan’s syndrome and related diseases (e.g. 
Loeys–Dietz syndrome, Ehlers–Danlos syn-
drome);

d� bacterial or fungal endocarditis.

Other conditions to be evaluated as part of the 
donor-selection process are:

a� dilatation of ventricles and valve alteration 
such as dilated roots, wall alteration of aorta or 
pulmonary trunk;

b� untreated pneumonia in previous days due 
to highly pathogenic bacteria or fungi, such 
as Staphylococcus aureus, pneumococci or 
Candida;

c� Previous surgical interventions on the tissue to 
be procured.

Donor age limits vary between centres, with 
validations being performed to extend limits, based 
on the specific evaluation of the quality of the tissue. 
In general, the quality of cardiovascular tissue deteri-
orates with increasing age, and maximum age limits 
are a simple way to apply donor-selection criteria. 
However, it must be considered that other lifestyle 
factors, such as diet, lifestyle and history of smoking 
also impact on the quality of cardiovascular tissue, 
though these are more difficult to assess quantita-
tively. Where clinical demand for particular types or 
sizes of cardiovascular graft is not being met, tissue 
establishments (TEs) may choose to set higher age 
limits to increase the donor pool, in the knowledge 
that a significant proportion of the grafts donated 
may not be suitable for clinical application. Com-
monly applied age limits are shown in Table 22.1; 
higher age limits may be considered (see note below 
table).
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Table 22.1. Commonly applied age limits for 
cardiovascular donors

Arteries male 17-55 years of age
female 17-60 years of age

Veins up to 70 years of age

Aortic valves newborn (3 kg) to 70 years of age

Pulmonary 
valves

newborn (3 kg) to 80 years of age

Note: The advice given on age limits is based on experience with 
respect to the quality of tissues procured from donors within 
these age limits. Aortic valves, in that respect, could also be 
procured from donors older than 60 years of age, but in most 
cases these valves may not be suitable for banking. Procuring of 
the pulmonary valves from the same heart, on the other hand, 
would show a much higher yield, explaining the acceptance of 
these hearts for donation.

22.3.  Procurement 

Minimising the risks of contamination during 
procurement (see Chapter 7) and processing 

(see Chapter 9) activities is crucial to ensure cardio-
vascular graft safety. Risks are often multi- factorial, 
and to help quantify and map them, a dedicated 
chapter (Chapter 3) has been developed as well as 
EDQM’s tailored Microbiological Risk of Contami-
nation Assessment tool (MiRCA). By using this tool, 
TEs can better understand the overall risk of their 
protocols, and how risk factors are distributed along 
the tissue/cell supply chain, from procurement to dis-
tribution, and can implement the most efficient miti-
gation/risk- reducing measures, as needed.

22.3.1. Procurement team

A cardiovascular procurement team should 
consist of at least two qualified people. They should 
work using aseptic techniques, and be scrubbed, 
gowned in sterile clothing and wearing sterile gloves, 
face shields and protective masks. Procurement 
should be carried out in an environment that is as 
clean and controlled as possible, ideally in the oper-
ating theatre, or in a suitable environment supported 
by risk assessment (e.g. in a specifically designed area 
in the Morgue for recovery of cardiovascular tissues; 
see Chapter 7).

22.3.2. Post mortem procurement time

It is recommended to procure cardiovascular 
tissue within 24 h after circulatory arrest, but only 
if the body has been cooled or refrigerated within 
6 h of death. If the body was not cooled or refriger-

ated, then the tissues should be procured within 12 h 
after death. It may be possible to extend procurement 
times if subsequent processing has been validated to 
guarantee quality [4, 5] and microbiological safety; in 
these cases the blood samples for serological testing 
should be taken within 24 h after death (to avoid 
extensive haemolysis). See Chapter 6 for details of 
sample collection.

22.3.3. Procurement procedure

For heart valve procurement it is important 
to procure the ascending aorta and the pulmonary 
trunk with bifurcation (wherever possible) together 
with the heart. All efforts should be made to procure 
as much length of pulmonary artery distal to the pul-
monary bifurcation as is practicable.

For vessel donors, the maximum possible 
length of the recovered vessel should be maintained, 
avoiding iatrogenic lesions during manipulation, and 
collateral branches should be cut 2-3 mm from the 
arterial wall to allow the surgeon to ligate or suture 
them during the surgical procedure to avoid unnec-
essary bleeding in the patient.

The recovered heart and/or blood vessels (ar-
teries/veins) should be rinsed with saline solution to 
remove the blood before packaging. This is necessary 
to decrease the risk of bacterial growth in the recov-
ered material.

22.3.4. Tissue transportation to the tissue 
establishment

Common practice is to place procured tissues 
in a crystalloid transport solution (e.g. physiological 
saline, Ringer’s solution, Hanks balanced salt solu-
tion) with the possible addition of nutritional/osmotic 
elements (e.g. albumin) or an antibiotic cocktail, and 
package them in at least two sterile packaging layers 
after procurement. Buffering the transport solution 
may be considered in order to ensure a physiological 
pH during transport.

In order to avoid contamination transmission, 
the heart and the vascular tissues from each body 
compartment (thoracic aorta, abdominal vessels or 
femoral vessels) should all be packaged separately, 
unless the objective is to obtain combined segments 
that are as long as possible.

Each package should then be placed in another 
container that ensures a temperature of 2-8 °C during 
transport, and protects the recovered tissues from 
mechanical damage during transit.
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22.3.5. Procurement documentation

The organisation responsible for procurement 
must produce a procurement report to be provided to 
the TE; usually this accompanies the recovered tissue. 
In addition to the generic requirements defined in 
Chapter 7, this report must contain a description and 
identification of the recovered material (heart, ar-
teries, veins, valves etc.).

22.4. Processing

Procured hearts are dissected to prepare (aortic, 
pulmonary and sometimes mitral) valves from 

them. Together with procured vascular tissues, they 
can be decontaminated and cryopreserved to reduce 
microbial contamination and facilitate longer storage 
periods. To ensure tissue quality, it is essential that the 
time between circulatory arrest and cryopreservation 
be as short as possible. Time from procurement of the 
heart to dissection and decontamination should not 
exceed 24 h. The total ischaemia time (cardiac arrest 
to cryopreservation and storage) should not exceed 
72 h.

22.4.1. Cardiovascular tissue-processing 
methods

Processing of cardiovascular tissues includes 
dissection and evaluation of morphology and 
minimum functional requirements, as well as meas-
urements of the diameters and lengths, to provide 
the required information to the implanting surgeons. 
Processing also includes a decontamination step, by 
soaking in antibiotic solution. The duration and tem-
perature of antibiotic treatment and the composition 
of antibiotic cocktails should be defined by each TE, 
with prior evaluation of the initial tissue contami-
nation (i.e. before the tissue comes into contact with 
an antibiotic solution) and following a validation 
of the effectiveness of the cocktail against the most 
common microbes likely to contaminate the tissues. 
In order to assess the effectiveness of antibiotic in-
cubation, a bioburden test should be performed and 
repeated at regular intervals (see Chapter 11). TEs 
should establish a clear policy stating how pre- and 
post-processing microbiology results will be used to 
determine whether the grafts are suitable for clin-
ical use. Following decontamination, cardiovascular 
grafts are immersed in a cryopreservation medium 
with a cryoprotectant, cryopreserved and stored (see 
§22.5). Note that post-processing testing should be 
performed immediately before cryopreservation.

The methods used must be in accordance with 
(long-term) developed procedures that should be 

validated according to internationally accepted best 
practice (see Chapter 2). Different TEs apply spe-
cific preparation processes according to their own 
standard operating procedures (SOPs) and in accord-
ance with relevant recommendations of the national 
Health Authority.

As cardiovascular tissue is not visible for in-
spection once it has been cryopreserved it is recom-
mended that the anatomical appearance, quality and 
other attributes noted during processing are doc-
umented to assist with the allocation of a suitable 
allograft for patient need. Appendix 35 provides an 
example of an evaluation form.

The annular diameter of valves and vessels 
should be measured using calibrated obturators. The 
length of the vessels should be recorded, as should 
the approximate position and size of any branching 
vessels. It is recommended that grafts be measured 
immediately prior to preservation, as measurements 
may alter following procurement [6].

22.4.2. Processing facilities

In selecting an appropriate air-quality specifi-
cation for processing cardiovascular grafts, and ac-
cording with their special characteristics, the criteria 
and tools identified in Chapter 3 (such as the MiRCA 
tool), Chapter 7 and Chapter 9 should be considered. 

It is vital that the processing of cardiovascular 
allografts takes place in a microbiologically and 
physically controlled environment with tempera-
ture control, ventilation and air filtration, and with 
validated cleaning and disinfection. Cardiovascular 
tissue should be processed in optimal environments 
with air quality equivalent to Grade A in EU Good 
Manufacturing Practice (GMP) Guidelines, with an 
adequate background environment. For EU coun-
tries, the background must be at least Grade D but, 
given the risks associated with the processing, testing 
and implantation of cardiovascular tissues, it is rec-
ommended that, as a minimum, a Grade C back-
ground environment (EU GMP) be provided.

22.5. Cryopreservation and storage

Cryopreservation aims to maintain the biolog-
ical and structural properties of cardiovas-

cular grafts and is still considered to be the best 
preservation method for long-term storage. Cardi-
ovascular tissues can be cryopreserved by using a 
controlled-rate freezer, following a validated protocol. 
During the cryopreservation process, the parameters 
of the freezing cycle must be recorded, as well as any 
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inconsistencies that might have occurred during the 
operation. 

After cryopreservation, the frozen tissues can 
be transferred to a temperature-monitored storage 
tank (either a liquid or vapour phase nitrogen tank at 
a temperature below −140 °C). Cardiovascular tissue 
can be stored at < −140 °C for a storage period sup-
ported by validation data or a documented rationale 
based on maintenance of the critical properties of the 
graft. Currently the generally accepted storage period 
is 5 years. However, a new study has been carried out 
by the team of the Cardiovascular Tissue Bank of 
Prague, showing the preservation of the heart valves 
in perfect state beyond 5 years (up to 10 years) [7].

Note that cryopreservation may not be appli-
cable for decellularised cardiovascular tissues.

22.6. Decellularisation of 
cardiovascular tissues

The state of the art of tissue manipulation is in 
constant growth and evolution, due to the diver-

sity of its clinical applications. Decellularisation of 
tissues is a reality, as this process is currently being 
applied in clinical practice with different types of 
tissue. Furthermore, decellularisation processes 
are continually improving and adapting in order to 
develop new types of tissue graft and/or new clinical 
applications.

22.6.1. Opportunities

Decellularised cardiovascular tissues are used 
to restore, replace or regenerate damaged tissues. The 
extracellular matrix (ECM) scaffold resulting from 
decellularisation is composed of ECM molecules – 
secreted by the resident cells of each tissue – which 
provide biological properties and are organised in 
a three-dimensional (3D) arrangement that confers 
mechanical and structural properties. The ECM is an 
interconnected network composed of proteins, lipids 
and proteoglycans. These scaffolds have several ad-
vantages for the effective treatment and restoration 
of unhealthy, missing or damaged tissue. In addi-
tion, the absence of constituent donor cells can help 
to create a micro-environment more conducive to 
recipient re-cellularisation and re-vascularisation in 
vivo. In most tissues, except tissues with an immune- 
privileged niche, such as articular cartilage or the eye, 
the removal of cells provides significant improvement 
in graft compatibility and enhances transplantation 
outcomes through the reduction of immunogenicity 
[8].

Heart valves and large vessels can be decellu-

larised by employing different methods to eliminate 
cellular components [9-15]. Decellularisation pro-
tocols can employ physical methods (freezing, son-
ication), chemical methods (hyperosmotic solutions, 
ionic detergents, non-ionic detergents) and enzy-
matic methods (trypsin, endonucleases). The most 
robust and effective decellularisation protocols could 
include a combination of the three methods, and 
details related to technical procedures can be found 
in Chapter 9 and Appendix 34 [16, 17]. 

22.6.2. Challenges

Decellularisation of cardiovascular tissues 
must maintain an equilibrium between eliminating 
cellular content and maintaining the mechanical 
and biological properties of the extracellular matrix 
(ECM). It is challenging to develop a decellularisa-
tion process that fully retains the essential properties 
of the ECM for its final clinical applications. 

Process validation and quality control should 
guarantee maintenance of the structure and the bio-
mechanical properties of native valves and vessels, 
as well as demonstrating in vivo function. Decel-
lularised heart valves, for example, must therefore 
maintain sufficient mechanical strength to function 
within the cardiovascular system while permitting 
infiltration and remodelling by recipient cells.

It should also be shown that residual quanti-
ties of any reagents used during the decellularisa-
tion process that are still present in the tissue do not 
provoke cytotoxic responses either in vitro or in vivo. 
Decellularisation protocols (especially enzymatic 
methods) should take into account that degraded 
collagen might have repercussions for in vivo re- 
endothelialisation of decellularised tissues.

Furthermore, the nature of decellularisation 
protocols, which may involve the use of bacterial- 
sourced enzymes and/or prolonged incubation 
periods in the processing protocol, may increase the 
risk of pyrogen, such as endotoxin, contamination of 
the finished graft. Endotoxins and other pyrogens, 
if present in the ECM, may induce strong biological 
responses in the patient, fever being the main mani-
festation. This risk should be evaluated and if neces-
sary appropriate pyrogen elimination steps added to 
the protocol [18-20], bearing in mind that affecting 
the mechanical or biological properties of the ECM 
should be avoided. Alternatively to, or in conjunction 
with, this testing of the finished graft for pyrogens 
should also be considered (see Chapter 11 for further 
details).

During the set-up of a decellularisation process 
there are many different parameters to take into 

TC5_en.indb   263TC5_en.indb   263 14/12/2022   13:22:3514/12/2022   13:22:35



264

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

account and analyse, with the aim of assuring the 
maintenance of the biological and mechanical char-
acteristics of the tissue. As the aim of decellularisa-
tion is to preserve the native properties of the tissue 
while eliminating the cell remnants that could elicit 
a host immune response, it is necessary to evaluate 
such parameters as the removal of cells, the elim-
ination of genetic material, quantification of ECM 
protein content and the mechanical properties in 
order to assess the quality of the decellularisation 
protocol [21, 22]. 

Furthermore, it is necessary to ensure that tox-
icity resulting from the implantation of decellularised 
tissues is not a risk for the host. Although complete 
decellularisation (with the elimination of 100 % of 
cell material) may be impossible to achieve, it is prag-
matic to evaluate the effectiveness of the decellulari-
sation protocols with some minimal criteria, such as 
cell removal and the accepted residual DNA [21-25].

In summary, the quality control of tissues after 
decellularisation, including cardiovascular tissues, 
should consider the following:

a� effective removal of cells and cellular compo-
nents;

b� effective removal of microbial contamination 
(see Chapter 11) and any potentially toxic mi-
crobial products (e.g. endotoxins);

c� effective removal of undesirable and poten-
tially toxic reagents;

d� maintenance of desired ECM structural char-
acteristics.

Note that, depending on the protocol used, 
decellularised cardiovascular tissues may be stored 
at refrigerated (2-8 °C) temperatures, frozen or 
cryopreserved.

22.7. Quality control

Quality-control tests for heart valves should con-
sider the following minimum quality criteria:

a� Functional competence. It should be noted that 
fenestrations within the margins of the lunulae 
are very often not a pathological finding. Pro-
vided the coaptation of the graft is ensured 
by adequate sizing, marginal fenestrations 
should not induce valve regurgitation either 
in the short or long term. Large fenestrations, 
particularly when they are in opposing cusps, 
should constitute a rejection criterion. Addi-
tionally, low-positioned fenestrations in the 
leaflets with moderate to severe leak should 
constitute a rejection criterion.

b� Good morphology (no fissures, no congenital 

defects, no/minimal calcification, or no other 
significant anatomical abnormality). Only 
small calcifications in the distal wall of the 
aorta or around the coronary ostia, where they 
are most likely not to interfere with graft func-
tioning, can be accepted, although information 
on their size and location must be clearly re-
ported to the clinical user.

c� Anatomical suitability (i.e. accurate length of 
conduit and diameter of annulus). Special at-
tention should be paid to achieving an accurate 
measurement of the diameter of the annulus to 
avoid overstretching; this is particularly crit-
ical for the pulmonary valve.

d� Intact structure of the tissue matrix.

It is recommended that the quality-control 
tests on vascular grafts should consider the following 
minimum quality criteria to assess suitability for 
banking:

a� integrity of the vascular walls;
b� minimal presence of calcification, atheroma 

and fibrosis;
c� anatomical suitability – absence of aneurysm 

or stenosis;
d� pathological analysis on remnants of the 

heart to check for malignancy, endocarditis 
and myo carditis, and at least a piece of aortic 
vascular wall should be analysed to check for 
connective tissue diseases; at the same time 
conclusions can be drawn on the level of ath-
erosclerosis.

Cardiovascular allografts must be microbio-
logically sampled and cultured for aerobic and anaer-
obic bacteria, as well as fungi and yeasts, according 
to European Pharmacopoeia criteria (see Chapter 11), 
before and after antibiotic incubation, to be carried 
out on:

a� the transport medium at the beginning of the 
processing procedure;

b� the sub-valvular (aortic and pulmonary) myo-
cardial tissue and vessels before antibiotic in-
cubation;

c� a final sample of each graft after antibiotic in-
cubation and rinsing, 

d� a sample of the cryoprotectant solution.

Post-processing results must be negative, but 
some contaminants can be accepted if only found 
pre-processing. If a positive microbiology result is 
obtained, depending on the micro-organism found, 
a risk-assessment analysis should be done to assess 
the suitability of the other valve and the rest of the 
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tissues, obtained from the same donor. In Chapter 11 
some micro-organisms are listed that, if detected in 
any cardiovascular tissue culture (even if detected 
just before decontamination) require the tissue to 
be designated as unsuitable for clinical use. Hence, 
for example, detection of Enterococcus spp. in a 
pre- antibiotic sample of aortic myocardium with a 
negative result in all other samples (e.g. transport 
medium, post-processing aortic sample, before final 
packaging) should result in rejection of the aortic 
valve from this donor, and a risk assessment should 
be done for the remainder of the tissues.

It should be noted that the list in Chapter 11 is 
non-exhaustive. Individual TEs may have a different 
list of micro-organisms that result in tissue discard.

22.8. Cardiovascular allograft 
distribution

Transportation of cardiovascular tissues can 
be carried out using dry-shipping containers 

(vapour phase nitrogen < −140 °C). This allows re-
storage of the tissues in the liquid or vapour phase 
of nitrogen without affecting the expiry date. If the 
tissue needs to be stored from − 60 to − 80 °C, for 
example following issue to an end user, expiry date 
must be reduced to a time period supported by val-
idation data or a documented rationale based on 
maintenance of the critical properties of the graft.

If dry ice is used for transportation of the vas-
cular allograft, the tissue should not be returned to 
liquid or vapour phase nitrogen tanks unless the 
process has been validated not to adversely impact 
the critical properties of the graft, or is supported by 
an appropriate risk-based rationale.

Transport temperatures above − 60 °C for cryo-
preserved cardiovascular tissues are to be strictly 
avoided to ensure the stability of the product and 
maximum safety for the recipient. The receiving TE 
must ensure that all packaging and distribution pro-
cesses have been carried out under controlled condi-
tions [26, 27].

Please note that transport protocols for de-
cellularised cardiovascular tissues should be appro-
priate to their storage temperature. 

22.9. Cardiovascular tissue thawing

Thawing, removal of the cryoprotective medium 
(dilution) and re-establishment of the isotonic 

state of the cardiovascular allograft are of critical 
importance in order to guarantee the integrity of the 
cryopreserved tissue. The record that accompanies 
the cryopreserved tissue must contain the detailed 

protocol to be used for thawing, dilution and tissue 
reconstitution, together with a comprehensive list of 
the materials required. Where cryopreserved grafts 
are thawed directly from vapour or liquid nitrogen, 
for example if they have been transported in a dry-
shipper, care must be taken to ensure that thawing is 
not too rapid in order to avoid thermal shock, which 
can result in micro cracks (fractures) in the grafts [28, 
29]. Once cardiovascular tissues have been thawed, 
they cannot be re-frozen and should be implanted 
as soon as possible. A maximum period between 
thawing and transplantation should be defined, 
based on validation data or a documented rationale.

22.10. Biovigilance

The Notify Library includes well-documented 
cases of adverse occurrences in the transplanta-

tion of cardiovascular tissue. Examples include:
• Donor-to-recipient transmission of hepatitis C 

virus (HCV) by transplantation of a saphenous 
vein after confirmation of transmission to a 
tendon recipient from the same donor. Imput-
ability was confirmed by detection of identical 
HCV genotype 1a and phylogenetic nucleic 
acid arrangement (Record Number 564).

• Transmission of hepatitis B virus by aortic 
valve allograft resulting in asymptomatic se-
roconversion in the recipient (Record Number 
424).

• Serious adverse events such as an incorrectly 
sized heart-valve package opened by mistake 
(Record Number 122) and the heart valve de-
termined to be unusable due to excess tissue 
attachments (Record Number 123), both re-
sulting in delay in treatment and graft loss.

For further evaluated cases of adverse out-
comes associated with banking of cardiovascular 
tissue, search the Notify Library at www.notifylibrary.
org. The database is publicly accessible and can be 
searched by substance type, by adverse occurrence 
type and by record number.

Typical serious adverse reactions or events that 
may occur with cardiovascular grafts and that should 
be reported include:

• post-implantation infection,
• acute arterial allograft rejection [30],
• any factors suggesting rapid degeneration/de-

terioration/failure of the graft, e.g. regurgita-
tion with heart valves, or stenosis/claudication 
with vessels,

• rupture of the allograft after implantation, pos-
sibly as a result of inappropriate thawing.
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22.11. Developing clinical 
applications

22.11.1. Veins

In addition to the long-established vascular al-
lografts, such as pulmonary valves, aortic valves or 
femoral arteries, over recent years there have been 
several publications on the use of veins, particularly 
saphenous veins [31, 32].

The suggested clinical indications for saphe-
nous veins include:

• peripheral vascular disease,
• coronary artery bypass grafting (CABG),
• patients with infected fields or at risk of 

infection,
• arteriovenous access,
• reconstruction of vascular tree in liver 

transplantation,
• oncologic surgery (infiltration in the vascular 

tree).

The benefits of saphenous veins are broadly 
similar to benefits of other vascular allografts:

• morphologically similar to the native tissue,
• resistance to infection,
• alternative to autologous veins.

The processing and storage protocols for saphe-
nous veins and other venous allografts are the same 
as those employed for other vascular allografts in that 
they have venous branches ligated, they are antibiotic- 
treated and cryopreserved or stored cold at 2-8 °C.

Other clinical indications for veins are cur-
rently being explored, as are other processing tech-
niques such as decellularised veins (see Appendix 34).
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Chapter 23. Musculoskeletal tissue

23.1. Introduction

Human bone and soft-tissue grafts are used 
widely in surgery to rebuild and replace mus-

culoskeletal structures either for structural or filling 
purposes. Bone is the most commonly banked and 
transplanted musculoskeletal tissue.

The main indications for bone grafting are: 
a� to induce osteoinduction – the process by which 

osteogenesis is induced, by stimulating primi-
tive, undifferentiated and pluripotent cells to 
develop into the bone-forming cell lineage.

b� to facilitate osteoconduction – by providing a 
scaffold that facilitates the growth of new bone 
on a surface or into pores or channels.

Fresh autologous bone is considered to be the 
‘gold standard’ in bone-grafting material because it 
combines all the properties advantageous for a bone 
graft material. However, use of autografts is limited 
by the amount that can be procured and the risk of 
donor-site morbidity; so, in most cases, allografts are 
used.

Allografting of bone and musculoskeletal soft 
tissues allows in most cases adequate and predictable 
restoration of structure and functionality, including 
mechanical properties, analogous to the original 
healthy tissue at the recipient site. In addition, bone 
allografts offer the benefit of osteoconductive prop-
erties or even, depending on the processing applied, 
different degrees of osteoinduction through growth 
factors originally present and preserved in the graft [1, 
2]. Compared to synthetic materials, allografts offer 

a better capacity for osseointegration: i.e. direct an-
chorage of an implant by the formation of bony tissue 
around the implant, without the growth of fibrous 
tissue at the bone–implant interface. 

Musculoskeletal tissues can be procured from 
deceased donors after brain death or after circulatory 
death and from living donors (e.g. in the case of a 
patient undergoing hip or knee surgery).

Musculoskeletal tissues include bones, lig-
aments, tendons, cartilage and other soft tissues. 
The current indications for the transplantation of 
musculoskeletal tissues include, but are not limited 
to, tumour surgery, prosthesis replacement, filling 
where there is bone loss, fractures, malunion, bone 
fusion (spine and limbs), and ligament and cartilage 
replacement.

Musculoskeletal tissues can be preserved ad in-
tegrum or shaped in many different ways, and stored 
at different temperatures depending on clinicians’ 
needs and logistical capacities. Bone grafts can be 
frozen or dehydrated to facilitate their storage. In 
some cases, bone grafts are demineralised to enhance 
the osteoinductive properties; the result is demin-
eralised bone matrix (DBM). Large osteochondral 
grafts and whole-bone segments are also provided, 
matched to the requirements of the recipient site [3].

This chapter defines the specific requirements 
for musculoskeletal tissue donation, donor evalua-
tion and processing and preservation procedures that 
meet adequate quality and safety standards, and also 
addresses biovigilance, patient follow-up and new 
developments.

The following generic chapters (Part A) of this 
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Guide all apply to musculoskeletal tissue banking 
and must be read in conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

This chapter defines the additional specific re-
quirements for musculoskeletal tissue.

23.2. Donor evaluation

Consideration should be given to the fact that 
critical quality attributes of musculoskeletal 

grafts may be affected by the donor’s age and sex, and 
medical and lifestyle history. Donor selection and 
screening criteria should be established accordingly.

23.2.1. Donor age

Donor age limits differ for different types of 
musculoskeletal tissue. These limits may be revised, 
based on performance of a validation study. Some 
countries have national guidelines or requirements 
but, in their absence, the following age limits, for 
male or female donors, are recommended although 
not mandatory:

a� for bone, the minimum age for both sexes is 
6 years; 

i. for non-structural grafts, no upper limit is 
applied; 

ii. for structural support, younger donors (age 
15-55 years) are preferred;

b� for osteoarticular grafts, cartilage and menisci, 
the age range is 15-45 years;

c� for tendons and fascia lata, the recommended 
age range is 15-65 years.

23.2.2. Musculoskeletal tissue: specific exclusion 
criteria 

In addition to the general exclusion criteria de-
scribed in Chapter 5, screening of donors of musculo-
skeletal tissue should be conducted for:

a� diffuse connective-tissue disease which may 
reduce tissue quality;

b� metabolic bone diseases (severe osteoporosis, 
osteopetrosis, Paget disease etc.);

c� corticosteroid and bisphosphonate treatment 
(depending on doses and treatment duration);

d� evidence that the donor has ingested, or been 
otherwise exposed to toxic substances that 
could be transmitted in donated material in 
dosages that could endanger the health of re-
cipients (e.g. cyanide or heavy metals such as 
mercury or gold);

e� significant local infection on potential donor 
site;

f� prior high radiation exposure at the location of 
the tissue to be donated;

g� evidence of trauma (e.g. open fracture) at the 
procurement site, or presence of joint deform-
ities (evaluate the possibility of contraindica-
tion for osteochondral, structural bone and/or 
cartilage);

h� iatrogenic or degenerative tears or lesions 
detected during procurement of cartilage, 
menisci, tendons and osteoarticular grafts;

i� lifestyle factors; poor nutritional status, dis-
eases of the digestive system and excess alcohol 
consumption can impact on the quality of 
musculoskeletal grafts. 

23.3. Procurement

Minimising risks of contamination during pro-
curement (see Chapter 7) and processing (see 

Chapter 9) is crucial to ensure the safety of muscu-
loskeletal grafts. Risks are often multi-factorial, and 
to help quantify and map them, a dedicated chapter 
(Chapter 3) has been developed as well as EDQM’s 
tailored Microbiological Risk of Contamination As-
sessment tool (MiRCA). By using this tool, TEs can 
better understand the overall risk of their protocols, 
and how risk factors are distributed along the tissue/
cell supply chain, from procurement to distribution, 
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and can implement the most efficient mitigation/risk- 
reducing measures, as needed.

23.3.1. Procurement from deceased donors

The musculoskeletal tissues most frequently 
procured from deceased donors are:

• long bones (femur, tibia, fibula, humerus, 
radius, ulna, rib);

• irregular bones (iliac crest, hemipelvis, verte-
brae, sternum, clavicle, scapula, mandible);

• soft tissues:
– tendon: Achilles, anterior and posterior tibi-

alis, peroneus longus, gracilis, semitendinosus, 
quadriceps; and patellar ligament,

– cartilage: meniscus, acetabular labrum, costal 
cartilage;

– fascia lata.

23.3.1.1. Procurement conditions
The procurement of musculoskeletal tissue 

should occur as soon as possible after death or cir-
culatory arrest. The general conditions applying on 
time limits are those described in Chapter 7.

23.3.1.2. Procurement team
Staff must have the experience, education and 

training necessary to procure tissues, including the 
necessary anatomical knowledge to accurately obtain 
not only the regular tissues procured (femur, patellar 
ligaments etc.), but also specially requested materials 
(e.g. whole elbow).

It is recommended that the musculoskeletal 
procurement team for deceased donation should 
be composed of at least two (but preferably three) 
people. The number of people involved in procure-
ment should be determined in advance, depending 
on the amount of donated tissues per procurement 
procedure. To minimise the risk of contamination 
during procurement it is recommended to limit the 
maximum number of team members [4]. It is im-
portant to define in the SOP the functions of the 
individual members of the team for the different pro-
curement processes (e.g. donor preparation, draping, 
procurement, microbiological sampling, packaging, 
reconstruction) and also to define the role of the 
team leader or person responsible for procurement.

Procurement team members, after surgical 
hand disinfection, should be gowned in sterile 
clothing and wear sterile gloves, face shields, glasses 
and protective masks. 

23.3.1.3. Procurement procedures
The steps for musculoskeletal procurement are:

a� Donor preparation: it includes washing, 
shaving and pre-operative disinfection of skin 
to reduce transient and resident microbial flora;

b� Donor draping: a local sterile field using dis-
posable sterile drapes must be established 
before procurement to effectively reduce risk of 
microbial contamination;

c� Tissue procurement: all musculoskeletal (MSK) 
tissues must be procured using an aseptic tech-
nique to decrease the risk of contamination. 
The following best practices can be applied:

i. Personnel located at one side of the donor 
should not change to the other side until they 
have finished procuring all tissues from their 
own side, and surgical instruments should not 
be shared between personnel;

ii. The packaging area should be isolated and sep-
arate from the operating field;

iii. A fixed procurement sequence should be es-
tablished, from ‘cleanest’ (e.g. lower limbs) to 
‘dirtiest’ areas (e.g. abdominal cavity); 

iv. Gloves and surgical blade should be changed 
after the recovery of each tissue, or at least 
after the recovery of tissues in a specific area of 
the body (e.g. left leg) to avoid microbiological 
cross-contamination between tissue fragments 
of different zones. 

d� Microbiological control: it is recommended to 
perform a microbiological control on each pro-
cured tissue. Such controls can be performed 
immediately after procurement or before 
commencement of processing to identify any 
initial microbiological growth. Sampling 
methods should be realised in conformity with 
Chapter 11 and defined in SOPs in conjunction 
with the microbiological laboratory in charge 
of analysis.

e� Tissue packaging: procured tissue must be in-
spected and identified appropriately before 
packaging and labelling to avoid mix-ups (see 
Chapter 15). Musculoskeletal tissue must be 
packaged in a manner that minimises con-
tamination risk, using a validated packaging 
system, to assure its isolation from the external 
environment;

f� Donor reconstruction (see §23.3.1.4);
g� Procurement documentation (see §23.3.4).

23.3.1.4. Reconstruction of the deceased donor’s 
body

Once tissues have been procured from a de-
ceased donor, the body must be reconstructed to 
maintain its original anatomical appearance.

For aesthetic reasons and with a view to a re-
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spectful reconstruction of the donor, a replica pros-
thesis approximating the size of the donated bone 
may be used to replace the procured bone. The sub-
cutaneous tissue and skin should be sutured. The 
sutures should ensure no leakage can occur from the 
incision, and be cosmetically unobtrusive as possible. 
The use of materials and sutures suitable for crema-
tion should be considered.

23.3.2. Procurement from living donors

Musculoskeletal tissues can also be procured 
from living donors:

• Allograft
– Femoral head from hip replacement or bone 

fragments from knee arthroplasty can be col-
lected as surgical residues and donated if the 
patient provides an informed consent. 

• Autograft
– Cranial flaps can be removed during neuro-

surgical procedures in case of brain oedema to 
avoid cerebral damage due to compression. The 
tissue is stored and replaced in the same patient 
once brain swelling has diminished.

– Cartilage can be used for producing autologous 
chondrocyte cultures. See §34.6.2.2.

The same requirements for procurement of 
tissue from deceased donors also apply to procure-
ment of tissue from living donors. However, mus-
culoskeletal tissue from living donors is likely to be 
procured by healthcare professionals whose primary 
role is not tissue donation. Therefore, it is important 
that these individuals be trained in the requirement 
to handle and package the grafts aseptically, and label 
the grafts and document the procedure appropriately.

23.3.3. Temporary storage and transportation to 
the tissue establishment

Once procured, the tissues are individually 
placed in a sterile and airtight packaging until they 
are transported to the tissue establishment. Storage 
conditions, temperature and duration should con-
sider whether maintenance of cell viability is crucial 
or not: tissues must be refrigerated between 2 and 
8 °C for preferably not longer than 12 hours immedi-
ately after procurement to preserve viability, other-
wise validated defined conditions (temperature and 
duration) should be used to ensure viability.

Depending on the further steps of the process, 
tissues can be temporarily stored in a dried state or 

placed in a transport solution buffered at a physio-
logical pH with the possible addition of antibiotic 
cocktail, culture medium or preservation fluid (e.g. 
highly concentrated saline solution). Each individual 
segment of tissues should be individually packaged 
in at least two sterilised packaging layers after pro-
curement and placed in a container able to ensure 
storage at the required temperature. However, in 
cases where multiple segments of tissue are to be 
processed in the same batch, different tissues may be 
packaged together. In either case, individual pre-pro-
cessing microbiological evaluation of each segment is 
mandatory.

Temporary storage areas or units for tissues 
and cells must be monitored (and alarmed, if neces-
sary) and checked to ensure that expected environ-
mental requirements are being met.

Temperature and duration during temporary 
storage and transport must be validated. 

Transportation to the tissue establishment 
should be done in accordance with Chapter 12.

To prevent mix-ups, physically separate and 
distinguishable areas, storage devices or secured seg-
regation must be allocated and prominently labelled 
(including at least the minimum required informa-
tion – see Chapter 15).

23.3.4. Procurement documentation

The organisation responsible for procurement 
must gather all relevant information associated with 
the procurement procedures and produce a report 
to be given to the TE. The generic requirements are 
defined in Chapter 7 but, as a minimum, this report 
should contain the following information:

a� description and identification of the procured 
material (specifying all procured tissues);

b� any relevant morphological detail of procured 
tissues;

c� presence of anatomical damage or abnormal-
ities, including those introduced during pro-
curement;

d� Additional information may also be included, 
for example:

i. non-procured standard tissues and the reason;
ii. traceability information about: equipment, re-

agents and disposal of material.

23.4. Processing
23.4.1. Processing facilities

In selecting an appropriate air-quality speci-
fication for processing musculoskeletal tissue, in 
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accordance with their special characteristics, the cri-
teria and tools should be considered that were identi-
fied in Chapter 3 (such as the MiRCA tool), Chapter 8 
and Chapter 9. All stages of tissue processing should 
take place within a controlled environment. Al-
though classified cleanrooms are often not formally 
required for initial processing steps when validated 
sterilisation and virus-inactivation processes are 
applied subsequently, it is nevertheless necessary to 
control media quality (especially air and water) and 
to work with appropriately disinfected or sterilised 
equipment.

For terminally sterilised grafts, at a minimum, 
the packaging step after cleaning and/or disinfec-
tion, but before sterilisation, should be conducted in 
a qualified cleanroom; see European Union Good 
Manufacturing Practices (GMP) classification. The 
official requirements vary between jurisdictions, but 
EU GMP Grade C is usually specified (WHO TRS 823, 
1992).

For non-terminally sterilised grafts, the re-
quirements for the processing environment depend 
upon whether the national authority mandates con-
formity with the EU GMP guidelines, or whether dif-
ferent guidelines – e.g. the GTP (good tissue practice) 
guidelines – are applicable.

Tissues that are exposed to the environment 
without a subsequent microbial inactivation process 
must be processed in environments with an air 
quality equivalent to Grade A as defined in EU GMP. 
Many national requirements are more stringent, re-
quiring Grade B (EU GMP) as a background, which 
may be more appropriate for the processing of bone 
and tendons that are not followed by a terminal ster-
ilisation step. Bone that is destined for terminal ster-
ilisation can be processed in a Grade C environment. 

23.4.2. Cleansing (physical preparation/
defatting)

The initial processing of bone and other MSK 
tissue generally involves mechanical steps that 
remove extraneous tissue. In the case of bone, re-
sidual muscle tissue and periosteum are resected, 
and cartilage may be debrided. Although not recom-
mended, this step can be carried out at procurement 
stage, as described in Chapter 7.

After procurement, MSK tissue allografts may 
undergo no processing prior to packaging and storage 
for transplantation, or be subjected to various types 
of physical and/or chemical downstream processing. 

Residual bone marrow, lipids and blood com-
ponents in and/or on MSK tissue grafts can have a 
negative effect on subsequent processing and final 

graft quality. Such residues may increase the viable 
microbiological load, may have a negative effect on 
sterilisation processes and might be a cause of im-
munogenic reactions or delayed incorporation in 
graft recipients. They may also contain infectious 
agents derived from the donor. Such residual com-
ponents should therefore be removed or depleted 
where possible. For this purpose, various treatments 
may be applied, such as chemical treatment able to 
dissolve or break up lipids and cells with organic sol-
vents (e.g. acetone, chloroform, ethanol) or such as 
modulating osmolarity of aqueous solutions. Residue 
elimination is then generally achieved with phys-
ical treatments including centrifugation, ultrasound 
or high- pressure waterjet [5-10]. Elevating the tem-
perature can enhance the efficacy of chemical and 
physical blood- and marrow-depletion processes. 
Treatment with supercritical carbon dioxide is an ex-
traction method allowing dissolution and removing 
of the lipid in a single step due to its low viscosity and 
high solvent power [11].

All processes should be validated. The TE 
should determine what properties of the allograft 
are essential for safe and effective clinical application, 
select appropriate tests to evaluate these properties 
and design a validation plan accordingly. The TE may 
choose to validate individual processes for individual 
graft types or may choose a worst-case validation plan 
to cover all graft types. The latter should be based on 
the results of a risk assessment. The types of graft that 
can be obtained include (but are not limited to):

• whole femoral heads;
• cancellous and corticocancellous (chips or 

cubes, blocks, rings and wedges) e.g. obtained 
from epiphyses of the long bones, vertebral 
bodies, or ilium, calcaneus or talus;

• cortical grafts (chips, struts, cylinders) e.g. ob-
tained from diaphysis of long bone;

• whole bones (with or without tendon 
insertions);

• structural bone segments (whole or halved dia-
physes, rings, struts or condyles);

• tendons (with or without bone blocks);
• menisci, either whole (with or without bone 

blocks) or sections;
• fascia lata patches;
• costal cartilage segments.

Appropriately processed bone grafts will 
provide ‘osteoconduction’ (i.e. they act as a scaffold 
and ‘guide rail’ for osteoclasts and osteoblasts) and 
therefore promote the incorporation of the graft 
and its remodelling [11]. Donor bone may contain 
residues of functional bone growth factors. These 
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so-called bone morphogenic proteins (BMP) are 
found in the organic part of the extracellular matrix 
and are embedded in the bone mineral. They can 
be exposed by bone demineralisation. This usually 
involves soaking bone in a dilute hydrochloric acid 
solution (e.g. 0.5 or 0.6 M HCl) to significantly reduce 
the mineral content. The type of graft that can be ob-
tained from this process is referred to as demineral-
ised bone matrix (DBM). Depending on other aspects 
of bone processing and the initial BMP content, the 
exposure of BMP may promote ‘osteoinduction’ (i.e. 
when bone healing is initiated and maintained via 
stem-cell recruitment) in environments lacking an 
adequate local population of osteoclasts and osteo-
blasts [12]. Due to its nature, DBM is often mixed with 
a carrier material to improve its handling properties 
and help retain the graft at the site of the transplan-
tation/grafting/application. The safety of these carrier 
materials, and their effects on the essential properties 
of the graft, must be established.

Pooling of musculoskeletal tissue from two or 
more donors during processing is not recommended. 
The only exception is where it is supported by a com-
prehensive risk–benefit assessment and it has been 
demonstrated to be the only way of providing suffi-
cient clinically effective tissues or cells. If performed, 
traceability must be fully ensured (see Chapter 9).

23.4.3. Removal of micro-organisms and virus 
inactivation

Sterilisation and disinfection processes for 
musculoskeletal grafts are applied to minimise the 
risk of transmission of microbiological agents. They 
may be applied before, during or after any processing 
procedure and must be validated. For a detailed dis-
cussion of the principles of sterilisation and disinfec-
tion, please see Chapter 9.

Sterilisation and disinfection protocols are, by 
their nature, aggressive processes that have the po-
tential to inactivate micro-organisms as well as cause 
damage to the graft. It is vital therefore that, if they 
are to be applied, a protocol is selected that does not 
unacceptably impact the critical quality attributes 
of the graft. For example, sterilisation with gamma 
irradiation may damage the biomechanical proper-
ties of grafts, so should be employed with caution 
when applied to grafts which are expected to play a 
mechanical role, such as tendons or structural bone 
grafts. For osteochondral allografts, maintenance of 
donor-cell viability is crucial, so options for disinfec-
tion are limited to gentle surface decontamination. 

It should also be considered that many of the 
routine processing techniques applied to musculoskel-

etal allografts, such as the use of elevated- temperature 
water washing, physical removal of adherent tissues 
and bone marrow, the use of washes with solvents, 
acids or oxidising agents and supercritical CO2 alone 
or with co-solvent, can also reduce microbial load 
[8-10, 13-14].

Any claim of inactivation or elimination of 
micro- organisms (virus, bacteria, spores, fungi) 
should be validated using organisms typically found 
in the tissue, model organisms representative of their 
type or ideally a “worst case” organism known to be 
highly resistant to the method in question.

23.4.4. Terminal sterilisation

In order to ensure a sterile state for tissues in 
their final packaging, it is common to apply a ter-
minal sterilisation step. The choice of the method 
should be made with regard to several parameters, 
notably: efficacy to achieve the desired sterility assur-
ance level, ability to penetrate inside the tissue, po-
tential damage of the tissue matrix or possibility of 
parametric release. The final choice should be based 
on a documented risk-assessment analysis. Product 
stability, safety and functionality should be validated 
to be retained throughout the graft’s designated shelf 
life. In all cases, the process of terminal sterilisation 
should be validated and periodically monitored.

Achievement of sterility depends on various 
parameters including method efficacy but also 
initial microbial bioburden. Determination of the 
bioburden can be done on every batch or period-
ically in compliance with international standards 
requirements. Proof of sterility can be obtained by 
performing microbiological tests on tissue samples 
or by parametric release based on confirmed applica-
tion of a minimum level of sterilisation (for example, 
achieving a certain core temperature for a defined 
period, or a defined dose of irradiation).

23.5. Quality control
Quality-control tests on musculoskeletal grafts 

should take at least the following quality criteria into 
account:

a� morphology and integrity of the musculoskel-
etal grafts;

b� shape and size of the graft, especially for certain 
types of graft, for example meniscal cartilage, 
which require close size matching between 
the donor and recipient; the relevant measure-
ments should be made using calibrated instru-
ments when all physical processing has been 
completed;
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c� residual moisture or available water in lyoph-
ilised or dehydrated grafts (the minimum and 
the maximum level to be defined according to 
validation studies);

d� osteo-inductive activity (in vivo or in vitro) in 
demineralised bone;

e� sterilisation indicators;
f� no evidence of microbiological growth.

During procurement or before processing, mi-
crobiological samples should be collected to estab-
lish the initial contamination to assist in making a 
decision during quarantine regarding the release of 
procured material for further processing. The inacti-
vation capacity of manufacturing processes (e.g. dis-
infection, sterilisation) should be taken into account.

Samples for microbiological testing should also 
be collected before or during packaging of the final 
product. Possible sampling techniques for microbio-
logical testing include:

• swabs;
• destructive methods (e.g. biopsy or sacrificing 

a proportion of ground tissue);
• collection of the last portion of the fluid used 

for washing of the tissue graft for subsequent 
analysis, usually following filtration.

The result of the microbiological control before 
final release must be negative. If a positive micro-
biology result is obtained, the tissue should be dis-
carded or sterilised with a validated method taking 
into account the nature and level of the microbial bi-
oburden. Depending on the micro-organism found, a 
risk-assessment analysis should be done to assess the 
suitability of the other musculoskeletal tissues from 
the same donor.

Chapter 11 contains a list of micro-organisms 
that if identified in pre-processing tissue or cell 
samples should result in discard of tissues and cells 
(Table 11.1). A risk assessment including the potency 
of any sterilisation processes employed, and the clin-
ical relevance of the micro-organism, should be done 
to analyse the suitability of the rest of the musculo-
skeletal tissue from same donor [15].

See Chapter 11 for more detailed guidance on 
the principles of microbiological testing.

23.6. Labelling and packaging

Generic requirements are detailed in Chapter 15. 
Processed musculoskeletal tissues must be pack-

aged in a way that avoids contamination risk from 
external sources. It is recommended that musculo-
skeletal tissues be at least double-packed separately in 

pouches or in sterile sealed containers to avoid cross 
contamination and labelled immediately.

The material used for the packaging must be val-
idated for use at the designated storage temperature, 
and shown to maintain its integrity during worst-
case storage and transport conditions. Consideration 
should also be given to the risk that components of 
the packaging material, for example plasticisers, may 
contaminate the tissue. The absence of adverse effects 
of packaging material on tissue must be supported by 
a documented risk assessment or validation data. 

The shelf life of the tissue when kept at the desig-
nated storage temperature, which is dependent upon 
the packaging system (to guarantee the integrity and 
sterility of the graft) and the storage methods used, 
must be specified on the final label, and supported 
by validation data or a documented risk assessment. 

23.7. Preservation/storage

After processing, grafts are stored at a TE in quar-
antine and after release in final storage following 

instructions detailed in Chapter 10.
Different preservation methods have been 

developed to maintain the biological properties of 
tissues for long periods of time, from processing to 
distribution for transplant.

23.7.1. Methods of preservation/storage

Usual temperature limits applied to each 
method are reported in Table 23.1.

23.7.1.1. Frozen and deep-frozen
Preservation and storage of MSK tissues (in-

cluding cancellous, corticocancellous and cortical 
bone, ligaments and tendons) by deep freezing 
without use of cryoprotectants is a common method. 
There is limited scientific evidence to justify particular 
temperature limits but, in general, it is accepted that 
freezing an allograft has little impact on the mechan-
ical properties of the tissue, and for unprocessed allo-
grafts can diminish their immunogenicity.

23.7.1.2. Cryopreservation
Cryopreservation is a process whereby tissues 

are preserved by cooling to temperatures of < −140 °C 
at a controlled slow rate, and is generally used where 
maintenance of donor cell viability is required. It in-
volves the use of cryoprotectants – e.g. glycerol, di-
methyl sulphoxide (DMSO) – which are added to the 
tissue to protect cells against freezing injury during 
the controlled-rate freezing process. The role of cryo-
preservation for the storage of MSK tissues is unclear; 
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historically it has been used for storage of osteochon-
dral grafts, where donor cell viability is essential for 
clinical performance. However, it is now known that 
this is not an appropriate storage method for this 
type of graft. Nevertheless, preservation of tissue at 
very low temperatures is an excellent method for as-
suring the long-term maintenance of their structural 
properties.

23.7.1.3. Dehydration and freeze-drying
Removal of water content is an excellent 

method to ensure stability of tissue by preventing 
degradative chemical reactions that require the pres-
ence of liquid water. As the processes required to 
remove water also kill donor cells, they also reduce 
the graft immunogenicity and permit graft storage 
and transport at ambient temperature, which may 
have operational advantages [16].

Elimination of water can be performed using 
different methods. Lyophilisation (freeze-drying) in-
volves decreasing the water content of frozen tissue 
under vacuum through sublimation. Alternatively, 
solvent dehydration can be applied, usually using 
chemical substances such as acetone or ethanol, or 
more basically the tissue can be allowed to dehydrate 
in a stream of air, perhaps in the presence of hygro-
scopic chemicals. For bone transplants, a residual 
moisture between 1 and 6 % of the weight of the tissue 
is recommended.

23.7.1.4. Fresh
Storage of unprocessed tissues at hypothermic 

or near normothermic (≈ 33 °C) temperatures allows 
maintenance of cell viability (i.e. osteochondral 
grafts) for a short period (1-3 months) [17]. The se-
lected storage temperature, length of time and storage 
solution must be validated to maintain the required 
level of donor cell viability. Consideration should be 
given to ensuring that the storage time is sufficient to 
ensure that essential microbiology tests can be com-
pleted before the shelf life expires. If grafts have to 
be released with preliminary results, systems should 
be put in place to review and take action when full 
results are available.

23.7.2. Storage temperatures

As mentioned in section 23.7.1, different pres-
ervation methods require different storage tempera-
tures (see Chapter 10), as shown in Table 23.1.

Table 23.1. Storage temperatures for different 
preservation methods

Type of graft °C minimum °C maximum
Frozen –40 –15

Deep frozen –80 –60

Cryopreserved –196 –140

Dehydrated and 
freeze-dried*

+ 4 + 30

Fresh (hypother-
mic)

+2 + 8

Organ culture 28 37
* At room temperature (15-25 °C) in normal conditions of 
humidity.

23.8. Distribution and transport 
conditions

Transportation of musculoskeletal tissues should 
guarantee the preservation of graft-storage con-

ditions from TE to end user.
Transportation systems will vary, depending 

on the preservation method used:
a� Frozen and deep-frozen grafts can be carried 

using a container with dry ice or qualified 
cooling system. Once the graft has been thawed, 
it cannot be re-frozen;

b� Cryopreserved grafts can be carried using 
dry-shipping containers (vapour-phase ni-
trogen < −140 °C). If dry ice is used for trans-
portation of the musculoskeletal allograft, 
the tissue should not be returned to liquid or 
vapour- phase nitrogen tanks unless validated 
or supported by a documented scientific ra-
tionale. Once the graft has been thawed, it 
cannot be re-frozen;

c� Dehydrated and freeze-dried grafts can be 
carried using a container sufficient to protect 
the integrity of the packaging system;

d� Fresh grafts can be carried using a container 
that ensures the defined storage temperature;

e� Storage containers with tamper-evident seals 
must be used (see Chapter 12).

f� Instructions for thawing frozen, deep frozen or 
cryopreserved grafts, or for rehydrating dehy-
drated grafts, are established and validated by 
the TE before use in the ORHA.

23.9. Biovigilance

The Notify Library includes many well- documented 
cases of adverse occurrences in the field of mus-

culoskeletal tissue transplantation, such as:
• Bone
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– A case of human T-cell lymphotrophic virus 
type-1 transmission by a deep-frozen bone 
allograft, resulting in asymptomatic serocon-
version of the recipient, is described in Record 
Number 587.

– A case of human immunodeficiency virus 
(HIV) transmission, through frozen femoral 
head used in scoliosis surgery, is documented 
in Record Number 19. Both donor and recip-
ient developed acquired immunodeficiency 
syndrome (AIDS) 40 months after transplant; 
in the same line, after the transplantation of 
lyophilised bone chip, HIV was transmitted to 
the recipient, Record Number 1431.

– Four cases of tuberculosis (Mycobacterium tu-
berculosis) transmitted by use of frozen rib al-
lografts in scoliosis surgery. Ribs were obtained 
from patients with active tuberculosis during 
thoracoplasty and frozen in penicillin and 
streptomycin (Record Number 21).

– Several cases of serious adverse events resulting 
from unsuitable bone allograft release are re-
ported in the database. Record numbers 139, 
140, 141 and 142 describe bone allografts with 
chondrosarcoma, lymphocytic lymphoma, 
Paget’s disease and rheumatoid arthritis re-
spectively; all were diagnosed during histo-
logical examination of the femoral head and 
resulted in discarding of allografts.

– Transmission of a bacterial infection (E� coli) 
after bone filling during orthopaedic surgeries 
to the recipient which required antibiotics 
(Record Number 1102). Also transmission of 
Enterobacter cloacae Record Number 966.

• Tendon or ligament
– In Record Number 459, a donor-transmitted 

invasive group-A streptococcal infection, 
with the diagnosis confirmed by emm gene- 
sequence analysis of isolates from the blood 
and hemi-patellar tendon tissue of the donor 
and recipient; similar case was reported with 
the transmission of Streptococcus pyogenes 
group A, Record Number 641 and Serratia 
marcescens in 3 patients receiving bone from 
the same donor (Record Number 630). 

– A case of donor-to-recipient hepatitis C virus 
(HCV) transmission by patellar tendon trans-
plantation is described in Record Number 563 
and confirmed by identical HCV genotype 1a 
and phylogenetic nucleic acid arrangement 
between donor and recipient.

– An HIV type-1 transmission from a seron-
egative organ-and-tissue donor confirmed 

by the recipient’s seroconversion 3 weeks 
post- transplant (Record Number 581).

• Meniscus
– Records nos. 173 and 174 describe meniscus al-

lografts with anatomic abnormality and frac-
ture, respectively; both were discovered in the 
hospital and resulted in discarding of allografts, 
thereby delaying treatment. Record 608 shows 
the transmission of bacterial infection to two 
recipients from the same donor. One of the 
recipients died of C� sordellii sepsis after knee 
surgery. The recipient of meniscus was also in-
fected but recovered with antibiotics.

For further evaluated cases of adverse outcomes 
associated with musculoskeletal tissue banking, se-
arch the Notify Library at www.notifylibrary.org. The 
database is publicly accessible and can be searched by 
substance type, by adverse occurrence type and by re-
cord number.

23.10. Patients follow-up

Patients undergoing musculoskeletal transplan-
tation need systematic and regular clinical 

follow-up in order to comply with international 
standards for patient care. Follow-up may take place 
at the hospital exclusively or as shared care between 
the transplant centre (or hospital) and primary care. 
Regular routine follow-up is needed to recognise 
complications, such as infection, suture-loosening 
or rejection episodes among others. If not noted and 
untreated, these events may result in failure of graft 
incorporation or loss of mobility.

The frequency of follow-up visits is specific to 
the type of musculoskeletal transplant procedure, 
the indication for surgery and presence of possible 
risk-factors in the recipient. Low-risk procedures 
include filling bone in dental procedures while high-
risk procedures may include transplantation of struc-
tural bone, or tendons. High-risk procedures need 
closer follow-up.

Systematic longer-term follow-up at 1 and 2 
years after high-risk musculoskeletal transplantation 
is typically performed in many transplant centres, 
either as part of an internal quality programme and/
or as part of participation in national or interna-
tional recommended practices. After 2 years, lifelong 
annual or biannual clinical follow-up visits are often 
recommended.

Systematic follow-up includes registration of 
some basic clinical and quality criteria. Most physi-
cians record the main clinical indications to surgery; 
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patient-reported outcomes measure the time for com-
plete osteointegration, range of motion recovered, etc.

One of differences from other tissues is that 
musculoskeletal tissues can be used in different pres-
entations (lyophilised, frozen demineralised, etc.) in 
many different situations, so it is not easy to establish 
comparison between different procedures and recip-
ient diagnosis. 

Usually, musculoskeletal is not the unique 
treatment applied; in general, is used in conjunc-
tion with other procedures, such us new prosthesis 
in revision surgery when bone filling is necessary; 
there are many registries but many of them are more 
focused on the prosthesis aspects than on the use of 
grafts. Many countries have national registries for ar-
throplasty as the Network of Orthopaedic Registries 
of Europe, but the use of bone is not analysed [18, 19, 
20, 21]. 

The same occurs with ligament substitution; 
there are national registries related to the primary 
diagnosis, and some of them take into consideration 
the graft used, but not as the primary item as in the 
case of cornea transplant registries [22, 23]. 

In another situation, bone is used as a struc-
tural element, as in case of tumour when the me-
chanical strength is a crucial actor together with graft 
incorporation as a complementary treatment proce-
dure [24]. Some countries, such as Denmark, have 
national registries but not all of them collect which 
kind of graft was used [25]. 

Actually, there are no specific national or in-
ternational registries on musculoskeletal transplan-
tation; the current registries are focused either on the 
primary diagnosis or if a prosthesis was used. This 
situation makes it difficult to record the level of risk 
of an SAR and the level of success in tissue integra-
tion of the different methods of preservation. 

Systematic patient follow-up and participation 
in registries would be an important benefit for mus-
culoskeletal transplant centres, not only by providing 
the best treatment of individual patients at the level 
of international standards, but also by comparing our 
own results to international standards.

Quality management systems are aimed at pre-
venting errors and maintaining a consistent standard 
of agreed specification for tissues and cells released 
for clinical application; however, adverse events or 
reactions can occur at any moment from donor se-
lection to clinical application. Serious adverse events 
and reactions must be recorded, reported and inves-
tigated according to relevant national regulations to 
Health Authorities for tissues and cells, as described 
in Chapter 17.

23.11. Developing and niche 
applications

Developments in musculoskeletal tissue ban-
king focus mainly on the following areas:

• developing new preservation methods that 
maintain the mechanical and biological prop-
erties of the grafts;

• developing new procedures such as decellular-
isation or specific cell seeding to improve graft 
incorporation in recipients. In recent years, 
several innovative biological products based 
on decellularisation of MSK tissue (especially 
tendons) have been developed using biotech-
nological sciences, based on the experience of 
skin-derived and cardiovascular grafts (heart 
valves and vessels). More information about 
decellularisation processes can be found in 
Chapter 9 and Appendix 34.

• improving the safety of grafts through the 
development of better decontamination pro-
cesses [26].

Bone grafts (predominantly cancellous and 
corticocancellous chips, cubes, etc.) can be used as 
carriers for antibiotics. The idea is that impregnated 
bone grafts release antibiotics at high concentrations 
and for a prolonged time at the site of implantation. 
This finds an application in the prevention or treat-
ment of post-operative infections especially in hip 
revision surgery, which is among the most common 
procedures where bone transplants are being used [27, 
28]. 
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Chapter 24. Haematopoietic progenitor cells from bone 
marrow and peripheral blood

24.1. Introduction

Haematopoietic progenitor cells (HPC) trans-
plantation represents one of the most widely 

used forms of cell therapy, in part because haemato-
poiesis represents the best-known biological model 
of somatic stem cell and tissue differentiation. Fol-
lowing the first case reports more than sixty years 
ago, the procedure rapidly established itself as a life-
saving treatment for adult and paediatric patients 
with a variety of malignant and non-malignant dis-
eases. The latter is the case when the haematopoietic 
tissue is functionally damaged by congenital or ac-
quired disorders such as severe congenital immune 
deficiencies, haemoglobinopathies, metabolic dis-
eases or bone marrow failure. More recently, the use 
of autologous HPC transplantation in combination 
with immuno-suppressive agents has been evaluated 
for patients with certain autoimmune diseases.

In its main field of application, i.e. as a com-
ponent of the treatment of patients with poor-risk 
or advanced haematological malignancies, it is now 
well established that allogeneic HPC transplantation 
exerts its beneficial effects through the recognition 
of residual tumour cells in the recipient by donor- 
derived immune effectors (graft-versus-tumour effect, 
or GvT). Thus, allogeneic HPC transplantation rep-
resents a clinically useful, immune cellular therapy. 
Limits to the use of these therapeutic procedures 
are their intrinsic toxicity, dominated by (though 
not limited to) graft-versus-host disease (GvHD), an 
immune disorder in which donor-derived immune 

effectors recognise and harm the host’s normal 
tissues such as skin, gut and liver, lungs and eyes. In 
addition, the availability of donor cells might be a 
limitation.

The field has tremendously developed in the 
past half-century, and integrated medicinal and 
technical innovations, including the use of new im-
munosuppressive agents, the use of different sources 
of HPC, such as bone marrow, mobilised stem cells 
from peripheral blood and cord blood, the procure-
ment of cells from unrelated donors and much im-
proved supportive care for patients. During recent 
years, the use of volunteers as unrelated donors has 
dramatically increased due to the extensive improve-
ments in HLA-typing and matching algorithms and 
the growth of donor registries throughout the world, 
which are associated in the World Marrow Donor As-
sociation (WMDA) (Figure 24.1).

Several other biotechnological advances, in-
cluding stem cell selection, lymphocyte depletion and 
immune effector cells activation, have entered clin-
ical practice and made special types of transplants 
such as haplo-identical transplantation a valid clin-
ical choice with rapidly increasing numbers (Figure 
24.2).

However, despite these advances, procurement 
of HPC remains relatively unchanged. Hospitals that 
care for recipients often obtain autologous or family 
donor allogeneic HPC from procurement and pro-
cessing facilities at hospitals or blood establishments 
in their immediate vicinity. Each of the procurement 
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and processing facilities works on a typically small 
to medium scale. In more than 50 % of allogeneic 
HPC transplantations, grafts from unrelated donors 
are used, which very often have to be imported from 
other countries or continents. Given the high rate 
of international exchange of donated HPC material, 
harmonisation of the practices in this field is of great 
benefit.

This chapter defines the additional specific re-
quirements for procurement, processing, storage and 
transplantation of HPC derived from bone marrow 

– HPC, Marrow, known as HPC(M) – or from pe-
ripheral blood – HPC, Apheresis, known as HPC(A) 

– and the requirements for mononuclear cells (MNC) 
concentrates procured by apheresis – MNC, Apher-
esis, known as MNC(A) – either for immediate use or 
for further development of immunocompetent cells 
used after or instead of HPC transplantation.

The cells discussed in this chapter are regulated 
in the European Union (EU) under the Tissues and 
Cells Directive 2004/23/EC and its associated Com-
mission directives as well as in country-specific di-
rectives and regulations. It should be noted, however, 
that if these cells are subjected to substantial manip-
ulation (such as expansion or genetic modification), 
or are used in the recipient for an essential function 
that is different from the original function in the 
donor, in the EU they are then regulated as medicinal 
products. This means that their processing, storage, 
distribution and use in patients must respect the 
requirements of Regulation 1394/2007 on advanced 
therapy medicinal products (‘the ATMP Regulation’) 
as well as all other relevant provisions of the EU and 
country-specific medicines rules.

The following generic chapters (Part A) of this 
Guide all apply to HPC transplantation and must be 
read in conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

24.2. Recruitment of potential 
donors, identification and 
consent

Most of the patients who could benefit from 
HPC transplantation do not have an HLA 

genotypically identical sibling donor. The chance 
of having a fully HLA-identical sibling donor is 
25-30 %, depending on the number of siblings. In 

Figure 24.1. Unrelated HPC marrow, HPC apheresis and HPC cords shipped, 1997-2019 (WMDA Annual report 
2019)
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some cases, an extended family search can provide 
an HLA phenotypically identical donor. This can 
happen in cases of consanguinity due to cultural or 
geographical reasons, or in cases of common hap-
lotypes, and can increase the likelihood of finding 
a matched or partially matched family donor [1]. If 
no HLA-matched suitable donor is found in the pa-
tient’s family, an alternative HPC graft can be consid-
ered. This would include searching for an unrelated 
donor through bone marrow or umbilical cord 
blood registries, and extending the search to a mis-
matched unrelated source or an HLA genotypically 
haplo- identical relative (e.g. parents, siblings, chil-
dren). The most common donor- selection algorithm 
is described in the European Bone Marrow Trans-
plantation (EBMT) handbook (see Figure 24.3) [2]. 
For haplo-identical transplantation using HPC(M) or 

HPC(A), promising protocols have been developed 
recently [3] and EBMT have published recommenda-
tions on haplo-identical donor selection criteria [4].

The relevance of HLA matching is dependent 
on a variety of factors, including but not limited to 
GvHD prophylaxis, transplant conditioning, graft 
manipulation and clinical donor characteristics such 
as age, sex and Cytomegalovirus serostatus. Biologi-
cally, mismatched HLA can be recognised by allore-
active donor T-cells, leading both to toxic GvHD and 
to beneficial graft-versus-leukaemia (GvL) as counter-
balancing effects [5]. Moreover, missing self-HLA on 
patient cells or mismatches between certain groups 
of HLA-C alleles in donor and recipient [6] can also 
lead to alloreactivity by natural killer (NK) cells, a 
phenomenon associated with GvL but not GvHD [7].

In unrelated stem-cell transplantation, it is 

Figure 24.2. HPC transplantation reported to the European Bone Marrow Transplantation (EBMT) registry by 
donor type, 1990-2018 – patient numbers per year with first transplant
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generally accepted that the best donor is matched 
for at least 8/8 HLA-A, B, C, DRB1 alleles, with 
every mismatch leading to an approximate 10 % re-
duction in survival probability [8]. Mismatches at 
HLA-DQB1 and DPB1 are more controversial. For 
HLA-DPB1, the concept of permissive, clinically 
well-tolerated mismatches was pioneered on the 
basis of experimentally defined T-cell epitope groups 
(TCE). This led to the increasingly accepted notion 
that avoidance of non-permissive HLA-DPB1 TCE 
mismatches improves outcome and should be fa-
voured when several 8/8 matched unrelated donors 
are available [9]. A mismatch at HLA-DQB1 seems 
to be unfavourable in the presence of other mis-
matches. In apparent contradiction to the dramatic 
effect of subtle HLA mismatches in unrelated trans-
plantation, transplants across several mismatches or 
an entire HLA haplotype are possible in cord blood 
and haplo- identical family donor transplantation, re-
spectively [10, 11]. This is probably due to graft com-
position in the former and GvHD prophylaxis in the 
latter, with a higher proportion of regulatory and 
naïve T-cells in cord blood compared to adult stem-
cell sources, and an important attenuating effect of 
agents such as post-transplant cyclophosphamide or 
high-dosage anti-thymocyte globulin on GvHD in 
the haplo- identical setting. The important question 
of whether and to what extent these specific charac-
teristics will change the landscape also of unrelated 
stem-cell transplantation in the future will have to 
be answered in prospective clinical trials under way.

The first bone marrow donor registry was es-
tablished in 1974 by the Anthony Nolan Bone Marrow 
charity in London. In 1988 the EBMT group with the 
Europdonor Foundation set up Bone Marrow Donors 
Worldwide (BMDW), based in Leiden, Netherlands. 
In 2017 the WMDA took over the activities of BMDW 
and the NetCord Foundation, and now co-ordinates 
the collection and listing of the HLA phenotypes and 
other important data of volunteer HPC donors and 
cord blood units. As of July 2022 the WMDA data-
base includes more than 40 million HPC donors and 
over 800 000 cord blood units. Since ethnic minori-
ties are under-represented in HPC donor registries, it 
is very important that donor centres and cord blood 
banks work with these communities to explain the 
need to increase the ethnic diversity of the registry 
and to recruit new potential donors. In the case of 
unrelated adult donors, once the HLA-typing and 
personal data are entered onto the donor registry, 
further blood samples may be requested, leading to 
possible haematopoietic stem cell donation at any 
time in the future. 

The WMDA, an organisation of representatives 

of HPC donor registries, cord blood banks, other or-
ganisations and individuals with an interest in HPC 
transplantation (www.wmda.info) plays an impor-
tant role in the field of HPC transplantation from 
unrelated donors, providing a forum for discussion 
and guidelines on the more critical aspects of the 
procurement and clinical use of HPC. Moreover, the 
WMDA offers to donor registries an accreditation 
programme according to internationally accepted 
standards.

The main role of the registries is to facilitate 
interactions between HPC transplant centres and 
donor centres. The majority of registries and trans-
plant centres use the Search & Match Service, a web 
application provided by WMDA to search world-
wide for matched adult and cord blood donors. The 
following search processes – including HLA typing 
requests and donor selection – are operated in most 
of the countries using EMDIS (the European Marrow 
Donor Information System), an international com-
puter network which allows fast and direct commu-
nication between registries (see Appendix 36). The 
worldwide registries share their donors and cord 
blood units data in the Search, Match (& Connect) 
global database operated by WMDA, in order to fa-
cilitate the worldwide unrelated donor (UD) search. 
The Connect functionalities are under development.

Emergency rescue procedures should exist to 
limit consequences related to unforeseen unavail-
ability of a donor (e.g. acute illness, accident, failed 
mobilisation). These procedures could be: identifying 
a backup donor, searching for a cord blood unit, a 
haplo-identical donor or an autologous transplanta-
tion with previously cryopreserved autologous HPC.

24.2.1. Donor evaluation

24.2.1.1. Allogeneic donor
One of the fundamental principles of alloge-

neic stem cell donation is the right of the potential 
donor to proceed to donation with a minimum of ex-
traneous influences and no pressures. Protection of 
the unrelated donor’s identity has to be guaranteed. 
Therefore, all the activities related to the donor’s phys-
ical examination and collection of personal data must 
be performed in a dedicated and restricted area, as 
the access to all the donor information (medical and 
personal) must be protected and limited to author-
ised individuals [12]. Recommendations on assessing 
the medical suitability of adult stem cell donors are 
shown in Table 24.1.

For the evaluation of allogeneic donors, written 
criteria in the form of standard operating procedures 
(SOPs) should exist. Criteria must take into consid-

TC5_en.indb   282TC5_en.indb   282 14/12/2022   13:22:4214/12/2022   13:22:42



283

24. HAEMATOPOIETIC PROGENITOR CELLS FROM BONE MARROW AND PERIPHERAL BLOOD

eration not only the recipient’s safety but also the 
donor’s safety. The Donor Medical Suitability Wiki 
from WMDA provides minimum standards for unre-
lated donors which can be used for donor assessment 
[13]. Specific recommendations should be in place, es-
pecially for related donors who would not be eligible 

as unrelated donors due to age (e.g. young donors 
< 18 years, elderly donors > 60 years) or specific health 
issues [14-17]. The risk of donation should be evalu-
ated and documented. To avoid a conflict of interest, 
the physician who evaluates the donor should be in-
dependent of the transplant team. In any case, donor 

Table 24.1. Recommendations on assessing the medical suitability of adult progenitor cell donors [19]

Assessment 
stage

Method Topics to consider Specific for this stage

Recruitment/
registration 
(unrelated)

History/questionnaire Malignancy
Autoimmune disease
Cardiovascular disease (or a combination of 
risk factors)
Chronic disease (pulmonary/neurologic/ hae-
matologic/serious allergies)
Relevant medical history (malignancy, 
thrombo- embolic disease etc.)
Risks of infectious diseases (behaviour)
Inherited/genetic disease

Look for permanent 
diseases or behaviour 
that have a clear donor 
risk or unacceptable 
recipient risk and that 
are relatively easy to 
assess

During se-
lection stage 
(unrelated)

History/questionnaire
Blood tests for infectious disease 
markers (HIV, hepatitis B, hepatitis 
C, HTLV, syphilis, Cytomegalovirus)

Update history of topics above, and also:
Risks of infectious diseases – behaviour, (medi-
cal) invasive procedures, (planned) travel
(Planned) medical procedures (including blood 
transfusion, dentist, vaccination, tattoo etc.)
Serious psychosocial or psychiatric disease 
with impact on availability/ capacity to go 
through donation procedure
Medication
Non-prescription drug use
Height and weight
Blood pressure
Pregnancy, pregnancy planning, breastfeeding
Back problems, chronic pain

Identify contraindi-
cations for one of 
the two collection 
methods
Provide information 
about (possible) trans-
missible disease to the 
transplant centre
Provide information to 
the transplant centre 
about any availability 
issues

Prior to 
HLA-typing 
(related)

History/questionnaire As above Identify contraindica-
tions before conclud-
ing that the relative 
donor is the best 
match; may save time 
and disappointment

During 
work-up/PE 
(related and 
unrelated)

Complete medical history;
Complete physical examination;
Laboratory tests:
• Infectious disease markers: HIV-

1,2 antibody, p24 antigen, HIV 
NAT, hepatitis B surface antigen 
and core antibody, hepatitis B 
NAT, hepatitis C antibody, hepa-
titis C NAT, validated serological 
testing algorithm for syphilis, on 
indication/per request trans-
plant centre: Hepatitis E, HTLV 
I+II, Chagas, Zika, malaria, West 
Nile Virus, etc.;

• Full blood count; ESR; if indicat-
ed: coagulation screen; blood 
film; haemoglobin electropho-
resis;

• ABO and Rh typing, screening 
for red blood cell and HLA-anti-
bodies in case of HLA mismatch;

• Biochemistry: Urea, creatinine, 
electrolytes, liver enzymes, LDH, 
ferritin; random glucose; β-HCG 
(for females of child-bearing 
age), protein electrophoresis;

• Chest X-ray;
• Electrocardiogram

As during selection stage, in addition any signs 
of undiagnosed disease.

Emerging infectious 
disease: check latest 
infectious disease 
epidemiology maps 
(CDC, ECDC)
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evaluation must be completed before the patient 
starts with the preparative regimen and, in cases 
involving HPC from the peripheral blood, before 
the donor receives the first dose of the mobilisation 
agent. To ensure the security of donor and recipient, a 
physician involved in the HPC(A) procurement pro-
cedure must be available for consultation during the 
procurement period, from the beginning of G-CSF 
(granulocyte-colony stimulating factor) injections to 
the post-procurement period.

Criteria for donors should include, in addition 
to general requirements, at least:

a� suitability for anaesthesia (for procurement of 
bone marrow);

b� assurance of adequate venous access;
c� additional tests if appropriate (e.g. in cases of 

family history or elderly donor);
d� exclusion criteria (see Chapter 5);
e� policy for making decisions in cases of ‘only 

one’ donor but who does not meet eligibility 
criteria (e.g. only one suitable donor but with 
risky behaviour).

Donors with a history of malignant disease 
(excluding haematological malignancies) after a 
minimum disease-free period of 5 years can be con-
sidered as suitable for sibling donation after careful 
assessment of the risk for malignant disease trans-
mission [14].

It is up to the discretion of the transplant phy-
sician whether to accept donors with previous or ex-
isting infectious diseases (e.g. hepatitis B or others) 
if no other donor is available, based on careful risk 
evaluation. The specificity of allogeneic HPC trans-
plantation lies in the fact that, for the vast majority of 
patients, the HPC graft is infused immediately after 
procurement. Thus, safety is reliant mostly on strin-
gent evaluation of donors, which can be performed 
appropriately only if all needs are fully anticipated. In 
cases where there is a risk to patient or product safety, 
a formal acceptance of that risk should be signed by 
the transplant physician and the patient or their legal 
representative (urgent medical need).

The increasing age of recipients of allogeneic 
HPC transplants is related not only to the increasing 
age of the population but also to the introduction of 
less toxic conditioning regimens, allowing elderly pa-
tients and patients with co-morbidities to undergo 
HPC transplantation. Even if the age limit to donate 
is well defined for unrelated donors, and is over 18 and 
under 55-60 years for most international registries, 
these limits do not strictly apply for related donors. 
Any decision to collect from young (< 18 years) and 
elderly donors (> 60 years) must include an accurate 

risk assessment and appropriate informed consent of 
the donor stating that risk [14-16].

Decisions with regard to donor safety should 
be the responsibility of a physician who is not directly 
involved in recipient care. Some donors will present 
with co-morbidities (discovered or not) during eval-
uation. If these co-morbidities result in contraindi-
cation of the person for HPC donation, the physician 
who decided to contraindicate this person must 
ensure that a correct medical follow-up will be initi-
ated in accordance with the medical condition of the 
rejected donor.

If the co-morbidities found during evaluation 
allow HPC donation, the physician in charge must 
manage these co-morbidities during the entire do-
nation process, including specialist consulting as 
needed.

There should be a written plan to care for paedi-
atric donors, donors with co-morbidities and elderly 
donors during selection [14-17].

24.2.1.2. Autologous donors
For autologous donors, suitability criteria 

for HPC donation are less strict than for allogeneic 
donors. For evaluation, written criteria – i.e. SOPs – 
should exist. Criteria must take into consideration 
the patient’s safety. Criteria should include threshold 
values of the complete blood count before starting 
bone marrow procurement or leukapheresis. The risk 
of donation should be evaluated and documented. A 
donor advocate should be available to represent au-
tologous donors who are mentally incapacitated or 
not capable of full consent at the time of HPC mobi-
lisation and donation (e.g. for patients with primary 
CNS lymphoma).

Infectious disease markers in autologous 
donors should be tested as required by applicable laws 
and regulations (see Chapter 6). Autologous donors 
can donate even if results of the required tests are re-
active or positive, or if other risk factors have been 
identified in the patient’s medical history, as long as 
procedures for prevention of potential cross-contam-
ination during HPC procurement, processing and 
storage are implemented.

24.2.1.3. Specific considerations for paediatric donors 
and other persons not capable of full 
consent

If minors are being considered as allogeneic 
HPC donors, in addition to the criteria shown in 
Chapter 3, national regulations must be followed. 

The use of haematopoietic growth factors and 
insertion of a central venous line are not recom-
mended. Procurement methods for paediatric donors 
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should employ appropriate adjustments due to age 
and size to the procedure.

Children should become donors only in very 
specific circumstances, as family donors only and 
never through public registries (see Chapter 4).

There are special circumstances, such as in 
minor donors and individuals not capable of full 
consent, where it is of utmost importance to protect 
the donor and to be sure that the donation fulfils 
the ethical and legal requirements. As stated in the 
Oviedo Convention [18], the authorisation of a rep-
resentative, authority or person or body provided for 
by law should be given specifically and in writing and 
with the approval of the competent body. In the situ-
ation of an allogeneic related donor who is mentally 
incapacitated or not capable of full consent, the figure 
of a donor advocate should be available to represent 
and protect the individual as recognised in Recom-
mendation CM/Rec (2020) 6 of the Committee of 
Ministers to member states on establishing harmo-
nised measures for the protection of haematopoietic 
progenitor cell donors [36].

24.2.2. Informed consent

Informed consent in free decision-making 
process is required for an allogeneic and also for an 
autologous donation. The informed consent should 
include terms and conditions for the HPC storage, 
disposal and possible use for research purposes of 
products not needed for HPC transplantation any 
more. Volunteer HPC donors joining a donor registry 
express their commitment to donate, but they must 

nevertheless sign a formal consent before the HPC 
procurement. General considerations are shown in 
Chapter 4. Discard of allogeneic grafts from related 
and unrelated donors should comply with written 
agreements of collection centres and donor registries, 
respectively. 

24.3. Procurement

Minimising the risk of grafts acquiring contam-
ination during procurement (see Chapter 7) 

and processing (see Chapter 9) activities is crucial 
to ensure graft safety. This risk is multi-factorial and, 
to help quantify and map this risk, the MiRCA tool 
(Chapter 3) has been developed. It is recommended 
that TEs use this tool to better understand the overall 
risk from their protocols, and how this risk is dis-
tributed along the tissue/cell supply chain, from pro-
curement to distribution. This enables factors which 
contribute highly to the overall risk to be identified 
and mitigated.

24.3.1. Haematopoietic progenitor cell graft 
sources

HPC(M) and HPC(A) are obtained from living 
donors only, either from the patient themself (in the 
case of autologous transplantation) or from a fully or 
partly HLA-matched allogeneic related or unrelated 
donor. The choice of the donor is based on the best 
HLA matching, and other factors like age, gender, 
Cytomegalovirus status, ABO compatibility and NK 
alloreactivity.

Table 24.2. Advantages and disadvantages of methods of haematopoietic progenitor cells procurement

Procurement 
method

Advantages Disadvantages

Bone marrow 
procurement

Donor:
• Single procurement;
• Use of cytokines (mo-

bilisation agents) not 
necessary

Recipient:
• Less chronic GvHD

Donor:
• General or epidural anaesthesia
• Invasive procedure
• Considerable risk of morbidity (associated with anaesthesia, procurement 

method, mobilisation agents if used)
• Potential tissue damage/infection at procurement site
• Possible need for blood transfusion
Recipient:
• Slower engraftment of neutrophils and platelets
• Potential graft contamination with skin contaminants
• Possible contamination with tumour cells in autologous HPC procurements

Peripheral 
blood apher-
esis

Donor:
• No anaesthesia
Recipient:
• Faster engraftment 

of neutrophils and 
platelets

• Potentially less 
contamination of 
autologous product by 
tumour cells

Donor:
• Procurement may take more than one day (i.e. several procedures may be 

needed)
• May require placement of a central venous catheter for procurement (risk of 

haemorrhage, embolism, pneumothorax/haematothorax and infection)
• Potential loss of platelets
• Considerable risk of morbidity (associated with mobilisation agents and 

apheresis technique including anticoagulation)
Recipient:
• Increased risk of chronic GvHD

Source: EBMT [17].
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For autologous purposes, nowadays HPC are 
obtained almost exclusively from peripheral blood 
stem cells HPC(A) and used to accelerate haemato-
poietic recovery after high doses of chemotherapy. In 
the allogeneic setting, the HPC graft source depends 
on the age and size of the donor and recipient – i.e. 
paediatric or adult donor, since some countries do not 
support G-CSF administration and apheresis in pae-
diatric sibling donors – and the kind of disease (ma-
lignant or non-malignant), as well as the transplant 
protocol (myeloablative, reduced intensity, T-cell 
replete or deplete haplo-identical transplantation).

Currently HPC(A) represents 80 % of the stem 
cell source in allogeneic transplantation. However, 
HPC(M) is still the preferred source in allogeneic 
paediatric transplantation from HLA-matched 
related or unrelated donors and for patients with non- 
malignant diseases (e.g. bone marrow failures).

Indications for HLA-mismatch transplantation 
and selection of ‘alternative’ donors – in the sense of 
donors without a 10/10 HLA match with the recipient 
(considered as ‘standard’ donors) – are constantly 
implemented as they are evaluated in the context of 
biomedical research or registry studies. To date, pro-
spective clinical studies comparing all sources of al-
ternative HPC donors in different clinical settings are 
still ongoing. Hence, transplantation programmes 
should carefully follow their own local algorithms 
defining the ‘best donor’ for each patient according 
to the different situations, and use these algorithms 
to guide the donor choice.

Particular attention should be paid in 
HLA-mismatched donor selection (parents, brothers/
sisters, adult children, or other family members). The 
criteria of choice should be explained in advance to 
the patient and potential family donors.

24.3.2. Procurement procedures

The majority of HPC are provided using one 
of two technologies: either procurement of bone 
marrow or apheresis. The advantages and disadvan-
tages of these technologies are shown in Table 24.2.

For HPC procurement and associated proce-
dures – e.g. central venous line placement – written 
procedures must be established and reviewed regu-
larly, with evidence of continued training of the staff. 
The International Standards for Hematopoietic Cel-
lular Therapy Product Collection, Processing, and 
Administration were developed by two organisations, 
JACIE (the Joint Accreditation Committee–ISCT & 
EBMT) and FACT (Foundation for the Accreditation 
of Cellular Therapy), and provide minimum guide-

lines for transplant, procurement and processing fa-
cilities. These standards can serve as guidance [20].

Severe adverse reactions can occur in donors 
with the administration of the mobilisation agents, 
and during and after allogeneic HPC donations. 
Hence, careful and documented training of clini-
cians and involved healthcare professionals caring 
for donors is needed, as is appropriate follow-up of 
donors. In all cases, safety of the donor is the major 
concern, meaning that the pre-donation work-up 
should be particularly meticulous [12, 14, 21-24].

24.3.2.1. HPC from bone marrow
Procurement of bone marrow is an aseptic 

process that should be undertaken in an operating 
theatre by appropriately trained personnel. Special 
attention should be paid to the training of clinicians, 
to written criteria for required competence and ex-
perience in bone marrow procurement and aftercare 
of the donor, and to vigilance and surveillance of 
donors as well as of recipients. There must be provi-
sion for counselling of donors and for their routine 
post-donation follow-up.

Bone marrow for therapeutic use is obtained 
through multiple punctures, usually from the poste-
rior iliac crests. When absolutely necessary, the ante-
rior iliac crests can also be used. The sternum is not 
considered an appropriate method of bone marrow 
procurement. Punctures are usually undertaken 
under general anaesthesia. Epidural anaesthesia may 
be considered. A pre-anaesthesia visit of the donor is 
mandatory before procurement of bone marrow.

For procurement of bone marrow, written pro-
cedure(s) should be established, including at least:

a� disinfection technique;
b� preparation of media and materials used to 

obtain bone marrow;
c� puncture technique;
d� provision of containers for procured bone 

marrow;
e� monitoring of the volume of the procured bone 

marrow;
f� irrigation of procurement syringes;
g� bone marrow filtration;
h� quality controls (e.g. TNC counting, sterility, 

etc.);
i� labelling.

Bone marrow grafts contain bony spicules, fat 
and clots that should be filtered during procurement 
or processing. The bone marrow total nucleated cell 
number (TNC) is used to determine the adequacy 
of the procurement. The recipient’s body weight and 
type of post-procurement manipulation determine 
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the target TNC and volume of bone marrow to be 
procured. The procurement and anaesthesia times 
should not exceed 120 and 150 minutes, respectively. 
A maximum volume of 20  mL of bone marrow/
kg donor weight should be procured. Procurement 
teams should not aspirate a volume more than 5 mL at 
each aspiration to avoid dilution of the bone marrow 
with blood [2]. The minimum target for autologous 
transplantation without graft manipulation is 2 × 108 
TNC/kg recipient body weight. The target dose for 
most allogeneic transplantations is 2-3.5 × 108 TNC/
kg recipient body weight. 

Adverse reactions related to HPC marrow pro-
curement are associated with anaesthesia, pain at as-
piration sites, bruising and, rarely, local infection.

Blood cultures should be taken from bone 
marrow donors if there is presence of fever immedi-
ately after donation, to investigate a possible micro-
bial contamination of the procured HPC graft.

A 24-hour blood component donor-support 
protocol, including the provision of Cytomegalo-
virus antibody-negative (or equivalent), irradiated 
and leukocyte-depleted blood components, should 
be available. However, all efforts should be made to 
manage allogeneic donors in such a way as to mini-
mise the need for blood transfusions. Autologous red 
blood cell (RBC) donation before bone marrow pro-
curement can be considered, but potentially induces 
iron deficiency, because the time from final selection 
of donor to procurement can be short. Therefore, a 
patient blood management programme taking care of 
iron supplementation if necessary should be consid-
ered. Procurement procedures in paediatric donors 
should be adjusted according to donor age and size 
[20].

24.3.2.2. Haematopoietic progenitor cells from 
peripheral blood

In both autologous and allogeneic settings, 
HPC from peripheral blood should be procured in 
an apheresis facility by health professionals who 
have appropriate experience in care for patients with 
haematological or oncological diseases, HPC mobi-
lisation and therapeutic apheresis. Special attention 
should be paid to paediatric patients and the specific 
circumstances pertaining to apheresis in young pa-
tients, whose weight (often < 20  kg) places them at 
risk of haemodynamic changes, both on commence-
ment and during the procedure. Priming of the 
apheresis device with matched, irradiated red blood 
cell units has to be considered in patients weighing 
less than 20 kg. Expertise to carry out apheresis is of 
particular importance for small children (< 20 kg) for 
autologous procurement (which is usually indicated 

in solid tumours or haematologic malignancies); the 
transplantation programme must maintain trained 
and experienced personnel for apheresis in paediatric 
units.

Before each apheresis procedure, the donor 
(autologous and allogeneic) should be evaluated. At 
least the following studies should be carried out:

a� complete blood count (including platelet count) 
≤ 24 h before procurement;

b� vital signs and temperature;
c� blood cultures in presence of fever to investi-

gate a possible microbial contamination of the 
procured product;

d� update of medical history.

24.3.2.2.1. Allogeneic donors
Mobilisation of HPC to peripheral blood 

before allogeneic procurement is ensured by recom-
binant human granulocyte-colony stimulating factor 
(rhG-CSF), which is administered to healthy adult 
donors in order to mobilise HPC from bone marrow 
into peripheral blood. The side-effects and risks as-
sociated with the procedures must be discussed 
with the donors. In particular, the donors must be 
informed about all aspects of rhG-CSF administra-
tion, including known short- and long-term effects, 
and given the opportunity to ask questions. Imme-
diate and severe side-effects associated with rhG-CSF 
administration are rare (see Table 24.3) and raise 
the issue of inpatient versus outpatient administra-
tion. Donors who live far away from the transplant 
centre will require administration at home. However, 
because of a potential risk of allergic reaction, the 
first dose of rhG-CSF should be given under the su-
pervision of trained healthcare professionals, and 
the donor should be followed up for at least 30-60 
minutes. The transplantation programme, or the 
physicians in charge of mobilisation and procure-

Table 24.3. Very common adverse reactions associated 
with agents for haematopoietic progenitor cells 
mobilisation (> 10 %)

Agent Adverse reaction
Rh-Granulocyte-colony stim-
ulating factor (rhG-CSF)

bone pain
musculoskeletal pain
thrombocytopaenia
hyperleukocytosis
transitory elevation of levels 

of liver enzymes
elevation of levels of lactate 

dehydrogenase
headache
asthenia

Haematopoietic progenitor 
cell binding inhibitors 
(Plerixafor)

diarrhoea
nausea
reaction at injection site

Source: EBMT [17].
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ment of HPC from the donor, should be informed in 
detail of the necessary measures to be taken in case 
severe adverse reactions (SARs) occur, especially for 
anaphylactic shock, spleen rupture, capillary leakage 
and acute hepatitis.

Routinely, HPC(A) procurement takes place 
on day 5 after 4 days of rhG-CSF administration. In 
cases of very low CD34+ cell numbers, rescue strat-
egies should be established (e.g. ‘immediate’ bone 
marrow procurement). Up to now the administration 
of HPC binding inhibitors in allogeneic donors is off-
label use and must be done with appropriate ethical 
permission.

Approximately 5-10 % of donors may be asked 
to provide a subsequent donation of HPC or MNC 
concentrates to the same patient. The frequency of 
second donations seems to be higher for HPC(M) 
donors, and it may increase with the application of 
new therapeutic strategies. The interval between 
donations, for the same or for a different recip-
ient, should be established by individual registries 
or transplant centres on the basis of the risks to the 
donor and the patient. However, these limits do not 
strictly apply to related donors.

24.3.2.2.2. Autologous donors
Cell mobilisation before autologous procure-

ment is ensured by administration of various types 
of mobilisation regimens. RhG-CSF is the usual hae-
matopoietic growth factor used to mobilise progeni-
tors and can be administered alone or in combination 
with chemotherapy or other agents (e.g. HPC binding 
inhibitors such as Plerixafor, immunostimulants).

Circulating levels of CD34+ cells guide com-
mencement of apheresis. The number of cells re-
quired varies with the size of the patient and number 
of transplantations indicated (double grafting is in-
dicated for some diagnoses). Procurement centres 
should have protocols that can determine the optimal 
number of cells to be procured, considering the pa-
tients’ well-being during and after procurement, as 
well as their needs as future recipients.

24.3.2.2.3. Apheresis procurement yield
Processed blood volumes vary, depending on 

the procurement protocol and cell separator. Weight 
discrepancies between donor and recipient have to be 
considered as this can affect the CD34+ cell yield per 
kg recipient weight. The target number of CD34+ cells 
should be set before starting apheresis according to 
institutional protocols. The target will vary for autol-
ogous and allogeneic donations, and will depend on 
clinical need and regulations (as well as best available 
professional practices). Target dose of CD34+ cells 

for a single autologous transplantation ranges from 
a minimum of 2 × 106 CD34+ cells/kg recipient weight 
to a more preferable 5 × 106 CD34+ cells/kg recipient 
weight. The ability to achieve this goal is dependent 
on the underlying disease of the patient, therapy and 
mobilisation protocol.

The target for allogeneic donations is higher, 
because of the longer time to engraftment of neutro-
phils and platelets associated with allogeneic trans-
plantation; HPC(A) doses above 4 × 106 CD34+ cells/
kg might be needed, especially when CD34+ enrich-
ment (a loss of CD34+ cells is expected) or T-cell de-
pletion methods is used. In addition to optimising 
HPC procurement, apheresis should ensure that pro-
cured cells have minimal contamination with other 
cells that could compromise subsequent processing 
steps or contribute to side-effects in recipients. HPC 
from apheresis contain small volumes of RBC (hae-
matocrit < 5-10 %) so the risk of donation-related 
anaemia is very low [16]. Depending on the device 
used for procurement of HPC(A), the donor may 
experience a marked loss of platelets, in some cases 
resulting in post-donation values < 100 G/L (109/L). 
Under such circumstances a consecutive donation 
has to be carefully considered. Monitoring the col-
lection efficiency of the apheresis device can help to 
identify technical problems (e.g. inaccurate camera 
setting) if the expected apheresis yield according to 
the CD34+ pre-cell count in the peripheral blood is 
not reached during procurement. 

Some Health Authorities do not permit the use 
of G-CSF in paediatric donors and so bone marrow 
procurement might be employed.

24.3.2.3. Mononuclear cells from peripheral blood
To enhance immune responsiveness after HPC 

transplantation, specific mononuclear cells are being 
used and/or evaluated in clinical trials. However, 
these immunocompetent cells are also used in pa-
tients who had not undergone an allogeneic or autol-
ogous HPC transplantation previously. As starting 
material for further processing (e.g. CAR-T cells, chi-
meric antigen-receptor T-cells), MNC concentrates 
are procured from an unstimulated donor. 

An MNC donor can be a former HPC donor 
(i.e. donor lymphocytes infusion), a third party donor 
or the patient (autologous donor). In addition, MNCs 
could be collected for off-line extracorporeal pho-
topheresis (ECP) for the treatment of T-cell mediated 
diseases. 

Donor lymphocytes infusions (DLI) can be 
administered to the selected patient after alloge-
neic HPC transplantation, either prophylactically 
to augment the anti-tumour immune response (fol-
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lowing reduced-intensity conditioning protocols) or 
in cases of mixed chimerism or of relapse of an un-
derlying disease (mostly myeloid malignancies). The 
goal of this therapy is either to induce complete donor 
chimerism or a remission of the patient’s malignancy 
by a process called graft-versus-tumour (GvT) effect.

The following cells are being used and/or eval-
uated in clinical trials:

a� DLI to enhance immune surveillance against 
infections in patients with poor immune re-
covery experiencing relapsing/resistant viral 
infections;

b� T regulatory cells (Treg) for the prevention and 
control of GvHD;

c� natural killer (NK) cells as GvT effectors by al-
loreactivity of killer Ig-like receptors (KIRs) in 
donor–recipient direction;

d� viral- and fungal-specific T-cells for the treat-
ment of several infections (e.g. Cytomegalovirus, 
Epstein–Barr virus, Adenovirus, Aspergillus);

e� vaccination with peptide-loaded dendritic cells 
(DC) for induction of tumour-specific T-cell 
responses for treatment of metastatic disease, 
or for treating GvHD;

f� mesenchymal stem cells to enhance engraft-
ment in allogeneic and autologous HPC trans-
plantations, or in treatment of GvHD;

g� autologous or allogeneic chimeric antigen- 
receptor (CAR) T-cells;

h� MNC for off-line ECP.

24.3.3. Temporary storage and transportation to 
the tissue establishment

Progressive loss of HPC viability occurs during 
non-frozen storage. Nevertheless, HPC(A) and 
HPC(M) are stored in non-frozen conditions before 
processing and infusion or during transportation. 
Survival of HPC stored in a non-frozen state is de-
pendent on the concentration of leukocytes (TNC), 
buffering capacity of the HPC and anti-coagulant in 
the graft, product volume and storage temperature. 
Therefore, storage conditions (such as maximum 
TNC concentration, storage temperature and time) 
must be validated. Cell viability decreases and the risk 
of bacterial growth increases during storage at room 
temperature as well as in refrigerators (see Chapter 10, 
also Table 8.2). Therefore, maximum storage in the 
non-frozen state should be ≤ 72 h. In cases where 
HPC have to be cryopreserved, this should be done 
as early as possible to avoid the cell loss and reduced 
viability during processing observed in this situation. 

The facility should undertake a validation study of 
the storage and transport conditions.

The same applies to MNC(A) concentrates pro-
cured for DLI.

24.4. Processing of haematopoietic 
progenitor cells

Processing of minimally manipulated HPC is in-
tended to provide appropriate conditions for pres-

ervation and storage or to improve the risk–benefit 
ratio of autologous or allogeneic HPC transplantation 
[2, 20]. It does not affect the main biological property 
of the procured cells, which is to support the marrow 
re-populating ability (MRA) and the establishment 
of haematopoietic chimerism in myelo-ablated or im-
munosuppressed recipients in allogeneic transplant.

Generic requirements for processing facilities, 
together with standards, are described in Chapter 8 
and Chapter 9. In selecting an appropriate air-quality 
specification for processing HPC, the criteria identi-
fied in Chapter 7, Chapter 9 and the output from the 
MiRCA tool should be considered.

While HPC are exposed to the environment, 
processing should be performed in a laminar-flow 
cabinet of GMP Grade A with background environ-
ment at least equivalent to GMP Grade D as required 
by Directive 2006/86/EC. It is appropriate that HPC 
processing takes place in a microbiologically and 
climate- controlled environment (control of tem-
perature, ventilation, air filtration) with validated 
cleaning and disinfection. The same requirements 
apply for autologous or allogeneic donations.

For all processing steps, written procedures 
must be established and reviewed on a regular basis 
with evidence of continued training of the staff. The 
current FACT–JACIE International Standards for 
Hematopoietic Cellular Therapy Product Collection, 
Processing, and Administration also apply to pro-
cessing facilities.

24.4.1. Volume reduction

Volume reduction is either a preparatory step 
to further processing (including cryopreservation 
and storage) or a means to reduce the volume of the 
infused cells and, thus, prevent recipient side- effects 
relating to volume overload in the transplanted 
patient. Various centrifugation-based techniques can 
be used that are validated at the site. Cell loss asso-
ciated with volume reduction must be evaluated and 
expected recoveries defined.
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24.4.2. Red blood cell depletion

HLA identity does not preclude the existence of 
major or minor ABO incompatibility between HPC 
donor and recipient. In case of major ABO incompat-
ibility (i.e. isohaemagglutinins of the recipient blood 
group directed against red blood cells of the donor 
blood group) acute haemolysis can occur during infu-
sion of the stem cell graft. Red blood cell depletion is 
almost exclusively performed if bone marrow is used 
as the HPC graft source, whereas HPC(A) are usually 
not red blood cell depleted due to the low content of 
red blood cells. Various techniques for blood cell de-
pletion are available, including buffy-coat centrifuga-
tion or apheresis cell separation. The efficiency of the 
technique must be monitored by measuring the re-
sidual content of red cells, which should be as low as 
possible. Similarly, the cell loss associated with such 
procedures must be evaluated and the expected re-
coveries and amount of acceptable residual red blood 
cells must be defined.

24.4.3. Plasma removal

Plasma removal represents a critical step in 
cases with minor ABO incompatibility between a 
donor and a recipient in the allogeneic setting (HLA 
identity does not preclude the existence of major or 
minor ABO incompatibility). The necessity of plasma 
removal in case of minor ABO incompatibility can 
be judged using a titration of anti-A and anti-B an-
tibodies in the donor blood during the period that 
precedes the donation. In minor ABO incompati-
bility, where anti-recipient-RBC antibodies are 1:256 
or greater, plasma should be removed, especially 
from bone marrow grafts [2]. Plasma removal is 
usually done by centrifugation of the procured cells. 
The cell loss associated with such procedures must be 
evaluated and expected recoveries must be defined.

24.4.4. Cryopreservation, thawing and infusion

24.4.4.1. Cryopreservation of haematopoietic 
progenitor cells

The purpose of cryopreservation is to preserve 
HPC in such a way as to ensure their viability and 
potency. To minimise the volume infused, peripheral 
blood and bone marrow may be concentrated before 
cryopreservation. The volume of cell suspension per 
bag should be adjusted by the body weight of the 
patient. A maximal daily dose of dimethyl sulphoxide 
(DMSO) of 1 g/kg body weight, which is equivalent to 
an infusion of 10 mL/kg of cells in 10 % DMSO solu-
tion, should not be exceeded. Special attention should 

be paid if the recipient is a small child and if a patient 
has impaired renal or liver function.

Cryopreservation is used systematically in the 
autologous setting. In the allogeneic setting, cell pro-
curement from the donor is usually synchronised 
with administration of a conditioning regimen to 
the recipient and direct infusion of the HPC product 
(within ≤ 48-72 h after procurement) without freezing. 
However, sometimes allogeneic HPC are being cryo-
preserved for logistical reasons, such as unavailability 
of the donor at the scheduled date of transplantation 
(procurement in advance), professional constraints, 
unforeseen changes in transplantation schedules or 
over-collection of stem cells. In a case of cryopreser-
vation of HPC from an unrelated donor, registries 
can request an additional consent from the respec-
tive donor as this approach can lead to the risk that 
collected cells are not used. 

HPC should be cryopreserved as soon as pos-
sible. Shelf life of HPC without cryopreservation 
is acceptable up to 72 h. However, cell viability de-
creases if cells are frozen at the end of their shelf life.

The cryopreservation method for HPC(A) or 
HPC(M), once RBC and plasma are depleted from 
the latter, is the same. The method involves addition 
of 5-10 % DMSO to a suspension of HPC and pro-
tein-rich medium, with or without dextran or hy-
droxyethyl starch (HES). Immediately after DMSO 
addition, HPC are cooled at −1 °C to − 2 °C per 
minute. For most therapeutic cells, the cooling rate 
is controlled by a controlled-rate freezer in which 
vapour-phase liquid nitrogen is pumped into the 
freezing chamber facilitating a sudden temporary 
drop of the temperature in order to compensate for 
the thermal release caused by the solidification of the 
suspension. 

Although this is the recommended method for 
cryopreservation of therapeutic cells, other methods 
may be used (e.g. freezing in a mechanical freezer) as 
long as they result in acceptable post-thaw viability 
and potency. After cryopreservation of HPC in a me-
chanical freezer at − 80 °C, cells should be transferred 
for long-term storage in storage devices maintaining 
a temperature of <−140 °C as soon as possible. The 
final phase of cooling in a controlled-rate freezer is 
usually quicker, with the temperature drop adjusted 
to 5 °C/min. When the mixture has reached ap-
proximately −100 °C to −120 °C, it is transferred to 
a storage container. Methods to minimise the risk 
of contamination or cross-contamination must be 
in place (e.g. secondary bag, liquid nitrogen vapour 
phase). Temperature fluctuations may result in a loss 
of viability. The validation of cryopreservation proce-
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dure must include evidence that the storage tempera-
ture is adequate to preserve the grafts.

Once frozen, HPC should be stored at < −140 °C 
(either in vapour phase or in liquid nitrogen). Varia-
tions in cryopreservation methods include the con-
centration of frozen cells, the amount and source 
of plasma protein and the cooling rate. The method 
chosen must be validated.

Maximal shelf life has not been defined for 
cryopreserved HPC. HPC(M) or HPC(A) have been 
transplanted successfully even more than 11 years 
after cryopreservation. A stability programme for 
cryopreserved grafts should be implemented in order 
to evaluate viability and potency at different storage 
durations. For cellular products a definition of the 
storage duration as well as the way of disposal or 
transfer to research should be defined. 

24.4.4.2. Cryopreservation of mononuclear cells
Processing of MNC(A) mainly involves ad-

justment of volume and cell number according to 
the clinical protocol used. The number of MNC and 
specifically the number of CD3+ T-cells is determined 
by flow cytometry analysis, and further characteri-
sation of T-cell subpopulations may be undertaken 
according to special requirements and needs.

For DLI, frequently a T-cell dose of 1 × 106 
CD3+/kg body weight of the recipient is the starting 
dose, and then further treatments with escalating 
doses may be used. This amount can be even lower 
in haplo-identical transplantation. Some protocols 
also include cell-selected preparation. The tissue es-
tablishment (TE) should validate the freezing tech-
nique in order to establish the expected level of viable 
T-cells after thawing.

24.4.4.3. Thawing and infusion
HPC(M) and HPC(A) can be thawed at the 

bedside or in a processing facility, and time to in-
fusion must be minimised to avoid decrease of cell 
viability. If cells are not infused immediately after 
thawing or have to be transported to the clinical fa-
cility, the maximum possible time between thawing 
and infusion should be validated. Several studies 
have demonstrated that the occurrence of adverse re-
actions during HPC infusion is related to the amount 
of DMSO and/or cell debris in the product, and some 
centres remove DMSO after thawing prior to infusion. 
This procedure is performed in the processing facility 
by manual centrifugation or by automated washing 
in closed systems using specific equipment. Despite 
the progress that has been achieved in the develop-
ment of new washing methods, such as membrane 
filtration and new devices, automated washing is still 

performed only in few transplant centres because of 
the associated risks: cell clumping, cell loss, osmotic 
injury, contamination and the high cost.

Hence, washing of HPC(A) and HPC(M) 
must be reserved only for patients at a high risk of 
adverse reactions. Good practice recommends (if 
possible) not exposing all cells to the risk of washing 
procedures at once unless there is a validation that 
demonstrates the maintenance of morphological and 
functional characteristics of the cells.

HPC should be infused immediately after 
thawing and as fast as possible, at approximately 
5-20 mL/min using standard transfusion sets or 
equivalent, although this interval may be longer if 
the HPC are washed. Leukoreduction filters must not 
be used.

24.4.5. Cell-selected preparations

Specific Conformité Européenne (CE)-marked 
devices are available to select CD34+ cells or deplete 
other lymphocyte subpopulations from bone marrow 
or peripheral blood on the large scales needed for clin-
ical transplantation. The use of such medical devices 
requires adequate training for personnel involved in 
these procedures. There must be written criteria – i.e. 
SOPs – for cell-selection and cell-depletion prepara-
tions and the criteria must be reviewed on a regular 
basis with evidence of continued training of the staff. 
The method chosen must be validated and ensure a 
sufficient purity and viability for a safe transplant 
and sustained engraftment.

24.4.5.1. T-cell depletion and depletion of alloreactive 
immune effectors

T-cell depletion is associated with positive 
(i.e. GvHD prevention) and negative (i.e. prolonged 
immunosuppression) consequences that prevent its 
adoption in routine clinical practice, and it is rarely 
used in HLA-identical or HLA-matched transplan-
tation. This is because the advantages of reducing 
GvHD are offset by associated increases in relapse 
rates and graft failures. Indications for T-cell deple-
tion depend on the clinical protocol, such as use of 
haplotype-mismatch donors and transplantation for 
non-malignant diseases. In these situations, it is im-
portant that T-cell depletion is as extensive as possible. 

Accurate determination of the residual T- and 
B-cell content is mandatory. The highest acceptable 
dose of residual T- and B-cells must be defined in 
advance by the medical team in charge of the recip-
ient. CD34+-positive immunoselection can also be 
considered a T-cell depletion method because, as in 
standard CD3+ depletion, almost all T-cells are elim-
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inated, including the T-cell receptor (TCR) gamma/
delta-positive T-cells not involved in GvHD and ex-
erting anti-leukaemic activity, as demonstrated by 
several authors. A specific depletion of TCR alpha/
beta-positive cells spares the gamma/delta T-cells 
and is more beneficial over the depletion of all T-cell 
subsets. Combining this with a CD19+ B-cell deple-
tion for preventing transmission of Epstein–Barr 
virus (EBV) is a very encouraging strategy, especially 
in haplo-identical transplantation settings [26].

Other specific procedures evaluated by clinical 
trials include depletion of activated and alloreactive 
T-cells (i.e. those that can be identified by the expres-
sion of the CD25 T-cell receptor subunit). Removal of 
CD25+ T-cells can be done using immuno-selection 
devices similar to those routinely used for CD34+ 
positive cell selection or T-cell depletion. Accurate 
determination of the residual T- and B-cell content 
is critical. The highest acceptable dose of residual al-
loreactive T-cells must be defined in advance by the 
medical team in charge of the recipient and their 
guidance sought by the procurement team if this ob-
jective cannot be met.

24.4.5.2. Tumour cell depletion in the autologous 
setting

Autologous tumour cells procured with normal 
HPC may contribute to post-transplant relapse, but 
this has not been firmly established on the basis of 
clinical and biological observations. A definitive 
advantage for tumour-purging of autologous grafts 
has not been demonstrated by clinical trials. The use 
of CD34+ cell-selection devices for this purpose is 
only applicable in a few clinical protocols (e.g. neu-
roblastoma) but, if a transplant team decides to use 
such a procedure, then detection of residual tumour 
cells should be as accurate as possible, using either 
immuno- histochemical techniques or flow cytom-
etry analysis, or molecular biology techniques.

For all processing steps, written procedures 
must be established and reviewed on a regular basis 
with evidence of continued training of the staff. 

24.5. Quality control
24.5.1. Biological information needed 

to confirm donor suitability and 
recruitment

All clinical and biological information per-
taining to donor identification, screening and re-
cruitment must be kept, along with all information 
pertaining to processing and distribution. This in-
formation must remain as a permanent part of the 
preparation and release file.

Details on the nature of such information and 
the procedure to obtain it are provided in chapters 4 
and 5 of this Guide.

24.5.2. Safety controls

Detection of transmissible infections is under-
taken through donor screening (using microbiological 
and other testing, as required by national, European 
and international guidance and regulations) and 
through microbiological testing of samples obtained 
at the different stages of cell procurement, processing 
and distribution (see also chapters 6, 9 and 11).

Detection of donor-transmissible diseases 
other than occult pre-neoplastic or neoplastic dis-
eases or other disorders is through donor screening, 
using medical questionnaires, physical examination 
and biological testing, as necessary.

The proportion of the various subpopulations 
of leukocytes in the procured cell preparations must 
be measured. High numbers of mature blood cells 
such as granulocytes or contamination with red cells 
may negatively affect several subsequent processing 
steps and may contribute to recipient side-effects at 
re-infusion.

Removal of red blood cells through specific 
processing procedures must be documented, as must 
the removal of T-cells or other immune effectors.

The removal of tumour cells from autologous 
cell preparations using specific processing proce-
dures must also be documented where applicable.

24.5.3. Immunophenotyping and colony-
forming unit assay

The number of total nucleated cells (TNC) in 
combination with the number of viable CD34+ cells 
is a widely used measure for evaluating the quality of 
procured bone marrow. The cell dose for recipients is 
usually expressed in TNC and CD34+/kg of recipient 
weight. In addition, nucleated cell counts are largely 
used as in-process controls to document that tech-
nical procedures have been appropriately conducted 
in the processing facilities (i.e. recovery of TNC fol-
lowing plasma removal, volume reduction, red blood 
cell depletion).

CD34+ cell counts are used as a marker for 
HPC, both in the peripheral blood of individuals 
undergoing mobilisation regimes and in the pro-
cured cells, whether from apheresis following mo-
bilisation or from bone marrow donation. CD34+ 
cell counts are usually measured by flow cytometry, 
using monoclonal antibodies that recognise one 
or several epitopes on the human CD34 membrane 
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antigen. Use of a single platform, rather than a dual 
platform, minimises errors in calculating cell counts. 
The ISHAGE (International Society for Hemotherapy 
and Graft Engineering) algorithm provides a robust 
and reproducible gating strategy to measure CD34+ 
cells [27, 28]. 

Evaluation of CD34+ cell recovery and total vi-
ability after storage and cryopreservation are an ac-
ceptable way to measure the potency of an HPC graft 
when the detection of colony-forming units (CFU) 
in clonogenic assays is not feasible. These functional 
tests are hampered by the delay required to produce 
results (usually two weeks); thus, the results are 
usually only available long after a non-cryopreserved 
cell preparation has been transplanted in an alloge-
neic recipient. Clonogenic assays are also hampered 
by poor intra- and inter-laboratory reproducibility. 
This particular issue could be improved by using 
commercially available and standardised culture 
media and by participation in proficiency testing and 
external quality-assessment schemes. The frequency 
of CD34+ cells that form colonies differs among the 
sources of HPC and is higher in HPC(A) than in 
HPC(M). A clonogenic assay can provide additional 
information about the functionality of the graft; in 
particular, it is recommended after a long storage 
period. It can be used as a qualitative (e.g. growth 
or no growth) or a quantitative potency test. In both 
cases, a policy should be defined to deal with grafts 
where CD34+ cells are at a low frequency. 

Colonies are enumerated and classified on 
the basis of their morphologic characteristics: 
CFU-GM (granulocytes and macrophages), CFU-
GEMM (granulocyte-, erythrocyte-, macrophage-, 
megakaryocyte) and BFU-E (burst-forming units 

– erythroblast).

24.5.4. Release criteria

The cell-processing facility, along with its 
clinical counterparts, must define which safety and 
quality controls serve as release criteria. It must 
also define which criteria must be strictly met and 
which ones may lead to documented waivers. Spe-
cific instructions should be established in the TE 
on how to deal with the recipient, donor and stem 
cells throughout the donation, through the pro-
cessing and issue stages and all the way through to 
transplantation. Acceptance and release criteria may 
differ between autologous and allogeneic grafts. In 
autologous grafts, infectious disease-marker (IDM) 
test results may be positive (this is normally not the 
case in allogeneic grafts). In allogeneic grafts, which 
are mainly used directly after procurement, micro-

biological test results are pending at the time of ad-
ministration and cannot serve as release criteria (in 
contrast to autologous grafts).

Processing and transplant facilities should 
agree on the cell dose (nucleated cell count, mono-
nuclear cell count, CD34+ cell count or clonogenic 
assays as appropriate for the source of HPC) required 
to achieve reliable and sustainable engraftment. 

If cells are required for administration to a 
patient, a prescription for infusion is required. This 
prescription should list the type of cell preparation 
that is suitable for that patient and provide specific 
information on dosing. If necessary, the cells may be 
further processed before infusion (e.g. washing, dilu-
tion) and this should be recorded.

24.5.5. Quality control for mononuclear cells 

In addition to the safety controls (listed in 
§24.5.2) and definition of release criteria (§24.5.4), 
the specific requirements include establishing the 
absolute number and the frequency of T-cells (CD3+ 
and/or subpopulations) and cellular viability by flow 
cytometry analysis. The anti-tumour effect should 
be evaluated at intervals as defined in the clinical 
protocol.

24.6. Labelling and packaging

Packaging is designed at all steps with two ob-
jectives: to protect the cell preparation and to 

protect personnel and the environment. The primary 
packaging must be made of a biologically compat-
ible material. Cryopreservation requires the use of 
low-temperature-resistant packaging, which can also 
withstand contact with liquid nitrogen.

Labelling must unambiguously identify the 
donor, the intended recipient, the cell preparation 
and its nature, the additives used and the conditions 
under which the cells are to be stored and distributed. 
Following procurement, the donor identifier should 
be always on the ‘transit’ label when cells are deliv-
ered to the processing facility. The recipient must be 
identified (but not the donor) when cells are distrib-
uted for administration. In all cases there must be an 
audit trail to the donor.

International standards for labelling now exist 
(e.g. ISBT 128, Eurocode-IBLS) and must be used to 
promote consistency and traceability, aid interna-
tional exchanges and facilitate vigilance and surveil-
lance. For tissues and cells procured and distributed 
in the EU, the Single European Code for Tissue 
and Cells (SEC) must be used. In addition, due to 
the growing number of cell donors worldwide, the 
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WMDA has developed a unique global donor identi-
fier to guarantee safe and unequivocal donor identifi-
cation: the Global Registration Identifier for Donors 
(GRID) [29]. See also Chapter 15.

24.7. Storage

Storage must be defined in SOPs and done in con-
ditions that minimise the risk of contamination, 

cross-contamination and mix-up. A process for quar-
antine storage should be in place to avoid the possi-
bility that grafts with incomplete or positive IDM test 
results are accidentally transferred to caring physi-
cians for application.

Conditions for temporary storage must be 
defined for each type of cell preparation and for each 
stage of the process, from procurement to release for 
administration (including pre-processing and post-
thawing, etc.). There should be a stability protocol 
that evaluates the viability and potency of long-term 
stored cryopreserved cellular therapy grafts, on a 
regular basis.

The cryogenic system used for long-term 
storage must be continuously monitored, and pro-
cesses must be in place to detect failures in the 
system, such as temperature rises and changes in the 
level of liquid nitrogen. An emergency plan should 
be in place describing the actions to be taken in case 
a storage device fails, and a procedure should specify 
how to maintain the cryopreserved grafts at the 
defined storage temperature using a backup device of 
appropriate temperature available either in the same 
or a different facility.

24.8. Distribution and transport 
conditions

Internal and external transport must be controlled. 
Transportation within the same institution (e.g. 

from the procurement facility to the processing fa-
cility, or from the processing facility to the transplant 
ward) must be defined by SOPs. Periodic container 
validation and courier qualification should be per-
formed. When service providers are used for trans-
port or shipment of unprocessed or cryopreserved 
cell preparations, the conditions by which the service 
is delivered must be established and regularly audited 
by the facility, which remains responsible for the de-
livery of cell preparations. Appropriate training of 
the personnel in charge of transportation should 
be documented. The transport containers should 
conform to the applicable regulations and should 
be secured where applicable. Records of transports 
must be maintained to allow tracing of the product. 

For cross-border transport of HPC from unrelated 
donors, international standards and guidelines are 
available [30].

For cryopreserved cellular therapy grafts, a 
dry-shipper should be used. During shipment of 
HPC grafts, the temperature should be monitored, 
and records must be maintained by the shipping fa-
cility and shared with the receiving facility. See also 
Chapter 12.

24.9. Contingency plan for HPC 
collections

A contingency plan should be implemented for 
HPC collections in case of any emerging issues 

negatively impacting this activity, and this plan 
should be part of the quality management system. 
Natural hazards such as earthquakes or hurricanes, 
pandemics or other related moments of global crisis 
can be challenging for the collection of HPC, their 
transportation and timely infusion.

Recently, during the Covid-19 pandemic and 
the lockdown of countries, significant problems for 
HPC transplant programmes emerged. Transplan-
tation societies and donor registries recommended 
cryopreservation of unrelated donor HPC prod-
ucts before the recipient commenced conditioning 
therapy, to mitigate the donor and travel risks associ-
ated with the pandemic. Therefore, HPC programmes 
started to cryopreserve HPCs as soon as they arrived 
at the tissue establishment and started with the con-
ditioning regimen thereafter. Registries can request 
an additional consent from the respective donor for 
cryopreservation because this approach can lead 
to the risk that collected products will not be used, 
either due to the possibility of a clinical deterioration 
of the patient (who is then no longer eligible for trans-
plantation) or due to poor post-thaw graft quality.

Data on post-thaw quality of allogeneic prod-
ucts with respect to pre-cryopreservation conditions 
are lacking. A recent Australian study reported a 
median post-thaw CD34+ cell recovery of 76 % (range, 
6 % to 122 %) [31]. In this study a longer transit time 
before cryopreservation, higher leukocyte count 
during storage and complex product manipulation 
before cryopreservation were independently associ-
ated with inferior post-thaw CD34+ cell recovery and 
therefore poor product quality. This may put the re-
cipient at risk of delayed or incomplete engraftment 
[31].
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24.10. Biovigilance

As an effective vigilance and surveillance (V&S) 
system for tissues and cells used in transplanta-

tion and assisted reproduction, the EU project SoHO 
V&S was developed in 2013. The Guidelines on vigi-
lance and surveillance of human tissues and cells [32] 
were published for healthcare professionals respon-
sible for all types of HPC (bone marrow, peripheral 
blood stem cells, cord blood) for human application. 
In EU member states, the requirements for tracea-
bility, notification of serious adverse reactions and 
events, and certain technical requirements for the 
coding, processing, preservation, storage and distri-
bution of human tissues and cells are detailed in Di-
rective 2006/86/EC.

TEs and healthcare professionals should use 
SoHO V&S guidelines because they provide essential 
information for the detection, reporting/confirma-
tion and investigation of serious adverse reactions 
and events (SAREs). There is general guidance on im-
plementation of good V&S practice, as well as defini-
tions of SAREs, in Chapter 17.

TEs should have written procedures for man-
aging SAREs. They should also provide centres car-
rying out clinical applications with accurate and 
updated information on various SAREs in the area of 
HPC transplantation. Moreover, WMDA has set up 
a central global reporting system for its member or-
ganisations to report serious events and adverse reac-
tions related to HPC grafts: Serious (Product) Event 
and Adverse Reactions or S(P)EAR [33]. The scope of 
this system is to collect information on serious events 
and adverse reactions that occurred during procure-
ment or processing of HPC from unrelated donors.

24.10.1. Follow-up of haematopoietic progenitor 
cell donors

Chapter 17 on biovigilance also applies to HPC 
transplantation and must be read in conjunction with 
this chapter. The donor, whether related (paediatric 
and adult donors) or unrelated, should be followed 
up by the donation centre in the short, mid and long 
term according to the policy suggested by scientific 
organisations or as requested by national regula-
tions. In particular, a short-term follow-up to docu-
ment SAREs, and a long-term follow-up on a regular 
basis to document late effects of the donation or the 
mobilising agent, should be performed [19, 34]. The 
EBMT (for related donors) and the WMDA (for un-
related donors) recommend the long-term follow-up 
and care of donors for conditions related to the HPC 
donation for a minimum of ten years after donation. 

For unrelated donors this includes a mechanism 
for donors to contact the registry to report related 
medical concerns. 

In addition, there are other European initia-
tives as ARTHIQS [35], which presented guidelines 
on the set-up and regulation of haematopoietic stem-
cell donor follow-up registries and banking of cord 
blood, and Recommendation CM/Rec (2020)6 on 
measures for the protection of haematopoietic pro-
genitor cell donors [36] from the Council of Europe, 
which develops recommendations to member states 
to establish harmonised HPC donor protection meas-
ures. Among others, they recommend ensuring that 
donors (related and unrelated, adults and minors) 
have been offered both appropriate psychological 
support in the event of post-donation difficulties and 
medical care.

24.10.2. Serious adverse reactions in the recipient

24.10.2.1. Complications related to haematopoietic 
stem cell infusion

Infusion of HPC is, in general, well tolerated. 
Complications are consequences of immunological 
incompatibility, iatrogenic toxicities, microbiological 
contamination and manufacturing/administrative 
errors. Some complications are similar to the com-
plications caused by transfusion of standard blood 
products, which is particularly true for allogeneic 
HPC preparations if they contain ABO-incompatible 
RBC or plasma. Other complications are specific to 
HPC infusion, and are related to allogeneic and au-
tologous HPC.

Adverse reactions can be immunological and 
non-immunological, acute and delayed.

24.10.2.1.1. Haemolysis of red blood cells
Donor–recipient mismatching in erythrocyte 

antigens is not a contraindication for HPC trans-
plantation, but haemolytic reactions due to ABO and 
non-ABO antibodies may occur. Reactions can be 
acute and delayed. The risk of haemolysis is also de-
pendent upon the type of HPC preparation because 
the content of RBC and plasma is different.

Acute haemolytic reactions are severe compli-
cations of HPC infusion. They are caused by ABO 
incompatibility between the donor and recipient. 
Usually, the risk of acute haemolysis is greater if the 
RBCs of the donor are incompatible with the recipi-
ent’s plasma (major ABO incompatibility). However, 
haemolysis can also occur if the donor’s plasma is 
incompatible with the recipient’s RBC (minor ABO 
incompatibility). In general, low titres < 1:64 are asso-
ciated with mild or no reactions, whereas high titres 
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(e.g. 1:1024) are associated with acute haemolytic re-
actions. The volume of incompatible RBC infused 
also determines reaction severity. Bone marrow 
contains a high amount of RBC and can cause acute 
haemolysis. The risk of haemolysis can be reduced 
by removal of antibodies from the patient’s circula-
tion utilising extracorporeal apheresis procedures or 
by removal of RBC from the bone-marrow prepara-
tions of the donor. In contrast, apheresis preparations 
usually have < 10–15 mL RBC, which is not enough 
for significant reactions.

Signs and symptoms of acute haemolytic re-
actions can be: chills, fever, dyspnoea, chest pain, 
back pain, headache, hypotension, oliguria, anuria, 
bleeding, shock and pain along veins. If an acute 
haemolytic reaction is suspected, cardiovascular and 
renal function must be maintained and development 
of disseminated intravascular coagulation prevented.

Delayed haemolytic reactions may occur if 
the recipient is allo-immunised on the infused RBC 
antigens of the donor, or if the recipient receives the 
donor’s B lymphocytes within an HPC preparation, 
which can produce antibodies against the recipient’s 
RBC (‘passenger lymphocytes syndrome’). If the re-
cipient is allo-immunised on the donor’s RBC anti-
gens, infusion of RBC can stimulate an anamnestic 
immune response of the residual B lymphocytes of 
the recipient. The antibody will reach a clinically 
significant level within 2-14 days after HPC infusion, 
whereas the infused RBC will remain in circulation. 
The haemolysis is limited by the amount of infused 
RBC.

If the recipient receives the donor’s B lympho-
cytes in an HPC preparation that can produce an-
tibodies against the recipient’s ABO or other RBC 
antigens, haemolysis can be more serious because 
of passenger lymphocyte syndrome. At greater risk 
are recipients who receive ABO minor- incompatible 
HPC. Typically, haemolysis will occur within 
1-3 weeks after HPC infusion. Occasionally, life- 
threatening haemolysis can occur. Apheresis HPC 
preparations contain higher numbers of lymphocytes 
and carry a greater risk of delayed haemolysis.

Signs and symptoms of delayed haemolytic re-
actions are the same as for acute haemolytic reactions, 
but the severity differs.

In autologous settings and if cryopreserved 
HPC are used, passive haemolysis is more common.

24.10.2.1.2. Complications within the respiratory 
tract

HPC infusion frequently induces complica-
tions within the respiratory tract. During adminis-
tration, patients often start coughing. Coughing is 

related primarily to application of cryopreserved au-
tologous HPC, and is usually accompanied by nausea 
and vomiting. Dyspnoea, with mild decreases in the 
vital capacity of the lungs, is noted quite often.

Severe respiratory complications, such as acute 
respiratory failure, are rare. Transfusion-related 
acute lung injury (TRALI) can occur if granulocyte 
activation in the pulmonary vasculature is caused by 
neutrophil antibodies or bioactive mediators, which 
increase microcirculation permeability and allow 
massive leakage of fluids and proteins into the alve-
olar space and interstitium. Signs and symptoms of 
TRALI usually occur < 6 h after HPC infusion, and 
include acute respiratory distress, low-grade fever, 
hypoxaemia (oxygen saturation < 90 % on room air) 
and bilateral pulmonary infiltrates on frontal radi-
ographs of the chest. If hypoxia is observed during 
HPC infusion, the infusion should be stopped im-
mediately. Respiratory support should be as intensive 
as dictated by the clinical picture. Supplementation 
is necessary in almost all cases. Corticosteroids and 
diuretic drugs are not useful. In severe cases, transfer 
to an intensive care unit (ICU) may be necessary.

24.10.2.1.3. Febrile non-haemolytic reactions
During HPC infusion, patients may experi-

ence febrile non-haemolytic transfusion reactions 
(FNHTR). These reactions may be observed in allo-
geneic and autologous transplantation. FNHTR are 
manifested by a low-grade fever during, shortly after 
or ≤ 2 h after infusion of cells. FNHTR can be accom-
panied by chills, rigor and mild dyspnoea without ev-
idence of haemolysis. This phenomenon may reflect 
the action of antibodies against leukocytes or the 
action of cytokines (present in infused preparations 
or generated by the recipient) after cell infusion.

No laboratory tests are helpful in predicting 
and preventing FNHTR. Any patient with fever, rigor 
and chills during HPC infusion should be evaluated, 
clinically and by laboratory tests, for haemolytic, 
septic or TRALI reactions. An underlying infection 
must also be excluded. FNHTR are short-lived com-
plications, and anti-pyretic agents usually provide ef-
fective symptomatic relief.

24.10.2.1.4. Dimethyl sulphoxide toxicity
Dimethyl sulphoxide (DMSO) is the most 

widely used cryoprotectant, but it can detrimentally 
affect cell viability and is the cause of many side- 
effects observed during infusion. DMSO toxicity is 
the most common complication of infusion of cryo-
preserved HPC.

Within minutes of starting the infusion, a me-
tabolite of DMSO is excreted through the lungs and 
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causes a garlic-like odour that can lead to a foul taste 
in the mouth. Infusion of DMSO can induce a wide 
range of other symptoms: pruritus; sedation; head-
ache; nausea; vomiting; abdominal cramps; diarrhoea; 
flushing; low-grade fever; chills; dizziness; garlic-like 
odour; haemoglobinaemia with red-coloured urine; 
elevation of levels of hepatic enzymes; elevation of 
levels of creatinine kinase. DMSO toxicity has been 
linked to cardiovascular side-effects such as brady-
cardia or tachycardia, hypotension and, in rare cases, 
myocardial infarction.

DMSO toxicity is dose-dependent. The 
maximum daily intravenous dose of DMSO is 1  g/
kg, which is equivalent to an infusion of 10  mL/kg 
of cells in 10 % DMSO solution. Premedication with 
anti-histamines, slowing the infusion rate, increasing 
the resting time between multiple infusion aliquots, 
dilution of thawed HPC preparations by albumin–
dextran-40 solution at a ratio of 1:2 or 1:3, or removal 
of DMSO by washing can prevent symptoms and 
reduce the risk of DMSO-related toxic effects.

24.10.2.1.5. Neurological complications
Neurological symptoms during HPC infusion 

vary widely. Headache is common and can be related 
to increased intravascular volume. Occasionally, pa-
tients experience more severe side-effects such as 
muscle spasms and seizures. Cerebral infarcts and 
acute encephalopathy are rare. Simple muscle spasms 
often resolve spontaneously. For patients with acute 
mental changes, loss of consciousness or seizures, 
urgent intervention is necessary. HPC infusions 
should be stopped; rapid neurological assessment 
should be done as well as basic laboratory tests, in-
cluding electrolytes and glucose. If seizures persist, 
anti-epileptic drugs are indicated. Patients should be 
transferred to an ICU.

Neurological complications are probably 
linked to a large number of non-mononuclear cells 
and/or caused by DMSO, but this suspicion has not 
been clearly demonstrated.

24.10.2.1.6. Cardiac toxicity
Cardiac toxicity is common and manifests as 

bradycardia and other disorders of cardiac rhythm. It 
is usually mild (though severe cases of arrhythmias 
have been reported). Severe bradycardia occurs more 
often in recipients of cryopreserved bone marrow, 
and may require aggressive supportive care.

Aetiology may be because of hypervolaemia 
due to extensive hydration before infusion, large 
volume of transplant, hyperosmolality of DMSO, hy-
pothermia, lysis of graft cells or underlying cardiac 
conditions.

24.10.2.1.7. Allergic reactions
Allergic reactions usually manifest as urticaria 

and pruritus. Most occur in patients receiving allo-
geneic transplants. Anaphylactic-type reactions are 
rare. Allergic reactions present as bronchospasm and/
or laryngospasm, hypotension, severe dyspnoea, pul-
monary and/or laryngeal oedema, facial burning and 
flushing, abdominal pain, diaphoresis, diarrhoea and 
dizziness.

Causes of allergic reactions are not clear. They 
may be related to the substances used during cell pro-
curement, cell processing or cryopreservation, such 
as HES, dextran or DMSO, that can react with anti-
bodies in the donor or recipient plasma, or with an-
ti-immunoglobulin (Ig)A antibodies in IgA-deficient 
recipients. No laboratory tests can help to predict 
or prevent allergic reactions. Therapy is dependent 
upon symptoms. For mild reactions, administration 
of anti-histamines will be helpful or, in severe cases, 
corticosteroids, epinephrine and cardiorespiratory 
support.

24.10.2.1.8. Anticoagulation effects
Patients receiving non-cryopreserved and 

non-manipulated bone marrow have a greater risk of 
haemorrhage because of high concentrations of un-
fractionated heparin in bone-marrow grafts.

Risk of bleeding is increased in thrombocyto-
paenic recipients.

24.10.2.1.9. Hypertension/hypotension
Hypertension is more common in cryopre-

served HPC or unmanipulated bone marrow HPC, 
because such grafts have a higher volume. Hyperten-
sion is a result of acute volume overload due to rapid 
infusion, prophylactic hydration and the hyperosmo-
lality of the infused preparation.

Hypotension is also more common in cryo-
preserved HPC. It is linked with vasodilatation due 
to histamine generation. Premedication by anti- 
histamines decreases the incidence and severity of 
hypotension.

24.10.2.1.10. Acute renal failure
Acute renal failure is more common in appli-

cation of a high volume of cryopreserved HPC. It 
is caused by a large amount of DMSO and cellular 
debris.

24.10.2.1.11. Bacterial contamination
Bacterial contamination of an HPC product 

is possible. Bone marrow, which is procured into 
an open system, has a higher rate of contamination 
than HPC collected from peripheral blood. Contam-
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ination may occur at several steps in the process. It 
can be due to occult asymptomatic bacteraemia in 
the donor. For autologous donation, because of the 
particular nature of the graft and the recipient’s con-
dition because of the treatment, it is vital that HPC 
are procured irrespective of the possible febrile status 
of the patient, even if sepsis may be present. Although 
it is a rare occurrence, it should be kept in mind as a 
potential cause of bacterial contamination of grafts.

Contamination of HPC can also occur during 
procurement, processing, storage, thawing or sam-
pling, due to breach of sterility.

After transfusion of contaminated HPC, symp-
toms of a septic reaction usually develop rapidly. 
High fever, tachycardia and hypotension, nausea and 
vomiting, and a ‘shock-like’ clinical picture should 
arouse suspicion of bacterial septicaemia. If such 
symptoms occur during HPC administration, the 
infusion should be stopped immediately and all infu-
sion bags and equipment examined.

Known bacterial contamination of an HPC 
unit is not an absolute contraindication for HPC infu-
sion. Patients receiving culture-positive preparations 
require antibiotic therapy, which can be antibiogram- 
specific or cover a broad spectrum of bacteria, 
starting optimally 2 days before transplantation.

There must be criteria for administration of 
preparations with positive microbial culture results. 
A contingency plan is expected to be in place in case 
of urgent medical need.

24.10.2.1.12. Transmission of infectious and genetic 
diseases

HPC preparations should be tested for trans-
fusion of transmissible diseases according to na-
tional requirements. However, the potential risk of 
transmission of infectious agents by infected donors 
or cross-contamination during storage cannot be 
removed completely. A viral infection < 6 months 
after transplantation must be suspected to be due to 
transmission of hepatitis B or C virus (HBV, HCV) 
or human immunodeficiency virus (HIV). For other 
viral infections the period will differ, depending on 
the incubation period.

Screening of HPC volunteer donors for genetic 
disease is mainly based on their medical history and 
on the results of laboratory tests. The risk of trans-
mission of a genetic disease is higher with cord blood 
than with the other sources of HPC (bone marrow 
and PBSC), since some diseases might not be evident 
at birth or even some months later.

According to the Notify Library, very few cases 
of genetic diseases transmission have been described 
after bone-marrow transplants (cyclic neutropaenia, 

Gaucher’s disease). Autoimmune diseases transmis-
sion has also been reported (thyroiditis, type 1 dia-
betes, myasthenia gravis, vitiligo, etc.) [18]. All cases 
of suspected post-transplantation infection or genetic 
disease transmission related to HPC infusion must be 
reported immediately to the procurement site and/or 
donor registry, who have to follow the requirements 
of the national vigilance system.

24.10.2.1.13. Engraftment failure
After HPC transplantation, recovery must 

occur in populations of myeloid, erythroid and 
immune cells. The earliest sign of haematopoietic re-
covery is an increase in numbers of granulocytes and 
platelets in peripheral blood within days and weeks 
after graft infusion. Engraftment of erythroid lines 
and immune reconstruction occurs within weeks or 
months. Engraftment is dependent on the dose and 
source of progenitor cells, method of cell preparation, 
function of bone-marrow stroma, intensity of the 
preparative regimen, donor–recipient relationship 
and ABO compatibility.

Measurement of granulocyte and platelet en-
graftments provides essential information about the 
success of clinical protocols as well as the quality of 
procurement and processing of HPC.

Primary graft failure for HPC transplantation 
from bone marrow or peripheral blood is defined as 
a lack of neutrophil engraftment 28 days after trans-
plantation and up to 42 days in the case of cord blood 
transplantations. Leukocyte recovery is designated 
as the first of three consecutive days in which the 
absolute neutrophil count is > 500 × 106/L. Platelet 
engraftment is designated as the first day on which 
the platelet count is > 20 × 109/L in an untransfused 
patient. The sign of erythroid recovery is > 30 × 109/L 
reticulocytes or > 1 % reticulocytes in peripheral 
blood in an untransfused patient. T-cell engraftment 
is proof of mixed donor–host chimerism (5-95 % 
donor T-cells). Reasons for failure can be graft com-
position, graft source, HLA mismatch, ABO incom-
patibility or other reasons that can be attributed to 
the patient.

The transplant unit should report graft failure 
to the TE to enable thorough investigation of the 
quality and handling of grafts.

24.10.2.1.14. Graft-versus-host disease
GvHD is a serious and potentially lethal com-

plication of allogeneic HPC transplantation. GvHD 
occurs if infused T-lymphocytes engraft in the recip-
ient and react against the recipient’s tissues. Any al-
logeneic HPC preparations can cause GvHD. Classic 
acute GvHD occurs < 100 days after transplanta-
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tion, whereas chronic GvHD occurs > 100 days after 
transplantation, and the overlap GvH syndrome may 
occur without limit of time. Risk factors for the de-
velopment of GvHD are: donor–recipient relation-
ship (HLA disparity, gender matching, donor parity, 
donor age, ABO group mismatching), stem cell 
graft factors (source and graft composition, cell pro-
cessing) and transplantation factors (condition and 
post-transplant immunosuppression regimens).

Clinical manifestations of GvHD typically 
involve the skin, liver and gastrointestinal tract in the 
acute setting, but can affect (among others) the eyes, 
oral mucosa, vagina, lungs, joints and neurological 
system.

To predict the outcome of acute GvHD, scoring 
based on organ involvement is important. Chronic 
GvHD is more likely in recipients of peripheral HPC 
than in recipients of bone-marrow HPC. It can be 
localised, affect only skin areas, and manifest as pro-
gressive systemic sclerosis, Sjögren’s syndrome or 
primary biliary cirrhosis.

Treatment of GvHD includes high-dose cor-
ticosteroids, T-cell-suppression drugs, monoclonal 
antibodies targeting T-cells, extracorporeal pho-
topheresis or mesenchymal stem cells (MSC).

24.10.3. Serious adverse reactions and events 
related to the graft 

SAREs related to the graft – also referred to 
here as S(P)EAR (serious product events and adverse 
reactions) as defined by the WMDA – can be: in-
appropriate transportation, receipt of a wrong unit, 
receipt of a damaged unit package, incorrect/non- 
labelled unit, non-receipt of a transplant, inappro-
priate storage in hospital or infusion of a unit into 
the wrong recipient. The transplantation centre must 
report these incidences immediately to the TE, to the 
registries if appropriate and, according to national 
legislation, to Health Authorities responsible for 
tissues and cells.

24.10.4. Serious adverse reactions in 
haematopoietic progenitor cell donors

Deaths in unrelated HPC donors are very 
rare, and few cases have been reported to WMDA. A 
small number of deaths have been reported also in 
related donors, from causes such as subarachnoid 
haemorrhage, sickle cell crisis, myocardial infarction 
and pulmonary embolism. In some of these donors, 
pre-existing medical conditions were identified post 
mortem, highlighting the need for stringent medical 

suitability criteria and assessment of all HPC donors 
[14, 15, 34].

Bearing in mind that HPC donations are volun-
tary and altruistic acts of assumedly perfectly healthy 
individuals, it is the ethical and professional obliga-
tion of medical professionals and also good practice 
to notify, document, investigate and report SARs in 
the living donor, and not only those influencing the 
quality and safety of tissues and cells. SARs are un-
common in healthy donors and rare types of SAR or 
emerging trends are likely not to be noticed at the 
national level. SARs in stem cell registry donors are 
followed at the international level by the WMDA 
through an online web application to report in a 
standardised way any incident occurring to a donor 
or donated product [37]. Unfortunately, no con-
sistent follow-up exists at present for related donors. 
The European Bone Marrow Transplantation Group 
(EBMT) has established a donor follow-up, which is 
included in the EBMT database [34].

24.10.4.1. Complications in haematopoietic progenitor 
cell (bone marrow) donors

Donation of bone marrow is, in general, a safe 
and well-tolerated procedure, but some mild symp-
toms related to induction of general anaesthesia are 
common. In most cases, donors recover fully within 
2 weeks.

Reactions in bone-marrow donors include con-
stitutional symptoms such as nausea, vomiting, ano-
rexia, insomnia and fatigue (most common).

Complications related to puncture of bone 
marrow, such as pain upon procurement, walking, 
sitting and climbing stairs, as well as minor infection, 
are rare. Bone and soft-tissue trauma at the harvest 
site may cause pain, bleeding, oedema or nerve com-
pression. Damage to a lumbosacral nerve root or pen-
etration into the pelvic cavity or internal iliac vessels 
may cause severe morbidity. Anaesthesia carries an 
unavoidable (albeit very small) risk of life-threatening 
cardiac or respiratory events, as well as the possibility 
of allergic or idiosyncratic reactions to anaesthetic 
agents. Removal of large volumes of blood may cause 
symptoms of hypovolaemia or anaemia [19, 21, 24].

Cytopaenias (anaemia, thrombocytopaenia) 
and more serious reactions such as deep-vein throm-
bosis (DVT), thromboembolism, cerebrovascular ac-
cident and subdural bleeding have been documented. 
Post-donation septicaemia and anaesthesia-related 
complications have also been described, as well as 
respiratory complications such as pulmonary alveo-
litis and oedema.
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24.10.4.2. Complications in haematopoietic 
progenitor cell (apheresis) donors

Complications are related to apheresis and 
administration of granulocyte-colony stimulating 
factor (rhG-CSF) or other mobilising agents used. 
Symptoms related to citrate infusion are the most 
common.

Additional complications related to apher-
esis include haematoma, arterial punctures, delayed 
bleeding, pain from injury to nerves or tendons, 
thrombophlebitis, local allergy, generalised allergic 
reactions, vasovagal reactions, haemolysis and air 
embolism. All severe conditions requiring hospital-
isation or intervention, or resulting in death < 24 h 
after procurement, should be reported immediately.

Use of rhG-CSF in mobilisation is, in general, 
safe. Common short-term reactions related to 
rhG-CSF are bone pain, headache, myalgia, nausea, 
vomiting, diarrhoea, fatigue, fever and irritation 
at injection site. Most of these effects are reversible 
after discontinuation of rhG-CSF administration. 
Other rare reactions are splenic rupture, anaphy-
laxis, thrombosis, gout, iritis, keratitis, autoimmune 
hyperthyroidism, acute lung injury, capillary leak 
syndrome, exacerbation of rheumatoid arthritis, in-
somnia and reduced numbers of thrombocytes.

Short-term reactions due to the use of HPC 
binding inhibitors such as plerixafor are reported to 
occur in approximately 30 % of cases and consist of 
a local reaction at the injection site (erythema) and 
gastrointestinal side effects (diarrhoea, abdominal 
distention).

Reports from long-term follow-up studies in 
unrelated and related apheresis HPC donors mobi-
lised with rhG-CSF demonstrate a similar incidence 
of leukaemia and other malignancies to those seen 
in the general population. All malignant diseases in 
all donors treated with rhG-CSF should be reported, 
regardless of the time of occurrence.

24.10.5. Biovigilance of mononuclear cells

The same requirements as for HPC(A) and 
HPC(M) apply also to MNC(A) (see above). The pro-
cessing of MNC involves several steps where unex-
pected events may occur that have to be documented 
and reported (see §24.9 and Chapter 17), for instance, 
lower viability of frozen and thawed MNC than ex-
pected or human errors in calculating the dose of 
T-cells in DLI. In cases of low viability, DLI may still 
be used but this has to be documented and a risk 
analysis carried out. Possible adverse events associ-
ated with DLI are the development of acute and/or 
chronic GvHD and low blood counts. These compli-

cations may appear after 1 or more weeks after the 
administration of the CD3+ cells.

As noted in section 24.9, similar complications, 
such as DMSO toxicity, transmission of infectious 
diseases or GvHD, may occur. In rare circumstances, 
serious product adverse events/reactions or compli-
cations in the donor are possible. Follow-up of the 
donor as stated in section 24.9 and Chapter 17 is 
recommended.
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Chapter 25. Umbilical cord blood progenitors

25.1. Introduction

Umbilical cord blood (UCB) is a source of hae-
matopoietic progenitor cells (HPC) that can re-

constitute the haematopoietic and immune systems. 
These cells bear unique properties, including a high 
progenitor cell proliferation ability and immune 
naïvety. Usually UCB is discarded after delivery, but 
the blood remaining in the placenta after clamping 
can be collected, processed and stored safely.

Since the first transplant procedure performed 
in Paris by Professor Gluckman and her team in 1988 
in a child with Fanconi anaemia, more than 55 000 
patients have received transplants. According to the 
World Marrow Donor Association (WMDA), more 
than 800 000 units are registered at the WMDA 
Search & Match Service[1-2]. The database is search-
able for any patient in need.

The use of UCB cells offers several advantages, 
including no risk for the donor, prompt availability 
as an off-the-shelf medicinal product and clin-

ical benefits like low incidence of graft-versus-host 
disease, even in partially matched transplants, which 
increases the patient’s chance of finding a suitable 
donor. UCB banks have therefore facilitated uni-
versal access to the therapy, in particular to ethnic 
minorities. However, there are also some disadvan-
tages: the number of stem cells in UCB is relatively 
low and often associated with slow engraftment, and 
it is not possible to use a donor lymphocyte infu-
sion after transplantation. There are interesting ap-
proaches to improve outcomes, including the use of 
very high cellular units, double cord and intrabone 
transplantation, and promising protocols for progen-
itor cell ex vivo expansion. The most applied protocol 
in older patients uses reduced intensity conditioning 
and a double UCB graft approach. Recently, immune 
active properties like an enhanced graft-versus- 
leukaemia effect have been proposed, and reconsti-
tution of the immune system is the current research 
area to achieve an improvement of UCB transplant 
methods [3].

Table 25.1. Advantages and limitations of the use of umbilical cord blood transplantation versus bone marrow 
transplantation and peripheral blood transplantation

Advantages Limitations
Expanded access to transplant
• Higher availability of donor
• Faster search and shorter time to transplant
• Greater human leukocyte antigen (HLA) disparity allowed 

with low incidence of acute graft-versus-host disease
Lower risk of transmission of viral infections
More versatile transplant planning
No risk of donor refusal

Slower engraftment
Higher risk of non-immunological rejection (graft failure)
Remote possibility of transmission of a genetic disease
Greater delay in immune reconstitution
No possibility of donor lymphocyte infusion

Source: The EBMT Handbook: Hematopoietic Stem Cell Transplantation and Cellular Therapies [4].
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Thus, UCB transplantation is an alternative 
option in the absence of a fully matched related or 
unrelated donor available at an appropriate time. Ad-
vantages and limitations of its use over adult stem cell 
sources are summarised in Table 25.1.

The regulatory framework of UCB collection 
and processing to make it available to patients in 
need has evolved considerably over the past two and 
a half decades. Accreditation and regulation have 
instilled confidence in clinicians, allowing them to 
select a UCB unit from across a wide range of banks 
in many countries.

A UCB bank is a multidisciplinary structure 
that is responsible for the recruitment and subse-
quent management of maternal donors as well as 
the collection, processing, testing, cryopreservation, 
storage, listing, reservation, release and distribution 
of units for administration. In addition to the legal 
requirements of Directive 2004/23/EC of the Euro-
pean Parliament and of the Council of 31 March 2004, 
some scientific societies have developed high quality 
standards. Professional societies like the FACT and 
AABB have developed international standards [5-6] 
that have a worldwide perspective to improve the 
quality of the products available for transplantation. 
The accreditation status of the UCB bank is one of 
the selection criteria for many transplant centres 
during the search for an UCB unit. Table 25.2 shows 

the components of a UCB bank, facilities needed and 
their characteristics.

The following generic chapters (Part A) of this 
Guide all apply to UCB banking and must be read in 
conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance

Table 25.2. Structural components of an umbilical cord blood bank

Facility Characteristics
Procurement Collection must take place in a maternity unit and be performed by trained health professionals using 

a validated technique without any interference in labour care. Besides the general requirements 
described in Chapter 7, a collection site must ensure secure storage of the UCB unit, associated sam-
ples, maternal samples and related documentation until they are transported to the UCB processing 
facility. Transportation method must be validated and time minimised.

Processing All general requirements described in Chapter 9 apply. Processing must be secure and have adequate 
space to perform all activities in a safe and sanitary manner. Relevant environmental conditions that 
could affect the safety and potency of the UCB unit need to be defined and monitored.

Cryostorage UCB units must be stored in either liquid or vapour-phase liquid nitrogen below − 140 °C. All refriger-
ators, freezers and cryostorage tanks used for storage of UCB units, associated reference samples and 
maternal samples must have a system to continuously monitor and regularly record the temperature. 
There must be an alarm system in place 24 h a day. Additional storage devices of appropriate tempera-
ture must be available in the event that a primary storage device fails.

Testing Agreements must be in place with laboratories performing cell counts, flow cytometry and potency 
assay. Other laboratories needed are:
• accredited human leukocyte antigen (HLA) laboratory,
• immuno-haematology lab,
• a certified laboratory for infectious disease marker (IDM) testing,
• laboratories for haemoglobin screening.
Testing should be undertaken in accordance with national and international regulations (see also 
Chapter 6).

Administrative area UCB banks need to communicate with maternal donors, registries and transplant centres. A quality- 
assurance system must ensure that UCB units become available for international registry search only 
after processing, with medical and quality review, has been completed. Documentation related to 
requests for UCB units or for samples, results of testing and records of transportation and shipping 
between facilities must be retained in accordance with applicable national laws and regulations.
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r� Chapter 18. Introduction of novel processes 
and clinical applications

This chapter defines the additional specific re-
quirements for UCB banking and transplantation.

25.2. Recruitment of potential 
donors, identification and 
consent

25.2.1. Donor recruitment

The therapeutic properties of UCB-derived 
cells and potentially of their components require the 
establishment of a donation programme that enables 
the safe collection of residual blood contained in the 
placenta and umbilical cord after giving appropriate 
information to the maternal donors.

Public initiatives promote donation of UCB 
units, usually to a not-for-profit organisation, with 
the aim of providing UCB units for transplantation 
or other approved clinical applications to any patient 
in need. Many public UCB banks offer also a service 
for family UCB banking in case of illness in one of the 
siblings or other members of the donor’s family [7]. 
Public UCB banks are generally committed to net-
working in order to increase access to UCBs through 
worldwide donor registries, associated in WMDA. 

The Council of Europe has been studying the 
issue of UCB donation for several years and has always 
been concerned about the proliferation of UCB banks 
dedicated to the procurement and storage of UCB 
for autologous or family use. This concern resulted 
in adoption of Recommendation Rec (2004) 8 of the 
Committee of Ministers to member states on autolo-
gous UCB banks, and its explanatory memorandum 
[8], which recommends that member states allow es-
tablishment of UCB banks only for altruistic and vol-
untary donations of UCB. In the case of autologous 
(or family-use) UCB banks, those organisations must 
clearly inform parents about the differences between 
the various medical objectives of autologous and allo-
geneic donations and about the uncertainties relating 
to the medical applications of autologous UCB pres-
ervation. In any case, autologous UCB banks must 
meet the same quality and safety standards as for al-
logeneic UCB donation and banking.

The Council of Europe has published the 
booklet Umbilical cord blood banking: a guide for 
parents to provide clear, accurate and balanced infor-
mation about the use of UCB in medical treatment 
and to guide parents through their blood-storage 
options [9]. If a family member with a potential 

transplantable condition exists, related UCB units 
can be collected prospectively and stored for later use.

Donor recruitment (see also Chapter 4) usually 
starts during pregnancy, with information given by 
the woman’s healthcare provider, but it may also 
occur as late as at admission into the maternity unit, 
as soon as parents are informed about this possibility 
and the mother is in good condition for signing an 
informed consent.

Information leaflets or brochures to inform 
mothers about UCB banking are an important part 
of the recruitment plan. This, supported by the right 
information, may clearly bring parents to decide 
the final application of their donation. Information 
should include at a minimum:

a� donor exclusion criteria;
b� the potential benefits and risks of UCB dona-

tion;
c� testing to be performed;
d� potential use (transplantation or other proven 

clinical use);
e� UCB unit exclusion criteria;
f� data protection.

Any claims made in recruitment material 
should be supported by scientific evidence.

It is during pregnancy that expectant mothers 
are encouraged to gather information and ask ques-
tions about the UCB collection procedure. Motivated 
personnel at collection sites are an important way 
to approach potential maternal donors. Training of 
physicians and health professionals on this step is 
essential to make sure that information provided to 
parents is accurate and that all their questions can be 
answered.

25.2.2. Informed consent

Informed consent has to be signed by women 
who agree to donate the UCB of their offspring to 
a UCB bank. General considerations are shown in 
Chapter 4. The consent that mothers must sign must 
cover in writing all aspects related to the donation. 
Normally, there are questions about performing 
infectious disease marker (IDM) tests, contacting 
the maternal donor in case an IDM test is positive, 
using units for research, checking medical notes, etc. 
Asking for informed consent and providing infor-
mation about it is not recommended during active 
labour in order to avoid distraction linked to phys-
ical and emotional stress. Consent can be obtained 
in a single step prior to collection, when the donation 
process is initiated early in the pregnancy, or in two 
steps: a pre-consent followed by a full consent before 
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the UCB unit is placed into a clinical inventory. As 
an example, Appendix 37 shows a model of informed 
consent from a European CB bank initiative.

25.2.3. Donor evaluation

After maternal donor recruitment, trained 
personnel must determine the donor’s eligibility. It 
is important to ensure that the donation is safe for 
future recipients. Maternal and infant donor eligi-
bility must be determined on the basis of the results 
of screening and testing in accordance with national 
regulations. To assess donor eligibility, a donor 
medical history interview, which includes assessment 
for high-risk behaviours, must be conducted to iden-
tify risk factors for transmissible and genetic diseases 
(see Chapter 5 for further details). The mother will be 
asked to provide personal and family medical details. 
There must be written criteria for maternal and infant 
donor evaluation and management.

In general, transmissible disease, either infec-
tious or genetic, and certain risk behaviours exclude 
the possibility of donation, and those factors should 
be taken into account when evaluating a potential 
donor. In addition to these considerations, there are 
absolute contraindications that should be taken into 
account when evaluating a potential donor [10]; they 
can be summarised in the following non-exhaustive 
list:

a� autoimmune diseases if the mother received 
treatment in the last 12 months;

b� malignancy (except basal cell carcinoma and 
in situ cancer treated and cured);

c� inflammatory bowel disease (e.g. Crohn’s 
disease and ulcerative colitis);

d� if the mother has received donated eggs or 
embryos since 1980;

e� evidence of active or chronic infection;
f� live immunisation (vaccination) during this 

pregnancy;
g� myasthenia gravis;
h� myelodysplastic or myeloproliferative syn-

drome;
i� unexplained night sweats;
j� animal bite;

k� organ recipient.

Appendix 38 shows an example of a maternal 
health questionnaire to evaluate donor eligibility as 
used in a European CB bank and Appendix 39 shows 
an example of a Covid-19 infection risk assessment.

The medical history evaluation must be ob-
tained while the mother is able to concentrate on the 

answers to the questionnaire and is not distracted by 
aspects of labour. The language used must be under-
stood by her. It is not recommended that either family 
or friends serve as interpreters or translators. Confi-
dentiality must be preserved. The results of this eval-
uation must be documented in the clinical history 
and reviewed by trained personnel.

If responses generate medical concerns, the 
collection should be rejected or cancelled. The moth-
er’s travel history to endemic areas must be obtained 
and documented, and eligibility determined ac-
cording to national regulations. Screening for human 
transmissible spongiform encephalopathy, including 
Creutzfeldt–Jakob disease, must be documented. If 
history of communicable disease risk was obtained 
in advance of the maternal donor’s presentation for 
delivery, the history must be updated to include in-
formation up to the time of delivery. In the case of 
a woman who gives birth to an infant donor not ge-
netically hers, her communicable disease risk history 
must be obtained. The questionnaire must include 
questions to obtain at a minimum genetic history, 
malignant disease and inherited disorders that may 
be transmissible to the recipient.

In addition, IDM tests on maternal blood 
samples must be performed within seven days before 
or after collection of the UCB unit. These samples 
will be tested for evidence of infection of HIV1, HIV2, 
hepatitis B, hepatitis C, syphilis and any additional 
markers according to local regulations. Assays used 
for testing must be validated for use in volunteer 
blood or tissue donations. According to the EU regu-
lation, if initial IDM tests do not include nucleic acid 
tests for HIV, HBV and HCV, then a second IDM 
test 180 days after donation must be performed. (See 
Chapter 6 for further details.)

25.3. Procurement

Minimising risks of contamination during pro-
curement (see Chapter 7) and processing 

(see Chapter 9) is crucial to ensure umbilical cord 
blood safety. Risks are often multi-factorial, and to 
help quantify and map them, a dedicated chapter 
(Chapter 3) has been developed as well as EDQM’s 
tailored Microbiological Risk of Contamination As-
sessment tool (MiRCA). By using this tool, TEs can 
better understand the overall risk of their protocols, 
and how risk factors are distributed along the tissue/
cell supply chain, from procurement to distribu-
tion, and implement the most efficient mitigation/
risk- reducing measures, as needed.
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25.3.1. Procurement procedures

Procurement typically involves the following 
steps:

a� The umbilical cord is clamped as distal from 
the placenta as possible. No interference with 
labour and delivery must occur in order to 
protect mother and newborn safety. Nowadays, 
many obstetrical medical associations recom-
mend delayed clamping. Evidence suggests that 
an acceptable time of 1 minute is compatible 
with public UCB banking [11];

b� A section of the cord is cleaned with a suitable 
disinfectant;

c� A needle that is attached to the collection bag is 
inserted into the umbilical cord vein;

d� The collection bag is filled by gravity until the 
cord looks ‘white’ and all the blood from the 
placenta and umbilical cord is drained into the 
bag;

e� The collection bag must be appropriately la-
belled.

There are two main techniques to collect blood 
from the cord vein: before the placenta is delivered 
(in utero) or after the placenta is delivered (ex utero). 
Both procurement techniques give similar results 
and their use will depend on the ability of the mater-
nity unit to collect the UCB.

In any case, the individuals performing the 
collection must be adequately trained. In both cases 
the collection bag must contain an adequate volume 
of anticoagulant (i.e. CPD) to prevent clotting.

After procurement, the healthcare provider 
in charge completes a report describing the labour 
phase, listing the events to be evaluated for accept-
ance of the unit, such as presence of fever, complica-
tions, type of delivery, etc. Before temporary storage, 
there is an opportunity to check the units and decide 
whether to transport them to the lab for processing 
and storage. If for example the TNC count is too low, 
it could be a criterion for not shipping a UCB from a 
collection site to the banking site [12]. This decision 
must be documented.

Within the biovigilance process, severe adverse 
events and reactions need to be notified to the Health 
Authority in accordance with established laws and 
regulations (see also Chapter 17).

25.3.2. Temporary storage and transportation to 
the tissue establishment

Progressive loss of HPC viability occurs during 
non-frozen storage. Nevertheless, UCB should be 
temporarily stored in non-frozen conditions after 

collection, during transportation to the processing 
facility. Cell viability decreases, and the risk of bac-
terial growth increases during storage at room tem-
perature as well as in refrigerators. The distance 
from the collection and the processing facilities may 
be considerable, and therefore the maximum time 
between collection and the start of processing should 
be established. It is recommended that cryopreser-
vation of unrelated UCB units should be initiated as 
soon as possible within 48 h and cryopreservation of 
related units within 72 h [5]. The UCB bank should 
validate the storage and transport conditions of the 
UCB units.

The UCB procurement bag will be identified 
with the following labels and paperwork:

a� unique UCB and maternal codes;
b� product name;
c� procurement site name or identifier;
d� date/time of collection;
e� name and volume/concentration of anticoagu-

lants;
f� recommended storage temperature;
g� biohazard sign and/or other warning labels, 

following national regulations;
h� statement ‘Related donor’ where applicable;
i� donor name for related UCB units;
j� recipient family or individual name if known.

Transportation should be done using the same 
criteria as for other progenitor cell products, espe-
cially in the requirements for containers, tempera-
ture monitoring and labelling (see Chapter 7). Storage 
containers with tamper-evident seals must be used 
(see Chapter 12). Shipping method must be validated 
and must meet transport regulations for this type of 
product. Upon receipt, the integrity of the UCB units 
and their containers will be checked, and any devia-
tion will be recorded within the processing records.

25.4. Processing of umbilical cord 
blood progenitor cells

A UCB bank must have appropriate facilities and 
personnel for the reception, processing, testing 

and storage of UCB and maternal blood. All processes 
should be performed in compliance with national 
and EU regulations (in EU countries). In selecting an 
appropriate air-quality specification for processing 
UCB, and according with their special characteristics, 
the criteria and tools identified in Chapter 3 (such as 
the MiRCA tool), Chapter 7 and Chapter 9 should be 
considered.

Where aspects of processing, testing or storage 
are performed by an external party, there must be a 
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written agreement in place between the UCB bank 
and the external party providing the service. Factors 
influencing the air-quality specification for pro-
cessing HPC from umbilical cord also apply (see 
Table 25.5 and Chapter 8).

A UCB bank structure needs to co-ordinate 
different lab facilities, including a processing labora-
tory, a cryogenic storage area and associated testing 
laboratories for quality control of individual batches.

Setting up a high-level processing lab is very 
important since there is a clear correlation between 
good practice, quality certification and the outcome 
of UCB transplantation [13].

25.4.1. Reception at processing facility

On receipt of a UCB unit, a series of checks 
needs to be performed on the unit, on the associated 
samples and on the accompanying documentation, 
to verify and determine whether specific acceptance 
criteria are met. These include parameters such as 
volume, total nucleated cell (TNC) content, correct 
documentation and labelling, signed maternal donor 
consent, appropriate transport temperature, absence 
of large/multiple clots, transport conditions and ac-
ceptable time in transit from procurement centre to 
processing laboratory. Once a UCB unit meets the 
initial acceptance criteria it will continue on to be 
processed.

25.4.2. Volume/red blood cell reduction

Despite some loss of cells, volume reduction 
including red blood cell (RBC) and plasma depletion 
has practical and clinical benefits: it allows efficient 
storage of UCB in terms of space and cost, and, most 
importantly, it eliminates the following when infused 
after thawing:

• potentially ABO-incompatible plasma,
• free haemoglobin,
• RBC stroma.

The eliminated RBC and plasma components 
can be used for immediate or future testing, if val-
idated test systems for this application are avail-
able, thereby minimising the loss of the actual UCB 
product for testing purposes [14].

The final product volume and cellular char-
acteristics are dependent on the starting product as 
well as the processing/separation technique. Over 
the past decade three major methods have been used 
in large-scale banking which produce reproducible 
results that could be standardised. These include the 
manual method using hydroxyethyl starch for RBC 

sedimentation or other proprietary reagents, the 
semi-automated bottom-and-top method, and newer 
fully automated and programmable closed systems.

Whichever platform is employed, it is essential 
that the equipment and reagents used do not adversely 
affect the viability of the cells, that the process does 
not allow the introduction of adventitious agents or 
the transmission of communicable disease, and that 
the method be validated to allow optimal recovery of 
the fraction of interest.

25.4.3. Cryopreservation, thawing and infusion

25.4.3.1. Cryopreservation
The selection of a suitable protocol for cryo-

preservation of UCB is critical to optimise the re-
covery of functionally viable HPC [15]. Potential 
causes of cell damage include type and concentration 
of cryoprotectant, cell concentration, and cooling 
and warming rates, as well as level of control of 
storage conditions (see also Chapter 10).

Standard operational procedures (SOPs) 
related to cryopreservation should specify that the 
following information is recorded for each unit:

a� TNC concentration within a defined range;
b� the type of cryoprotectant, its final concentra-

tion and the duration of the cell exposure prior 
to freezing;

c� method of freezing and end-point temperature 
of cooling;

d� cooling rate within a defined range;
e� freezing curve parameter within a defined 

range;
f� storage temperature.

UCB units must be stored in freezing bags 
designed and approved for the cryopreservation of 
human cells and placed into metal cassettes to provide 
protection during freezing, storage, transportation 
and shipping. It is important that, after filling, each 
freezing bag is visually examined for possible leaks 
and breakage of seals. In this regard storage temper-
ature must be maintained at −140 °C or colder. Both 
vapour or liquid phases can be used, but the use of 
an overwrap bag for prevention of cross-contamina-
tion is required if the units are immersed in liquid ni-
trogen. As reference samples each freezing bag must 
have integrally attached, at minimum, two segments 
of adequate volume to assess identity and potency of 
the UCB cells prior to release.

UCB units should be cryopreserved using a 
controlled-rate freezer with a validated freezing pro-
gramme. The majority of UCB banks use cooling 
rates of 1-5 °C/min in order to allow the cells to slowly 
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dehydrate as the ice phase progresses and the extra-
cellular solute concentration increases. Cryoprotect-
ants used for UCB are those generally established for 
other HPC sources. In general, a concentration of 
10 % DMSO is considered optimal for UCB. When 
used in conjunction with DMSO, other cryoprotect-
ants, like Dextran-40, enhance the cryoprotective 
effect by allowing stabilisation of the cell membrane. 
While alternatives have been proposed, it is generally 
considered that a combination of 10 % DMSO and 1 % 
Dextran-40 results in the best recovery rates for TNC, 
CD34+ and colony-forming units (CFU). Prolonged 
exposure of cells to DMSO can result in damage to 
cells. It is therefore essential that the duration from 
addition of cryoprotectant to initiation of freezing is 
minimised and the maximum time allowed should 
be validated by the bank.

In addition to the two contiguous segments, 
for each banked unit it is necessary to store several 
samples. Netcord-FACT International Cord Blood 
Standards require, from each UCB unit, at least 2 × 106 
TNC divided in two vials, suitable material for prepa-
ration of genomic DNA, and plasma; and, from the 
maternal donor, serum and/or plasma and suitable 
material for preparation of genomic DNA. All the 
samples must be stored at − 70 °C or colder. Repre-
sentative samples intended for viability or potency 
analysis must be stored under the same conditions as 
the UCB unit.

25.4.3.2. Thawing and infusion
It is important to ensure that the transplant 

centre receives information on how to handle and use 
the UCB unit. Handling includes thawing, dilution 
and washing of the UCB unit. Providing information 
about indications, contraindications and cautions 
is the responsibility of the UCB bank. A jointly pre-
pared document, Circular of information for the use 
of cellular therapy products, is available online [4, 16]. 
Along with this circular, UCB banks should be able to 
provide instructions for a validated thawing method 
of their UCB unit. Units that have not been red cell 
reduced prior to cryopreservation should be washed, 
as recommended by FACT-JACIE, while a buffy coat 
enriched UCB unit can be simply diluted [17] (see also 
§24.4.4.3).

25.5. Quality control
25.5.1. Biological information needed 

to confirm donor suitability and 
recruitment

All clinical and biological information per-
taining to donor identification, screening and re-

cruitment must be kept, along with all information 
pertaining to processing and distribution. This 
information must remain as a permanent part of 
the preparation and release file; see Chapter 2 and 
Chapter 16 for more details.

Details on the nature of such information and 
the procedure to obtain it are provided in Chapter 4 
and Chapter 5 of this Guide.

25.5.2. Safety controls

In order to provide a safe UCB product for 
release, it is essential that UCB units are screened and 
tested for communicable diseases (see also Chapter 6). 
Maternal blood obtained within 7 days before or after 
the collection of the unit is used as a surrogate test 
for IDMs, and is strongly reflective of the infectious 
status of the UCB units due to the shared circulation 
during gestation. Testing the UCB unit for IDM pro-
vides an additional degree of safety. 

At a minimum, prior to release for adminis-
tration, the maternal donor of each UCB unit must 
be tested for evidence of infection by at least the fol-
lowing communicable disease agents:

a� human immunodeficiency virus, type 1;
b� human immunodeficiency virus, type 2;
c� hepatitis B virus;
d� hepatitis C virus;
e� Treponema pallidum (syphilis);
f� any additional agents required by national reg-

ulations or locally endemic disease.

A medical and genetic history of the infant 
donor’s family must also be obtained to prevent the 
transmission of malignant diseases and inherited 
disorders.

UCB units for unrelated use must be shown to 
be free of microbial contamination. Microbial testing 
must be performed using a system validated for the 
growth of aerobic and anaerobic bacteria and fungi 
(see §11.3). For related UCB units, the results of posi-
tive microbial tests must include identity and antibio-
gram(s) of the organism(s), and these results must be 
reported to the prospective clinical programme.

Prior to release for administration, each UCB 
unit must have undergone haemoglobinopathy 
screening, regardless of the family’s ethnic back-
ground or history.

Mechanisms for donor counselling should be 
in place if there is a positive test result for any IDM 
(other than Cytomegalovirus), an abnormal haemo-
globinopathy screening or any other abnormal test 
finding. Every effort should be made to notify the 
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mother, and/or her physician. The UCB bank must 
have policies for handling specific cases.

25.5.3. Quality specifications

In order to characterise a UCB unit, identity, 
purity and potency assays must be performed and 
evaluated. Table 25.3 shows a list of reference values 
suggested by the 7th edition of the Netcord–FACT 
standards to determine the quality of a UCB unit 
stored for clinical administration.

Meeting UCB quality specifications and having 
very good banking practice will ensure a successful 
UCB transplantation [18].

25.5.4. Release criteria

The UCB bank must receive a formal request 
from the transplant centre before the work-up starts. 
Return of unrelated UCB units is generally not 
permitted.

The three tests to be performed by the bank 
before a UCB unit can leave storage premises are: ver-
ification of donor identity; potency assessment; and 
safety evaluation. These tests are summed up below.

25.5.4.1. Verification of donor identity
UCB unit identity can be verified by per-

forming HLA-typing using a contiguous segment 
physically attached to the freezing bag containing 
cryopreserved UCB cells. The UCB bank must have 

a policy in place for the cases where there are no re-
maining attached segments. Verifying the maternal 
HLA haplotype would add additional safety require-
ments to validate HLA typing and to ensure maternal 
testing and assessment corresponds to the product 
selected [19].

25.5.4.2. Potency assessment
It is a requirement to assess the functional ca-

pacity of the UCB unit prior to release to the trans-
plant centre. CFU assay is the surrogate potency 
usually used and its ability to predict engraftment 
should be validated. CFUs are grown from func-
tionally viable cells and the results of this assay in-
crease confidence in UCB unit quality and ability to 
engraft. It is recommended to perform CFU assay 
from a frozen contiguous segment prior to release 
for administration since 8-12 days are needed for the 
read-out of cellular growth.

25.5.4.3. Safety evaluation
IDM testing of the maternal samples is under-

stood to be a surrogate test, and strongly reflective of 
the infectious status of the UCB unit. Prior to release 
for administration the results of maternal donor 
screening must be available. Because of differing na-
tional regulations, testing for additional infectious 
agents by IDM test may be required by the transplant 
centres.

Table 25.3. Specification requirements for unrelated UCB units

Test Unrelated Specification Related Specification
Prior to 
cryopreservation

Thawed 
representative 
sample

Prior to 
cryopreservation

Thawed 
representative 
sample

Total nucleated cell 
count

≥ 5.0 × 108   Enumerated  

Total nucleated cell 
recovery

Should be ≥ 60 %   Should be ≥ 60 %  

Viability of TNC ≥ 85 %   ≥ 70 %  

Viable CD34 count ≥ 1.25 × 106      

Viability of CD34 cells   ≥ 70 %    

CFU (or other potency 
assays)

  Growth (or positive 
result for potency)

  Growth (or positive 
result for potency)

Microbial screen Negative for aerobes, 
anaerobes, fungus

  Negative for aerobic 
and anaerobic bacteria 
and fungi – OR – 
identify and provide 
results of antibiotic 
sensitivities

 

Donor screening and 
testing

Acceptable as defined 
by applicable law

  Acceptable as defined 
by applicable law

 

Identity   Verified   Verified

Source: Modified from 7th edition of Netcord-FACT standards [5].
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25.6. Labelling and packaging

Packaging is designed at all steps with two ob-
jectives: to protect the cell preparation and to 

protect personnel and the environment. The primary 
packaging must be sterile and made of a biologically 
compatible material. Cryopreservation requires the 
use of liquid-nitrogen-resistant bags and labels.

From procurement to distribution, labelling 
must unambiguously identify the UCB unit. Each 
label must include at least the unique identifier, the 
proper name of product, the intended recipient (if 
known), the type of manipulation, the anticoagu-
lants and additives used and the conditions under 
which the cells are to be stored and distributed. The 
recipient must be identified (but not the donor) when 
cells are distributed for administration. Labelling 
must allow the UCB bank to ensure the link between 
the UCB unit and its samples and records. Because 
UCB bags are normally too small for a standard-size 
label, a partial label at distribution is acceptable and 
must include at least a unique numeric or alpha-
numeric identifier, the proper name of the product 
and the product code. Additional information can 
be included in a tie tag and/or in the accompanying 
documentation.

International standards for labelling cellular 
therapy products are now available (e.g. ISBT128, 
Eurocode) and their implementation is required 
by specific accreditation bodies. Global labelling 
systems promote consistency and traceability, aid 
international exchanges and facilitate vigilance and 
surveillance. For tissues and cells procured and/or 
distributed in the EU, the Single European Code 
(SEC) must be used. See also Chapter 14 and the EU 
coding platform [20].

25.7. Storage

In addition to the general requirements described 
in Chapter 10, including the long-term storage 

required, UCB banks must have an inventory man-
agement system to ensure that each UCB unit and its 
associated reference samples, maternal samples and 
records can be located in a timely manner. This inven-
tory management system should prevent mix-ups or 
contamination of the UCB units during storage, and 
address the duration of the storage for cryopreserved 
UCB units. The UCB banks need to establish and 
validate the duration and conditions of storage; the 
effects of long-term storage on the viability, potency 
and sterility of the UCB cells should be evaluated in 
a stability protocol. A procedure for quarantine to 
minimise the risk of microbial cross-contamination 

of UCB units must be in place. Release of a UCB unit 
from quarantine should be based upon the evalu-
ation of the testing and screening results pertinent 
to that UCB unit, in accordance with applicable na-
tional laws and regulations.

Refrigerators and freezers used for the storage 
of UCB units and all associated reference products 
should not be used for any other purpose, in order to 
minimise the risk of cross-contamination.

UCB units are intended for long-term storage 
and must be stored at −140 °C or colder. Each facility 
should assess the potential risk of transient warming 
events during processing and/or storage. Examples 
of these events include transfer of UCB units from 
the controlled-rate freezer to the cryostorage tank, 
removal of segments for HLA verification testing 
or other tests required and storage of UCB units in 
vapour vessels that may exhibit unstable tempera-
tures when open. Each step should be validated to 
show that the viability and potency of the UCB unit 
have not been compromised.

25.8. Distribution and transport 
conditions

Internal and external transport or shipping must be 
controlled, and records must allow tracking and 

tracing of the UCB unit from UCB bank to the trans-
plant centre. Methods of transportation and shipping 
must be described in operating procedures. Con-
tainer validation and courier qualification should be 
performed periodically. Transport containers must 
be appropriately labelled and secured with tamper- 
evident seals, and must conform to applicable regula-
tions. For shipment of the cryopreserved UCB units, a 
dry-shipper must be used, and the temperature mon-
itored and recorded to detect temperature excursions. 
A plan for alternative transportation or shipping in 
an emergency should be in place. Transportation 
records must be maintained by the shipping facility 
and shared with the receiving facility. Appropriate 
training of the personnel in charge of transportation 
should be documented. See also Chapter 12.

25.9. Biovigilance

Adverse events and reactions (serious and 
non-serious) must be recorded, reported and 

investigated according to corresponding national 
regulations for tissues and cells as described in 
Chapter 17.

In EU member states, the requirements for 
traceability, notification of serious adverse reactions 
and events and certain technical requirements for the 
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coding, processing, preservation, storage and distri-
bution of human tissues and cells are detailed in Di-
rective 2006/86/EC.

Tissue establishments must have standard op-
erational procedures (SOPs) for managing serious 
adverse reactions and events (SAREs). They should 
also provide centres carrying out clinical applications 
with accurate and updated information and training 
on SAREs in the area of HPC transplantation.

Tissue establishments and healthcare profes-
sionals may use EU SoHO V&S guidelines as they 
provide essential information for the detection, re-
porting/confirmation and investigation of SAREs. 
There is general guidance on implementation of good 
vigilance and surveillance practice, alongside defini-
tions of SAREs, in Chapter 17.

25.9.1. Serious adverse reactions and events in 
the recipient

25.9.1.1. Complications related to UCB stem cell 
infusion

This topic is also discussed in Chapter 24 (see 
§24.10.2). In the use of UCB the most frequent reac-
tions are those related to effects derived from infusing 
incompatible RBC, cryoprotectant or other adventi-
tious substances used for volume reduction. The most 
common infusion reactions are hypertension, nausea 
and vomiting, bradycardia and chest pain. Table 25.4 
summarises the most common reactions.

25.9.1.2. Patient follow-up
It is recommended to request information on 

defined time periods for every CB unit released for 
administration of haematopoietic reconstitution 
including post-thaw cellular data to evaluate graft 
purity and potency, and additionally clinical follow- 

up including, for example, time to neutrophil and 
platelet engraftment, chimerism in case of allogeneic 
transplantation, graft-versus-host disease incidences 
and survival results.

This information is valuable to assess overall 
performance of the CB bank procedures and addi-
tionally confirm products’ quality and their stability 
over time.

25.9.2. Serious adverse reactions and events 
related to the product

Despite following JACIE guidelines on UCB, 
there may occur what are called serious product 
events and adverse reactions, such as inappropriate 
transportation, receipt of a wrong unit, receipt of a 
damaged unit package, incorrect/non-labelled unit, 
non-receipt of a transplant, inappropriate storage 
in hospital or infusion of a unit into the wrong re-
cipient. In all such cases the transplantation centre 
must immediately report this matter to the tissue 
establishment and, according to national legislation, 
to the Health Authorities. In addition, SARs related 
to the product are followed at the international level 
by the WMDA through an online web application to 
report in a standardised way any incident on unre-
lated donated product [21].

If clinically relevant, it is recommended that a 
policy to inform the maternal and/or UCB donor is 
adopted if there are donor consequences of (genetic) 
findings in donor cells in the recipient.

25.9.3. Serious adverse reactions and events 
in umbilical cord blood progenitor cell 
donors and donor follow-up

There is almost no risk in CB collection. But, 
in any case CB collection should respect the recom-
mended policy of cord clamping that, according to 
WHO guidelines on intrapartum care for a positive 
childbirth experience [22], requires the practice of 
delayed clamping (waiting at least 1 minute before 
clamping according to recommendations). In addi-
tion, CB collection must avoid any interference with 
labour.

The UCB bank must have a policy for the follow- 
up of both maternal and infant donors and for the 
management of donation-associated adverse events. 
The policy must define the time period within which 
to contact donors (see Chapter 3 for further details).

Table 25.4. Common reactions after UCB infusion

Immune reactions • haemolysis of red blood 
cells

• febrile non-haemolytic 
reactions

• allergic reactions

Systemic complications • complications within the 
respiratory tract

• neurological complica-
tions

• cardiac toxicity
• acute renal failure
• anticoagulation effects

Biological • engraftment failure
• graft-versus-host disease

Transmissible • bacterial contamination
• transmission of infectious 

and genetic diseases
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Chapter 26. Pancreatic islets

26.1. Introduction

Diabetes affects 463 million people throughout 
the world (2019) and this number will rise to 

700 million by 2045 (IDF Diabetes Atlas, 9th edition, 
2019). Many cases of diabetes are successfully treated 
with lifelong multiple daily injections of exogenous 
insulin and monitoring of blood glucose levels. In 
recent decades significant improvements in insulin 
therapy, thanks to new preparations (i.e. ultrafast 
and long-lasting insulin analogues) and the adoption 
of intensive diabetes management (infusion pumps 
and continuous glucose monitoring system), have 
resulted in an overall improvement of patients’ gly-
caemic control and a decreased incidence of chronic 
complications of diabetes [1, 2]. However, exogenous 
insulin administration cannot attain the desirable 
tight control in the majority of diabetics [3-5] and 
cannot avoid the long-term complications of diabetes 
in all patients, while the life expectancy of patients 
with diabetes is still shorter than that of the general 
population [6-8]. 

Diabetes is one of the leading causes of end-
stage renal disease, blindness and amputation [9]. In 
principle, the treatment for type 1 diabetes (T1DM), 
type 3c diabetes (T13cDM) and many cases of type 2 
diabetes (T2DM) lies in the possibility of replacing 
destroyed or exhausted beta cell mass in order to 
restore two essential functions: sensing blood sugar 
levels and secreting appropriate amounts of insulin 
in the vascular bed, ideally into the portal system. 
Currently, the only available clinical approach of re-
storing beta cell mass in patients with diabetes is the 

allogeneic/autologous transplantation of beta cells 
(i.e. pancreas or islet transplantation). Clinical trials 
performed in the last three decades have shown that 
restoration of beta-cell function via transplantation 
of isolated islet cells or vascularised pancreas allows 
reproducibly achievement of a more physiolog-
ical release of endocrine hormones than exogenous 
insulin in subjects with diabetes [10]. Transplanting 
islets of Langerhans consists of implantation in the 
recipient’s hepatic portal system of endocrine pan-
creatic tissue, with a variable degree of purification 
[11]. Isolated islets are transplanted using minimally 
invasive techniques with lower morbidity than vas-
cularised pancreas transplantation, which requires 
major surgery. 

The field of islet transplantation has evolved 
significantly since the initial attempts by doctors 
Minkowski and von Mering in 1882 [12], with remark-
able acceleration over the last three decades, thanks 
to the incredible efforts of the research community 
worldwide, with continual improvements in cell 
processing and transplantation techniques, patient 
management and development of specific immuno-
therapy protocols. In addition, islet transplantation 
represents an excellent platform for the develop-
ment of cellular therapies aimed at the restoration of 
beta- cell function using stem cells in the near future. 
Europe is currently the most active region in the 
field of clinical islet transplantation and many of the 
leading groups are actually achieving similar good 
or beneficial outcomes. Islet isolation and clinical 
management are key elements in any islet transplant 
programme. Over the past three decades, the field 
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of islet processing has progressively introduced the 
automation of islet isolation [13, 14] and purification 
[15], the use of purified enzyme blends [16-18] and new 
systems for pancreas perfusion [19, 20], the analysis 
of different factors able to influence islet isolation 
outcome [21], and the development of standard op-
erating procedures for guaranteeing the quality and 
safety of the processing [12, 22].

The following generic chapters (Part A) of this 
Guide all apply to pancreatic islet transplantation 
and must be read in conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

26.2. When to consider islet 
transplantation

Transplantation of pancreatic islets may be consid-
ered as a therapeutic option in several conditions 

associated with loss of beta-cell function (Table 26.1). 
The procedure may be performed as islet transplant 
alone (ITA) in non-uraemic subjects, an option 
generally indicated for the treatment of iatrogenic 
(surgery-induced) diabetes and for non-uraemic pa-
tients with type 1 diabetes. Subjects with end-stage 
renal disease (ESRD) may be considered for simul-
taneous islet–kidney (SIK) or, if they have already 
undergone renal transplantation, islet after kidney 
(IAK) transplantation, respectively. In special situa-
tions, transplantation of islets may be considered in 

combination with other organs (i.e. in the context of 
multi-visceral transplantation following exentera-
tion comprising the pancreas) [23]. The source of the 
islets for transplantation may be the patient’s own 
pancreas (autologous or auto-transplant), mainly 
when surgical removal of the gland is required due to 
different conditions. After total pancreatectomy, the 
subject develops surgery-induced (iatrogenic) insulin- 
requiring diabetes. Introduced in the early 1970s [24], 
islet auto-transplantation allows the achievement of 
optimal metabolic control without the need for ex-
ogenous insulin in approximately 70 % of the cases 
when adequate islet numbers can be recovered from 
the pancreas (generally > 250 000 islet equivalents).

More than 500 auto-transplants in patients 
with near-total or total pancreatectomy have been 
performed to date [25]. The largest series were pub-
lished by the University of Minnesota [26-29], the 
University of Cincinnati [30, 31] and Leicester [32-35]. 
Even when an inadequate islet mass to attain insulin- 
independence has been recovered, stable metabolic 
control and excellent management can be achieved in 
most subjects undergoing autologous islet transplan-
tation [28, 36-41]. In the past auto- transplant has been 
performed almost exclusively in patients undergoing 
pancreatectomy because of chronic pancreatitis, suc-
cessfully preserving β-cell mass and preventing dia-
betes after major pancreatic resections [25-26, 42-43]. 
Additional indications for auto-transplant other than 
chronic pancreatitis are still controversial [44], and 
have been limited to the procedure performed only 
in small case series [45-50] of benign enucleable 
tumours or pancreatic trauma. Recently, broader 
selection criteria for auto-transplant have been pub-
lished [49, 51], exploring the possibility of extending 
auto-transplant to patients with known malignancy, 
either having completion pancreatectomy as treat-
ment for severe pancreatic fistulae or extensive distal 
pancreatectomy for neoplasms of the pancreatic neck 
or pancreatoduodenectomy because at high risk of 
pancreatic fistula (Table 26.1). 

In the case of subjects who lost islet function 
(mainly patients with type 1 diabetes or, more rarely, 
previous total pancreatectomy) the only option cur-
rently available for transplantable islet cells is alloge-
neic donor pancreata. These are generally obtained 
through multi-organ donation after cerebral death, 
following conventional donor–recipient ABO blood 
type matching. The use of a segment of the pancreas 
from living related donors is technically feasible 
[52-53], but at the present time not preferred for islet 
transplantation due to the limited duration of graft 
function after transplantation of suboptimal islet 
numbers under standard immunosuppressive proto-
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cols, as well as the intrinsic risks for the donor (i.e. 
morbidity and risk of developing diabetes) [54].

The current main indication for an allogeneic 
islet transplant is type 1 diabetes, which is charac-
terised by the selective destruction of islet beta cells 
due to an autoimmune process. Ongoing clinical 
trials of allogeneic islet transplantation are recruiting 
subjects with unstable type 1 diabetes 18-65 years 
of age, either sex, with frequent metabolic insta-
bility requiring medical treatment (hypo- or hyper- 
glycaemia, ketoacidosis) despite intensive insulin 
therapy; hypoglycaemia unawareness (< 54 mg/dL); 
severe metabolic lability (mean amplitude of gly-
caemic excursion > 11.1 mmol/L or 200 mg/dL). The 
inadequate efficacy of medical therapy to attain the 
desirable metabolic control in this specific patient 
population with unstable diabetes justifies the use 
of transplantation of pancreatic islets, either isolated 
cellular graft or vascularised whole pancreas [55]. The 
main objective of the transplant is to correct the high 
susceptibility to severe hypoglycaemia and glycaemic 
imbalance that are associated with high mortality 
(8 % in nonuraemic subjects in the waiting list for 4 
years to receive pancreas transplantation). 

Three successful large-scale Phase 3 clinical 
trials in islet transplantation have been published 
recently: CIT-07 (multicentre, single-arm) and 
TRIMECO (multicentre, open-label, randomised) 
and REP0211 [56-58]. All these studies demonstrate 
that human islets transplanted in T1D subjects with 
impaired awareness of hypoglycaemia and severe hy-
poglycaemic events can safely and efficaciously main-
tain glycaemic balance and eliminate one of the most 
severe complications associated with insulin therapy. 
Further indications for an islet transplant are the 

presence of progressive complications of diabetes 
and psychological problems with insulin therapy 
that may compromise adherence to the therapeutic 
regimen. Islet transplant is indicated also for cases of 
subcutaneous insulin resistance requiring intraperi-
toneal or intravenous infusions, which are associated 
with substantial management hurdles and morbidity. 

26.3. Islet isolation and 
transplantation

Islets are highly vascularised cell clusters ranging 
from < 50 μm to ≈ 800 μm in diameter that consti-

tute the endocrine component of the pancreas. It has 
been estimated that a healthy pancreas may contain 
approximately 3.2 million islets scattered throughout 
the gland [59], and accounting for only ≈ 1 % of total 
pancreatic tissue. Each cluster comprises several 
thousands of endocrine cell subsets that are closely in 
touch with capillaries and with each other. Complex 
cell–cell interactions between different cell subsets, 
innervation, incretins and metabolites (sugar and 
amino acids, among others) in the blood and intersti-
tial space all contribute to the proper control of glucose 
homeostasis [60]. Preservation of the integrity of islet 
cell cluster is a prerequisite for their optimal function. 
The procedure currently used to extract islets from 
human pancreas is the so-called automated method 
for isolation of the islets of Langerhans, established in 
1987 by Ricordi and colleagues [13]. 

26.3.1. Donor evaluation

Donor criteria for pancreatic islet transplanta-
tion are similar to, but not identical to, those generally 

Table 26.1. Indication for islet transplantation

Condition Procedure Type of transplant
Diabetes mellitus

Type 1 ITA, SIK, IAK Allogeneic

Type 2 ITA, SIK, IAK Allogeneic

Surgery-induced diabetes (iatrogenic)

Chronic pancreatitis ITA Autologous/Allogeneic

Trauma ITA Autologous/Allogeneic

Multi-visceral transplantation Different combinations: liver-islet trans-
plant, bowel-liver-islet transplant etc.

Allogeneic

Cystic fibrosis ITA
Lung-islet transplantation

Autologous/Allogeneic
Allogeneic

Benign enucleable tumours ITA Autologous

Borderline/malignant pancreatic neo-
plasms

ITA Autologous/Allogeneic

Grade C pancreatic fistula requiring 
completion pancreatectomy 

ITA Autologous/Allogeneic

ITA = islet transplant alone; SIK = simultaneous islet–kidney; IAK = islet after kidney.
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applied for pancreatic transplantation. All suitable 
deceased donor pancreases that have not been placed 
for vascularised whole-organ transplantation should 
be allocated for pancreatic islet transplantation ac-
cording to a prioritised (inter)national waiting list. 
ABO compatibility is required. A negative cross-
match against T and B cells is also required. Donors 
suffering from diabetes mellitus type 1, or type 2 di-
abetes with evidence of beta cell deficiency, are ex-
cluded from donation for this clinical use. However, 
additional criteria for donation of tissues and cells 
(see Chapter 4 and Chapter 5) should be applied. 

Donor characteristics – such as body surface 
area, body mass index and number of vasopressor 
types used – are predictors of successful pancreatic 
islet isolation. Other characteristics such as age, cold 
ischaemia time, and blood chemistry levels of gly-
cated haemoglobin HbA1c, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), blood urea 
nitrogen, amylase, lipase, sodium and glucose could 
influence pancreatic islet isolation yield. However, 
there is no specific threshold for these parame-
ters that can be considered an absolute criterion to 
exclude the donor. Donor age until 80 years old and 
BMI higher than 30 can be acceptable for islet prepa-
ration. The maximum acceptable cold ischaemia time 
is 24 h. However, other parameter thresholds for ac-
ceptance vary widely among centres, based on their 
experiences, and there is no general agreement [61]. 
For example, the maximum acceptable intensive care 
unit (ICU) length of stay varies from 5 to 10 days, or 
it is evaluated as part of a combination of factors. 
The maximum acceptable value of donor amylase 
varies from 600 U/L to 110 U/L, or is defined as 3 
times the normal range or as part of a combination 
of factors. Values from 10 to 60 min are indicated as 
the maximum acceptable for cardiac arrest duration. 
Donation after circulatory death (DCD) is acceptable 
and, generally, more stringent criteria are suggested 
for DCD than for donation after brain death (lower 
age and shorter cold ischaemia time).

26.3.2. Procurement

Minimising risks of contamination during 
procurement (see Chapter 7) and processing (see 
Chapter 9) is crucial to ensure pancreatic islet safety. 
Risks are often multi-factorial, and to help quantify 
and map them, a dedicated chapter (Chapter 3) has 
been developed as well as EDQM’s tailored Micro-
biological Risk of Contamination Assessment tool 
(MiRCA). By using this tool, TEs can better under-
stand the overall risk of their protocols, and how risk 
factors are distributed along the tissue/cell supply 

chain, from procurement to distribution, and im-
plement the most efficient mitigation/risk reducing 
measures, as needed.

The consistency of pancreatic islets manu-
facturing is highly dependent on the quality of the 
procured organ. Pancreas procurement should be 
conducted in ice to ensure organ viability, immedi-
ately after liver and before kidneys, using similar pro-
cedures as for whole pancreas transplantation, even 
if vascular access is not required. If a distant team 
has procured donor pancreases, the TE should have 
agreements with the procurement centre(s) on organ 
procurement, warm and cold ischaemia time, organ 
preservation methods, cold preservation fluid and ice 
shipping conditions. Accurate packaging with prop-
erly donor identification and enclosed procurement 
documentation have to be assured, as detailed in 
Chapter 15.

26.3.3. Processing and storage

Once the organ has arrived at the isolation fa-
cility, the transport conditions and the accuracy of 
the documentation are checked before proceeding 
further.

When selecting an appropriate air-quality 
specification for processing pancreatic islets, and ac-
cording with their special characteristics, the criteria 
and tools identified in Chapter 3 (such as the MiRCA 
tool), Chapter 7 and Chapter 9, should be considered.

Before the beginning of the isolation proce-
dure, the spleen and the duodenum are removed 
from the pancreas and an accurate dissection and 
removal of the peripancreatic fat, lymph nodes and 
vessels is performed. After pancreas cleaning, the 
pancreas is divided at the neck and two 16-20 gauge 
angiocatheters are inserted into the main pancreatic 
ducts. The organ is then perfused at a pressure of 
140-180 mmHg with cooled perfusion solution con-
taining collagenase/protease mix. After 10 minutes 
of cold perfusion, the distended pancreas is further 
cut into smaller sections, and placed into the Ricordi 
chamber [12]. This chamber is composed of a supe-
rior and an inferior part, separated by a filter that has 
pores of about 700 μm. Seven to nine stainless steel 
balls and the fragments of the pancreas are placed 
into the inferior part of the chamber, which is then 
filled with the digestion solution and closed together 
with the superior part of the chamber. A peristaltic 
pump connected to the system is activated creating a 
flow of 40 (35-45)  mL/min. 

The digestion runs in a closed circuit where 
warm isotonic salt solution is pumped in the inferior 
chamber and the tissue released in the solution passes 
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in the superior chamber through the filter. The colla-
genase is re-circulated at a temperature not exceeding 
37 °C and the chamber is agitated. When most of the 
islets are free of the surrounding acinar tissue, and 
intact islets are observed, the heating circuit is by-
passed. The temperature is progressively decreased 
to 4-12 °C and the collagenase diluted with cold cell 
medium. The free islets are then collected in con-
tainers, washed several times, re-suspended in cold 
organ preservation solution and purified with a con-
tinuous density gradient using a cell separator. Alter-
natively discontinuous gradient can be used. At the 
end of the procedure, samples of the islet preparation 
are collected and evaluated through staining with di-
thizone (DTZ), which marks zinc in the insulin gran-
ules, resulting in a characteristic red stain. Adding a 
few drops of DTZ solution to a sample allows easy 
evaluation of the morphology and the number of iso-
lated islets through computerised digital analysis or 
manually under microscope.

Purified islets are usually maintained in tem-
porary storage before use in media that do not alter 
the physiological properties of insulin-producing 
islets, at 22-37 °C and 3-10 % CO2 depending on the 
sodium bicarbonate concentration of your medium. 
Storage of pancreatic islets in media under stringent 
conditions before implantation has logistical benefits: 
it enables additional quality-control tests, and allows 
time to prepare the patient for transplant or to ship 
pancreatic islets to a distant transplant centre [62-63]. 
Islets are usually transplanted within 72 h culture 
and a daily change of storage media is recommended. 
Storage time longer than 3 days before release for 
transplant has to be validated through quality control 
tests on islets [64]. 

26.3.4. Quality controls/release criteria

The islet isolation processes must be vali-
dated, characterised and monitored for sterility, py-
rogenicity, identity (insulin content, optional), cell 
number (amount of tissue, counting of islets, beta 
cells count), purity (percentage of islet v� other cells 
e.g. ductal, acinar cells), viability (PI/FDA staining, 
islet nucleotide content), potency (insulin secretory 
response, optional) and finally stability (recovery 
after culture). Pancreatic islet cells exhibit a wide 
variety of functions that should be tested during 
quality control procedures. The TE should define – 
alongside the general tissue-and-cell release criteria – 
additional criteria for pancreatic islet transplantation, 
including:

a� quantification of the pancreatic islet cell mass 

(total islet number and the islet equivalent, 
known as IEQ), or of the number of insulin- 
positive cells;

b� cell viability (e.g. qualitative determination by 
Hoechst/propidium iodide, fluorescein diac-
etate/ethidium bromide or functional assess-
ments);

c� microbiological testing;
d� bacterial endotoxin testing (see §11.3.4);
e� beta-cell function (e.g. glucose-stimulated 

insulin secretion or insulin synthesis); but this 
information is not available prior to transplan-
tation in all programmes.

Many of the currently utilised biological assays 
measuring islet functions and sterility are not always 
rapid enough for use in routine release testing because 
of the short period between pancreatic islet isolation 
and transplantation, varying from several hours to a 
few days. The TE should define how it will deal with 
incomplete test results. Specific features of the final 
islet preparation are required for islet preparations 
used in islet transplantation, in particular purity 
(> 20 % of the preparation being islets), adequate 
number of islets (suggested islet mass ≥ 5 000 islet 
equivalents (IEQ)/kg recipient body weight for the 
first infusion, > 3 000 IEQ/kg for further infusions 
or equivalent beta cell number). Total tissue volume 
(< 5 mL) and purity less than 20 % (e.g. in transplan-
tation) but should be accompanied with intraportal 
pressure monitoring when this is the case. 

26.3.5. Packaging and distribution

Transport temperature is usually maintained 
at 12-25 °C. Pancreatic islet cells are transported in 
liquid media, so special notice might be necessary; 
depending on airline transport regulations (see 
Chapter 12 and Chapter 15).

26.3.6. Traceability

The attached documentation for the clinical 
transplantation centre should include, for example, 
details of the donor, organ transport/ischaemic times, 
pancreas quality, quantification of the pancreatic islet 
cell mass or of the number of insulin-positive cells, 
sterility, viability and function. Records covering the 
complete process from donor to recipient should be 
kept at the TE, and it should be possible to trace also 
other organ recipients from the same donor, and vice 
versa.
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26.3.7. Islet infusion

The infusion of the islets can be performed a 
few hours after the end of the isolation process or up 
to 72 h thereafter. Storage time longer than 3 days 
is possible without loss of function [64]. However, 
extension of the time has to be validated through 
quality control tests on islets. The implantation site 
is usually the hepatic parenchyma through the portal 
system of the recipient. Recently other implantation 
sites have been proposed [65] in the clinical setting, 
like the bone marrow [66] [67], the subcutaneous site 
[68], the gastric submucosa [69], the omentum [70-71] 
or striated muscle [72-73], which in the future may 
prove to be valid alternative sites for islet transplanta-
tion. The adequate amount of islets obtained is calcu-
lated with respect to the body weight of the recipient 
and re-suspended immediately before intrahepatic 
transplantation in 40-60 mL of a solution suitable for 
injection. 

Percutaneous transhepatic catheterisation is 
the most common access route, as well as a minilapa-
rotomy and cannulation of an omental or mesenteric 
vein, or recanalisation of the umbilical vein. Access to 
the portal vein is usually provided by interventional 
radiologists. If the portal pressure is documented 
to be below 20 mmHg, the islet infusion bag is con-
nected with the portal vein catheter and infused over 
a period of 15 to 60 minutes. Islet infusion is halted if 
the portal pressure exceeds 22 mmHg. After comple-
tion of the islet infusion, the catheter is withdrawn; 
coils and gelatin-sponges are deployed in the punc-
ture tract to prevent bleeding. 

26.4. Biovigilance

Any unforeseen events influencing islet isolation 
and storage conditions are to be considered as 

adverse events that should be recorded and reported 
to the Health Authority. Some examples are:

• loss of pancreatic islets during isolation or tem-
porary storage, due to failure of equipment and 
monitoring systems (e.g. overheating, carbon 
dioxide concentration, cooling),

• loss of pancreatic islets due to incorrect use 
of media (e.g. pH problems, sterility of media, 
concentration of additives, shelf-life).

The procedure of islet transplantation has 
proved to be very safe, especially when compared 
with whole pancreas transplant [74-75]. 

For allogeneic islet transplantation, bleeding is 
the most common procedure-related complication, 
occurring with an incidence as high as 13 %. The use 
of fibrin tissue sealant and embolisation coils in the 

hepatic catheter tract seems to effectively minimise 
the bleeding risk [76-77]. Partial portal vein throm-
bosis complicates fewer than 5 % of islet infusion pro-
cedures [78], and complete portal venous thrombosis 
is rare. The use of purer islet preparations, greater 
expertise in portal vein catheterisation and new ra-
diological devices (catheters medicated with antico-
agulation) will continue reducing the risk of portal 
vein thrombosis, although the risk is unlikely be 
eliminated. 

Other complications of islet cell transplanta-
tion include transient liver enzyme elevation (50 % in-
cidence) [79], abdominal pain (50 % incidence), focal 
hepatic steatosis (20 % incidence) [80-81] and severe 
hypoglycaemia (< 3 % incidence). Another compli-
cation related to the intrahepatic islet transplanta-
tion procedure is portal hypertension that can occur 
acutely during the islet infusion, especially in the case 
of infusions other than the first one [82]. Iatrogenic 
hypoglycaemia in the immediate post- transplant 
period is a rare event. Frequent blood glucose mon-
itoring immediately following islet transplantation is 
recommended to avoid severe unrecognised hypogly-
caemia in the early post-transplant period. As with 
any allogeneic transplant, islet transplant recipients 
may become sensitised to islet donor histocompati-
bility antigens (HLA), leading to the development 
of panel reactive alloantibodies (PRA). Data on the 
development of cytotoxic antibodies against donor 
HLA in islet allotransplant recipients with failing 
grafts have been reported from several islet transplant 
centres [83-85]. A potential consequence of high PRA 
levels in recipients of a failed islet transplant is that, 
if these individuals develop diabetic nephropathy in 
the future, a high PRA may increase their time on a 
transplant list for a suitable kidney graft. The need 
to implement anti-rejection therapy exposes trans-
plant recipients to an increased risk of untoward side 
effects expected in any immunosuppressed subjects 
(Table 26.2) [86]. 

Direct organ toxicity of immunosuppressive 
drugs has been recognised. Symptoms associated 
with neuro- and/or nephro-toxicity are relatively 
frequent in subjects receiving chronic immunosup-
pressive agents currently in use in the clinical arena. 
Nephrotoxicity from sirolimus and/or tacrolimus has 
been described in patients with T1D undergoing islet 
transplantation, particularly when kidney function 
is already impaired because of pre-existing diabetic 
nephropathy [87-88]. In these cases, modification of 
the anti-rejection regimen is indicated, with dose re-
duction or conversion to a different combination of 
drugs. In the majority of cases, these changes resolve 
the symptoms without compromising graft survival 
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[89-90]. Opportunistic infections of urinary tract, 
upper respiratory tract and skin are frequent, along 
with myelosuppressive and gastrointestinal effects 
of the immunosuppressive drugs. In the majority of 
cases, these effects are not severe and resolve without 
sequel with medical treatment. The risk of transmis-
sion of Cytomegalovirus (CMV) disease from donor 
to recipient has been surprisingly low in recipients of 
islet allografts, particularly in the most recent period 
with routine use of purified islet preparations [79]. El-
evation of viraemic titres for CMV or Epstein–Barr 
virus in the presence of overt clinical symptoms 
(i.e. de novo infection or reactivation in seropositive 
subjects) imposes the implementation of anti-viral 
therapy and reduction of immunosuppressive drug 
dose [91]. Timely intervention may result in faster 
resolution of the symptoms without compromising 
graft survival. 

The Tenth Annual Report of the Collaborative 
Islet Transplantation Registry (CITR) reported 1 854 
adverse events (AEs) on 877 ITA, 364 AEs on 183 
IAK, and 53 AEs on 24 SIK. In the first 30 days fol-
lowing islet transplantation, about 26 % of recipients 
experienced a reportable adverse event. The majority 
(70 %) were adjudicated by the local investigator as 
possibly or definitely related to either the infusion 
procedure or the immunosuppression. The majority 
were not unexpected, such as abnormal lympho-
cyte count and increased liver function. Very few 

AEs were infections. About 14 % of allo-islet recipi-
ents experienced a serious adverse event in the first 
30 days, which occurred about equally in IAK as in 
ITA, and have declined somewhat over the era. In the 
first year after islet transplantation, which includes 
a majority of the re-infusions that were performed, 
about 43 % of all recipients experienced a reportable 
adverse event. About one-third have experienced a 
serious adverse event within the first year, with again 
a significant decline in the most recent era, a pattern 
seen for all adverse events in all follow-up after islet 
transplantation. 

The outcomes of the reported adverse events 
have improved over the decade, with fewer patients 
experiencing long-term sequelae of their adverse 
events in the most recent era. Many adverse events 
seen in this population are unrelated to islet trans-
plantation but not unexpected in a cohort of older T1D 
with significant co-morbidity. Overall, 17 % of all re-
cipients failed to recover completely from an adverse 
event. This is the worst outcome of all adverse events, 
including those not related to the islet infusion or 
immunosuppression. Among related adverse events, 
only 11 % failed to recover completely. Life-threat-
ening events have occurred in 13.5 % of islet-alone, in 
18.0 % of IAK recipients and in 29.2 % of SIK recipi-
ents (p < 0.0001). Recent eras have seen a substantial 
decline in the incidence of life-threatening events. 
Most involved neutropenia and abnormal liver func-
tion. The vast majority recovered, 3 % died, 3 % did 
not recover, and 8 % recovered with sequelae.

An assessment of the surgical complication 
of islet auto transplantation was recently reported 
for the entire Minnesota series (n = 413) [26]. Sur-
gical complications requiring reoperation during 
the initial admission occurred in 15.9 % of the pa-
tients. The most common reason for reoperation 
was bleeding, occurring in 9.5 % of the procedures. 
Anastomotic leaks occurred in 4.2 % of the patients, 
biliary in 1.4 % and enteric in 2.8 %. Intra-abdominal 
infection requiring reoperation occurred in 1.9 % 
of patients, wound infections requiring operative 
debridement in 2.2 %. Gastrointestinal issues, such 
as bowel obstruction, omental infarction, bowel is-
chaemia, delayed reconstruction because of bowel 
oedema or tube perforation, required reoperation in 
4.7 % of the patients. Two patients (< 1 %) required re-
operation to remove an ischaemic or bleeding spleen 
after spleen sparing pancreatectomy (done in 30 % 
of patients). For further guidance on biovigilance, 
please refer to Chapter 17.

Table 26.2. Non-exhaustive list of possible reportable 
SARs in islet transplant recipients

Infusion procedure-related
• Haemorrhage
• Portal thrombosis
• Transient transaminitis

Immunosuppression-related
Haematological • anaemia

• leukopaenia
• neutropaenia

Metabolic • dyslipidaemia

Gastro-intestinal • oral ulcers (sirolimus)
• diarrhoea (mycophenolic 

acid) 
• CMV colitis

Respiratory tract • upper respiratory infec-
tions 

• interstitial pneumonitis 
(sirolimus)

Neurological • neurotoxicity (tacrolimus)

Genito-urinary • urinary infections 
• ovarian cysts
• dysmenorrhoea 
• nephropathy 
• proteinuria

Cutaneous • infections
• cancer
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26.5. Developing applications for 
patients

The field of cellular therapies for the treatment 
of diabetes is rapidly evolving. Several new de-

velopments emerging in recent years may push this 
interesting technology to a new, broader dimension. 
While a wide range of improvements may be imple-
mented in the donor selection and organ allocation 
scheme to increase pancreas utilisation for transplan-
tation, there is increasing excitement about the use of 
unlimited alternative sources of transplantable islets, 
such as xenogeneic (i.e. obtained from other species, 
such as porcine islets, which are reviewed in [92]; see 
also §5.3.4.f in Chapter 5) or derived from human 
stem cells [93-98]. Pig islets may be available in plen-
tiful amounts. Importantly, the ability to obtain 
genetically modified pigs that lack or overexpress 
specific molecules may be of assistance in developing 
cellular products with reduced immunogenicity for 
transplantation into humans. 

In turn, this technology may allow the achieve-
ment of long-term function under immunosuppres-
sive regimens that are used for allogeneic cells or 
may facilitate the induction of long-term acceptance 
of xenogeneic islet cells. Another area reporting 
great progress is that of regenerative medicine 
using human stem cells from embryonic or adult 
sources. Encouraging experimental data suggest that 
insulin- producing cells can be obtained from human 
multipotent stem cells, and great efforts are currently 
concentrated on developing cellular products with 
consistent potency and safety profile (ability to gen-
erate tumours) for future clinical application [93-96, 
99-100]. A current limitation on islet transplantation 
is the inability to use non-invasive or minimally in-
vasive predictive tests as well as biomarkers of early 
graft dysfunction to guide timely interventions 
aimed at preserving functional islet cell mass. 
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Chapter 27. Hepatocytes

27.1. Introduction

Hepatocyte transplantation is an alternative 
treatment to liver transplantation for patients 

with metabolic liver diseases or acute liver failure, or 
as a temporary support for patients with liver failure 
while waiting for an organ transplant [1, 2]. Patients 
with metabolic liver diseases are characterised by de-
ficiency of one particular enzyme or protein, giving 
rise to hepatic and/or extrahepatic disease while all 
other liver functions are unimpaired. Thus, replace-
ment of the whole liver by liver transplantation may 
not be required, and selective replacement of a frac-
tion of the liver cell mass should be therapeutic. There 
is evidence that replacement of 5 %-10 % of the liver 
with healthy donor hepatocytes can correct a wide 
range of inherited metabolic liver diseases [3, 4]. In 
patients with acute and chronic liver failure, hepat-
ocyte transplantation could provide temporary liver 
support until the native liver has recovered or a whole 
liver is available for transplantation.

Hepatocyte transplantation has potential ad-
vantages over whole-organ transplantation: the pro-
cedure is a less invasive approach, resulting in lower 
morbidity and mortality; it can be repeated several 
times; and it is reversible. Functional hepatocytes can 
be isolated from unused segments of donor livers that 
had been retrieved for whole-organ transplantation; 
and, in contrast to whole organs, cells can be cryo-
preserved and stored until needed.

This chapter defines the additional specific re-
quirements for liver tissue and hepatocyte isolation 
for transplantation only. The following generic chap-

ters (Part A) of this Guide all apply to hepatocyte 
isolation and transplantation and must be read in 
conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

27.2. Donor evaluation

Liver tissue for hepatocyte isolation can be pro-
cured from donors after brain death (DBD) and 
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from donors after circulatory death (DCD). Hepato-
cyte isolation does not require the whole organ; using 
segments or a lobe from a size-reduced donor organ 
is ideal for hepatocyte isolation [5].

Liver tissue can also be procured from healthy 
living donors. In theory a healthy living donor could 
donate a part of their liver. However, this procedure 
has been rarely performed so far because of the risk 
of morbidity and mortality for the living donor when 
balanced against the results obtained in clinical 
hepatocyte transplantation [6]. The liver from a living 
donor can also be the explanted liver in a so-called 
domino procedure where a patient is undergoing a 
liver transplantation [7], provided that the indication 
for the transplant (for example, maple syrup urine 
disease) [8] is not considered to be a contraindica-
tion for the hepatocyte recipient. However, explanted 
livers of patients with familial amyloidotic polyneu-
ropathy (FAP) are usually used for transplantation in 
another recipient rather than for the preparation of 
hepatocytes.

Steatotic donor livers, which are becoming 
more common with the increasing incidence of 
obesity in European populations, are currently not 
considered to be a viable source of cells for hepato-
cyte transplantation, as steatotic hepatocytes display 
impaired metabolic function and lower engraftment 
[9]. The average hepatocyte yield after perfusion 
varies from approximately 3 × 106 to 2 × 107 hepato-
cytes per gram of tissue, with variable viability yields 
reported (20-85 %) [9]; several billion cells are gener-
ally infused into one patient. Primary human hepat-
ocytes do not proliferate in vitro and therefore cannot 
be expanded. Cryopreservation may have harmful 
effects on the viability and metabolic function of the 
cells [10].

All these limiting factors have prompted re-
searchers and clinical teams to investigate the use of 
hepatocytes produced by the differentiation of pluri-
potent stem cells (embryonic stem cells and induced 
pluripotent stem cells) [11], which can both be indef-
initely amplified and have the potential to become a 
permanent source of quality-controlled hepatocytes. 
Clinical-grade hepatocytes derived from these cells 
are now being produced by small companies and 
should be tested for clinical use in the coming years.

Donor criteria for hepatocyte donation are the 
same as those generally applied for organ donation 
for liver transplantation and with applicable criteria 
for tissue and cell donation. Donors positive for HIV, 
HBV or HCV, as well as for malignant tumours, are 
excluded.

Conditions to be evaluated as part of the donor- 
selection process are:

a� liver-originated disease of the donor that could 
be transferred to the recipient and might cause 
disease, e.g. hyperoxalosis, familiar amyloi-
dotic polyneuropathy;

b� alterations to the liver vessels that could com-
plicate perfusion and isolation of hepatocytes 
(though this is uncommon);

c� donor liver characteristics that might affect 
hepatocyte quality, such as the size of liver 
tissue, the degree of steatosis and the length of 
both warm and cold ischaemia and hypoxia [12, 
13].

Neonatal livers are not generally considered 
for organ transplantation in view of the increased 
incidence of thrombosis and due to size limitations. 
Neonatal livers may, however, be a valuable source of 
hepatocytes and their function is comparable to (may 
even be superior to) hepatocytes derived from adult 
donors. Post-thaw viability of cryopreserved neonatal 
hepatocytes is significantly higher when compared to 
adult hepatocytes [14, 15].

27.3. Procurement

Minimising risks of contamination during pro-
curement (see Chapter 7) and processing (see 

Chapter 9) is crucial to ensure graft safety. Risks are 
often multi-factorial, and to help quantify and map 
them a dedicated chapter (Chapter 3) has been de-
veloped as well as EDQM’s tailored Microbiological 
Risk of Contamination Assessment tool (MiRCA). By 
using this tool, TEs can better understand the overall 
risk of their protocols, and how risk factors are dis-
tributed along the tissue/cell supply chain, from pro-
curement to distribution, and can implement the 
most efficient mitigation/risk-reducing measures, as 
needed.

Liver tissue is usually procured from deceased 
donors by the surgical liver-retrieval team of the 
transplant unit. Staff performing the procurement 
must be adequately trained in liver retrieval. Liver 
tissue should be flushed either in situ or ex vivo with 
an appropriate organ-perfusion solution through the 
hepatic artery and/or portal vein.

The procured liver is then placed in an appro-
priate organ-storage solution and triple-packaged in 
sterile packaging. This package should then be placed 
in another container that ensures a temperature 
of 2-8 °C and protects the recovered tissues during 
transport. Organ-perfusion machines are currently 
being evaluated for storage and transportation of 
liver tissue for organ transplantation and could po-
tentially lead to a change in practice.
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27.4. Processing and storage

Organs are transported to the designated isolation 
facility for processing. In selecting an appro-

priate air-quality specification for processing hepat-
ocytes, the criteria identified in Chapter 7, Chapter 9 
and the output from the MiRCA tool should be 
considered.

Depending on the size of the organ, the liver 
may be divided and perfused in parts. It has been re-
ported that liver tissue preserves liver function better 
than isolated hepatocytes, so for repeated infusions 
of fresh hepatocytes (i.e. not cryopreserved) it may be 
better to isolate hepatocytes from different segments 
at different times to assure good perfusion and to 
minimise the time of isolated cells in suspension [16]. 
Vessels are cannulated to ensure perfusion of the liver 
tissue.

The liver tissue is perfused in a 2- or 3-step 
procedure at 37-38 °C. First, buffer containing eth-
ylene glycol tetra-acetic acid (EGTA) is pumped 
through the tissue to remove divalent ions, thereby 
disrupting cell–cell connections, and then the EGTA 
is washed away by perfusion with buffer only. Finally, 
the tissue is perfused with collagenase/protease to 
digest extracellular matrix [8]. In some protocols, the 
second (wash-out) step may be omitted. Addition 
of the antioxidant N-acetylcysteine to the perfusion 
solution when isolating hepatocytes from fatty liver 
has demonstrated significant improvement in cell 
viability and metabolic function, and may be added 
for isolation of hepatocytes for clinical use. Isolated 
hepatocytes are purified by low-speed centrifugation. 
Cells that meet the release criteria after quality as-
sessment (see §27.5) can be transplanted immediately 
after isolation, or cryopreserved and stored. Cells for 
transplantation are suspended in transplant medium 
(Plasmalyte or Eagle’s minimum essential medium) 
containing 300 mM glucose heparin and human 
serum albumin (4 % final concentration) at a concen-
tration of approximately 1-2 × 107 cells/mL [17].

27.5. Quality controls/release 
criteria

Hepatocytes exhibit a wide variety of functions 
that can be individually tested. Indeed, quality 

testing could be made appropriate to the recipient’s 
disease, e.g. measurement of urea synthesis for recip-
ients with urea cycle defects, or phase II conjugation 
activity for patients with Crigler–Najjar syndrome 
[18]. However, when fresh hepatocytes are used, there 
is limited time for functional assessment before in-
fusion. The most important quality-control tests are 

viability (should be > 50 %), as assessed by trypan blue 
exclusion, and number of cells. It should be remem-
bered, however, that the trypan blue exclusion test 
detects only cell-membrane damage; it cannot detect 
apoptotic cells nor determine metabolic or physio-
logical function. Functional tests should, however, be 
performed on aliquots of hepatocytes from the same 
batch used for transplantation, either in parallel or 
afterwards, for the evaluation of hepatocyte function 
for each batch/donor.

Cryopreserved hepatocytes have the advan-
tage that more extensive quality and genetic testing 
can be performed, which is not possible when using 
fresh hepatocytes due to time constraints. However, 
current cryopreservation protocols induce severe 
hepatocyte damage [19, 20], which decreases both vi-
ability and function [9]. Testing should therefore be 
repeated after thawing of aliquots.

The following tests could also be considered as 
quality-control tests:

a� plating efficiency on coated plates (collagen, 
laminin, fibronectin or EHS matrigel), ability 
to attach to each other (spheroid formation);

b� enzyme activities (cytochrome P450 activities, 
conjugation of bile acids, metabolism of molec-
ular probes such as EROD, PROD, CDFDA);

c� synthesis (albumin, A1AT, bile acids, lipopro-
teins);

d� urea cycle activity, metabolism of ammonia 
into urea;

e� markers of apoptosis.

Since none of these endpoints have specifically 
been demonstrated to correlate with engraftment or 
in vivo proliferation of hepatocytes, no specific assays 
can be mandated at this time. If such assays are con-
ducted, the data from any individual assay should not 
be considered sufficient cause to exclude the use of 
the cells for a transplant. These assays will provide 
additional information on hepatic function that 
can be used in conjunction with additional data, in-
cluding trypan blue exclusion, to help in the decision 
whether to use or not use cells for a transplant or to 
evaluate outcome.

Limited testing (viability tested on trypan blue 
and sterility on Gram staining) is used when fresh 
cells are transplanted; however, subsequent analysis 
allows for retrospective data on sterility and function 
of the cells.

27.6. Packaging and distribution

Hepatocytes can either be transported under hy-
pothermic conditions (2-8 °C) or cryopreserved. 
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Hepatocytes transported under hypothermic condi-
tions should be stored in an appropriate preservation 
solution. Transportation time under hypothermic 
conditions should be kept as short as possible, 
because hepatocytes decrease in viability and func-
tion over time [16].

27.7. Administration of 
hepatocytes

Although a few cases of intraperitoneal and intra- 
splenic administration have been described, the 

most common route of infusion is into the portal 
vein. Intra-splenic infusion has been used in cases of 
liver cirrhosis, where intra-portal infusion is not pos-
sible or too risky. Intraperitoneal infusions are used 
when temporary liver support is needed for bridging. 
Intra-portal infusion is the main cell delivery route 
for clinical hepatocyte transplantation. 

Intra-portal infusion is the main cell delivery 
route for clinical hepatocyte transplantation. The 
portal vein may be accessed by percutaneous transhe-
patic catheterisation of a portal vein branch, through 
catherisation of an ileal vein by a mini-surgical ap-
proach, or by repermeabilisation of the umbilical 
vein [21].

The transhepatic approach entails a risk of in-
traperitoneal bleeding and of portal thrombosis. Al-
though both risks are low in patients with normal 
liver function (most hereditary metabolic liver dis-
eases), they may be much higher in patients with liver 
failure and coagulation disorders (acute liver failure 
and acute-on-chronic liver failure). A complete study 
of coagulation disorders before administration and 
potential corrections of the coagulation disorders 
by intravenous infusion of fresh frozen plasma and 
platelets might be necessary. Clinical (intensive care 
unit) and radiological (ultrasonography) surveillance 
are required after the administration in order to 
detect intrahepatic haematoma, peritoneal bleeding 
or portal vessels thrombosis.

The ileal vein approach requires an abdominal 
incision. Catheterisation of a small ileal vein may be 
difficult in patients with unstable haemodynamic 
status.

Another risk of portal infusion of hepatocytes is 
obstruction of sinusoids by clumps of cells, resulting 
in an increase of the portal pressure [22]. A contin-
uous monitoring of the portal pressure during the 
infusion should be performed. Repeated portography 
aids in evaluating possible portal thrombosis and 
portal flow. Infusion rate must be slow: 1-2 mL/min 
[17]. In allogeneic hepatocyte transplantation, im-
munosuppressive treatment is given before and after 

hepatocyte infusion. Immunosuppressive protocols 
resemble protocols for whole organ transplantation. 

27.8. Traceability

Records covering the complete procedure – from 
donor selection to recipient transplantation 

– should be kept at the tissue establishment (see 
Chapter 2 and Chapter 15). If the donor also donated 
other organs, special care should be taken to ensure 
traceability from the organ donor to all other organ 
and tissue recipients, and vice versa.

27.9. Biovigilance

For all relatively new clinical applications of human 
cells, documentation of all adverse events and re-

actions is of particular importance because we can 
learn from them (see also Chapter 17). For example, 
the above-mentioned lack of in vitro endpoints that 
correlate with engraftment or proliferation of hepat-
ocytes in vivo will only be clarified after collecting 
sufficient data as well as monitoring adverse events 
during procurement and processing of hepatocytes.

27.10. Developing clinical 
applications

Hepatocyte transplant has in the past been used 
as a ‘bridge’ to liver transplantation in patients 

Table 27.1. Liver disorders

Inborn errors of metabolism
• Crigler–Najjar syndrome Type 1
• Familial hypercholesterolaemia
• FVII deficiency Glycogen storage disease type 1
• Infantile Refsum’s disease
• Progressive familial intrahepatic cholestasis type 2 (PFIC 

2)
• Urea cycle
• Ornithine transcarbamylase deficiency

– Argininosuccinate lyase deficiency
– Carbamoylphosphate synthase type 1 deficiency
– Citrullinaemia

Acute liver failure
• Drug
• Viral
• Idiopathic
• Mushroom poisoning
• Acute fatty liver of pregnancy

Acute-on-chronic liver failure
• Alpha 1 antitrypsin deficiency
• Viral
• Alcohol

Sources: based on [1-2, 21-22].
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with the liver-based metabolic disorders shown in 
Table 27.1. 

The literature shows that the outcome has not 
been satisfactory, partly due to a massive early cell 
loss after infusion and that long-term function is 
currently limited as the function of the transplanted 
hepatocytes declines and ceases to function past 
300-500 days [23].

There are other options for alternative cell 
sources, such as neonatal derived hepatocytes or 
pluripotent stem cells, and strategies like encapsu-
lation are being explored to inform the future as an 
alternative to hepatocyte transplant.
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Chapter 28. Adipose tissue

28.1. Introduction

28.1.1. Adipose tissue properties and 
background

Adipose tissue is a complex and specialised 
connective tissue consisting of a stromal vascular 
fraction (SVF) and adipocytes. Functions of adipose 
tissue are energy handling in the form of lipids, 
hormone production and local tissue architecture 
maintenance. The purpose of adipose tissue trans-
plantation is reconstructive and aesthetic: to repair, 
to contour deformities or to augment. 

The main advantage of autologous fat trans-
plantation is that the adipose tissue is abundantly 
and easily available, and does not induce immune 
response in the recipient. The majority of the studies 
and clinical data on adipose tissue transplantation 
derive from patients receiving autologous adipose 
tissue, which is procured, processed and grafted in a 
one-step surgical procedure. 

The first historical reference to adipose tissue 
transplant was reported by Neuber in 1893, transfer-
ring autologous adipose tissue from the forearm to 
the face; afterwards fat was used for facial atrophy 
and malar augmentation and, later on, the first fat in-
jection through needle was reported [1]. 

Initially, the outcomes of fat transplantation 
were unclear because of the variability of tissue re-
sorption on patients, and in 1950 the fat transplanted 
retention rate per year was around 40-50 % [2]. Now-
adays long-term results at one year remain unpredict-
able, due to the high rate of resorption in the grafted 

site (ranging between 20 and 80 %) [3, 4]. The conse-
quence of resorption is the need for additional pro-
curement and grafting procedures with the increase 
of inherent surgical risk, costs and discomfort for the 
patient. 

Some key points to improve adipose tissue 
transplantation outcomes are based on various 
studies. The importance of atraumatic procurement 
and processing to maximise fat viability/survival 
and adipose tissue transplantation success was first 
described in a 1993 study [5], where the viability of 
various fat cylinders was compared, resulting in a 
greater survival for those with less than 3 mm diam-
eter/depth, observing that the central part of grafts of 
more than 3.5 mm was necrotised [6]. 

Adipose tissue banking eliminates the need 
for repeated liposuction and, thereby, reduces cost 
and the risk of morbidity. Discrepancies in adipose 
tissue storage efficiency have been reported [7, 8]. In 
summary, several studies [9-12] observed diverse ef-
fectiveness in the improvement of pathological con-
ditions when using cryopreserved or fresh adipose 
tissue despite the length of the follow-up (5-120 
months). Nevertheless, the existing scientific evi-
dence is insufficient to permit the standardisation of 
procedures.

All the components of adipose tissue contribute 
to correct engraftment, regulating adipogenesis and 
angiogenesis and preventing adipocyte necrosis [13, 
14, 15].

Finally, the lipofilling technique, reinjecting fat 
aspirated by liposuction, has become one of the most 
popular procedures performed by plastic and aes-
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thetic surgeons [16, 17]. Nowadays, the most common 
method of adipose tissue procurement and trans-
plantation is Coleman’s technique [18].

28.1.2. Indications for adipose tissue 
transplantation

Indications in favour of fat transfer for recon-
structive and aesthetic purposes are multiple, and 
include any area needing volume and/or regeneration. 
Among reconstructive indications it has been used 
for breast reconstruction [19], depressed scars, eyelid 
depression, pitting acne, post-traumatic defects, con-
ditions such as Romberg’s disease, facial microsomia 
and facial hemiatrophy, improvement of function 
and appearance of irradiated tissues, correction of 
asymmetry in Poland’s syndrome, soft-tissue defect 
correction after trauma, oncologic treatments and 
lipodystrophies. In aesthetic surgery, to enhance 
volume in any part of the body (mainly face, breast 
and buttocks) and correct aesthetic defects (sequelae 
of operations, combined with implants).

The following generic chapters (Part A) of this 
Guide all apply to adipose tissue banking and must 
be read in conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

28.2. Donor evaluation

The criteria for donor selection to be applied are 
the criteria for autologous donation. The patient 

must be provided with sufficient information on the 
process (including the planned storage period and 
tests performed) and must sign an informed consent 
form.

Additionally, it should be ascertained that 
donors do not have any major systemic diseases or 
lipid disorders, and that they are not underweight. As 
adipose tissue is to be stored and not only used in the 
same surgical procedure, infectious disease testing 
must be performed for all autologous adipose tissue 
patients, as described in Chapter 6. Patients known 
to have HIV or hepatitis B/C can be accepted for au-
tologous use. In this case, the tissues and cells must 
be labelled accordingly (e.g. Caution: Biological 
Hazard) and stored separately or under special con-
ditions. (For further details, see §10.2.8 and §10.2.9.)

28.3. Procurement

Minimising risks of contamination during pro-
curement (see Chapter 7) and processing (see 

Chapter 9) is crucial to ensure adipose tissue safety. 
Risks are often multi-factorial, and to help quantify 
and map them, a dedicated chapter (Chapter 3) has 
been developed as well as EDQM’s tailored Micro-
biological Risk of Contamination Assessment tool 
(MiRCA). By using this tool, tissue establishments 
can better understand the overall risk of their pro-
tocols, and how risk factors are distributed along the 
tissue/cell supply chain, from procurement to distri-
bution, and can implement the most efficient mitiga-
tion or risk-reducing measures, as needed.

Particular attention should be paid to procure-
ment conditions, because they support the initial 
quality and low bioburden of the adipose tissue.

28.3.1. Donor site

There are various subcutaneous adipose areas 
of the body examined to identify natural fat deposits. 
The most common donor site is abdominal fat because 
it is one of the largest fat deposits. The second most 
common sites are the greater trochanteric region and 
the inside of the thighs and knee [20, 21]. Age, but 
not body mass index, seems to influence adipocytes’ 
viability in relation to the choice of donor’s site for 
procurement [22], and there is no significant differ-
ence between different donor sources in cell viability 
or volume retention. The superficial layer of subcuta-
neous adipose tissue should be recommended instead 
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of the deep layer to obtain the greatest stromal com-
ponent, which ensures higher multipotency and 
stemness features [23], but the main inconvenience of 
using this layer is the potential morbidity associated 
with it, such as irregularities and visible deformities. 

Local anaesthesia (lidocaine) and tumescent 
solutions, applied before procurement, seem to ad-
versely affect the metabolism of adipocytes, with 
reduced glucose transport, lipolysis, viability and 
differentiation of pre-adipocytes or adipose-derived 
stromal/stem cells (ASC) [24, 25]. That effect, however, 
seems to disappear when the anaesthetic is removed 
[22] so, after washing, the tissue is able to fully regain 
its function. 

28.3.2. Procurement techniques

Various procurement and preparation tech-
niques have been introduced to obtain better and 
more reliable survival of adipose tissue. Tissue collec-
tion technique should guarantee minimal manipula-
tion of the tissue before transplantation, allowing a 
soft mechanical disruption and giving the advantage 
of keeping all the structural elements of the tissue, in-
cluding extracellular matrix and perivascular struc-
tures. The smaller the adipose tissue fragments, the 
better the oxygen and nutrient supply can be retained, 
favouring a higher rate of engraftment. Even if several 
strategies have been used, one of the major issues is 
still standardisation of the procedures because there 
are no data supporting the choice of a best technique 
for the procurement [26, 27].

The fat tissue is usually procured with a spe-
cific cannula with negative pressure from abdomen, 
thighs and hip with Coleman technique [28, 29]. The 
technique uses a series of cannulas aiming to obtain 
atraumatic fat and its safe infiltration, reducing the 
possibility of intravascular injection. The use of a 
small cannula size for the liposuction also negatively 
influences tissue viability and finally fat engraftment, 
affected by flow speed and the shear stress [30, 31]. 
Conventional liposuction techniques, hand-held sy-
ringes and new devices show no differences in fat out-
comes [32-35]. Nonetheless, it has been observed that 
laser liposuctioning provides higher cell viability and 
enhances sample quality in comparison to mechan-
ical liposuctioning [36].

28.3.3.  Transfer to tissue establishment

Adipose aspirates are collected with a syringe 
in a specific container, refrigerated at a transport 
temperature of 4 °C and should be transferred imme-

diately to the tissue establishment for processing and 
long-term storage [37].

28.4. Processing

There are several published protocols for pro-
cessing adipose tissue, but there is no evidence 

to prefer one technique above another. During fat 
processing, the retrieved fat undergoes a process of 
eliminating fluid, blood, cell fragments and oil. In 
selecting an appropriate air-quality specification 
for processing adipose tissue, the criteria identified 
in Chapter 7 and Chapter 9 and the output from 
the MiRCA tool should be considered. Appropriate 
measures should be taken to minimise the risk of mi-
crobiological contamination, including an antibiotic 
decontamination step to the lipoaspirate.

Tissue processing includes washing (e.g. 0.9 % 
NaCl) [39], and centrifugation (e.g. 300-3400 rpm 
for 3 min) [39] or decanting, or procedures that allow 
increased concentration of the tissue, draining and 
separating the floating adipose tissue from the excess 
of fluids, blood and debris. New protocols recently 
suggest that the best results are obtained by washing 
and gentle centrifugation [40]. Centrifugation and 
decantation remove 50-60 % of red cells and leuko-
cytes, and filtering and washing removes 90 % of 
erythrocytes and leukocytes [40]. The presence of 
blood reduces the viability of fat, causes inflammation 
and impairs engraftment. The utilisation of filtration 
bags for collection simplifies processing of the tissue 
because several steps can be done directly in the col-
lection bag, allowing a rapid elimination of fluids and 
free lipids and the microfragmentation of the tissue 
with the preservation of the native architecture. 

Adipose tissue is filled by lipids that make it 
very sensitive to external treatments (centrifuge, pro-
cessing methods and temperature) so the storage at 
room temperature and high centrifugation speed 
should be avoided to reduce the loss of tissue via-
bility [40, 41]. Centrifugation at 400 g is sufficient to 
remove red fraction and excess of fluids and greater 
forces produce higher oil fraction. 

The better survival rates (similar to fresh speci-
mens) were found with tissue samples frozen at a slow 
controlled rate (1-2°C/min) in the presence of cryo-
protectants. For long-term storage a temperature of 
< −140 °C (in vapour phase of liquid nitrogen) ensures 
preservation of maximum tissue viability [41-43]. 

In particular, as well as the requirements for 
cryoprotectants and controlled freezing/storage, the 
following factors can affect the viability of trans-
planted adipose tissue [44]:
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• procurement → procurement method, source 
location, donor age;

• processing → wash solutions, centrifugation, 
disaggregation;

• storing → media, cryoprotectants, storage 
temperature;

• recipient bed → infusion solutions, growth 
factors;

• implantation → method, location, flexibility.

There must be written protocols for all pro-
cedures related to liposuction and tissue transfer to 
tissue-processing facilities. To cryopreserve adipose 
tissue, quality control is an essential issue. Adipose 
tissues must be processed under sterile condi-
tions and in an aseptic manner. All biological tests 
should be performed as described in Chapter 6 and 
Chapter 11, if the tissue is processed (regardless of the 
location where this is done).

Quality control must include microbiological 
testing of each batch. Microbiological analyses of 
procured tissue, rinsing solutions and tissue after 
possible decontamination, must be carried out ac-
cording to the European Pharmacopoeia (Ph� Eur.). 
In cases of positive test results after decontamination, 
the adipose tissue should be discarded. 

To test the morphology and viability of tissue, 
histological analyses, cell-viability and/or functional 
assays are highly recommended. Histology gives only 
general information, mostly not linked to tissue via-
bility given that the most popular staining protocols, 
such as haematoxylin and eosin, require tissue fixa-
tion [44]. 

The overall cell viability can be assayed using 
different stainings, based on cell-permeant/non-per-
meant [45] dyes that, when combined, mark live and 
dead cells at the same time. In addition, stromal vas-
cular fraction and adipocytes can be isolated using 
enzymatic digestion from the same sample, allowing 
the assessment of live and dead cells of both compo-
nents of adipose tissue.

28.5. Preservation/storage

Cryopreservation is one way to indirectly over-
come the problem of absorption of the autol-

ogous fat graft results in repeated procurement 
procedures (with increasing cost and risks for the 
patient), as the patient only needs to undergo one 
procurement procedure. Unfortunately, an optimal 
technique for long-term preservation of adipose 
tissues is not available, and outcomes following im-
plantation are diverse. Nevertheless, the literature 

clearly recommends the use of cryoprotectants when 
long-term storage of adipose tissue is desired [46-52].

The selection of cryoprotective agent is one 
of the key issues for obtaining optimal viability of 
mature adipocytes and their precursors. The most 
common cryoprotective agents used for adipose 
tissues are dimethyl sulphoxide (DMSO), treha-
lose [53, 54] and glycerol, or their use in combina-
tion. Published data report high cellular viability in 
the presence of DMSO [55] as cryopreserving when 
cooling is controlled and thawing is done by fast 
gentle warming [56].

Studies comparing different storage conditions 
have shown that the banking of adipose tissue at 

− 20 °C [57] is not efficient because of the loss of adipo-
cytes’ viability, and for long-term storage processed 
adipose tissue should be kept in the vapour phase of 
liquid nitrogen (< −140 °C) [42].

When autologous adipose tissue is procured 
and stored, and serological test results become pos-
itive, this will not necessarily lead to discarding the 
tissue. For such tissues, isolated storage possibilities 
should be considered in order to exclude the risk of 
cross-contamination or mix-ups. Given that the best 
results of defect correction are achieved by multiple 
tissue injections, the storage of small aliquots is pref-
erable [23, 58]. 

After cryopreservation, tissue can be thawed 
and after the removal of cryoprotective agent it can 
be shipped to clinicians, refrigerated in a tempera-
ture-controlled container using a transport buffer 
consisting of lactated Ringer’s solution with 1 % 
human serum albumen [59]. To avoid loss of vital cells 
before lipoinjection, thawing at tissue establishments 
should be restricted to short-term transport. Prefer-
ably, cryopreserved fat should be shipped at − 80°C 
to the organisations for human application (OHRA) 
with written thawing procedures for clinicians.

Establishments must specify the shelf life of 
adipose tissue at defined temperature(s), to the best 
of their knowledge. This shelf life could be based on 
a recent paper [60] that reported that the time of cry-
ostorage and cryoptotective agent does not influence 
the tissue recovered, even for long-term storage (>1 
year).

28.6.  Biovigilance

Any adverse reaction or event occurring during 
procurement, processing, thawing or reinjection 

of tissue must be notified, as described in Chapter 17.
Serious adverse reactions for adipose tissue 

transplantation include:
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• infection or sepsis after cryopreserved fat 
grafting; 

• graft failure (e.g. excessive volume loss, 
calcification);

• malignancy possibly attributable to the trans-
planted tissue (mainly due to cancer stem cells 
in the autologous transplant);

• fat embolism.

Serious adverse events include:
• wrong tissue supplied for the intended surgical 

procedure;
• tissue supplied was damaged or transported at 

wrong temperature;
• tissue supplied is beyond its expiry date.

There are two entries in the Notify Library 
(www.notifylibrary.org) related to infection from a 
cryopreserved autologous fat graft (Record ID 1689 
and 1690):

• ID 1689 – Infection from a cryopreserved au-
tologous fat graft 4 months after transplanta-
tion. The culture growth showed Aspergillus, 
and Mycobacterium fortuitum was also identi-
fied by PCR. The root cause was not identified 
but it is not likely to be donor derived since the 
autologous donor had no infections at the time 
of procurement. Suspicion of graft contamina-
tion was during cryopreservation steps, when 
it was stored for 2 months, during the thawing 
procedure or during implantation. 

• ID 1690 – This study focused on the safety 
of cryopreserved fat injection. The samples 
studied showed that Staphylococcus epider-
midis was the leading cause of cryopreserved 
fat contamination, and the resistance to methi-
cillin is common. Based on the results, aseptic 
handling of fat during procurement and pres-
ervation appeared to be most important.

28.7. Developing applications

Currently, there is no consensus on adipose tissue 
cryopreservation and banking, neither regarding 

the cryopreservation agents nor the duration of the 
storage. The feasibility and efficacy of these proce-
dures should also be investigated in clinical studies 
involving many patients. The answer to these ques-
tions will give certainty to the clinical translation of 
this approach, to achieve the optimal outcome for pa-
tients needing reconstructive surgeries.

Additionally, adipose tissue can be used not 
only as a structural support, but it may also be a 
source of SVF or stem cells that can be cryopreserved 

before or after their isolation [57, 61]. Cells can be used 
to improve fat grafting, as in cell-assisted lipotransfer 
[62], or for the immunomodulatory property of SVF, 
which is actually under extensive investigation for its 
possible use in treating sclerosis and autoimmune, 
inflammatory and neurologic conditions, taking 
into consideration that in some countries, following 
national regulations, it may fall under the scope of 
ATMPs. A search for clinical trials using SVF in www.
clinicaltrials.gov reveals that 14 studies are currently 
actively recruiting for patients. Adipose-derived stem 
cells isolated from SVF and expanded in vitro are 
under investigation for a whole range of diseases [63, 
64] (see Chapter 34). 
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Chapter 29. Medically assisted reproduction

29.1. Introduction

This chapter refers to the medical procedures used 
to achieve pregnancies and live births involving 

the identification, procurement (collection), pro-
cessing and/or storage as well as distribution of at least 
one of the following reproductive cells and tissues: 
oocytes, sperm, zygotes, embryos, ovarian and tes-
ticular tissue. These procedures may be carried out 
using freshly collected and/or cryopreserved gametes, 
zygotes or embryos originating from the couple being 
treated (‘partner donation’) and also from gamete 
or embryo donors (‘non-partner’ or ‘third party do-
nation’). For the procurement, processing and/or 
storage of ovarian and testicular tissue, we refer to 
Chapter 30 – Fertility preservation. These contexts 
are addressed separately because of the different risks 
involved. Ovarian stimulation, or any other clinical 
procedure that does not involve gamete procurement, 
is not addressed in this chapter.

Medically Assisted Reproduction (MAR) is 
also referred to as Assisted Reproductive Technology 
(ART). However, MAR is a broader term, which in-
cludes ART, but also includes ovarian stimulation 
and intra-uterine insemination of sperm, whereas 
the term ART refers only to procedures that include 
in vitro handling and culture of gametes or embryos.

MAR is carried out in centres specialised 
in treating patients with fertility problems. These 
centres usually consist of a tissue establishment (TE) 
and an organisation responsible for human applica-
tion, bringing together a laboratory team and a clin-
ical team in a multidisciplinary unit.

Procurement, processing and/or storage – as 
well as release and distribution of reproductive cells – 
may also be performed by gamete cryobanks that are 
not part of a fertility clinic. The recommendations in 
this chapter concern all institutions where reproduc-
tive cells are handled.

MAR comprises various procedures, among 
which are the following.

• Processing of sperm for the purpose of intra- 
uterine insemination. Sperm is processed and 
transferred into the uterus close to the esti-
mated time of ovulation [1].

• In vitro fertilisation (IVF), either conventional, 
whereby collected and prepared sperm and 
oocytes are co-incubated (so-called routine 
or standard IVF), or intracytoplasmic sperm 
injection (ICSI), whereby a single spermato-
zoon is injected into a mature oocyte. IVF in-
volves procurement and processing of gametes, 
fertilisation, embryo culture and transfer of 
embryos into the uterus.

• In vitro maturation (IVM) refers to the 
maturation of oocytes recovered from 
non- preovulatory follicles that have been 
primed or not with exogenous gonadotrophins.

• Cryopreservation and storage of gametes, 
zygotes, embryos and/or gonadal tissue.

• Pre-implantation genetic testing (PGT), which 
uses genetic identification methods to diag-
nose or screen oocytes or embryos in vitro to 
ascertain if they are affected by known inher-
ited diseases or chromosomal rearrangements 
incompatible with the birth of a healthy child. 
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This approach comprises different forms of 
testing, such as PGT-M for monogenic/single 
gene defects and mitochondrial disorders, 
PGT-SR for chromosomal structural rear-
rangements and PGT-A for aneuploidy testing.

Cryopreservation of gametes or gonadal tissue 
can be used in patients affected by certain diseases 
(e.g. cancer, some chronic pathologies) whose treat-
ment may be potentially harmful to their fertility. In 
those cases, long-term storage of cryopreserved re-
productive cells and tissues may be proposed to chil-
dren, adolescents and adults. This approach, called 
‘fertility preservation’ (addressed in Chapter 30), also 
represents a treatment option for non-medical cases, 
so-called ‘social freezing’. MAR treatments can also 
be proposed to partners at risk of transmitting a 
serious transmissible disease – e.g. human immuno-
deficiency virus (HIV) or hepatitis B and C viruses 
(HBV and HCV) – to one another (horizontal trans-
mission) and/or to their future child (vertical trans-
mission). These practices are applied only after risk 
assessment of vertical and horizontal disease trans-
mission and taking into account the individualś  
health condition [2]. In some countries, MAR can 
be offered to single women or homosexual female 
couples. In a few countries in Europe, under strin-
gent conditions, surrogate motherhood is allowed 
for women without a uterus or with a non-functional 
uterus, or for male homosexual couples. Through in-
semination or embryo transfer, the gestational carrier 
(formerly known as ‘surrogate mother’) [1] carries 
and gives birth to a child for the intended parents.

MAR is performed in most countries in Europe. 
Each year, the European Society of Human Repro-
duction and Embryology (ESHRE) publishes a report 
of MAR activity in European countries, based on 
voluntary declarations. The latest published ESHRE 
data (from 2017) include data from 1 382 clinics in 39 
countries and report 940 503 treatment cycles, in-
cluding 165 379 IVF/ICSI, 271 476 of frozen embryo re-
placement (FER), 37 303 with preimplantation genetic 
testing, 69 378 with egg donation (ED), 378 of in vitro 
maturation (IVM) of oocytes and 5 210 cycles with 
frozen oocyte replacement (FOR). European data on 
intra-uterine insemination using husband/partner’s 
semen (IUI-H) and donor semen (IUI-D) were re-
ported from 1 352 institutions in 25 countries and 21 
countries, respectively. A total of 139 050 IUI-H and 
49 001 IUI-D cycles were included. Thirteen coun-
tries reported 18 888 interventions for fertility preser-
vation, including oocyte, ovarian tissue, semen and 

testicular tissue banking and pre- and post-pubertal 
patients [3]. This chapter aims to provide guidelines 
that can help to conceive singletons resulting in a 
healthy liveborn, which is the ultimate goal of MAR. 
The relevant medical activities may in some countries 
be considered ethically sensitive. The procedures de-
scribed here are intended to achieve clinical efficiency 
in terms of delivery rates and also address the safety 
of patients, donors and children born. 

In addition, the following generic chapters 
(Part A) of this Guide all apply to MAR and must be 
read in conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

This chapter defines additional specific require-
ments for MAR. Procedures may vary from country 
to country as determined by national legislation.

29.2. Quality management, risk 
management and validation

The implementation of a quality management 
system is mandatory and will contribute to 

compliance as well as to the success of an MAR pro-
gramme. This section should be read in conjunc-
tion with Chapter 2 and Chapter 3; however, certain 
MAR-specific matters concerning quality manage-
ment are addressed below.
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29.2.1. Risk-assessment analysis for laboratory 
activities

Risk management will help in assessing and 
prioritising the possible existing hazards for moni-
toring and control purposes, so that the probability 
of an adverse event occurring is kept to a minimum. 
The most commonly applied methods of risk assess-
ment are: Failure mode and effects analysis (FMEA) 
[4], Failure mode, effects and criticality analysis 
(FMECA) and Hazard analysis and critical control 
points (HACCP). The process of risk assessment is 
described in Chapter 3 at §3.1.

29.2.2. Validation

For MAR procedures, currently no test system 
with the necessary biological sensitivity exists, apart 
from an assessment of the actual clinical perfor-
mance. New equipment should be qualified and 
methods should be validated before entering clinical 

use. Such validation should include installation, op-
erational (technical) qualification and performance 
qualification, by comparison with laboratory key per-
formance indicators (KPI) for similar types of equip-
ment or methods already existing in the laboratory. 
The Special Interest Group Embryology of ESHRE, in 
collaboration with Alpha Scientists in Reproductive 
Medicine, have established minimum performance 
(competence) levels and aspirational (benchmark) 
values for the IVF laboratory. Based on the infor-
mation presented, each laboratory should select its 
own set of KPIs founded on laboratory organisation 
and processes or on any available and useful data 
provided by national registries [5]. Recently, perfor-
mance indicators for clinical practice in MAR were 
published [6].

Likewise, it is desirable to ensure that the nec-
essary research and development has been conducted 
before bringing new techniques into clinical practice, 
preferably by means of well-designed randomised 

Figure 29.1. Validation of new technologies in medically assisted reproduction

1. Theoretical steps to be followed 
when introducing a new technology 
into clinical use in medically assisted 
reproduction

Hypothesis-driven research based on many years’ study of the basic physiology of

embryo development

Hypothesis developed and tested in animal models, including small rodents and

large animals

Tested in human specimens (oocytes and embryos) donated to research

Tested in small-scale single-site clinical IVF

Tested in larger-scale multi-site clinical study

Assess clinical and cost effectiveness

2. Example of a validation process in 
medically assisted reproduction 1988 Vitri�cation of mouse oocytes results in aneuploid zygotes and malformed foetuses

Kola I, Kirby C, Shaw J, Davey A, Trounson A. Theratology 1988

1989 First pregnancy (mouse oocyte vitri�cation)

Nakagata N. Journal of Reproduction and Fertility 1989

1999 First pregnancy (human oocyte vitri�cation)

Kuleshova L, Gianaroli L, Magli C, Ferraretti A, Trounson A. Hum. Reprod. 1999

Studies in mouse, bovine, ovine, 
porcine, buffalo, etc.

Healthy offspring from mouse 
(1995–97), 1 LV bovine (2000) 2 LV 
equine (2002), 6 LV human (2003)

2005–
2010

Higher scale vitri�cation and pregnancy (human oocytes) (7 live births + 3 ongoing 
pregnancies). 1st randomised study including 600 egg recipients (256 total ongoing 
pregnancies, 131 from the vitri�ed group).

Kuwayama M et al. RBMOnline 2005
Cobo A et al. Hum. Reprod. 2010

Yoon TK et al. Fertil Steril 2003

Source: Adapted from Harper J et al. When and how should new technology be 
introduced into the IVF laboratory? Hum Reprod 2012;27(2):303-13.
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control trials with a follow-up of all children born 
from the procedure. The steps needed to validate a 
new technology before its introduction into clinical 
practice have been described (see Figure 29.1) [7, 8]. In 
some countries, a formal authorisation by Health Au-
thorities is required before introducing a new tech-
nology into clinical practice.

29.2.3. Materials, consumables and reagents

Critical consumables and media should be 
quality-controlled, fit for their purpose, of embryo- 
culture grade and, when available for the intended 
use and providing at least equal results as qualified 
alternatives, be CE-marked.

Specific culture media for gametes and embryos 
that fulfil these requirements are needed during all 
processing activities in MAR, for instance fertilisa-
tion, culture and cryopreservation.

Patient or donor serum or follicular fluid 
should not be used as a protein supplement. Com-
mercial suppliers of human serum albumin or media 
containing a serum-derived protein source should 
provide evidence of screening for transmissible viral 
diseases according to European and/or national 
regulations.

29.3. Recruitment of potential 
donors, identification and 
consent

29.3.1. Donor recruitment – non-partner 
donation

As with any tissues and cells, the donation 
of reproductive material must follow the principles 
of voluntary and unpaid donation, as described in 
Chapter 4 (see §4.2.1.3, which specifically relates to 
MAR). However, expenses related to the donation 
can be reimbursed, and loss of earnings may be com-
pensated for.

National regulations will need to dedicate 
special attention to the existence of advertising and 
false or misleading promotion. In addition, the activ-
ities of TEs related to donation must have a non-profit 
character, which means that only the actual costs of 
the additional services (those required to allow the 
donation to be performed) should be charged.

29.3.2. Donor consent – partner and non-
partner donors

MAR treatments can be carried out with 
partner gametes or non-partner-donated gametes 

(i.e. ‘partner donation’ or ‘non-partner’ donation). 
Chapter 4 describes consent-giving procedures for 
donation by living donors, and this also applies to 
gamete and embryo donors in the case of non-partner 
donation. Fully informed written consent is manda-
tory also for partner-donated gametes. This section 
describes additional aspects of relevant specific 
consent forms that should be addressed. In MAR, 
consent forms must be separated for female and male 
patients, although for certain treatments – and espe-
cially in partner donation – they may be combined in 
one document. It is important to emphasise that both 
partners are required to sign these combined doc-
uments on partner donation. Examples of separate 
consent forms for treatment and storage are given in 
Appendix 11 and Appendix 12 for the female patient 
and in Appendix 13 for the male patient.

The couple (or individual) subjected to MAR 
treatment should receive written and oral informa-
tion (during medical consultation with the physician 
or paramedical personnel, through information ses-
sions, leaflets, website etc.) on the following matters 
[9]:

a� national legislation governing MAR and its 
implications for those who have access to such 
treatment;

b� in cases of non-partner donation and embryo 
donation, the implications of current national 
legislation for the possible anonymity of the 
donor and for the possible right of the offspring 
to know their biological origins;

c� possibility of withdrawal of consent to treat-
ment;

d� chances of success based on their medical 
history, the degree of invasiveness and the pos-
sible risks associated with MAR (including 
multiple pregnancies). In treatments involving 
hormone administration, special reference 
must be made to ovarian hyperstimulation 
syndrome (OHSS) and the risks linked to 
oocyte retrieval (e.g. bleeding, infection or per-
foration of bladder or bowel);

e� testing for genetic and infectious diseases, in-
cluding relevant assessments carried out in 
gamete donors in non-partner donation;

f� full description of treatment at each stage of its 
implementation;

g� option to cryopreserve and store gametes and 
supernumerary embryos for future use ac-
cording to national legislation;

h� total cost of a treatment cycle, and existing re-
imbursement policies, if applicable;

i� possibility that the physician may not proceed 
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with the entire treatment (or some of its parts) 
due to medical or deontological reasons;

j� possible ethical issues regarding MAR;
k� possible undesired psychological effects 

imposed by MAR treatment;
l� possible risks to the offspring resulting from 

MAR treatment (particularly in multiple preg-
nancies) and the limited follow-up data on the 
long-term health of the offspring;

m� when applicable, the information that their 
personal data will be included in a national 
registry.

In addition, psychological counselling should 
be offered to the couple/patient.

MAR care normally comprises a series of sep-
arate treatments. Therefore, consent forms should be 
signed for each treatment or else be valid for consecu-
tive treatments until the treatment is successful, until 
a predefined date or until relevant circumstances 
change.

If the treatment is undertaken with cryopre-
served gametes, consent for thawing must be given 
for each treatment. In the case of cryopreserved 
embryos originating from partner donation, both 
partners must give consent before each treatment. 
This policy would prevent a treatment from being 
initiated by either of the partners without the knowl-
edge or consent of the other.

In the consent form, the couple should state 
whether embryos or gametes may be cryopreserved or 
not. Depending on possible options, the couple should 
receive information on different success rates and on 
the implications of national legislation regarding the 
final fate of cryopreserved gametes or embryos. The 
destiny of cryopreserved gametes or embryos could 
be: to keep for own reproduction, donate to another 
couple, donate for scientific research, donate for lab-
oratory validation if allowed (depending on local 
regulation) or destroy. The consent form could also 
include aspects on the duration of storage.

There should be specific consent whenever ad-
ditional methods to IVF, ICSI and cryopreservation 
are used. In some countries, a very specific case in 
MAR is the option to consent for the use of cryopre-
served gametes or embryos left over from previous 
treatment(s) after one of the partners has died (‘post-
humous donation’). This needs to be clearly specified 
in the consent form.

A woman who undertakes ART treatment 
could decide not to use all of her oocytes for her 
own treatment, but to donate some of them to other 
couples/individuals for reproductive purposes. This 
procedure is called ‘oocyte sharing’ and implies that 

this woman should be considered both a patient and 
a non-partner donor. Screening should therefore be 
conducted as described in Chapter 5 and Chapter 6, 
and specifically for ART as in sections 29.5.1 and 
29.5.2 below.

29.4. Donor evaluation

29.4.1. Evaluation of partner donors
29.4.1.1. Interview

Couples who experience inability to conceive 
should be evaluated together because infertility con-
stitutes a mutual medical condition for partners. 
Counselling before, during and after treatment is 
widely practised and is recommended because infer-
tility and its investigation and treatment can cause 
psychological stress [10].

29.4.1.2. Taking of medical history and physical 
examination

Full medical history – including surgical, 
sexual, contraceptive, genetic, family and pregnancy 
history, as well as travel history for the assessment of 
certain viral diseases – should be taken from both 
partners. Both partners should also undergo a phys-
ical examination.

29.4.1.3. Screening of the female
Screening of the female should include:

a� assessment of ovulation, with a complete men-
strual history; 

b� assessment of ovarian reserve, including bio-
chemical tests and/or ultrasound imaging of 
the ovaries;

c� assessment of tubal patency;
d� assessment of uterine abnormalities, such 

as submucous fibroids, polyps, adhesions or 
Müllerian malformations (septae, bicornuate 
uterus);

e� testing for immunity to rubella should be 
carried out before treatment; vaccination 
should be offered to seronegative women before 
they commence any MAR treatment.

29.4.1.4. Screening of the male
a� At least one diagnostic semen analysis should 

be carried out before starting treatment. If the 
seminal parameters are altered, a second semen 
evaluation can be repeated after 2 to 3 months; 
procedures and reference values are described 
in the WHO laboratory manual for the exami-
nation and processing of human semen [11];

b� Men with azoospermia or severe oligozoo-
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spermia should be screened for genetic ab-
normalities (e.g. Klinefelter syndrome or 
Y-chromosome deletions) and, if a chromo-
somal abnormality is detected, appropriate 
genetic counselling should be offered; in the 
presence of obstructive azoospermia, cystic fi-
brosis or renal-tract abnormalities should be 
screened for; in addition to genetic testing, hor-
monal testing and a scrotal ultrasound should 
be performed in order to formulate a diagnosis 
of testicular failure.

29.4.1.5. Inclusion/exclusion criteria for treatment
A full medical evaluation will help to deter-

mine if a couple is suitable for MAR treatment. The 
risk–benefit analysis should be estimated case by case.

The number of repeat cycles should be assessed 
on the individually estimated probability of a live 
birth. Irrespective of such an assessment, patients 
have the right of self-determination.

29.4.2. Evaluation of non-partner donors

The purpose of evaluation in non-partner 
donors is to ensure that donors whose gametes may 
cause a health risk in the recipient or to the offspring 
(e.g. infectious disease, genetic disease) can be ex-
cluded [10]. In addition, ensuring that the donation 
process does not cause harm to the health of the 
donor is equally important. Evaluation tests and the 
exclusion criteria may depend on national legislation.

In order to donate his/her sperm/oocytes, the 
potential donor must undergo:

a� consultation and counselling with a healthcare 
professional;

b� completion of a health/medical/donor family 
history questionnaire;

c� psychological assessment;
d� medical examination: gynaecological exami-

nation and ultrasound for female donors, and 
genital examination in males;

e� laboratory testing (including screening for in-
fectious diseases);

f� blood group typing;
g� genetic testing as indicated by family history 

and prevalence of carrier status in specific 
populations; karyotype testing is strongly rec-
ommended; extensive genetic screening for 
common recessive genetic mutations – such 
as carrier testing for cystic fibrosis and spinal 
muscular atrophy (SMA) – is now available 
and should be considered in order to reduce 
the risk of transmitting genetic disease to the 
future child. Genetic testing will be performed 

according to the prevalence of the diseases in 
the origin of the donor;

h� semen analyses for sperm donors; freeze–thaw 
test may also be recommended to assess sperm 
quality after freezing and thawing;

i� assessment of ovulation and ovarian reserve 
(including endocrine work-up) in oocyte 
donors;

j� informed consent before any procedure.

29.4.2.1. Exclusion criteria for oocyte donors
a� age < 18 years or > 36 years;
b� diminished ovarian reserve
c� positive results in tests for dominant genetic 

disease and/or infectious disease;
d� any risk factor to her own health;
e� unsuitability for donation based on interview.

29.4.2.2. Exclusion criteria for sperm donors
a� age < 18 years and > 45 years;
b� positive results in tests for dominant genetic 

disease and/or infectious disease;
c� poor sperm quality;
d� poor survival rate after thawing;
e� unsuitability for donation based on interview.

In cases in which embryos are donated, the 
partners of donors from whom the gametes origi-
nated must also be considered as non-partner donors 
and must comply with the general criteria for non-
partner donation in this section and in Chapter 4 and 
Chapter 5.

29.4.2.3. Psychological examination (non-partner 
donation) 

In MAR, psychological evaluation of non-
partner donors is highly recommended and should 
focus on a psychological anamnesis, including but 
not limited to: motivation, pattern of personal sta-
bility, discussing psychological downstream implica-
tions of being a gamete donor, giving psychological 
guidance in the preparations for becoming a gamete 
donor. Personality and/or psychological diagnostic 
tests could also be considered [10].

29.4.2.4. Welfare of non-partner gamete donors
To secure the welfare of gamete donors is very 

important. Although the minimum age limit is 18 
years, it would be advisable according to good clin-
ical practice not to include very young gamete donors 
in a donation programme, but to recruit an older 
donor group, possibly with proven fertility or fulfilled 
child-wish. For example, oocyte donors should pref-
erably be accepted after having achieved a successful 
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pregnancy of their own. It is important to counsel 
male and female non-partner gamete donors that 
the donors’ DNA will be transmitted to any future 
children. Therefore, donating gametes might have an 
impact on the donor and his/her partner and family, 
including their own future children and their off-
spring. Although the donor can be unknown to the 
recipient, in some countries it is possible that – upon 
request – the identity of the donor might be disclosed 
to the child. It is therefore also important, where ap-
plicable, to address the possibility of contact between 
future donor children and their gamete donors and 
to make sure that existing regulations about future 
contact are clearly described in the consent for 
donation.

Regarding female donors, the risk of OHSS, 
bleeding, infection and ovarian torsion should be 
minimised, as it should be in all women submitted 
to MAR treatment. For both male and female donors 
the number of times he/she may donate may be de-
termined by several factors, such as the number of 
children and/or families achieved with this donor’s 
gametes, the medical and psychological risks to the 
donor and the relevant legislation in the country of 
donation. Preferably, any gamete donation by non-
partner donors should be limited to a single TE; such 
a restriction allows control over the number of do-
nations and the number of recipients (sometimes de-
termined by national legislation). Implementation of 
national registries for gamete/embryo donors as well 
as for recipients should be encouraged.

29.5. Donor testing

The purpose of testing gamete donors is to prevent 
transmission of severe infectious and genetic 

diseases from the donor to the recipient and their 
offspring, and to protect the staff while handling the 
patients and their gametes.

Testing of gamete donors is discussed here sep-
arately for each type of donation:

a� partner donation
b� non-partner donation.

Less stringent biological testing is justifiable in 
the donation of reproductive cells between partners 
who have an intimate physical relationship (i.e. for 
partner donation).

29.5.1. Testing in partner donation

The following tests must be carried out:

a� anti-HIV-1 and anti-HIV-2;
b� HBsAg (HBV surface antigen) and anti-HBc 

(HBV core antigen);
c� anti-HCV.

Beyond these tests, TEs should, based on anal-
yses of risk or depending on stricter national legisla-
tion or recommendations, also carry out additional 
tests:

a� syphilis (a treponemal-specific test or a 
non-specific treponemal test can be used);

b� testing for human T-lymphotropic virus 
(HTLV)-1 antibody for donors living in or orig-
inating from high-prevalence areas or with 
sexual partners originating from those areas, 
or where the donor’s parents originated from 
those areas;

c� additional testing may be required in certain 
circumstances, depending on the donor’s 
history of travel/exposure as well as the charac-
teristics of the tissue or cells donated, e.g. RhD 
(D antigen), diagnostic tests for malaria, Zika 
virus, Cytomegalovirus, Chlamydia and Tryp-
anosoma cruzi (infectious agent for Chagas 
disease). Likewise, specific tests may be per-
formed if procurement occurs at times when 
the incidence/prevalence of certain infectious 
diseases is high.

Blood samples for serology testing must be ob-
tained before the first donation. In European Union 
(EU) member states, this must be done ≤ 3 months 
before the first donation. For further partner dona-
tions, additional blood samples must be obtained ac-
cording to national legislation, but ≤ 24 months from 
the previous sampling.

Positive serology test results do not exclude 
donation between partners. Nonetheless, robust 
procedures should be in place to prevent the risk of 
contamination, to partner or to personnel, and of 
cross-contamination. If results for tests of HIV-1 and 

-2, HBV or HCV are positive, or if the donor is known 
to be a source of infection risk, a system of separate 
handling and storage must be put in place. In the case 
of positive serological tests, partner donation should 
be performed after consultation with a specialist on 
viral infections.

If the TE can demonstrate that the risk of 
cross-contamination and exposure to personnel has 
been addressed through validated processes, biolog-
ical testing may not be required in the case of sperm 
processed for IUI and not intended for storage.
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29.5.2. Testing in non-partner donation

The following serological tests must be carried 
out for a single donation (*see note below):

a� anti-HIV-1 and anti-HIV-2;
b� HBsAg and anti-HBc;
c� anti-HCV;
d� syphilis (a treponemal-specific test or a 

non-specific treponemal test can be used);
e� Sperm donors also need to test negative for 

Chlamydia trachomatis. In the EU, this must 
be done from a urine sample by a nucleic acid 
test (NAT). 

In some cases, further tests may be required:
f� if required by stricter national legislation (in 

some countries), testing for HTLV-1/2 is man-
datory; 

g� testing for HTLV-1 antibodies must be done in 
donors living in or originating from high-prev-
alence areas or with sexual partners originating 
from those areas, or where the donor’s parents 
originated from those areas; 

h� additional testing may be required in certain 
circumstances, depending on the donor’s 
history of travel/exposure and the character-
istics of the tissue or cells donated, e.g. RhD 

– D antigen, diagnostic tests for malaria, anti-
bodies to Cytomegalovirus, antibody to Tryp-
anosoma cruzi, Zika virus infection. Latest 
epidemiological updates can be found at the 
European Centre for Disease Prevention and 
Control (www.ecdc.europa.eu/en). 

All serological samples must be obtained at the 
time of donation. Sperm donations must be quar-
antined for ≥ 180 days after the last collection, after 
which repeat testing is required. If, at each donation, 
serology testing is combined with NAT for HIV, HBV 
and HCV, quarantine is not necessary unless further 
tests are required as mentioned in points f, g, h above. 

Since sperm donation can also take place 
regularly every week, or several times a week for a 
longer coherent period of time, alternative periodic 
screening protocols have been proposed [12] and 
described by the ECDC technical report on labora-
tory testing of non-partner sperm donors [13]. As in 
any screening procedure a balance has to be drawn 
between the potential benefits and the harm of a par-
ticular screening algorithm to the donor, also taking 
into account the cost of the screening.

For oocyte donors, the same serological tests 
must be performed. For oocyte donation, the time of 
donation could be considered as the starting date of 
stimulation. For the safe use of fresh oocytes, addi-

tional NAT testing at the time of donation is needed. 
It is desirable to have the results before insemination.

29.6. Procurement
Minimising risks of contamination during 

procurement (see Chapter 7) and processing (see 
Chapter 9) activities is crucial to ensure gametes and 
embryos safety. Risks are often multi-factorial and, 
to help quantify and map them, a dedicated chapter 
(Chapter 3) has been developed as well as EDQM’s 
tailored Microbiological Risk of Contamination As-
sessment tool (MiRCA). By using this tool, TEs can 
better understand the overall risk of their protocols, 
and how risk factors are distributed along the tissue/
cell supply chain, from procurement to distribution, 
and implement the most efficient mitigation/risk re-
ducing measures, as needed.

29.6.1. Sperm

29.6.1.1. Collection by masturbation
Semen is usually obtained through manual 

stimulation or penile vibratory stimulation, or in 
rare cases through intercourse using a specially de-
signed condom free of spermicidal substances. Pa-
tients should be given clear instructions regarding 
the collection of the sperm sample (hygiene, sexual 
abstinence, timing, etc.).

After thorough cleaning of the hands and 
genital area, semen is collected into a sterile collection 
container. The circumstances under which a semen 
sample is collected and delivered to the laboratory 
can influence the results of semen analyses. Since the 
time that spermatozoa are kept in contact with the 
seminal plasma can affect their survival, motility and 
fertilising ability, the start of diagnostic/therapeutic 
interventions must be standardised. If the sample can 
be collected in a special room adjacent to the labo-
ratory, the risk of delays during transportation and 
cooling of the sample is virtually abolished. This sit-
uation calls for appropriate design and equipping of 
the laboratory and semen-collection room. However, 
with respect to contamination during semen collec-
tion, considering the short duration of exposure to 
the environment and the reduction of bioburden 
with validated methods during processing, the risk 
of contamination is very low and therefore strict en-
vironmental measures are not required. If necessary, 
the semen sample can thus be collected at home as 
well, provided that the patient is well informed on 
how to transport the sample to the laboratory.

In general, patients are asked to collect a semen 
sample after 2-7 days of abstinence from ejaculation 
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[11]. Both too long and too short period of abstinence 
may influence the quality of the sample.

Semen samples should be collected into sterile, 
plastic containers that should be tested for sperm 
toxicity. The use of spermicidal condoms, creams 
or lubricants must be avoided. The container should 
be clearly labelled, and correct identification should 
be confirmed by the patient. After collection, the 
sample should be delivered to the laboratory as soon 
as possible, avoiding extreme temperatures (< 20 °C 
and > 37 °C). Analysis should start within one hour 
of collection.

For traceability of samples to be used for treat-
ment, records should be kept of the type of container 
used, the time of collection and the time interval 
between collection and analysis/preparation. The use 
of medication, fever during the previous months and 
completeness of the ejaculate collection should be 
documented.

29.6.1.2. Surgically retrieved sperm
In patients diagnosed with non-obstructive 

or obstructive azoospermia, sperm can be retrieved 
by surgical means from the testis or epididymis in 
an operating room. The method used is dependent 
upon the nature of the cause. This method may also 
be used for patients who cannot produce an ejaculate 
by masturbation.

29.6.1.2.1. Collection of sperm from the epididymis 
Percutaneous epididymal sperm aspiration 

(PESA) is a method for sperm collection if the vasa 
deferentia are blocked. It involves the use of a sterile 
needle to aspirate sperm from the epididymis without 
a surgical incision. Sperm can also be collected from 
the epididymis by microsurgical sperm aspiration 
(MESA).

29.6.1.2.2. Collection of sperm from the testis
An alternative to sperm collection from the 

epididymis is collection of sperm from the testis. 
This can be performed by testicular sperm extrac-
tion (TESE or micro TESE), and possibly by tissue 
removal (testis biopsy), and could be accompanied by 
a histopathology study for diagnosis. TESE can also 
be undertaken via a percutaneous approach – testic-
ular sperm aspiration (TESA) – using a sterile fine 
needle or a biopsy needle. This is a less invasive pro-
cedure but usually results in less material than when 
TESE is undertaken.

29.6.1.3. Retrograde ejaculation
In cases of retrograde ejaculation, the sperm 

ends up in the urinary bladder after ejaculation. In 

these cases sperm can be collected from the urine 
after voiding, where the urine pH has been increased 
by applying alkaline bicarbonates via either oral 
intake or urinary catheterisation. Should this method 
yield very low-quality sperm, epididymal or testicular 
biopsies could be a better option for these patients.

29.6.1.4. Collection by electro-ejaculation
In some patients (e.g. in case of injury to the 

spinal cord, pelvic surgery, multiple sclerosis, dia-
betes mellitus with nerve involvement, unexplained 
anejaculation), ejaculation by masturbation is not 
possible. In these cases, ejaculation can be stimulated 
using a rectal probe with electrodes. This low-voltage 
stimulation is usually sufficient to produce a semen 
ejaculate. However, the quality of the ejaculate is 
often not as good as that obtained by masturbation. 
Also in this case, epididymal or testicular biopsies 
could represent a better option.

29.6.2. Oocytes

Before oocyte collection from the ovaries, also 
known as oocyte retrieval, the patient will be given 
hormonal treatment to stimulate the growth and 
maturation of ovarian follicles and associated oocytes 
(referred to as controlled ovarian hyperstimulation 
or COH). During treatment, the patient is monitored 
closely to follow the response to the hormonal treat-
ment and to assess the risk of OHSS.

Oocytes are collected through transvaginal 
ultrasound-guided ovarian puncture and aspiration 
of follicular fluid. The procedure can be carried out 
under local anaesthesia (paracervical block), seda-
tion or general anaesthesia [14].

29.7. Processing
The following section is based largely on 

Revised guidelines for good practice in IVF laborato-
ries by ESHRE [15]. These guidelines were drawn up 
by the Special Interest Group (SIG) Embryology and 
constitute the minimum requirements for any labo-
ratory performing MAR procedures.

In selecting an appropriate air-quality specifi-
cation for processing gametes and embryos, and ac-
cording with their special characteristics, the criteria 
and tools identified in Chapter 3 (such as the MiRCA 
tool), Chapter 7 and Chapter 9 should be considered. 

According to the EU Tissues and Cells Direc-
tive, tissues and cell processing must be performed 
in a Good Manufacturing Practice (GMP) Grade 
A environment with a background of at least GMP 
Grade D. However, if it is detrimental or not feasible 
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to carry out a specific procedure in a Grade A en-
vironment, or if a validated microbial inactivation 
process is applied, a less stringent environment may 
be acceptable. If so, an environment must be spec-
ified and it must be demonstrated and documented 
that the chosen environment achieves the quality and 
safety required.

29.7.1. Premises for processing of gametes and 
embryos

29.7.1.1. Laboratory design
The laboratory handling gametes and embryos 

must have adequate space and should be as close 
as possible to the operating room in which clinical 
procedures are carried out. Laboratory construction 
must ensure aseptic and optimal handling of gametes 
and embryos during all phases of treatment. To 
achieve this, high-efficiency filtration of particulates 
and volatile organic compounds in the air supplied 
to the laboratory and rooms in which clinical proce-
dures are carried out should be considered [16]. In ad-
dition, a number of protective measurements should 
be implemented to minimise the risk of contamina-
tion as indicated in Chapter 3 and Chapter 9.

29.7.1.2. Laboratory equipment
All critical equipment must be qualified as fit 

for its purpose, and – where applicable – its perfor-
mance must be verified by calibrated instruments. 
If the equipment is intended to be used, alone or in 
combination, for a purpose as specified in the defi-
nition of a “medical device”, in the EU, it must fulfil 
the medical devices regulation (EU 2017/745) and/or 
national regulations.

The laboratory must contain all essential/crit-
ical equipment required for IVF, clearly identified 
and in numbers appropriate to workload. Incubators 
in which gametes and embryos are cultured should 
be organised to facilitate their identification. The 
number of incubators is critical and should be based 
on the number of cycles and embryo-culture dura-
tion. Gametes and embryos should be conveniently 
distributed across incubators to minimise door open-
ings and to maintain stable culture conditions.

Devices for maintenance of a constant temper-
ature during manipulation of gametes and embryos 
outside the incubators must be in place (i.e. warm 
stages, heating blocks). Regular checks – or contin-
uous monitoring – of critical parameters such as tem-
perature, pH related to CO2 and O2 levels must be 
carried out.

A sufficient number of cryostorage units 
should be available and be continuously monitored 

and equipped with alarm systems, detecting any out-
of-range temperature and/or levels of liquid nitrogen 
(LN2).

29.7.2. Processing of gametes and embryos

As indicated in Chapter 2, approved SOPs for all 
activities influencing the quality or safety of tissues 
and cells, including SOPs for handling of gametes 
and embryos, should be developed and maintained.

Handling of biological material should be per-
formed in laminar-flow hoods (Grade A environ-
ment, if possible) and these should be equipped with 
heating stages and pre-warmed heating blocks, using 
aseptic techniques at all times. Certain processes, 
such as ICSI and embryo biopsy, can be performed 
outside the laminar hood since they need to be un-
dertaken using an inverted microscope. Class-II 
hoods should be used for documented contaminated 
samples (e.g. HIV, HCV) since they provide protec-
tion to the operator.

Measures must be taken to ensure that oocytes 
and embryos are always maintained at the appropriate 
temperature, pH and osmolality during culture and 
handling. Exposure to volatile or toxic substances, or 
harmful radiation, should be minimised.

Pipetting devices must be used for one type of 
procedure only and must never be used for more than 
one patient. If possible, unit-dose sterile disposable 
pipettes are preferred. Each sample must be handled 
individually and its processing should be completed 
before moving to the next sample in order to prevent 
cross-contamination or mix-up of samples (see §29.13 
on biovigilance).

29.7.2.1. Oocyte processing
Oocyte retrieval is a particularly sensitive 

procedure, and special attention should be given to 
temperature and pH, as well as efficient and rapid 
handling [15]. A patient identity check before oocyte 
retrieval is mandatory. The time between oocyte re-
trieval and culture should be minimal. Prolonged 
oocyte exposure to follicular fluid should be avoided. 
Appropriate equipment must be in place to main-
tain oocytes at temperature as close as possible to 
37 °C. Flushing medium, collection tubes and dishes 
should be pre-warmed. Follicular aspirates should 
be searched for the presence of oocytes using a ster-
eomicroscope equipped with a heated stage, usually 
at 8-60 × magnification. Exposure of oocytes to 
high-energy light should be minimised. Timing of 
retrieval, number of collected oocytes and identity of 
the operator should be documented.
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29.7.2.2. Sperm processing
A pre-clinical sperm preparation test may 

be advisable in order to propose the most suitable 
insemination technique; a frozen back-up sample 
should be requested if difficulty in sperm collection 
on the day of oocyte retrieval is anticipated. Before 
starting sperm processing, a patient identity check is 
mandatory. In the case of ejaculated sperm, sample 
preparation aims at:

• eliminating seminal plasma, debris and 
contaminants;

• concentrating progressively motile sperm;
• selecting against morphologically abnormal 

and immotile sperm.

On the day of oocyte retrieval, an appro-
priate sperm-preparation method should be chosen, 
according to the characteristics and origin of the 
individual samples. The swim-up technique and dis-
continuous density-gradient centrifugation are most 
frequently used and widely accepted.

In case of azoospermia on the day of oocyte re-
trieval, a second semen sample should be requested 
before considering alternative sperm-retrieval proce-
dures or oocyte cryopreservation.

For surgically retrieved sperm, several tech-
niques are available to maximise sperm recovery 
and to select viable sperm among immotile testicular 
sperm cells [17]. In case of epididymal recovery, the 
aspirate is generally processed by swim-up or discon-
tinuous density-gradient centrifugation, depending 
on sperm number. For testicular sperm, mechanical 
procedures to harvest the sperm from the tissue may 
be combined with enzymatic treatment (e.g. colla-
genase) in order to facilitate release of sperm from 
tissue and increase recovery rates [11].

29.7.2.2.1. Specific treatments
Although less often used, phosphodiesterase 

inhibitors (pentoxifylline, theophylline) or the hypo- 
osmotic swelling test are sometimes used in absence 
of motile sperm.

29.7.3. Insemination of oocytes

Oocytes can be inseminated by conventional 
IVF or by ICSI. The insemination/injection time 
should be decided on the basis of the number of 
hours elapsed from ovulation trigger and/or oocyte 
retrieval, also keeping in mind that fertilisation will 
need to be checked 16 to 18 hours later.

29.7.3.1. Conventional in vitro fertilisation (IVF)
The number of progressively motile sperm used 

for insemination must be sufficient to optimise the 
chance of normal fertilisation. Typically, a progres-
sively motile sperm concentration in the fertilisation 
dish between 0.1 and 0.5 × 106/mL per oocyte is used.

The final sperm suspension should be prepared 
in the smallest possible volume using a medium com-
patible with oocyte culture.

Co-incubation of cumulus oocyte complexes 
and sperm is usually performed overnight, although 
a shorter period may be sufficient.

29.7.3.2. Intracytoplasmic sperm injection (ICSI) 
procedure

29.7.3.2.1. Preparation of oocytes for 
intracytoplasmic sperm injection

When removing cumulus cells from oocytes, 
hyaluronidase concentration and exposure should 
be kept to a minimum. In order to prevent oocyte 
damage, pipettes with appropriate lumen size should 
be used and vigorous pipetting avoided. After den-
udation, oocytes should be thoroughly washed to 
remove traces of hyaluronidase. The maturation 
stage of the oocytes should be recorded.

29.7.3.2.2. The injection procedure
See Figure 29.2. It is recommended to keep 

records of the injection time (start and end of the 
procedure) and the performing operator. The dura-
tion of sperm identification and immobilisation fol-
lowed by injection should be minimised. In order to 
minimise the time out of the incubator the number 

Figure 29.2. Intracytoplasmic sperm injection

Source: Image provided by Thomas Ebner (Austria).
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of oocytes transferred to the injection dish should 
relate to the operator’s skills and the sperm quality. 
Appropriate temperature and pH should be main-
tained during injection. Viscous substances such as 
polyvinylpyrrolidone (PVP) or hyaluronic acid/hy-
aluronan based alternatives can be used to facilitate 
sperm manipulation. In case of only immotile sperm 
cells, a non-invasive vitality test can be used to select 
viable sperm for injection. Only mature metaphase II 
oocytes should be injected.

29.7.4. Assessment of fertilisation

All inseminated or injected oocytes should 
be examined for the presence of pronuclei (PN) 
and polar bodies at 16 to 18 hours post-insemina-
tion. A normally fertilised oocyte (zygote) contains 
2 PN and 2 polar bodies (Figure 29.3). For conven-
tional IVF, cumulus cells must be removed and 
2 PN oocytes transferred into new dishes containing 
pre- equilibrated culture medium.

Fertilisation assessment should be performed 
under high magnification (at least 200 ×), using an 
inverted microscope equipped with Hoffman or 
equivalent optics to allow verification of the number 
and morphology of pronuclei.

29.7.5. Embryo culture and transfer

In order to optimise embryo development, fluc-
tuations in culture conditions should be minimised. 
Precautions must be taken to maintain adequate con-
ditions of pH, temperature and osmolality, to protect 
embryo homeostasis during culture and handling.

Embryo scoring should be performed at high 
magnification (at least 200 ×, preferably 400 ×) using 
an inverted microscope with Hoffman or equivalent 
optics. Evaluation of cleavage-stage embryos should 
include cell number, relative size and symmetry, 
percentage of fragmentation, granulation, vacuoles 
and nuclear status (e.g. multinucleation). Blastocyst 
scoring should include expansion grade (associated 
with size of blastocoel cavity) and morphology of both 
cell lineages, the inner cell mass and the trophecto-
derm. Assessment should be performed at standard-
ised times post-insemination. Embryo development 
can also be assessed using time-lapse imaging, al-
lowing a dynamic evaluation of the timing of con-
secutive events during embryo culture. These systems 
also allow more stable culture conditions that may be 
of benefit. For an overview of embryo morphology 
scoring and annotation of morphokinetics see [18, 19].

Embryo quality assessment records should 
include the operator(s), date and time of assessment, 

Figure 29.3. Zygote with 2 pronuclei and 2 polar 
bodies

Figure 29.4. Embryo at the 4-cell stage

Source: Image 
provided by María 
José De los Santos 

Molina (Spain).

Source: Image 
provided by María 
José De los Santos 

Molina (Spain).

Figure 29.5. Embryo at the 8-cell stage Figure 29.6. Embryo at the blastocyst stage

Source: Image 
provided by María 
José De los Santos 

Molina (Spain).

Source: Image 
provided by María 
José De los Santos 

Molina (Spain).
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and embryo morphological characteristics, which 
should be noted with the developmental stage (see 
Figure 29.4 and following).

Embryo selection for transfer is primarily 
based on developmental stage and morphological 
aspects. Other deselection criteria like abnormal 
morphokinetics and irregular cleavages may be con-
sidered [19, 20].

Single embryo transfer is recommended to 
avoid multiple pregnancies. The decision on the 
number of embryos to transfer should be based on 
embryo quality and stage of development, female 
age, ovarian response and rank of treatment, or the 
number can be determined by national regulations. 
It is good practice to limit the maximum number 
of cleavage stage embryos transferred to 2 and the 
number of blastocyst stage embryos transferred to 1 
in all embryo transfer procedures to limit the number 
of multiple pregnancies.

Supernumerary embryos may be cryopre-
served, donated for research or to the laboratory for 
validation, or discarded, according to their quality, 
patient’s informed consent and national legislation.

If the laboratory is at some distance from the 
embryo transfer room, arrangements should be made 
to maintain temperature and pH while transporting 
embryos.

A double identity check of patient, patient’s 
files and culture dish(es) is mandatory immediately 
prior to the transfer.

29.7.6. Pre-implantation genetic testing

Oocytes and pre-implantation embryos can be 
biopsied and the obtained genetic material tested for 
certain monogenic disorders or chromosomal abnor-
malities. The biopsy procedure may be applied to [21]:

a� first and second polar body;
b� blastomeres of day 3 embryos (Figure 29.7);
c� trophectoderm at the blastocyst stage (Figure 

29.8).

Cell(s) destined for genetic analysis are biop-
sied in the IVF laboratory using glass microtools 
on a micro-manipulation set. The embryology lab-
oratory has the responsibility to provide unique 
identification between biopsied polar bodies, blasto-
meres or trophectoderm cells and the corresponding 
oocyte, embryo or blastocyst, respectively. All cells 
and embryos used for genetic investigation must be 
handled individually, avoiding DNA contamination 
from other cells, from the samples or from the op-
erator. They must be identified and labelled carefully 
and be traceable during the entire procedure. During 
these steps, double identity checks must be adopted. 
The biopsy sample should be subject to analytical 
procedures in an accredited laboratory for medical 
genetics. Traceability for embryo identification must 
also be guaranteed during the analysis in the refer-
ence genetic laboratory.

The purpose of PGT-M (for monogenic/single 
gene or mitochondrial disorders) and PGT-SR (for 
chromosomal structural rearrangements) is to iden-
tify embryos generated in vitro that carry certain 
hereditary genetic diseases or chromosomal abnor-

Figure 29.7. Blastomere biopsy of an 8-cell stage embryo

Source: Image provided by María José De los Santos Molina (Spain).

Figure 29.8. Trophectoderm biopsy of blastocyst

Source: Image provided by Cristina Magli (Italy).
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malities and exclude those embryos from transfer 
[22-23]. 

Genetic counselling must be available to all 
couples known to carry a (severe) hereditary disease. 
The recipient must be informed that due to embryo 
mosaicism or limitations of the test, genetic testing 
on embryos does not substitute for prenatal analysis, 
such as amniocentesis.

PGT-A (pre-implantation aneuploidy testing) 
is used to assess whether a cell biopsy from an 
embryo, and by inference the whole embryo, has the 
correct number of chromosomes. Such screening is 
used particularly for women of advanced reproduc-
tive age and for women who have had recurrent mis-
carriages or implantation failures. It is considered as 
a complement to standard morphological selection of 
embryos for transfer. For women of advanced repro-
ductive age, embryo selection using PGT-A may de-
crease the number of embryo transfers necessary to 
obtain a pregnancy, thus reducing the time to preg-
nancy. However, the cumulative results are similar as 
when no PGT-A is used; see e.g. [24]. Bearing in mind 
the scarcity of data from prospective clinical trials 
and meta-analyses, PGT-A should be offered with 
caution, and full information on its present value 
should be provided to the patients [25].

Another possible use for PGT could be to 
reduce the transgenerational risk of transmitting mi-
tochondrial DNA disorder. Other minor applications, 
such as the generation of histocompatible siblings for 
cell/tissue donation can be considered, case by case.

In some countries, PGT may not be allowed or 
allowed only in specific circumstances according to 
national legislation.

29.7.7. In vitro maturation

IVM refers to the maturation in culture of im-
mature oocytes in specialised media after being as-
pirated from follicles that may or may not have been 
exposed to exogenous gonadotropins before oocyte 
retrieval [26]. During IVM, such oocytes progress 
from prophase I (i.e. from germinal vesicle (GV) 
stage) to reach metaphase II (MII). However, reaching 
the morphological criterion for MII (release of the 
first polar body) does not necessarily imply that the 
oocyte is competent for normal development.

Bearing in mind the lack of sufficient data 
from prospective clinical trials and meta-analyses, 
IVM should be considered an innovative procedure 
and full information on its present value and the lack 
of long-term outcome data should be provided to 
patients.

29.7.8. Processing of samples from seropositive 
donors in partner donations

In couples with one or both partners being se-
ropositive, MAR may still be applied for procreation, 
considering the risks of horizontal or vertical trans-
mission of the infection, after appropriate counsel-
ling and with the informed consent of patients.

For couples with seropositive males, the 
process includes density-gradient separation of the 
semen sample and optional swim-up.

Processing of samples from seropositive partner 
donors should be handled according to specific SOPs 
to protect personnel and avoid cross-contamination.

Hepatitis B-seronegative individuals with se-
ropositive partners should be offered vaccination 
before ART [27].

Good quality and safety laboratory practices in 
assisted reproductive technologies for serodiscordant 
couples must be in place and should include personal 
protection of patients and staff, protocols for risk re-
duction of cross-contamination and proper decon-
tamination of the work area [2, 28].

29.8. Cryopreservation

29.8.1. Methods for cryopreservation of human 
gametes and embryos

Sperm, oocytes and embryos can be cryopre-
served for future use in MAR treatments (supernu-
merary oocytes or embryos, fertility preservation, 
non-partner donor gametes for banking). At present, 
the two most used methods for cryopreserving 
gametes and embryos are slow freezing and vitrifica-
tion (see Chapter 9).

Slow freezing is a method based on pro-
grammed step-wise decrease in the temperature of 
the solution in which the specimen is cryopreserved. 
This usually involves specific computerised equip-
ment and programmes for cooling different types 
of tissues and cells in solutions with cryoprotectant 
substance(s).

Vitrification is an ultra-rapid cooling method 
that relies on very fast cooling rates (4 000-6 000 °C/s 
up to > 10 000 °C/s, depending on the volume and 
device used) of the solution in which the specimen 
is cryopreserved, in the absence of formation of ice 
crystals. This is a fast method that does not require 
special cooling equipment (although special con-
sumables are required) and is performed with the 
addition of cryoprotectants at higher concentrations 
(compared with slow freezing) for shorter exposure 
times.

There are significant differences in the sensi-
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tivity of different types of male and female gametes 
and embryos at different stages of development in 
response to low temperatures and cryoprotectant 
agents [29, 30, 31, 32].

Concerns about the safety and quality of cryo-
preserved human gametes and embryos are raised 
regarding cell damage (disassembly of meiotic spin-
dles, membrane rupture), toxic effects of cryoprotect-
ants, osmotic damage and incomplete dehydration, 
all having an effect on the cell viability [33]. Overall, 
however, laboratory and clinical data converge 
towards the notion that gamete and embryo cryo-
preservation is a safe procedure [34].

29.8.1.1. Cryopreservation of sperm
For sperm, slow freezing is still the method of 

choice, but rapid cooling is a possible alternative [29]. 
Freezing/thawing of human sperm is a well-proven 
technology. Sperm samples are usually cryopreserved 
in glycerol-based cryoprotectant solutions in cryo-
vials or straws, frozen in a programmed cell-freezing 
device. Alternatively, it can be cooled at 4 °C, tem-
porarily stored in liquid nitrogen vapour and finally 
plunged into liquid nitrogen.

Seminal plasma, immotile and damaged 
sperm may be removed (by sperm processing) before 
freezing to select a population of sperm with a better 
chance of survival. It is recommended to process tes-
ticular biopsy samples before freezing.

29.8.1.2. Cryopreservation of oocytes
In recent years, successful cryopreservation of 

МII human oocytes has been reported worldwide, 
with rapidly increasing success rates due to optimi-
sation of protocols. These data strongly suggest that 
vitrification may be the method of choice in oocyte 
cryopreservation, since improved rates of survival, 
implantation and pregnancy have been obtained 
using this method compared to slow freezing [30, 31, 
32].

29.8.1.3. Cryopreservation of embryos
Zygotes, embryos, morulae and blastocysts 

have been cryopreserved successfully and used later 
for ‘frozen embryo transfer’. Slow freezing or vitri-
fication can be used, with vitrification/warming in 
dimethyl sulphoxide-based cryoprotectants resulting 
in better survival rates; see e.g. [32]. Exposure time 
to the cryoprotectant before vitrification is crucial 
and manufacturers’ instructions must be strictly 
respected.

29.9. Storage

Regarding cryostorage facilities, the main aspects 
to be considered are location, ventilation and 

construction materials.
From a practical point of view the storage room 

with liquid nitrogen tanks should be located close 
to the laboratory, so that cryopreserved gametes or 
embryos can be easily, rapidly and successfully trans-
ferred to the storage room and into the liquid ni-
trogen tanks. If cryopreserved gametes or embryos 
need to be transported prior to being stored, correct 
temperature should be adequately maintained.

It is recommended to have a system in place 
whereby a forced ventilation system can be automati-
cally activated when low oxygen pressure is detected. 

The type of construction materials should 
be similar to the ones used in the procurements 
and processing facilities, with smooth surfaces and 
easy to clean. A special consideration in the choice 
of construction materials is that the floor should be 
resistant to large changes in temperature caused by 
liquid nitrogen spills.

29.9.1. Storage limits

There is no scientific evidence that gametes, 
embryos and gonadal tissue, if kept under appro-
priate storage conditions, deteriorate after a certain 
time of storage; hence, they can be stored for long 
periods of time. Use of frozen sperm through as-
sisted reproductive techniques has led to the birth 
of healthy offspring more than 20 years after initial 
storage [35], and successful storage over a long period 
for oocytes and embryos has also been published [36, 
37]. However, at defined time points, contact with 
patients should be made to determine the destiny of 
their cryopreserved material. In some EU countries, 
national laws determine a maximum legal storage 
period. Patients must declare in writing the destiny 
of their reproductive material when this maximum 
storage period has ended (see also §29.3.2 on donor 
consent).

A periodic inventory of the cryobank is recom-
mended, including cross-referencing contents with 
storage records.

29.9.2. Storage temperature

Optimal storage temperature is based on the 
type of tissue, cryoprotectant and freezing method 
used. However, a temperature < −140 °C for gonadal 
tissue, embryos and gametes is appropriate, and 
> −140 °C is detrimental to the survival and quality 

TC5_en.indb   351TC5_en.indb   351 14/12/2022   13:23:0914/12/2022   13:23:09



352

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

of the material cryopreserved. Even though storage 
in liquid nitrogen phase or the vapour phase forming 
above it is common practice and ensures uniform 
temperatures, it is important to guarantee that the 
critical minimum temperature is also maintained 
when handling the stored samples (< −140 °C). 
Special attention should be given to temperature 
changes when handling vitrified material stored in 
liquid nitrogen vapour.

29.9.3. Storage devices

Several devices can be used to store repro-
ductive material. Sperm can be stored in straws or 
vials, whereas gonadal tissue is stored mostly in vials. 
Oocytes and embryos are stored in straws, whereby 
one straw can hold one or more oocytes/embryos. It 
is, however, much better practice to store only one 
embryo per straw to encourage single frozen embryo 
transfer and to keep traceability between the quality 
of the oocyte or the development of the embryo 
frozen.

In the case of using straws for storage (and 
especially for storage of oocytes), open or closed 
systems can be used. Using open storage systems 
means that, at some point in the processing of repro-
ductive tissues and cells, there is direct contact of the 
cells with liquid nitrogen. In a closed system, there is 
no direct contact between cells and liquid nitrogen.

29.9.4. Cross-contamination during storage

Introduction of contamination in the storage 
vessel is due to human manipulations during pro-
cessing. Viral and microbial agents may survive during 
long periods of time in liquid nitrogen. However, no 
reports have shown cross- contamination between 
these environmentally-derived pathogens and the 
preserved reproductive material. Also, storage of 
reproductive material originating from patients car-
rying infectious diseases in liquid nitrogen has not 
led to cross-contamination of other frozen reproduc-
tive material residing in the same vessel [38, 39]. Even 
though evidence is lacking, it should be considered 
good laboratory practice to store reproductive ma-
terial of patients with positive serology and negative 
serology separately. Vapour-phase storage containers 
have been proposed as an alternative to liquid ni-
trogen containers. Periodic thawing and cleaning of 
storage vessels is recommended for extending the 
lifetime of the vessel as well as periodic decontami-
nation of viral and microbial agents.

29.9.5. Storage safety

Storage in liquid nitrogen or vapour nitrogen 
vessels is definitely the most common infrastructure 
used to store gametes, embryos and gonadal tissue. 
Cryopreservation and thawing of material is a daily 
process in a fertility clinic. Therefore, it is of the 
utmost importance that personnel working in the 
cryogenic room have received appropriate training 
on how to handle liquid nitrogen, and that they are 
aware of the potential hazards. Personnel must be 
equipped with specific protective garments (gloves, 
boots and goggles) and use special forceps for ma-
nipulation of straws. All rooms of the laboratory in 
which liquid nitrogen is used must be equipped with 
oxygen sensors to guarantee the safety of all labora-
tory personnel.

For electricity-dependent equipment (alarms 
etc.) the storage facility should be part of the clinic’s 
general emergency plan whereby, in case of loss of 
electrical power, a generator or uninterrupted power 
supply (UPS) system should be in place; for more in-
formation, see Chapter 10 – Storage.

29.10. Distribution, import/export

Transport of tissues and cells within the EU is 
usually referred to as distribution (see Chapter 12). 

During transport of gametes and embryos, measures 
need to be taken to ensure the quality, safety and 
traceability of reproductive tissues and cells. Before 
transport, some specific actions need to be taken 
using the appropriate documents:

a� a signed transport agreement between distrib-
uting (or exporting when outside EU) and re-
ceiving (or importing when outside EU) TEs;

b� signed consent by the patients for sample trans-
portation; 

c� when a third party courier is used to perform 
the transportation of the material, then the dis-
tributing TE must have a contract or service- 
level agreement (SLA) with this qualified 
courier;

d� other relevant documents should include: 
i. medical history (including genetic disease, 

family history of disease and transfusion 
history);

ii. a protocol for adequate sample handling during 
transport, for storage, thawing (slow freezing) 
and warming (vitrification);

iii. a protocol of acceptance (checking for possible 
damage to container, for samples and patient 
identification and for presence of valid docu-
mentation);
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iv. information on the labelling of the samples; 
and

e� in the case of distribution of donor gametes, the 
traceability chain needs to be kept complete at 
all times. This entails that the distributing and 
receiving TEs must inform all stakeholders of 
any severe adverse reactions and events (SARE) 
when donor gametes are used. Genetic or mul-
tifactorial diseases in children born from using 
the distributed donated gametes must be re-
ported by the receiving TE and/or SARE in the 
donor file by the distributing TE.

It is also necessary to consider and strictly 
control the conditions during the actual transport 
because cryopreserved material is highly sensitive to 
any fluctuations in temperature. See also Chapter 15 
and section 29.9.

For export to and import from countries 
outside the EU, different requirements need to be 
met; for details see Chapter 12.

29.11. Packaging and labelling 
in assisted reproductive 
technologies

As addressed in Chapter 15, the coding, packaging 
and labelling of tissues and cells have an im-

portant role during banking procedures. Packaging 
applies only to cryopreserved gametes and embryos 
in storage and transport. Frozen gametes and 
embryos are packaged and stored in straws/cryovials 
as described in section 29.9.3.

Labelling is intended to identify gametes and 
embryos unambiguously. Labelling and identifica-
tion systems may vary between centres and coun-
tries. Procedures must be in place that ensure correct 
identification of patients at all stages of handling, 
using at least two points of identification (e.g. treat-
ment number, SEC code, colour code and/or date 
of birth) and should include at least the names of 
partners (when relevant) and date of processing. For 
frozen samples, colour coding of cryovials and straws 
should also be used.

At the time of cryopreservation, documenta-
tion on biological material should include labelling 
of devices, cryopreservation method, date and time 
of cryopreservation, operator, embryo quality and 
stage of development, number of oocytes or embryos 
per device, number of devices stored per patient, 
location of stored samples (tank, canister). Cryo- 
devices must be clearly and permanently labelled 
with a liquid nitrogen- proof method with reference 

to patient details, treatment number and/or a unique 
identification.

At thawing, documentation on biological ma-
terial should include thawing method, date and time 
of thawing, identity of operator and post-thawing 
sample quality.

29.12. Traceability

Identification of patients and traceability of their re-
productive cells are crucial aspects in MAR treat-

ments. Each IVF laboratory must have an effective 
and accurate system to uniquely identify, trace and 
locate reproductive cells during each procedural step. 
A proper identification system should ensure that 
the main characteristics of patients (or donors) and 
their tissues and cells, together with relevant data re-
garding products and materials coming into contact 
with them, are available at all times.

Proper training in traceability procedures for 
all laboratory staff is highly recommended.

Before commencing any procedure, the labo-
ratory must be provided with each patient’s unique 
identification, with clear and easy reference to the pa-
tient’s documentation. Each treatment cycle must be 
assigned a unique identification.

Relevant consent forms, clinical data and 
details of serological exams undertaken by patients/
donors prior to admission to the treatment should be 
available to the laboratory staff.

Rules concerning correct identification and 
processing of reproductive cells must be established 
in the laboratory by a system of codes and checks that 
considers all the following:

a� Direct verification of patient identity and cor-
respondence with their assigned unique iden-
tification is required at every critical step. 
Patients should be asked to give their own iden-
tifying information (at least full name and date 
of birth) before procurement or assisted insem-
ination/embryo transfer.

b� Labelling of dishes/tubes containing gametes 
and embryos must be permanent and on the 
container itself, not only on the removable lid.

c� All devices containing biological material must 
be clearly and permanently labelled with the 
unique patient and cycle identification.

d� Biological material from different patients 
must not be processed in the same working 
area at the same time.

e� Incubators and cryostorage systems should be 
organised to ensure easy access and identifica-
tion of the biological materials therein.

f� During critical steps, traceability must be veri-
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fied through correct identification of the repro-
ductive cells and tissues. This can, for example, 
be executed by use of the four-eye-principle of 
witnessing (i.e. a double check of the identifi-
cation by a second person) and/or by use of an 
electronic identification system.

g� Products and materials used with biological 
materials must be traceable. The date and time 
of each manipulation and the identity of all 
operators and witnesses must be documented 
throughout the treatment. These records 
should be kept for a specified period of time 
according to European and/or national legis-
lation.

h� Gametes and embryos from non-partner do-
nation require specific coding for those coun-
tries that are regulated according to European 
Commission directives, specifically Directive 
2015/565 amending Directive 2006/86/EC (see 
also Chapter 15 §15.2.3).

i� Transport of reproductive cells and tissue re-
quires identification of distributing, importing 
and exporting institutions, as well as identifi-
cation of the biological material and its con-
formity to clinical use. At both institutions, 
the accompanying documentation and sample 
identification on the storage device must be 
checked to ensure that they correspond with 
patient records.

j� TEs that store and distribute non-partner 
gametes must label containers with an appro-
priate unique donation identification. In the 
EU, the coding requirements for non-partner 
donation apply (see §15.2.3.1 and following).

29.13. Biovigilance in medically 
assisted reproduction 
procedures

Deviations from SOPs in TEs or other adverse 
events that may influence the quality and safety 

of tissues and cells should result in SARE reporting to 
the Health Authority. Adverse reactions can also be 
related to ovarian stimulation and surgical procure-
ment of gametes, in partner and non-partner donors.

Examples of SARE reported for MAR are 
given below. In addition, the Notify Library (www.
notifylibrary.org) includes many well-documented 
cases of adverse occurrences in MAR treatments. The 
database is publicly accessible and can be searched by 
substance, adverse occurrence and record number.

All patients involved in an SARE should be 

informed as soon as possible and should be offered 
counselling and support.

29.13.1. Serious adverse reactions and events

29.13.1.1. Serious adverse events
Serious adverse events (SAEs) may be, for 

example, mix-ups or loss of gametes, embryos or 
tissues, and may occur at any stage of clinical or lab-
oratory processes (collection, insemination, embryo 
transfer, cryopreservation). Reasons for mix-ups 
or loss of cells or tissues can be multiple processing 
steps, mislabelling, contamination, human factor 
involvement, misidentification, absence/failure of 
witnessing and/or poor-quality systems. The conse-
quences may include reduced or no chance of preg-
nancy, (genetic) disease transmission, psychological 
impact and ethical/legal issues. Causal factors must 
always be investigated.

29.13.1.2. Examples of SAEs reported in MAR

29.13.1.2.1. Mix-ups/loss of traceability
a� mix-up of sperm samples during preparation/

treatment;
b� sperm sample contaminated by another sample 

(e.g. with a used pipette);
c� oocytes fertilised with spermatozoa from the 

wrong person;
d� insemination of a woman with sperm cells 

from wrong donor;
e� wrong embryos thawed;
f� labelling error of tubes/dishes containing the 

oocytes/sperm/embryos.

29.13.1.2.2. Accidental loss of gametes and embryos
a� loss of gametes or embryos resulting in total 

loss of chance of pregnancy in one cycle (e.g. 
technical failure of incubator, cryo equipment 
or cryo tank, accident with culture dishes);

b� embryos destined for culture or freezing were 
instead destroyed (error in transmission of in-
formation);

c� gametes or embryos lost due to microbiological 
contamination.

29.13.1.2.3. Adverse events after treatment with 
donated gametes

a� genetic condition discovered in a sperm/
oocyte donor years after the gamete donation 
(for further information see §29.13.2).
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29.13.1.3. Serious adverse reactions
All serious adverse reactions (SARs) related to 

ovarian stimulation and procurement of the tissues 
and cells should be reported to the Health Authori-
ties under the category of “SARs” in donors. Hospi-
talisation due to ovarian stimulation (OHSS) should 
be considered as an adverse reaction (non-serious 
adverse reaction if it is for observation only).

Although the birth of a child with a genetic 
disease inherited from the donor is an affected off-
spring, it should be reported under the category of 
SARs for recipients (see e.g. §29.13.1.3.2.d)

29.13.1.3.1. Examples of SARs reported in MAR for 
donors

a� severe OHSS leading to hospitalisation;
b� bleeding after oocyte retrieval;
c� ovarian torsion.

29.13.1.3.2. Examples of SARs reported in MAR for 
recipients

a� salpingitis after intra-uterine insemination;
b� bacterial infection of the recipient due to in-

fected sperm;
c� ovarian torsion after ovarian stimulation;
d� mix-up of samples in the genetics or IVF labo-

ratory (PGT-M treatment), causing the birth of 
a baby carrying a genetic disease.

29.13.2. Transmission of genetic diseases by MAR 
with non-partner donations

Donors may unknowingly carry genetic defects 
causing a (severe) disease. Thereby gamete banks, for 
example, when distributing sperm or oocytes from a 
non-partner donor to multiple recipients, could po-
tentially be spreading a (severe) genetic disease. TEs 
should keep this in mind, especially when informing 
non-partner donors and recipients of non-partner 
donations. National registries to facilitate traceability 
of non-partner donors and offspring are strongly 
recommended.

Non-partner donors should be strongly advised 
to inform the procurement centre/TE if they are diag-
nosed with a genetic abnormality. It is recommended 
to contact the recipient in the case of a diagnosis that 
may seriously affect a child’s health.

Recipients of non-partner donations should 
be advised to inform the clinic where they received 
fertility treatment and also any physician treating a 
child with a genetic disease that the child was con-
ceived through a non-partner donation, so that 
appropriate investigations about the origin of the 
genetic defect can be put in place. Measures should 

be put in place to prevent the use of gametes from the 
same donor until an appropriate investigation and 
risk assessment has taken place. Subsequent meas-
ures may include launching international rapid alerts 
if gametes from the same donor have been distrib-
uted or exported to other countries.

These examples emphasise that forward and 
backward traceability is of the utmost importance in 
MAR treatments.

29.13.3. Cross-border management of serious 
adverse reactions and events

Individuals travel abroad to access fertility 
treatment for various reasons (legal restrictions, 
long waiting times, treatment costs, lack of expertise, 
quality of treatment). If patients travel home after 
treatment, there is a risk that an SAR might occur 
that might not get reported to the professionals who 
carried out the treatment or to the Health Authorities. 
As a consequence, no investigation of potential causes 
is done and no preventive measures are taken. It is 
strongly recommended that medical teams involved 
in both countries communicate with each other to 
ensure adequate treatment and follow-up. Healthcare 
professionals should report any SAR to their national 
Health Authorities, even for cross-border treatments.

29.14. Additional considerations

Fair, clear and appropriate information must be 
provided to donors and recipients at all stages of 

MAR treatments. The chances of success (including 
the live-birth rate) should be discussed appropriately. 
Clinicians, embryologists, technicians, nursing staff 
and all involved professionals need to communi-
cate at all times to ensure optimal teamwork for the 
benefit of patients.

OHSS risk, appropriate selection of labora-
tory methods, the risk of multiple pregnancy and its 
complications, and the need for follow-up of chil-
dren must all be addressed. In this sense the use of 
a unique European database for donor–recipient al-
location would be critical in achieving prompt, rapid 
and reliable SAR report management.

All establishments are strongly encouraged to 
document internal data and results, and to bench-
mark with international standards [3, 5, 6]. It is also 
important to keep track of developments that may in-
crease safety and quality.

In order to ensure global consistency and har-
monisation when communicating regarding MAR, a 
consensus and evidence-driven set of terms and defi-
nitions has been generated [1].
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29.15. Developing clinical 
applications

MAR is a rapidly evolving field. Development 
and implementation of new technology may 

affect not only donors and recipients, but also future 
generations. It is therefore important that these pro-
cedures are proven to be safe and efficient.

A methodology for the introduction of new 
techniques and treatments into clinical practice 
has been proposed by Provoost et al� [8], involving 
three levels: from experimental, then innovative, to 
established. A scoring tool is used at each level to 
determine whether a threshold has been reached of 
sufficient efficacy, safety, procedure and effectiveness 
(see Figure 29.9). For more information on the intro-
duction of new methodology see Chapter 18.

29.15.1. Time-lapse technology

Time-lapse technology (TLT) is a conceptually 
simple live cell microscopy technique, by which mi-
crographs are acquired at short time intervals and 
viewed sequentially at accelerated pace in order to 
observe phenomena and processes that otherwise 
would go unnoticed. In association with phase con-
trast optics, TLT is particularly suited to observing 
dynamically and non-invasively the development of 
the preimplantation embryo in vitro, whose ability to 
establish a viable pregnancy is reflected in the achieve-
ment of specific developmental stages at precise time 
intervals. Events such as embryo cleavage, fragmen-
tation, multinucleation, compaction, blastocoel for-
mation and blastocyst development can be described 
temporally with unprecedented precision and there-
fore interpreted under a new light. 

The debate on the ability of TLT to improve the 
efficiency of MAR treatments, by ranking embryos of 

Figure 29.9. Experimental, innovative and established treatments

Areas of evaluation Experimental treatment Innovative treatment Established treatment

Reassuring mid-term 
data in human (up to at 

least 5 years post-
delivery and including 
data on psychological 
development) in peer-

review journals.

Proof of principle has 
been demonstrated.

Technical performance 
of the procedure is 
highly comparable 

between laboratories.

Acceptable: equal to or 
higher than other 
established ART 

treatment.

Reassuring short-term 
data in human (up to at 

least 3 months post-
delivery) in peer-review 

journals.

Proof of principle has 
been demonstrated.

Technical performance 
of the procedure is 
highly/moderately 
variable between 

laboratories.

Low/reasonable.

Considered safe in 
animals/Reassuring 

preclinical data.

No proof of principle has 
been demonstrated.

No procedure has been 
described yet, or the 

procedure varies 
enormously between 

laboratories.

Completely unknown, 
doubtful or extremely 

low.

Safety

Efficacy

Procedure

Effectiveness

Source: adapted from Provoost V et al. Beyond the dichotomy: a tool for distinguishing between experimental, innovative and 
established treatment. Hum Reprod 2014 Mar;29(3):413-17 [5].
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a cohort according to their developmental ability and 
prioritising their use for embryo transfer, remains 
currently unresolved [40, 41]. Regardless, TLT has re-
vealed unsuspected developmental behaviours of the 
embryo, manifested in atypical modalities of polar 
body II (PBII) extrusion, deregulation of pronuclear 
formation and breakdown, abnormal cleavage and 
other uncommon phenomena. Access to such ev-
idence has the potential to extend our appreciation 
of the biology of embryo development. In addition, 
TLT allows embryo assessment without removal 
of culture dishes from the incubator, thereby as-
suring ideal culture conditions, superior to standard 
embryo culture. Recent studies also indicate that 
the full potential of TLT to predict embryo devel-
opmental ability can be achieved by combination 
with advanced imaging and artificial intelligence ap-
proaches [42].

29.15.2. Non-invasive genetic testing of pre- 
implantation embryos

It is known that embryo morphology performs 
relatively poorly in determining embryo quality and 
predicting implantation. Many embryos that do not 
implant or end in miscarriage are indeed carriers of 
chromosomal abnormalities due to inherited meiotic 
and mitotic errors.

The discovery of cell-free nucleic acids in 
human embryo-culture media supported the re-
search on new non-invasive biomarkers of embryo 
viability (niPGT) that could eventually replace the 
current invasive PGT screening methods [43]. This 
new technology could be able to determine the eu-
ploidy status or even single gene mutations of human 
embryos by measuring cell-free DNA in the spent 
culture media [44] or in blastocoel fluid [45]. Vali-
dation of the methods still needs to be undertaken. 
Recent studies have shown good prediction power 
with high sensitivity and specificity values in a spe-
cific situation of beta thalassaemia [46].

29.15.3. Whole genome screening

Recent research developments in the field 
of genomics have made possible the comprehen-
sive testing of the human genome by combining 
the methods of next-generation sequencing with 
advanced bioinformatics. In this way, a complete 
picture of each individual genome, including single 
nucleotide- (SNV) and copy number- (CNV) varia-
tions, leads to expanded DNA screening. The applica-
tion of this approach permits PGT and non-invasive 
prenatal testing, with expanded carrier screening, 

but also the disclosure of gamete donor anonymity. 
The comprehensive information derived from whole 
genome screening has benefits as well as limitations 
and risks, and its introduction into clinical practice 
requires prudence and genetic counselling [47].

29.15.4. Mitochondrial replacement therapy

Recently, novel reproductive technologies 
known as mitochondrial donation or mitochondrial 
replacement therapy (MRT) have been introduced 
into clinical practice. These enable women with mi-
tochondrial DNA (mtDNA) disorders to have healthy, 
genetically related children [48]. Since mitochondrial 
transmission is uniparental and of maternal origin, 
the diseases caused by mitochondrial dysfunction 
are passed on from mother to offspring in a domi-
nant way. Because there is no cure for mitochondrial 
diseases, prevention of germline transmission is a 
priority.

PGT appears a reliable procedure to reduce 
transmission of heteroplasmic mtDNA mutations al-
though it can be ethically challenging to determine 
which embryos should be transferred [49].

MRTs, however, are able to avert transmission 
of mutations in the mtDNA. As the technique uses 
part of a donated egg to replace the maternal mutated 
mtDNA the child would inherit DNA from a “third 
person”, the mitochondrial donor.

MRTs are a modification of conventional IVF 
and comprise two main strategies. In the pronu-
clear transfer procedure, the mother’s oocyte with 
mutated mtDNA is fertilised with the father’s sperm 
and simultaneously, a donated oocyte with wild-type 
mtDNA also is fertilised with the father’s sperm. 
Then, the parental pronuclei are removed from the 
zygote with mutated mtDNA and transferred into 
the enucleated zygote with wild-type mtDNA. Finally, 
the embryo with wild-type mtDNA is transferred to 
the uterus. 

The maternal spindle transfer technique starts 
at an earlier stage of oocyte development. The MII 
spindle and associated chromosomes are transferred 
from the mother’s oocyte with mutated mtDNA into 
an enucleated donor oocyte with wild-type mtDNA. 
Then, the reconstructed oocyte is fertilised with 
the father’s sperm and the embryo with wild-type 
mtDNA is transferred to the uterus. Maternal spindle 
transfer is technically more challenging than pronu-
clear transfer. A zygote, however, is discarded with 
the pronuclear transfer technique, which could raise 
ethical concerns, whereas no zygote is destroyed with 
the spindle transfer technique.

Mitochondrial replacement therapy is still con-
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sidered on a case-by-case basis. Few successful case 
reports have been published and long-term results 
are lacking.

29.15.5. Gene editing

Gene editing includes a group of technologies 
that allow modifying the genome by inserting, de-
leting, replacing or modifying genetic material at 
specific locations in the DNA sequence. In cases of 
genes carrying a mutation, the enzyme cuts the mu-
tation and replaces it with the correct DNA sequence, 
making it of great interest in the prevention and 
treatment of human diseases. This approach can be 
used for somatic gene editing for the treatment not 
only of a genetic disorder, but also of cancer and in-
fectious diseases. Ethical concerns arise when gene 
editing is used to alter genes in gametes or in embryo, 
introducing changes that will be passed to future 
generations.

In 2015, a study from China was published, 
reporting genome editing by CRISPR-Cas9 on non- 
viable human embryos [50]. The following year, the 
United Kingdom issued the world’s first endorsement 
of a national regulatory authority for research on 
human embryos using genome editing. Additional 
studies have demonstrated how human germline 
gene modification is rapidly progressing from the ex-
perimental field to clinical research applications [51].

The results obtained so far raise high expecta-
tions regarding possible therapeutic applications in 
humans, but much remains to be considered before 
clinical applications, including the reproducibility of 
the technique and possible long-term consequences 
[52].
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Chapter 30. Fertility preservation

30.1. Introduction

Despite some differences in technical approaches 
and expected results, today fertility preserva-

tion (FP) can be applied for both medical and non- 
medical reasons.

FP involves biomedical interventions under-
taken in order to avoid, delay, diminish or circum-
vent the exhaustion of the germ-cell pool of the 
individual. In most current circumstances, either in 
anticipation of the effects of cytotoxic therapy applied 
to treat a severe disease or for a number of possible 
reasons causing postponement of parenthood, this 
involves cryopreservation of gonadal tissue, gametes 
or embryos.

FP techniques are usually offered to prepu-
bertal girls and boys and to males and females of 
reproductive age at risk of losing their reproductive 
potential due to either malignant or non-malignant 
diseases. Gamete cryopreservation is also an option 
for non-medical conditions, such as postponement of 
parenthood, previous vasectomy, transgender treat-
ments, or other reasons.

This chapter describes the indications for male 
and female FP and the techniques actually available 
for the cryopreservation of reproductive cells and ger-
minal tissue. The collaboration between all medical 
specialities involved, like paediatricians, oncologists 
and reproductive specialists, is essential to ensure 
proper evaluation and counselling for each patient. 
Patient assessment and approach will depend on 
disease, age and treatment. Information about pos-
sible options and future use of cryopreserved gametes 

or germinal tissue should be discussed with patients, 
or parents (in the case of minors). It is important 
to realise that FP and subsequent restoration may 
include experimental techniques, whose availability 
may be restricted according to national legislation.

This chapter must be read in conjunction with 
Chapter 29 – Medically assisted reproduction and the 
following chapters (Part A) of this Guide:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications
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30.1.1. Female fertility preservation

Female FP should be considered whenever fer-
tility loss is predicted as a consequence of a cytotoxic 
treatment for a specific disease (e.g. in cancer pa-
tients) [1, 2] or due to the disease itself (malignant or 
non-malignant, e.g. severe endometriosis) [3, 4]. This 
part includes indications for FP under medical con-
ditions (oncological and non-oncological) as well as 
for non-medical reasons.

30.1.1.1. Medical reasons
All prepubertal girls and women of reproduc-

tive age newly diagnosed with specific medical con-
ditions (e.g. certain cancers or rheumatoid arthritis) 
and whose treatment may cause premature ovarian 
insufficiency (POI) should be referred to a fertility 
expert, to be counselled about the risk of infertility 
and informed about fertility preservation. FP should 
ideally be offered before treatment is started, but 
should not delay treatment. The implications of un-
dergoing FP, including possible delay of the cancer 
treatment, should be weighed against the benefits of 
having reproductive cells and/or tissues stored for 
future use. Factors such as age, ovarian reserve, gon-
adotoxicity of the treatment and time available before 
it starts will help in the decision [5].

30.1.1.1.1. Oncological reasons for fertility 
preservation

Chemotherapy and radiation therapy may 
cause depletion of the pool of primordial follicles 
in the ovaries of girls or premenopausal women 
and thus render them infertile. Once ovaries are ex-
hausted of follicles, the patient will experience POI 
and infertility. In the case of pre-pubertal girls, loss 
of the entire stock of primordial follicles implies that 
the girl will not enter puberty spontaneously and that 
she will not be able to become pregnant with her own 
oocytes later on in life. This is of course a very serious 
side-effect of an otherwise efficient cancer treatment 
and is, by many, considered a significant reduction in 
the quality of life. As more and more girls and women 
at reproductive age survive a malignant disease today, 
these unwanted side-effects will affect an increasing 
number of adults in the population.

It is well known that chemotherapeutic drugs 
belonging to the group of alkylating agents cause the 
most severe damage to ovaries. Alkylating agents, 
such as cyclophosphamide or busulfan, are used to 
treat various forms of cancer, including breast cancer, 
lymphoma and sarcoma. They are also used in the 
preconditioning protocol before haematopoietic pro-
genitor cells (HPC) transplantation. As alkylating 
agents cause damage to both dividing and resting 

cells, they are very toxic to the oocytes and granulosa 
cells of the primordial follicles, which are the most 
immature and ‘dormant’ type of follicle [6].

Radiation therapy, whether given to the 
abdomen or the spine, will also affect ovarian func-
tion. Radiation therapy is very toxic to oocytes, as 
doses as low as 2 Gy will destroy half of the pool of 
follicles. Whenever possible, the ovaries are shielded 
or moved away from the field of radiation, but scatter 
dose is inevitable [7].

Some genetic conditions may be also a reason 
for FP. Women carriers of mutations in the BRCA 
genes (BReast CAncer gene) may be counselled for 
the prophylactic removal of their ovaries due to an 
increased risk of developing ovarian cancer com-
pared with the general population [8].

30.1.1.1.2. Non-oncological reasons for fertility 
preservation

Non-malignant diagnoses – such as kidney 
disease, autoimmune conditions or haematological 
diseases like aplastic anaemia or thalassaemia – can 
sometimes be life-threatening and require treatment 
with alkylating agents or even HPC. Women affected 
by any severe disease requiring these treatments may 
also need FP.

When ovarian surgery is required, as in the 
case of severe endometriosis or benign ovarian cysts, 
or borderline cysts, healthy ovarian tissue containing 
primordial follicles will inevitably be excised as an 
effect of the operative procedure. These procedures 
may pose some threat to the reproductive potential 
of the patient, and in these cases FP should also be 
offered [3, 4]. 

Certain genetic conditions – such as Turner 
mosaicism, galactosaemia, Fragile X mutation carrier 
status or blepharophimosis, ptosis or epicanthus in-
versus syndrome – are associated with premature 
exhaustion of the pool of primordial follicles in the 
ovaries, and girls and women at reproductive age suf-
fering from any of these conditions can also be poten-
tial candidates for FP.

Several options exist to preserve fertility in 
post-pubertal girls and women. Oocytes, embryos 
and ovarian tissue can be cryopreserved depending 
on the characteristics of each individual case and 
considering the most efficient alternative for every 
patient [5]. Examples of consent forms for female FP 
are given in Appendix 11 and Appendix 12.

Also cross-hormone treatment for trans-
gender persons is potentially harmful to their fer-
tility. Therefore, transgender female-to-male patients 
may undergo oocyte collection and storage before 
cross-hormone treatment and sex-reassignment 
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surgery. In the case of female-to-male transgender 
treatment, patients should be informed of the pos-
sible use of their gametes in the future. This approach 
may be different in different countries according to 
national legislation.

30.1.1.2. Non-medical reasons for fertility 
preservation

Non-medical FP can be also considered in 
young women who want to postpone maternity 
(age-related fertility preservation) [4].

In all cases, women should be aware of rele-
vant questions, such as the expected survival rate of 
oocytes after cryopreservation or the fact that the 
likelihood of successful live birth strictly depends on 
the number of stored oocytes; in this sense, the devel-
opment of ad hoc prediction models is an interesting 
approach that may guide patients and clinicians [5].

Specifically, for age-related FP cases, women 
should be adequately informed about the biolog-
ical limitation associated with pregnancy due to 
age- dependent oocyte aneuploidy.

30.1.2. Male fertility preservation

30.1.2.1. Medical reasons
FP is indicated in all boys and men facing gon-

adotoxic treatment or surgical procedures affecting 
semen production and collection. All patients at risk 
of fertility loss should be informed about FP options.

30.1.2.1.1. Oncological reasons for fertility 
preservation

Chemotherapeutic agents and radiation treat-
ments can adversely affect the male gonadal epithe-
lium. Thus, therapies used to cure cancer (but also 
used for several non-malignant conditions) may 
render the patient temporarily or permanently infer-
tile. The amount of damage depends on the regimen, 
the cumulative dosage of treatments used and the 
individual capacity of recovery. Mitotically active 
spermatogonia are highly sensitive to cytotoxic treat-
ments and radiation. Low doses of these treatments 
deplete the pool of differentiating spermatogonia, 
while spermatogonial stem cells (SSC) may initially 
survive, and spermatocytes and spermatids can con-
tinue their maturation into sperm. Testicular invo-
lution occurs when no new precursors are provided 
from the stem-cell pool and the differentiating germ 
cells mature into spermatids, which are released from 
the seminiferous epithelium [9, 10]. 

Significant damage is reported after treatment 
with alkylating agents, of which different threshold 
doses are reported in the literature (e.g. for cyclo-

phosphamide and cisplatin-based drugs). Both alky-
lating and platinum-containing agents cause direct 
DNA and RNA damage, therefore also affecting non- 
dividing, reserve stem cells. The gonadal epithelium 
is highly susceptible to radiation-induced damage. 
Differentiating spermatogonia are sensitive to scat-
tered doses of radiation as low as 0.1 Gy, leading to 
short-term cessation of spermatogenesis. Cumula-
tive doses above 3 Gy affect SSC and cause long-term 
azoospermia, whereas doses in excess of 6 Gy deplete 
the SSC pool and can lead to permanent infertility. 
Fractionation of radiotherapy increases the germ-cell 
toxicity. Overall, post-treatment infertility problems 
are reported in up to 60 % of cancer patients [11].

30.1.2.1.2. Non-oncological reasons for fertility 
preservation

As in females, certain non-malignant pathol-
ogies such as haematological and autoimmune 
conditions requiring potentially gonadotoxic treat-
ments could compromise male fertility. Transgender 
women may wish to store semen for FP. Transgender 
persons planning to start cross-hormone treatment 
and undergo sex-reassignment surgery can benefit 
from FP. Analogous considerations previously ex-
plained for trans men also apply for trans women [5].

30.1.2.2. Non-medical reasons for fertility 
preservation

These indications include groups such as men 
in military services, who are at risk of potential harm 
to their fertility.

30.2. Consent in fertility 
preservation

After referral of the patient, informed consent for 
FP should be obtained by a clinician. However, 

since pre-pubertal children can also benefit from FP 
techniques, informed consent should in this situa-
tion be discussed with and signed by the parents or 
legal guardians of the child. It is important that, in 
the case of FP for pre-pubertal children, care should 
be taken to explain the future use of banked gonadal 
tissue.

Individual countries may have their own legis-
lation regarding FP, and therefore consent forms can 
differ. Examples of generic consent forms for cryo-
preservation of sperm appear in Appendix 13 and 
Appendix 40. The forms can be used as a template 
that can be adjusted according to national legislation 
or common practice of the MAR centre. Information 
with regard to the process, legal time of cryostorage 
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and potential risks can be reported in the consent 
form or in a related information document.

30.3. Patient evaluation

In addition to the clinical examination of the 
disease to be treated, patients who are candidates 

for fertility preservation undergo evaluation similar 
to that for patients undergoing MAR techniques 
(Chapter 29). The future use of the stored gonadal 
tissue or gametes will eventually involve the use 
of such material in MAR techniques with the aim 
of obtaining embryos in a (non) partner donation 
treatment.

Patient evaluation for pre-pubertal boys and 
girls needs special care in cases where gonadal tissue 
is removed and banked. In this regard, close collab-
oration between paediatric, surgical, oncologic and 
fertility specialists is essential. When patients are 
first seen in the oncology department, the impact of 
cancer treatment on the patient’s future conditions 
should be discussed and the fertility and preser-
vation options explained. The referral to a fertility 
clinic should be made possible in very timely fashion 
because of the short time interval available for certain 
patients to undergo FP before treatment for their spe-
cific disease. In the fertility clinic, detailed informa-
tion on the possibility and the process of FP will be 
offered on an individual patient basis. Additionally, 
the future use of the preserved reproductive material 
must be addressed. 

To improve patient compliance, certain aspects 
of the FP process should be carefully managed. For 
example, to minimise trauma to the patient, sur-
gical recovery of gonadal tissue should be combined 

with other interventions requiring anaesthesia, 
such as bone marrow sampling or implantation of 
venous ports. To this end, close interdisciplinary 
co- operation between paediatric oncologists and 
gynaecologists, urologists, paediatric surgeons, psy-
chologists or other medical specialists is required.

In the case of pre-pubertal boys, measurement 
of testicular volume is helpful to predict the chances 
of successful retrieval of spermatozoa and semen 
production in adolescents, whose semen parameters 

– as soon as spermatogenesis has initiated – are com-
parable to those of adult patients, irrespective of the 
underlying disease [12, 13]. In the case of pre-pubertal 
girls, the assessment of the ovarian reserve by meas-
urement of blood levels of anti-Müllerian hormone 
(AMH) may be investigated [14]. No further gynaeco-
logical investigations should be performed, since they 
can be perceived as intrusive and an emotional and 
psychological burden for these patients.

30.4. Procurement
30.4.1. Female

30.4.1.1. Ovarian tissue
Procurement of ovarian tissue can be per-

formed at any time of the menstrual cycle and can be 
performed at short notice.

By the procurement of ovarian tissue, many 
thousands of primordial follicles can be preserved. 
Such follicles lie within the cortical tissue of an ovary, 
with the vast majority of follicles in the outermost 
1-2 mm of the ovary. An entire ovary, a portion of it 
or ovarian cortical biopsies are removed by an oper-
ative procedure under general anaesthesia and pre-

Figure 30.1. Ovarian tissue 
procurement by laparoscopy: stage 1

Images in the upper panel show the sur-
gery steps taken to obtain the tissue.
The lower panel shows processing steps: 
the medulla of the ovary is removed.

Source: Images provided by Sonia Herraiz, 
Valencia, Spain.
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pared for cryopreservation [15]. See Figure 30.1. and 
Figure 30.2. 

Ovarian tissue procurement is offered to 
pre-pubertal girls, and to post-pubertal girls not 
ready to undergo ovarian stimulation, trans-vag-
inal ultrasound monitoring and oocyte retrieval in 
order to procure and bank oocytes. Adult women 
who do not have the time to undergo stimulation for 
procurement of oocytes, either because cancer treat-
ment is imminent or because the cancer is hormone- 
dependent, are also candidates for ovarian tissue 
cryopreservation.

Although, from a technical standpoint, it is 
possible to store ovarian tissue at the time of sex- 
reassignment surgery and thus during cross- hormone 
therapy, this approach is highly experimental [16]. 
For all patients, including transgender men, ovarian 
procurement should be performed before the start of 
gonadotoxic treatment.

30.4.1.2. Oocytes
In order to collect mature oocytes, controlled 

ovarian stimulation is needed. This stimulation is 
similar to the stimulation for in vitro fertilisation 
(IVF) (Chapter 29). The number of oocytes that can 
be collected depends on the age of the patient and her 
ovarian reserve. Special considerations are necessary 
to avoid high oestrogen production during ovarian 
stimulation in patients with oestrogen-dependent 
diseases. In cases of breast cancer, stimulation proto-
cols have been developed to reduce the risk of an un-
wanted high level of oestradiol. Ideally, stimulation 
should start on the third day of the menstrual cycle, 
but can be started at any time in the menstrual cycle, 
including in the luteal phase, with apparently good 
results. In order to increase the yield of oocytes, two 
consecutive stimulations (collections) can be per-
formed according to the approach referred to as dual 
stimulation [17]. Any pre-menopausal patient with a 

sufficient ovarian reserve is eligible for oocyte collec-
tion for FP. Some post-pubertal girls may be able to 
undergo ovarian stimulation and tolerate trans-vag-
inal ultrasound monitoring and oocyte retrieval.

Oocytes will be collected by aspiration via the 
transvaginal route following the same steps previ-
ously described in Chapter 29.

30.4.2. Male

30.4.2.1. Testicular tissue
Testicular tissue is mostly procured in pre- 

pubertal boys when there is no possibility to produce 
a sperm sample. Collection of testicular tissue can 
be performed at any time. In general, unilateral pro-
curement takes place, with a maximum of half of the 
testis.

The procedure used for testicular biopsy in 
pre-pubertal boys is quite simple and similar to the 
technique described in adults. Basically, it should 
be performed at the cranial pole of the gonad, to 
avoid damage to the main testicular artery. After 
making a transverse or midline scrotal skin inci-
sion of 2-3 cm, the tunica vaginalis is opened and 
the lateral surface of the testis is exposed. The tunica 
albuginea is incised (0.5 cm in length) and the testes 
are compressed to make the testicular tissue pro-
trude. A biopsy of 2-3 mm3 is then cut with scissors. 
The tunica albuginea and the skin are closed over. 
Besides being useful in fertility preservation, testic-
ular biopsy in pre- pubertal boys is a minor procedure 
that can provide valuable information for predicting 
the risk of malignancy and fertility, as described in 
Faure et al� 2016 [18] (see also Figure 30.3).

The amount of tissue procured for FP will 
have an effect on future testosterone production, 
and hormone replacement therapy could possibly be 
needed. However, it has been shown that the devel-
opment of the testis in boys after biopsy of gonadal 
tissue for FP did not have an effect on the testicular 
growth [19].

A balance between the amount of tissue re-
trieved and the amount conserved is important to 
achieve adequate levels of testosterone. Since the 
testis volume in very young pre-pubertal children 
can be limited, one third of the testis is generally 
procured in this patient population. Immunohisto-
chemical staining is necessary to assess the presence 
of SSC in the procured and stored tissue [20].

30.4.2.2. Sperm
Sperm samples are mostly obtained through 

masturbation. Sperm samples can be collected in 
adult men, postpubertal boys and in peri-pubertal 

Figure 30.2. Ovarian tissue procurement by 
laparoscopy: stage 2

After the medulla removal the remaining ovarian cortex is 
then cut into small pieces of 10 × 5-10 mm

Source: Images provided by Sonia Herraiz, Valencia, Spain.
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boys if the patient is capable of obtaining a sample 
through masturbation [13, 21-23]. In cases of failure 
to produce a semen sample by masturbation, assisted 
ejaculation techniques such as penile vibratory stim-
ulation or electro-ejaculation under general anaes-
thesia could be considered as a second-line treatment 
option.

Special care should be taken to clearly explain 
to young post-pubertal boys how to produce a sample 
by ejaculation, since not all patients will be sexually 
active.

30.5. Processing

MAR TEs such as MAR centres and tissue banks 
can process and store gonadal tissue, gametes 

and embryos for FP. The techniques for processing 
and storage are described in Chapter 29. For further 
microbiological testing, refer to Chapter 11. Pro-
cessing and storage of gonadal tissue require a tissue 
establishment with the facilities, licence and exper-
tise to perform the procedure, and to process and 
store the tissue. These are described in more detail 
below.

Based on risk analysis, and offered testing for 
infectious disease (HIV, hepatitis), separate pro-
cessing and storage of infectious material will be 
performed.

30.5.1. Female

30.5.1.1. Ovarian tissue
Ovarian tissue should be transported on ice 

in a transport medium supplemented with serum 
albumin [24]. Processing of the ovarian tissue starts 
with the ovarian biopsy or with bisecting the ovary, 
in the case of a whole ovariectomy. The medulla, the 
inner part of the ovarian tissue, is removed by careful 
scraping with a scalpel to prepare the cortical tissue 
with the required thickness of, on average, 1-2  mm. 
The cortex is subsequently cut into smaller fragments 
(5 ×   5 mm) and 1 to 3 fragments of ovarian tissue are 
transferred to cryovials, immersed in cryoprotectant 
solution, and subsequently to controlled freezing for 
cryostorage. Each cryovial should be unequivocally 
identified [24]. Vitrification of the ovarian tissue is 
another optional methodology (see monograph 30.1) 
[5]. Microbiological quality control checks should be 
performed during processing to monitor any bacte-
rial or fungal growth in the tissue previous to cryo-
preservation (aerobic and anaerobic bacteria, fungi 
assessment).

During ovarian tissue processing, the medulla 
should be further minced into small pieces in a 

petri dish with medium and examined under a ster-
eomicroscope for the presence of cumulus oocyte 
complexes (COC). These COC can be collected and 
subjected to in vitro maturation (IVM] in order to 
obtain metaphase  II oocytes that can be collected 
and stored. This collection, with IVM and storage of 
oocytes obtained during the processing of ovarian 
tissue, is considered a highly innovative and yet ex-
perimental FP technique, since so far only five live 
births have been described in Europe [25]. However, it 
opens up the possibility of cryopreservation of a few 
in vitro matured oocytes in the case of ovarian tissue 
procurement and storage.

Transport of the procured tissue from different 
centres to a centralised tissue establishment is a real-
istic and efficient logistic option [24].

30.5.1.2. Oocytes
Oocyte cryopreservation is the preferred 

option for FP in post-pubertal patients who can be 
submitted to controlled ovarian stimulation. Vitrifi-
cation is the technique of choice, due to the excellent 
results obtained in IVF patients in terms of survival, 
embryo development and implantation [1, 26]. The 
methodology is described in Chapter 29.

30.5.1.3. Embryos
Although oocyte cryopreservation is generally 

practised today, embryo cryopreservation can also 
be considered for FP in the case of couples. Cryo-
preserved embryos will not be used for reproductive 
purposes if the couple separate; however, the situa-
tion can be different in various countries, depending 
on national regulations.

30.5.2. Male

30.5.2.1. Ejaculate
Sperm cryopreservation is performed for male 

FP in post-pubertal males. Semen characteristics may 
vary with both patient age and type of disease, with 
testicular cancer patients having the worst semen 
quality. For adolescents, in more than 80 % of cases 
semen can be cryopreserved. However, up to 20 % of 
adolescent or adult patients may either fail to produce 
a semen sample or may present with azoospermia. 
Measurement of testicular volume is helpful to 
predict the chances of successful retrieval of sperma-
tozoa and semen production in adolescents, whose 
semen parameters – as soon as spermatogenesis has 
been initiated – are comparable to those of adult pa-
tients, irrespective of the underlying disease.

The methodology for sperm cryopreservation 
is described in Chapter 29.
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30.5.2.2. Surgical sperm recovery from testicular 
tissue/epididymis

For pre-pubertal boys, for azoospermic pa-
tients and for anejaculation, surgical sperm procured 
by sperm-extraction procedures should be offered. 
Sperm can be retrieved by microsurgical aspiration 
of the epidydimal fluid (microsurgical epididymal 
sperm aspiration, MESA) or by testicular biopsy/tes-
ticular sperm aspiration (TESA) or testicular sperm 
extraction (TESE).

Testicular tissue should be transported on ice 
in a transport medium (e.g. Hepes-buffered DMEM/
F12), supplemented with serum albumin (in general, 
10 % HSA).

30.6. Conventional testicular 
biopsy and tissue processing 
for sperm recovery

Processing of the testicular tissue consists of 
cutting the tissue into small fragments, sub-

merging the pieces in medium supplemented with a 
cryoprotectant to protect the cells from cryodamage 
and then subjecting them to controlled slow freezing. 
However, no standardised protocol for cryopreserva-
tion of immature testicular tissue is available. Most 
groups are using DMSO-based cryoprotectants (0.7-
1.4 M DMSO) with or without addition of sucrose. 
Slow-freezing protocols are mostly applied. Vitrifica-
tion may also be effective when using higher doses 

of cryoprotectants. Vials/straws are thereafter sub-
merged into liquid or vapour-phase nitrogen. Since 
the reproductive potential of cryopreserved imma-
ture testicular tissue has still to be demonstrated in 
humans, the technique remains experimental.

The legislation and recommendations for FP 
in males differ between countries. There are no strict 
limitations on semen quality or sperm numbers for 
FP strategies and there are no international guidelines 
for the duration of storage of spermatozoa, whether 
ejaculated or procured directly from the testis.

30.7. Storage
The permitted storage period of cryopreserved 

sperm, oocytes and embryos and reproductive tissues 
varies according to national legislation.

Long-term storage of ejaculated or testicular 
spermatozoa, ovarian cortex, oocytes or embryos 
does not negatively affect the quality of the frozen 
material, provided that it is stored at a temperature 
of ≤ −140 °C [27-31].

30.8. Clinical application
30.8.1. Female fertility restoration

When a patient wishes to use her preserved 
tissue or oocytes/embryos for MAR treatment, the 
physician who treated her with the gonadotoxic 
therapy should be consulted as to whether it is safe 
for the patient to attempt a pregnancy. 

Figure 30.3. Conventional testicular biopsy and tissue processing for sperm recovery

Images in the upper panel show a surgical procedure for testicular tissue extraction. Lower panel shows processing steps: the small pieces 
of tissue are cut into smaller pieces. Isolated testicular spermatozoa and/or the tissue can be cryopreserved and thawed for future use.

Source: Images provided by Dina Pabón (Spain].
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Recent reports comparing the efficacy of oocyte 
vitrification and ovarian tissue cryopreservation in 
women undergoing gonadotoxic treatments shows 
a trend towards higher live birth rates after oocyte 
vitrification [26].

In cases of transplantation of ovarian tissue, 
this can be done either orthotopically (at the re-
maining ovary or at the site of the removed ovary) or 
heterotopically to other sites such as the abdominal 
wall. These alternative options have implications for 
the modalities by which pregnancy can be achieved, 
spontaneously or by MAR. It takes approximately 20 
weeks from the time of transplantation for the tissue 
to become active again as demonstrated by the return 
of menses and oestradiol production. Hence, resto-
ration of fertility is combined with the restoration of 
the patient’s endocrine environment. Although the 
primary reason for the use of stored reproductive 
material may be a future desire for a child, the resto-
ration of endocrine function could also potentially be 
a reason for transplanting ovarian tissue. The latter 
has to be considered with caution as a recent review 
by Dolman et al� [32] showed that, of 258 patients 
undergoing ovarian tissue transplantation and for 
whom follow-up data were available, 204 received a 
diagnosis of premature ovarian insuffiency. Of those, 
181 (88.7 %, ranging from 77.6 % to 97.2 % according 
to centre) experienced the recovery of ovarian en-
docrine function, as shown by the resumption of 
menstruation.

Spontaneous pregnancies can occur after the 
follicles start maturing and the patient regains her 
cycle, but sometimes IVF is needed. The duration of 
functionality varies from a few months to up to 10 
years, with a mean of 3-4 years. If oocytes or embryos 
have been cryopreserved, an embryo replacement 
cycle must be planned. If the woman is menopausal, 
her endometrium will be prepared in a hormone re-
placement cycle. 

It has to be emphasised that a significant per-
centage of women suffering from breast cancer will 
experience a spontaneous return of ovarian function 
months after chemotherapy. For these women spon-
taneous pregnancies may occur and they may not 
need their cryopreserved gametes or gonadal tissue 
[28]. Despite the number of cases still being scarce, 
some large series have shown 29 % conception rates 
following ovarian tissue transplantation. More recent 
publication have revealed similar live birth rates of 
11 % after either spontaneous conception or IVF 
[26]. Premenarchal girls who lose all their ovarian 
tissue due to chemo- or radiation therapy will not 
enter puberty spontaneously. These girls will need 
to be induced with exogenous hormones in order 

to undergo normal pubertal development. After 
puberty, they will need to take hormonal replacement 
therapy to prevent osteoporosis and improve general 
well-being. Later on in life they can have their cryo-
preserved ovarian tissue transplanted in order to 
re-establish menstrual cycling and/or become preg-
nant [33].

30.8.2. Male fertility restoration

In most of the cases where chemotherapy and/or ra-
diotherapy has been applied, spontaneous recovery 

of spermatogenesis is possible up to 10-15 years after 
the end of treatment; however, it cannot be accu-
rately foreseen. Thus, regular semen analysis should 
be offered to patients after treatment. About 60 % of 
male cancer patients will face infertility problems 
after the end of the cancer therapy [23].

When cryopreserved samples are used, intra-
cytoplasmic sperm injection (ICSI) is recommended 
to improve the chances of success. Before ICSI was 
implemented, the success rate of MAR procedures 
with cryopreserved semen samples (IUI or IVF) was 
low. When ICSI procedures are applied, the success 
rates using cryopreserved spermatozoa are compa-
rable to standard IVF and ICSI procedures in infer-
tile couples using fresh sperm.

30.9. Quality control and tissue 
evaluation

Quality control after tissue transplantation in-
cludes approaches aimed at decreasing the risk 

of cancer recurrence while maximising the tissue vi-
ability after thawing or warming.

As the autotransplantation of cryopreserved 
tissue of oncological patients may be associated with 
a risk of reintroduction of cancer cells, different ap-
proaches to detect such cells are under development 
[34-36]. Depending on the medical reason for tissue 
cryopreservation and the type of disease, the ovarian 
cortex and testicular tissue should be sampled and 
sent for histological examination to detect any ma-
lignant cells.

Post-cryopreservation viability of ovarian 
tissue depends on both possible damage caused by 
cryopreservation methodology and the original 
amount of primordial follicles. Follicle density in the 
tissue destined for cryopreservation may be assessed 
histologically to predict the chances of post-storage 
restoration of ovarian function. However, since pri-
mordial follicles are often distributed irregularly 
throughout the ovarian cortex, their absence or 
scarcity in small examined specimens does not nec-
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essarily correspond to a contraindication for cryo-
preservation. After storage, the success of ovarian 
cortex transplantation, which depends on quality 
and quantity of the reintroduced tissue, can be eval-
uated by measuring the relevant endocrine function 
and fertility restoration [33, 37].

30.10. Biovigilance

Any adverse event or reaction should be noti-
fied, based on the general rules described in 

Chapter 17.

30.10.1. Female

A risk assessment for the re-introduction of ma-
lignant cells should be performed and transplanting 
of tissue must be with the agreement of the treating 
oncologist. This is to be considered especially in the 
case of leukaemia, since it is known that leukaemic 
cells can reside in the stroma of the cortical tissue. 
Women suffering from disseminated cancer with a 
risk of ovarian metastases should be advised against 
transplanting the tissue [36]. Since such transplan-
tations are scarce, compared with other disciplines, 
limited cases of adverse events and reactions have 
been reported. Up to date the surgical related compli-
cations remain low (≈ 3 %), although one report of a 
major complication (intra-abdominal haemorrhage) 
was published in 2017 [37].

However, the reporting of serious adverse reac-
tions and events affecting the offspring should follow 
the same rules as used for MAR (Chapter 29).

30.10.2. Male

When cryopreserved sperm samples are used, 
the ICSI technique increases the number of MAR 
treatments that can be performed. No adverse effect 
on the health of the offspring has been reported from 
the combination of cryopreservation of semen and 
subsequent MAR.

A number of studies have been performed re-
garding sperm quality in the man after spontaneous 
recovery of spermatogenesis. Both cancer and its 
treatment are associated with sperm DNA damage, 
although treatment-induced DNA damage seems to 
be modest and transient. In a large cohort study of 
offspring from male cancer survivors, a modest but 
statistically significant increase in the risk of major 
congenital abnormalities was observed. This was in-
dependent of whether the sperm were cryopreserved 
pre-treatment and used for MAR or if the children 
were conceived naturally [38, 39].

Any report of serious adverse reactions and 
events should also follow the same criteria used for 
assisted reproductive technologies (Chapter 29).

30.11. Developing applications
30.11.1. Female experimental approaches

30.11.1.1. Oocyte regeneration
In cases where no oocytes exist, current inves-

tigations are carried out on the generation of oocytes 
derived in vitro from pluripotent stem cells as a 
promising though still incipient therapy. 

30.11.1.2. In vitro maturation
Female patients who seek FP but cannot 

undergo ovarian stimulation and oocyte/embryo 
preservation may consider using immature oocytes. 
IVM can be performed in antral follicles collected 
during the follicular or luteal phase [40]. Also small 
to mid-antral-sized follicles could be obtained as part 
of the ovarian cortex and medulla processing tech-
nique. The efficacy of IVM in the context of oestrogen- 
sensitive cancers, or in women with limited time for 
initiating fertility preservation before undergoing 
potentially gonadotoxic cancer treatment, is still 
not clear. Currently, however, success rates that may 
derive from IVM are expected to be low, since IVM 
has not been optimised as a laboratory process [39, 
41].

30.11.1.3. Organ culture
Also, when re-implantation is contraindicated, 

other strategies are being explored. Some of them 
include the in vitro growth of structures containing 
theca cells and primordial follicles together This ap-
proach will require the use of IVM techniques as well 
as the means to determine to what extent cryopreser-
vation will affect follicular viability [42].

Other lines of investigation could also involve 
in vitro perfusion and hormonal stimulation of the 
patient’s removed whole ovary (or ovaries), where 
oocytes may be matured, aspirated and cryopreserved. 
As no ovarian stimulation is required, these tech-
niques would shorten the time for starting oncologic 
treatment of the patient, as well as preventing the risk 
of reintroducing malignant cells via transplantation.

30.11.2.  Male experimental approaches

30.11.2.1. Sperm regeneration
Development of the procedures used for the 

preservation of SSC and testicular tissues from boys 
and adolescents is far more advanced than research 
into the methods needed to realise the fertile poten-
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tial of these cells. In principle, fertility restoration 
strategies in laboratory practice will include auto-
transplantation of a suspension of SSC by injection 
into the testis to restore spermatogenesis or auto-
transplantation of frozen-thawed testicular grafts 
back into the testis or an ectopic site. Should any 
risk of re-introduction of malignant cells exist via 
the transplant, then the only option is to grow and 
mature the SSC in vitro.

SSC transplantation was originally described 
in the mouse and is now an established research tool. 
SSC are infused through the efferent ducts into the 
rete testis, a technique which has been successfully 
applied in a number of species, including humans. 
The procedure is best performed under ultrasound 
guidance and presents a relatively non-invasive 
strategy for stem cell transfer. However, the coloni-
sation efficiency after infusion of enzymatically di-
gested testicular cells remains low. For future clinical 
applications, SSC need to be isolated, enriched and 
propagated in vitro before they can be autotrans-
planted in the numbers required to efficiently recolo-
nise the testis and reinstate spermatogenesis. 

Nonetheless, the principle of the procedure has 
been shown and offspring have been generated from 
transplanted spermatogonia in a number of species, 
including primates [10]. While the demonstration 
of functional donor spermatogenesis following SSC 
transplantation in primates is an important mile-
stone on the way towards using SSC to restore human 
fertility, it remains vitally important to prove that the 
epigenetic programming and stability of SSC are not 
compromised following cryopreservation, culture 
and transplantation in humans.

Grafting of fragments of testicular tissue pro-
vides an alternative strategy to the use of cryobanked 
immature testis tissue. This approach maintains the 
SSC within their non-exposed natural niche, thus 
preserving the interactions between the germ cells 
and their supporting somatic cells. This procedure 
was successfully applied to retrieve sperm from 
ectopic and intra-testicular allografts, and insemina-
tion studies using ICSI have demonstrated that the 
spermatozoa were able to support full-term develop-
ment of the progeny. This procedure is now tested in 
a number of species.

Similarly as in the case of oocytes, when no 
germ cells are available in the initial testis biopsy, an 
alternative option may be the in vitro derivation of 
sperm cells from the patient’s somatic cells, such as 
skin fibroblasts, by induced pluripotency or transdif-
ferentiation of these cells. This approach is, however, 
still in its infancy.

30.11.2.2. Organ culture
The major hurdle which must be overcome in 

patients with a haematological malignancy is the risk 
of re-introducing residual malignant cells via the 
testicular tissue. Sorting protocols using magnetic 
activated cell sorting (MACS), fluorescence activated 
cell sorting (FACS) or differential plating have been 
found to have variable efficiency when used to enrich 
human SSC. The risk of re-introduction of malignant 
cells via the graft may be circumvented by in vitro 
spermatogenesis. In vitro-derived spermatozoa that 
are free from residual disease can then be used to in-
seminate oocytes using ICSI. Various strategies – in-
cluding standard 2D cultures, 3-dimensional culture 
of testicular cells or organ culture – have been tested 
and showed some promise [43]. Although encour-
aging results have recently been obtained regarding 
the genetic and epigenetic stability of human SSC 
during long-term culture, the fertility of in vitro- 
derived sperm has still to be established before the 
clinical value of this type of experimental approach 
can be fully assessed.
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Chapter 31. Human milk

31.1. Introduction

Human milk (HM) is produced by the human 
mammary glands of a postnatal mother to 

feed her baby. HM contains essential nutrients and 
bioactive components that promote the growth and 
development of the newborn. HM not only covers 
the nutritional needs of healthy term infants, but it 
also facilitates the process of maturation of various 
organs such as the gut and the brain [1]. It contains 
many unique nutritional components and a complex 
combination of immunological and anti-infective 
constituents that promote health, protect against in-
fection and support a baby’s immune system [2]. For 
these reasons, mother’s own milk is universally ac-
cepted as the optimal feeding choice for neonates and 
infants, but it is considered of vital importance for 
preterm infants.

Unfortunately, not all preterm infants can 
receive milk from their mothers and some mothers 
are unable to provide enough milk for their infants. In 
these cases official bodies, such as the World Health 
Organization (WHO), the American Academy of 
Pediatrics and the European Society for Paediatric 
Gastroenterology, Hepatology and Nutrition, as well 
as many scientific associations, consider donated 
human milk, obtained and processed in human milk 
banks (HMBs), to be the clinically preferred option 
in the absence of sufficient maternal milk [3][4][5][6].

Donor HM (DHM) is the human milk ex-
pressed by a breastfeeding mother and donated 
voluntarily and freely to an HMB, and it should be 
considered the first option when milk from the in-

fant’s own mother is partially or totally unavailable. 
Given the significant impact that HMBs can have on 
infant health outcomes, the WHO has asked member 
countries “to promote the safe use of DHM through 
HMBs for vulnerable infants” [3].

In the European Union (EU), DHM may fall 
within different national legal frameworks (see §31.2 
below) for which appropriate quality and safety re-
quirements need to be applied, e.g. food, tissues 
and cells [6]. Regardless of the regulatory status of 
HM, ensuring quality and safety requires a similar 
approach to that applied to the tissues and cells dis-
cussed in the other chapters of this Guide to provide 
an appropriate framework for safe and effective ser-
vices to patients. The ethical principles described in 
Chapter 1 of this Guide must be respected so that 
donors are not exploited and the human body itself is 
not the subject of trade.

There are two types of DHM:
a� Fresh (or raw) milk is HM which has not under-

gone any treatment and can be stored at +4 °C 
(refrigerated) or at −20 °C/−80 °C (frozen). 

b� Pasteurised milk is HM that has undergone a 
pasteurisation process.

An HMB is a facility established with the 
purpose of selection, collection, processing, storage 
and distribution of human milk donated by lactating 
mothers who are not biologically related to the re-
cipient infant, to meet the specific needs of individ-
uals for whom DHM is prescribed by health care 
providers. The primary and by far the largest group 
of consumers of DHM are premature babies. Other 
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clinical situations in which the use of DHM has been 
described are: post-feeding intolerance, gastrointes-
tinal surgery, congenital heart disease, metabolic 
disorders, chronic renal failure and allergies [7][8][4]. 
The use of DHM is also described in term and late 
preterm infants as the preferable option when supple-
mentation due to insufficient maternal milk supply is 
needed to prevent dehydration and severe hyperbili-
rubinemia [9].

The first HMB was opened in Vienna in 1909. 
Since then, HMBs have been established in many 
countries: currently more than 280 HMBs exist in 
Europe [10], over 300 in South America – including 
222 in Brazil [11] – and 29 in North America [12]. The 
numbers and activities of HMBs are growing, driven 
by studies indicating that premature infants show 
better development if they are fed HM rather than 
formula. With donated HM, there is a lower rate 
of necrotising enterocolitis with a better tolerance 
of enteral feeding [13], and protection against bron-
chopulmonary dysplasia. In addition, it has been 
shown that where new HMBs are established there is 
an increase in the rates of breastfeeding on discharge 
from hospital of these babies [14-15]. It is now widely 
accepted that HMBs and the availability of DHM en-
courage and support breastfeeding.

The theoretical microbiological risks associated 
with feeding with DHM are similar to those associ-
ated with transfusion and transplantation (i.e. trans-
mission of viruses and other infective agents from 
the donor) as well as those associated with the food 
industry (i.e. contamination or cross- contamination 
with bacteria or fungi, with subsequent recipient 
infection). One of the most commonly used risk- 
assessment methods is Hazard Analysis Critical 
Control Points (HACCP), developed in the 1950s 
in the food industry but now widely used for many 
manufacturing processes, including biological 
control. The system consists of a detailed analysis of 
all steps of the production process to evaluate and 
control hazards and to avoid the possible errors (see 
Chapter 2). Using the HACCP system in the manage-
ment of an HMB activity was first described in the 
Italian Guidelines for the Establishment and Opera-
tion of a Donor Human Milk Bank, in the 1st edition 
published in 2002 [16]. 

The following generic chapters (Part A) of this 
Guide all apply to milk banking and must be read in 
conjunction with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent

e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 8. Premises
h� Chapter 9. Processing
i� Chapter 10. Storage
j� Chapter 11. Principles of microbiological 

testing
k� Chapter 12. Release, distribution and import/

export
l� Chapter 13. Interaction between tissue estab-

lishments and organisations responsible for 
human application

m� Chapter 14. Computerised systems
n� Chapter 15. Coding, packaging and labelling
o� Chapter 16. Traceability
p� Chapter 17. Biovigilance
q� Chapter 18. Introduction of novel processes 

and clinical applications

31.2. Legal status of human milk

Human milk does not have a uniform legal status 
in all countries; moreover, not all countries have 

a specific regulation for this activity. In some coun-
tries it is under the umbrella of food, whereas others 
assume the tissues and cell regulation as the best 
scenario. Like any other substances of human origin, 
there are some important principles to consider.

The World Health Organization classifies DHM 
used to feed premature infants as among a group of 
substances [17] derived wholly or in part from the 
human body and intended for clinical application, 
like organs for transplantation; blood; ocular, muscu-
loskeletal or other types of tissue; haematopoietic or 
other types of cells; and ova or sperm used in assisted 
reproductive treatments. All these products share a 
basic characteristic that makes them different from 
other medical products or devices: all of them depend 
on the altruistic donation of biological materials from 
living or deceased persons. Thus, to preserve the 
dignity and human rights of donors, it is necessary to 
follow high ethical standards in obtaining these bio-
logical products, such as those standards established 
in the Oviedo Convention adopted by the Council of 
Europe in 1997 [18]. 

As commented by Cohen [19], despite the 
longstanding and seemingly natural classification 
of human milk as a food, it is unlike any other food 
product due to the ethical and safety issues it raises. 
For instance, it is necessary to obtain informed 
consent from an infant’s parents before it can be ad-
ministered, on the premise that it comes from another 
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person. However, no such consent is required to dis-
pense formula based on cow’s milk to a baby, even 
though it comes from the body of an animal.

Moreover, the human origin of these medical 
products also entails risks to public health, making 
it necessary to establish safety mechanisms such as 
donor selection, screening and testing, techniques 
that inactivate pathogens or render them less path-
ogenic, and adequate traceability of medical sub-
stances of human origin, so that sentinel events of 
disease transmission can be promptly investigated 
and linked to specific products, source individuals 
and recipients, enabling the development of new risk 
containment and mitigation strategies, including 
rapid product recalls. All of these apply to donor 
human milk.

However, following a Competent Authorities 
expert group meeting on substances of human origin 
in June 2014, the European Commission addressed 
the questions related to the legal status of human milk 
in the EU and, despite confirming that Article 168 (4) 
of the Treaty on the Functioning of the European 
Union provides a legal basis for future regulation of 
these substances of human origin in terms of their 
quality and safety, it was clarified that member states 
are free to decide on the most suitable framework 
either by creating a specific regulatory framework 
at national level or by applying an existing national 
legislative framework, including the tissues and cells 
quality and safety requirements, to these substances 
[20]. 

Currently, the collection of DHM is done fol-
lowing good quality rules in the majority of HMBs in 
EU member states, thanks to the existence of Guide-
lines in several countries. However, regulatory guid-
ance at European level does not exist. Donor human 
milk is one of the few medical products of human 
origin that does not have legislation associated with it 
at a supranational level. Some countries, like France 
[21] and Italy [22], have laws and norms regulating the 
functioning of milk banks, whereas other countries 
have a variety of alternative sources of guidance, in-
cluding locally, regionally and nationally developed 
documents. The question of how to regulate the allo-
geneic use of human milk remains open.

31.3. Minimal requirements of 
human milk banks

31.3.1. Facilities and equipment
HMBs should establish a service-level agree-

ment at least with a Neonatal Unit that admits new-
borns of gestational age < 34 weeks.

The rooms required in an HMB should include 

adequate space to conduct donor interviews if nec-
essary and to carry out administrative tasks, with a 
space for freezers and a room for handling and pro-
cessing milk. The premises must be structured in 
such a way as to allow easy control, correct cleaning 
and effective disinfection. The dimensions will be in 
line with the HMB’s workload.

An HMB should include the following basic 
equipment:

1. A commercially available pasteuriser or a water 
bath with adjustable temperature, preferably 
with agitation, able to work at a temperature of 
62.5°± 1 °C for 30 minutes.

2. 1 or more freezers (< −15 °C) equipped with 
acoustic and/or visual alarms for the tempera-
ture and with a thermo-recorder. 

3. 1 or more refrigerators with a working temper-
ature between 2 °C and 8 °C, and with acoustic 
and/or visual alarms for the temperature and 
with a thermo-recorder.

4. 1 work counter. 
5. Laminar flow hood to handle HM aseptically.
6. Electrical breast pumps, if milk is expressed in 

the HMB.
7. Dish-washing machine qualified for thermal 

disinfection and a system to seal the containers 
if they will be submerged at any point during 
the heating or cooling phases of the pasteuri-
sation process. 

31.3.2. Staff

The organisation and maintenance of a working 
system able to guarantee the quality of the milk from 
collection to processing and distribution is based 
on its staff, with a number of people adequate to the 
working load, well prepared, trained and motivated 
to perform all the activities related to the bank. 

The HMB team must include a responsible 
person and sufficient staff to carry out the daily op-
erations of the HMB. The tasks of a dedicated team 
(doctors, nurses, technicians, ancillary staff) are dif-
ferent according to the complexity of the service: re-
sponsibility, co-ordination, enrolment of donors, care 
of donors, home milk collection, quality control of 
the milk, thermal treatment and storage of the milk, 
checking and disinfection of the equipment and of 
the rooms, registration of the official documents, and 
distribution and traceability of the final product.

Staff must be trained on all the following: 
hygiene, quality control, safety and traceability, tech-
nical procedures (collection, storage, pasteurisation), 
legislation, ethical issues and infant nutrition. Staff 
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must receive continuing education to update their 
knowledge. Their work must be audited periodically. 

31.3.3. Quality Management System

An HMB must implement a QMS that covers 
the scope of all its activities, especially (see Chapter 2):

1. collecting, testing, processing, storing and 
transporting milk;

2. recruitment and evaluation of donors, includ-
ing home collection training;

3. external and internal auditing, non-conform-
ance with processes and self-inspection;

4. coding of the milk collected and distributed, 
for identification of the HMB and of the donors 
(traceability);

5. records of the safety procedures utilised and of 
the final destination of the donated milk;

6. personnel, required documentation, premises 
and equipment;

7. presence of written standard operating proce-
dures (SOPs) and an Internal Regulation spe-
cific to the HMB;

8. home milk collection service organised ac-
cording to the established safety procedures, if 
applied.

31.4. Donor recruitment

The donation of HM must be voluntary and 
unpaid. In some countries, in accordance with 

national regulations, a sort of reimbursement is pro-
vided to meet the expenses of the donors. 

Before accepting a donor’s milk, written in-
formed consent for its use in accordance with the 
HMB’s protocols (including for approved research, if 
relevant) must be obtained.

Promoting HM donation is carried out through 
a variety of different channels: written material (e.g. 
in prenatal clinics, maternity hospitals, paediatric/
primary care centres, pharmacies, shops for mother/
infant items), media, social networks, associations for 
breastfeeding support or educational guidance, and 
direct contact with pregnant women by their physi-
cians and midwives.

A woman should be of legal age and lawfully 
competent to take this decision in accordance with 
national regulations; she should be nursing her own 
baby, who must be adequately fed, before donating 
milk to a HMB. Bereaved mothers should be made 
aware of the possibility of donating their previously 
expressed and stored milk as well as continuing to 
lactate for the purposes of HM donation if desired. 

This has been shown to be of benefit to grieving 
mothers [23][24].

It is the responsibility of the HMB to provide 
all new donors with training, preferably face-to-
face with additional information by telephone and 
in writing. This training should cover [25]: hand-
washing; good personal hygiene; collecting and ex-
pressing milk, including cleaning and using breast 
pumps and containers; storing donated milk (in-
cluding cooling and freezing); labelling donated milk 
and documenting storage conditions; and transpor-
tation of donated milk (if needed).

Because HM donation is carried out frequently 
over a period of a few months, it must be stressed to 
the donor that certain health-related conditions – like 
infectious diseases or drugs (including nicotine and 
alcohol) – during the donation period would make 
her unsuitable as an HM donor. HMB staff have a duty 
of care to those who offer to donate HM, including 
a duty to those whose milk is not accepted because 
of, for example, medication or tobacco use. A mother 
who is unable to donate for whatever reason should 
be reassured that this should not affect her choice to 
feed her own baby – assuming that this is the case. 
HMB staff should take responsibility for ensuring 
that she understands the reasons for her deferral and 
how this affects or does not affect her own infant [26]. 
The value of breast milk and of breastfeeding her own 
infant in accordance with WHO guidance should be 
highlighted in all communications between HMB 
and prospective donors.

31.5. Donor evaluation

Screening of donors should include both oral inter-
view (face to face or by telephone) and completion 

of a health questionnaire, using clear, non-technical 
language in printed material and digital media.

HMB processing cannot guarantee the com-
plete elimination of toxic substances and potential 
infectious elements that may be contained in the 
milk. For this reason, HM, which has not undergone 
any treatment, should be as safe as possible from the 
point of its origin.

In addition to the general contraindications for 
donation specified in Chapter 5, the following condi-
tions contraindicate the donation of milk [25][27][28]
[29].

a. Donor’s behavioural risks
i. smoking tobacco, use of snuff or use of nico-

tine-containing products to help stop smoking 
– wait for 7 days from the last exposure;

ii. drug abuse or use of methadone;
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iii. daily consumption of beer (≥ 200 mL), wine 
(≥ 100 mL) or spirits (≥ 30-40 mL) – occasional 
consumption may be accepted if milk collec-
tion is avoided for 12 hours;

iv. consumption of high quantities (> 300 mg) of 
substances containing caffeine (coffee, tea, cola 
or cacao) should be avoided – occasional con-
sumption may be accepted;

v. if there is the suspicion of low vitamin B12 level 
(vegans or strict vegetarians, without vitamin 
B12 supplementation), the donor can be accept-
ed if an adequate level of vitamin is verified in 
a blood test.

b. Donor’s treatments
i. the use of drugs or other pharmacologically 

active substances (including herbal products) 
must be evaluated since most will be secreted 
into breast milk – the concentration and po-
tential toxicity vary substantially depending on 
the substance and the dose (relevant informa-
tion can be accessed at www.e-lactancia.org);

ii. women immunised with attenuated live virus 
should not donate milk for 4 weeks after the 
immunisation;

iii. the transfusion of blood and blood compo-
nents should be evaluated by individual risk 
assessment; 

iv. treatments with acupuncture needles that are 
not properly sterilised or disposable should be 
evaluated by an individual risk assessment;

v. transplantation of organs should exclude dona-
tion (organ transplantation is usually followed 
by long-term anti-rejection medication which 
excludes donation).

c. Donor’s medical history
i. acute infections and diseases must be evaluat-

ed, depending on the type of infection for the 
appropriateness of temporary exclusion and 
the exclusion time itself;

ii. women who have recently been in contact with 
infectious patients (e.g. chickenpox, mumps, 
measles) unless they have been immunised; if 
they have not been immunised, they should be 
excluded for a period equivalent to the incuba-
tion period or, if not known, for 4 weeks;

iii. women with sexual contact with partners with 
HIV or viral hepatitis B or C should be exclud-
ed;

iv. women with mastitis or fungal infections of 
the nipple or areola should be excluded tempo-
rarily until all symptoms have disappeared and 
any course of medication completed;

v. women with reactivation of Herpes simplex 
(HSV) or varicella–zoster infections in the 
mammary or thoracic region should be exclud-
ed;

vi. women with a history of malignancy should be 
evaluated by individual risk assessment;

vii. during the interview, donors should be in-
structed to inform the HMB if there are any 
changes in their behaviour or health status, 
especially in relation to the presence of mas-
titis, temporary use of some pharmacologi-
cally active substances, the presence of acute 
infectious diseases and skin diseases such as 
Herpes simplex or varicella–zoster, or fungal 
infections of the nipple, areola, mammary or 
thoracic region.

31.6. Donor serological testing

In addition to the tests outlined in Chapter 5, testing 
for HTLV-I/II is recommended; at least it should 

certainly be performed for donors who live/d in or 
originate from high-prevalence areas [30] or who 
have known sexual partners originated from those 
areas, or if the donor’s parents originated from those 
areas.

The risk of transmission of Trypanosoma cruzi 
through breastfeeding has not clearly been estab-
lished. Pasteurisation destroys T� cruzi [27]. If there is 
a suspicion of this disease during the health interview, 
serological screening for T� cruzi should be done.

While a donor continues to donate, ask reg-
ularly about her general health and the exclusion 
criteria detailed in section 31.5 to consider whether 
repetition of serological testing is indicated. If there 
is no change in the donor’s lifestyle, it should not be 
necessary to repeat donor testing during the period 
of milk donation. However, if it is not feasible to eval-
uate carefully a change in donor’s lifestyle, donors 
should be tested every 3 months.

Seropositivity for Cytomegalovirus (CMV) is 
not considered a contraindication as long as the milk 
is pasteurised.

31.7. Human milk expression and 
collection

Donors should be trained in handwashing and 
hygiene procedures for expressing, handling, 

storing and transporting the DHM. The milk can 
be expressed by hand or with a breast pump. Good 
breast hygiene should be encouraged, and at least 
once daily washing of the breasts is recommended. 
Additional washing prior to expressing has also been 
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shown to reduce bacterial contamination of the milk, 
together with cleaning and disinfecting all the com-
ponents of the breast pumps [29].

Most recommended containers are in rigid 
plastic, made from a variety of food-contact materials 
such as polyethylene or polypropylene, and should be 
bisphenol A free. It is recommended that containers 
should be sterile and single-use. Re-using containers 
requires cleaning and sterilisation. The use of con-
tainers sterilised with ethylene oxide is regulated in 
the EU at the European level, and the HMB should 
ascertain that manufacturers respect this EU regu-
lation (or users should avoid devices sterilised with 
ethylene oxide, as shown on the label). Glass con-
tainers can be used; however, they should be purpose- 
designed and sold as intended for breast milk storage, 
including freezing and high temperatures, and made 
from glass that is chosen to resist breakage [31].

Some milk banks use plastic bags of polyeth-
ylene as an alternative to rigid containers, but these 
bags can easily break with the risk of loss of milk and 
contamination. Use of a double bag is therefore rec-
ommended if this type of container is used.

If the milk is to be frozen, the container should 
not be filled completely. The containers must be la-
belled with the donor code provided by the HMB 
(or, if that is not possible, with a donor’s given name 
and family name and date of birth), and the date of 
collection.

31.8. Milk storage at home and 
transportation to the bank

Collected milk has to remain at room temperature 
for the shortest possible time. After collection, 

the container should be sealed, labelled and frozen 
as soon as possible in order to avoid bacterial growth 
and degradation of the milk. If this is not possible, 
donors may refrigerate (2 °C to 8 °C) samples col-
lected over 24 hours, and then freeze (< 15 °C) the 
batch [25][32].

If a woman has accumulated milk before being 
accepted as a donor, her medical and behavioural 
history must be evaluated retrospectively for their 
suitability, and the milk can be accepted only after 
a risk assessment considering how the milk was col-
lected, stored and identified.

Frozen expressed milk should be transported 
to the milk bank as soon as possible. However, if nec-
essary DHM can be stored before transport for less 
than 1 month in a domestic freezer (< 18 °C). In this 
case, the HMB should ensure that donors can check 
and document any temperature change on the freezer 
and communicate any problem with the home fridge 

or freezer to the HMB. After a risk assessment, the 
HMB will decide about the acceptance of the milk.

The milk must be transported while main-
taining the cold chain. The HMB is responsible for 
transportation of the milk. If third parties are used, 
a formal agreement should be in place, with the milk 
bank establishing and checking the transport condi-
tions to ensure the safety and quality of the milk.

When the milk arrives, the HMB should check 
the label of each bottle as well as the accompanying 
documentation. In addition, it should check the in-
tegrity of the bottles and the container. A record of 
this should be maintained as part of the HMB records.

31.9. Milk storage in the human 
milk bank prior to processing

The lipase activity present in DHM is active while 
stored at < − 18 °C and, therefore, there is active 

lipolysis, which degrades triglycerides, reducing 
their content and increasing the content of diglyc-
erides, monoglycerides and free fatty acids [33]. In 
contrast, when milk is stored at < −70 °C, no meas-
urable lipolysis is observed [34]. In addition, fat 
and energy content was significantly higher in the 
samples stored at < −70 °C compared to the paired 
samples at < −18 °C, while there was no significant 
difference when protein and carbohydrate concen-
tration were compared [35]. Despite these data, most 
HMBs store DHM prior to pasteurisation at < −18 °C, 
mainly because the equipment is cheaper and more 
affordable than those at < −70°C. Therefore, if a tem-
perature of < −18 °C is used, the DHM must be pro-
cessed within 3 months from the date of collection. 
In cases where the DHM is stored at < −70 °C, this 
period could last up to 1 year.

It has been shown that, due to heat inactiva-
tion of the breast milk lipases, the increase of free 
fatty acid levels is not observed after pasteurisation 
[36]. Therefore, it is recommended that storage at 
< −18 °C prior to pasteurisation should be minimised 
to prevent free fatty increases. Alternatively, if it is 
possible, it is recommended to freeze and store at the 
lowest possible temperature (ideally < −70 °C) prior 
to pasteurisation.

31.10. Processing

The first control for donated milk, before pro-
cessing, is the evaluation of its organoleptic 

characteristics: in the case of inappropriate aspect 
or smell, the milk should be discarded. Human milk 
varies widely in colour and may be clear (early colos-
trum), yellow (colostrum and early transitional milk), 
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creamy white or white tinged with blue or green, de-
pending on the period of lactation, the extent to which 
the breast has been emptied and the mother’s diet. If 
the milk exhibits unusual colouring or if it contains 
any foreign bodies or visible impurities, these should 
be noted, and the milk should be discarded.

Milk must be processed under aseptic condi-
tions. Individuals handling milk in an HMB must 
wear a hair covering, gloves and a clean gown to 
prevent contamination of the milk. HM should be 
handled under a Class A laminar-flow cabinet or a 
bio-safety cabinet, which must be qualified and pe-
riodically certified (including regular analyses of the 
particulate and microbiological contamination of the 
cabinet).

Thawing the milk before processing can be ob-
tained by defrosting the milk rapidly in a water bath 
at a temperature not exceeding 37 °C [25][28], or in 
the refrigerator (2 °C-8 °C) for a maximum period of 
24 hours. Human milk should not be thawed in a mi-
crowave oven [28]. 

After thawing, some HMBs combine or pool 
milk from multiple donors to provide more consistent 
nutrient content and to increase uniformity in the 
product after pooling [37]. The HMBs that combine 
or pool milk should support this practice with a 
comprehensive risk–benefit assessment. Moreover, 
traceability must be fully ensured because, if there is 
any contamination of pooled milk, it may be difficult 
to trace the source of the contamination. In addi-
tion, they must state in their protocol the maximum 
number of donors recommended for pooling. The 
Human Milk Bank Association of North America 
recommends using the milk from three to five donor 
mothers [33].

It is common practice in HMBs to increase 
safety and reduce the risk of contamination by pas-
teurising the milk. However, in very specific situa-
tions raw milk – from no-high-risk donors with all 
serological determinations, including CMV negative 

– can be used [38]. In those situations, each HMB 
must have performed a risk analysis, including the 
initial level of bacterial count, before they decide to 
accept the distribution of raw milk, and the decision 
taken must be documented.

Currently, a pasteurisation process performed 
at a temperature of 62.5 ± 1 °C for 30 minutes, which 
is known as Holder pasteurisation (HoP) method, is 
recommended in all international guidelines for the 
establishment and management of HMBs [29][34]. 
This process can be carried out in a shaker water 
bath, or with equipment specifically designed for 
pasteurising milk. The equipment used for pasteur-

isation must be calibrated at least every 12 months. 
Regular qualification of pasteurisers is needed to 
optimise pasteurisation and to improve milk quality. 
A few quality criteria for the HoP process have been 
proposed: temperature plateau in the range of 62.5-
64.5 °C, duration of the plateau between 30 and 35 
minutes, exposure time over 58 °C < 50 min, and 
rapid cooling from 62.5 °C to 10 °C (≤ 1 h) [35][39].

Before pasteurisation, a milk sample should 
be taken from each batch for microbiological testing 
(bio burden). The European Milk Bank Associa-
tion recommends accepting the milk if it contains 
105 CFU/mL or less of non-pathogenic organisms 
and if no pathogens are detected [34]. Each HMB 
should define the contamination level in accordance 
with their national guidelines if they apply. In addi-
tion, this sample may also be used for a macronu-
trient analysis of the milk to evaluate the necessity of 
fortification. 

During pasteurisation, bottle caps must 
remain above water level to prevent contamination, 
unless caps and equipment designed for submersion 
are used, in which case additional checks should 
be put in place to ensure seals are effective and end 
users should be cautioned to discard containers with 
an incomplete seal and should notify the milk bank 
immediately. A control bottle containing the same 
amount of milk or water as all the other bottles in the 
batch must be fitted with a calibrated thermometer to 
record milk temperature during pasteurisation. The 
control bottle should follow the same process as the 
rest of the batch at all times. In addition to the milk 
temperature, the water bath temperature should be 
monitored and recorded.

Pasteurised human milk is known to retain 
many beneficial and protective components of fresh 
HM [38]. However, pasteurisation also affects some 
of the nutritional and biological properties of HM 
and eliminates the beneficial microbiota of fresh HM, 
thus resulting in the reduction of some bacteriostatic 
mechanisms that render milk more susceptible to 
post-heating bacterial contamination and decrease its 
nutritional and biological value [39] [40]. In order to 
provide the same level of safety with improved pres-
ervation of the nutritional and bioactive components 
of human milk, new techniques of processing are 
under development as presented in the last section of 
this chapter.

At the end of the process, a sample of the pas-
teurised milk should be taken for microbiological 
testing. It is advisable to keep a sample of each batch 
of pasteurised milk for further tests should the need 
arise.
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31.11. Microbiological evaluation

The microbiological evaluation of DHM includes 
the testing of each batch before and after pas-

teurisation, to identify unusual or heavy contam-
ination and pathogens. The European Milk Bank 
Association recommends discarding the milk if, 
before pasteurisation, total bacterial growth is more 
than 105 CFU/mL or if pathogenic micro-organisms 
are detected [34]. However, at the moment there is 
no consensus in the international guidelines on the 
microbiological criteria (bioburden) to be used to 
define the acceptability of the milk before and after 
pasteurisation [21][25][28][29][34][42][43][44]. Most of 
these international guidelines agree that the criterion 
for discarding pasteurised human milk should be the 
presence of any microbial growth.

31.12. Labelling and packaging

In addition to the information about labelling set 
out in Chapter 15, labels for packaging pasteurised 

milk may contain information about the nutritional 
value, such as the concentration of protein, fats and 
carbohydrates, and the energy content. The volumes 
of the final storage containers may vary depending 
on the needs of the recipient. The most common 
volumes are 50, 100 and 200 mL.

31.13. Milk storage in human 
milk bank after processing 
preservation

The most common method of milk preservation 
in an HMB is storage in a freezer at a temper-

ature of < −18 °C. Devices used for freezing should 
be qualified and the temperature recorded and con-
trolled using calibrated probes. Milk that has not 
been frozen is acceptable for use (or for freezing) only 
if kept in the range of 2 °C to 8 °C for less than 24 h 
from collection.

After pasteurisation, DHM is refrozen at 
< −18 °C for up to six months or at < −70 °C for up to 
twelve months [25] [45]. Before feeding, thawed pas-
teurised DHM can be stored at 4 °C for up to 24 h. 
These criteria may vary depending on national guide-
lines, although similar recommendations can be 
found in the guidelines of the Human Milk Bank As-
sociation of North America [44] and similar bodies in 
Australia [46], Italy [28] and Spain [32], among others.

Despite its advantages, very few milk banks 
use lyophilisation after pasteurisation as a method of 
preservation. Donor milk that has been lyophilised 

after pasteurisation can be stored at ambient tem-
perature as a powder, for up to 18 months, versus 6 
months after HoP. In France, this technology is used 
to supply donor human milk to French overseas ter-
ritories. The HMB of Bordeaux-Marmande in France 
uses Holder pasteurisation followed by lyophilisation 
and processes more than 12 000 litres of milk per year 
[47].

31.14. Distribution and traceability

Distribution of milk must be conducted so as to 
ensure product traceability between donor and 

recipient, as described in Chapter 16 of this Guide. 
When the donation occurs, the HMB gives an ex-
clusive ID number to the donor mother and to the 
donated milk, so that it is possible to guarantee an 
appropriate identification of the donor mother in 
order to assure the safety of the administration of 
the donated milk and the traceability of the donation 
itself. The ID number of the donor mother and the 
data related to the donation are recorded in a specific 
register.

During distribution (transportation), milk 
must remain frozen (except lyophilised milk), and 
dry ice may be used for this purpose. The freezing 
point of milk is at a lower temperature than that of 
water and, consequently, use of water ice as a coolant 
during transportation can result in partial melting 
of the milk. The use of validated, easily cleaned in-
sulated transport containers is recommended. The 
transport procedure must be validated, and the tem-
perature of the transport container should be moni-
tored at all times during transportation. In the case 
of transport by third parties, a formal agreement is 
required with the milk bank to ensure appropriate 
transport conditions are maintained.

Pasteurised milk when distributed, after being 
thawed, should be used for feeding as soon as pos-
sible; it can be kept in the refrigerator for a maximum 
period of 24 h [28] and cannot be refrozen again.

The HMB must keep records of the documenta-
tion of each donor, the processing pool, qualification, 
storage and final destination (distribution, disposal, 
expiry date), and the hospital must document how 
the milk has been used. The registry data of the donor 
mother are kept separately from their health data. The 
data recorded in the register are strictly confidential 
and treated according to the rules of privacy in order 
to protect information about the health conditions of 
the donor mother.

Access to these data is made possible only for 
specific and motivated reasons, and it is limited to 
people responsible for collection and storage of the 
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milk, and to the authorities in charge of inspection 
and control. In current practice, the identity of the 
receiver must not be revealed to the donor and vice 
versa. All personal data collected during the process 
of human milk donation are kept securely, guaran-
teeing that the donor and the recipient are identifi-
able only for health reasons.

31.15. Biovigilance

As described in Chapter 17, deviations from the 
standard operating procedure (SOP), from do-

nation to the administration of human milk, should 
be recorded and documented, as well as adverse reac-
tions after application [48]. In addition to milk banks, 
hospitals should also have appropriate SOPs for the 
storage, thawing and handling of milk containers to 
avoid degradation of the quality of the milk and the 
possibility of adverse reactions in recipients.

31.16. New technologies for 
processing donor human milk

Donor human milk delivered to HMBs should 
be pasteurised to inactivate viral and bacterio-

logical agents. The Holder method (HoP), a pasteuri-
sation process performed at a temperature of 62.5 °C 
for 30 min, is currently recommended in all interna-
tional guidelines. However, this methodology affects 
some of the nutritional and biological properties of 
human milk. The European Milk Bank Association 
(EMBA) recognises that HoP is at present the safest 
compromise for the treatment of donor human milk; 
however, further studies are needed to improve this 
technology in order to minimise its effects on the bio-
logical components of human milk [49][50].

Due to the limitations of HoP, several new tech-
niques are under investigation with the purpose of 
eliminating pathogens in milk and better preserving 
the biological properties of human milk [51]. 

The most studied technologies include:
• high temperature short time (HTST) or ultra- 

high short time (UHST) [52][53], 
• conventional pasteurisation below 60 °C [50].

There are also methods for reducing micro- 
organisms in food that do not use heat. They achieve 
the same effect as HoP and are known as cold pas-
teurisation. These include:

• high-pressure processing (HPP) or pascalisa-
tion [54],

• ultraviolet (UV) irradiation [55] [56],
• ultrasonication [57],
• high intensity pulsed electric field (PEF) [58].

Even if such techniques are shown to be effec-
tive and maintain important bioactive components of 
HM better than HoP, they may be difficult to translate 
into practice, given the lack of appropriately scaled 
equipment for use in HMBs. Furthermore, these de-
veloping devices need to be validated in real condi-
tions, with milk volumes that are currently treated 
in milk banks, and to be compared with Holder pas-
teurisation performed with qualified pasteurisers. 
When testing new technologies, a precise description 
of the process and recording of the process parame-
ters are necessary [49].
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Chapter 32. Intestinal microbiota

32.1. Introduction

The intestinal microbiota comprises a resilient, 
stable and integral part of the human organism 

[1, 2]. Transfer of minimally manipulated human 
faeces from a healthy donor to a recipient with the 
intent to re-establish normal composition and func-
tion of the intestinal microbiota is termed faecal mi-
crobiota transplantation (FMT) [3]. The use of FMT 
was first reported in 1958 by Eiseman and co-workers 
who treated four patients who suffered from pseu-
domembranous colitis [4]. Since then, observational 
studies, randomised clinical trials and systematic 
reviews and meta-analyses have provided high-level 
evidence that FMT is effective for recurrent Clostridi-
oides (formerly Clostridium) difficile infection (rCDI) 
unresponsive to antibiotic treatments [5-13]. Due to 
the rising prevalence, severity and mortality of this 
infection, embedding the use of FMT in modern 
healthcare is pivotal to save human lives and to de-
crease the economic burden on healthcare systems 
[14-19]. Based on the current evidence, both the Euro-
pean Society for Microbiology and Infectious Disease 
and the American College of Gastroenterology rec-
ommend FMT as a treatment for recurrent C� difficile 
infection [20, 21]. Accordingly, stool banks and FMT 
services are being implemented.

The following generic chapters (Part A) of this 
Guide all apply to FMT and must be read in conjunc-
tion with this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management

d� Chapter 4. Recruitment of potential donors, 
identification and consent

e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

32.2. Legal status

The regulatory classification of intestinal micro-
biota is challenging [22]. Most experts agree that 

faecal preparations that are minimally processed 
solely with the aim of preserving the intestinal mi-
crobiota must be classified as a transplantation 
preparation [23]. While minimally processed donor 
faeces may thereby be comparable to a tissue and 
regulated according to the tissue and cells legislation 
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[24], a standardised microbiota-based product may 
in addition be regarded as a drug due to its content 
or commercialisation [25]. This dual regulation opens 
the way for both safe procedures and innovation. 

Following a Competent Authorities expert 
group meeting on substances of human origin in June 
2014, the European Commission addressed questions 
related to the legal status of faecal microbiota in the 
EU. Despite confirming that Article 168 (4) of the 
Treaty on the Functioning of the European Union 
provides a legal basis for future regulation of these 
substances of human origin in terms of their quality 
and safety, it was clarified that member states are free 
to decide on the most suitable framework (e.g. tissues 
and cells; medicinal products) either by creating a 
specific regulatory framework at national level or by 
applying an existing national legislative framework, 
including the tissues and cells quality and safety re-
quirements, to these substances. Several countries 
have introduced national rules and others require 
compliance with the EU tissue and cells directive [24] 
(see also §32.6 below). Regardless of the regulatory 
status of faecal microbiota, ensuring the safety and 
quality of its use requires a similar approach to that 
applied to the tissues and cells discussed in the other 
chapters of this Guide. 

Given that commercial interests may drive the 
development of microbiota-based drugs on a for-
profit basis, it is essential that the ethical principles 
described in Chapter 1 of this Guide are respected so 
that donors are not exploited and the human body 
itself is not the subject of trade. Promotion of altru-
istic unpaid donation of faecal microbiota by means 
of advertisement or public appeal may be undertaken 
in accordance with domestic regulations.

32.3. Donor recruitment

Donation of stool is a voluntary act and should 
not become a subject of trade. The use of unpaid 

anonymous donors reduces the risk that applicants 
withhold information during the screening process. 

Reimbursement of expenses for travel to the donation 
centre may be justified. Anonymous donors must 
be used, to ensure anonymity and independence 
between donor and recipient. The timeline and tasks 
to be fulfilled for donor recruitment, donor screening, 
procurement, processing and release of faecal micro-
biota are illustrated in Figure 32.1.

The selection of faeces donors for FMT has two 
main aims. The first aim is to prevent adverse events 
associated with the transfer of pathogenic bacteria 
or viruses from faecal material. The second aim is to 
avoid the transmission of impaired microbiota that 
could be ineffective or even harmful to the recipient.

The structure of donor recruitment influences 
eligibility and safety [26-30]. Eligibility rates vary 
from 3 % following public advertising to 30 % when 
recruiting donors from healthy subgroups of the 
general population, such as blood donors [27-33]. 
Current evidence does not support the superiority 
of related donors over unrelated ones, at least when 
FMT is administered to cure C� difficile infection 
[10]. Anonymous donors are preferred to maintain 
the ethical separation between the donor and recip-
ient and maintain the donation as an impartial act of 
altruism.

Recruitment and selection of donors for FMT 
mainly aims to avoid transferring potential patho-
gens. While donor microbiota richness may impact 
efficacy in chronic inflammatory bowel disease [34, 
35], this seems to play a minor role when adminis-
tering FMT for rCDI.

Healthcare workers may be approved as faeces 
donors if they fulfil all necessary requirements. 
Donors younger than 60 years may be preferred 
because older individuals are more likely to suffer 
from chronic diseases.

32.3.1. Donor pre-screening

Initial pre-screening may be performed, using 
pre-defined criteria for donor age, body mass index, 
absence of chronic disease, etc. Donors who fulfil 

Figure 32.1. Timeline and tasks in donor recruitment, donor screening, procurement, processing and release of 
faecal microbiota

Phase

Tasks

Recruitment

Anonymity
Voluntariness
Pre-screening
• age 18–60 years
• BMI 18–30 kg/m²
• no chronic disease
Informed consent

Testing

Questionnaire
• infectious diseases
• risk behaviour
• medical history
• intestinal health
Blood testing
Faeces testing

Donation

Questionnaire
Validate donation
Document timeline

Processing of 
donation

Re-testing

Blood testing
Faeces testing

Donation in 
quarantine

Release

Approve
• donor data
• written consent
• test results
• donation 
documents

Release from 
quarantine
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these pre-screening criteria may be approached for 
information and a request for informed consent to 
undergo detailed donor screening, as outlined below.

32.3.2. Donor consent

All donors who undergo screening must be in-
formed about the associated risks and benefits and 
provide written informed consent that covers the 
provision of personal information, the screening pro-
cesses, the revealing of screening results, the provi-
sion of multiple donations, the storage of donor data 
in a donor registry, and future unscheduled contacts 
from the tissue establishment in case of adverse 
events or for research purposes.

Particular attention should be paid to identi-
fying traits or risk factors during donor screening, e.g. 
intestinal carriage of multidrug resistant organisms.

32.3.3. Initial questionnaire for donor selection

Potential donors should undergo two steps to 
be selected as faeces donors: 1. medical history and 
risk assessment; 2. blood and stool testing.

The medical history and risk behaviour of po-
tential donors must be assessed using a dedicated 
questionnaire or interview. The results must be eval-
uated by a qualified health professional. To objectify 
evaluation, there should be a document clearly iden-
tifying the consequence of a specific response for the 
screening process. 

The questionnaire should be designed both to 
exclude the risk factors for infectious diseases, to 
select allogeneic living donors of human tissue trans-
plants [24]), and to identify subjects suffering from 
recent or chronic diseases or who take drugs that may 
alter the donor microbiota (Table 32.1). A positive re-
sponse to any of these questions would usually lead 
to exclusion from further consideration as a donor, 
although this would depend upon the particular cir-
cumstances or answers given.

Table 32.1. Items to address in screening of potential faeces donors before approval for FMT, in addition to those 
mentioned in Chapter 4

Domain Exclusion criteria
Infectious diseases • History of or exposure to infectious diseases with chronic activity: particularly human immuno-

deficiency virus (HIV), hepatitis B virus (HBV) or hepatitis C virus (HCV), non-successfully erad-
icated Helicobacter pylori, syphilis, malaria, trypanosomiasis, tuberculosis, Chagas disease, 
strongyloidiasis

• Any currently active infection or those of relevance within the last 6 months
• Live attenuated vaccine within the last 4 weeks
• Country of birth (if high risk)

At-risk behaviour • Current or previous intravenous drug use
• Ongoing high-risk sexual behaviour within the last 6 months 
• Travel to high-risk foreign countries within the last 6 months 
• Current occupation in a setting facilitating acquisition of potential pathogens (e.g. veterinarian, 

animal attendant, gamekeeper, prison worker)
• Tattoo, piercing or acupuncture within the last 6 months
• Major surgery within the last 6 months
• Contact with human blood (e.g. accident, needle stick injury) within the last 6 months
• Previous prison term
• Previous tissue/organ transplantation 
• Transfusion of blood products (e.g. packed red cells, plasma, platelets, immunoglobulins) within 

the last 6 months

Medical history • Chronic diseases 
• (Risk of) Creutzfeld–Jakob disease
• Allergies or atopy (e.g. food or drug allergies, asthma)
• Hospitalisation within the last 4 months
• Ongoing pregnancy
• Antibiotic treatments or chemotherapy ongoing, scheduled or received within the last 3 months
• Regular medication or nutritional supplements
• Body mass index (BMI) (accepted if ≥ 18 and ≤ 30 kg/m2)
• Age (accepted if ≥ 18 and ≤ 60 years)

Intestinal health • Previous or scheduled gastrointestinal surgery
• Gastrointestinal symptoms within the last 3 months (e.g. diarrhoea, constipation, haemato-

chesia, vomiting, abdominal pain)
• Any other relevant clinical sign or symptom within the last 3 months (e.g. fever or rash)
• First-degree history of large bowel cancer

Source: adapted from European FMT stool bank consensus [36]. Some national, regional or institutional amendments may be possible. 
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32.4. Donor testing

The blood and faeces test panels are dynamic and 
should be updated on a regular basis according 

to known risk factors for disease transmission. 
Taking into account emerging diseases, additional 
testing or methods may need to be applied. Local 
adjustments may be applied, and the screening panel 
should be evaluated regularly. A suggested test panel 
is listed in Table 32.2. Because donor faeces are not 
pathogen-free, Table 11.1 (listing micro-organisms 
that should result in discard of tissues or cells) does 
not apply in the evaluation of faeces donors.

32.4.1. Donor screening for treatment 
of patients with severe 
immunosuppression

A distinction should be made between severely 
immunocompromised and moderately immunocom-
promised patients. FMT preparations for severely 
immunocompromised patients should be made with 
additional safety precautions. Matching the Cyto-
megalovirus (CMV) and Epstein–Barr virus (EBV) 
status of donor and recipient or using CMV-negative 
donors may be considered. In particular, seropositive 
donors (IgM and/or IgG) should not be matched with 
seronegative patients.

32.4.2. Donation-specific questionnaires and 
donor re-testing

Once a donor has been approved, he or she 
should complete a second short questionnaire before 
each donation to assess any event that may have oc-
curred between donor approval and donation (see 
Table 32.3). 

Complete donor screening based on blood and 
faecal analyses should be repeated at minimum every 
3 months. A donation period should have a defined 
maximum duration, not exceeding 3 months, and 
should start and end with a complete donor screening. 
Complete post-donation period re-screening before 
any use of the preparations allows for an exemption 
from blood screening at each donation. Blood tests 
pertaining to the close-out screening should be per-
formed a minimum of 4 weeks after the last donation 
thus taking incubation times into account. 

If donor screening is performed as recom-
mended in this document, direct testing of each 
preparation is not mandatory. It may, however, be 
necessary according to local regulation, or in severely 
immunocompromised patients. 

32.4.3. Quarantine of faeces donations

FMT preparations that have been processed 
during a donation period should be put under quar-
antine until the repeat donor screening results are 
approved. 

Table 32.2. Blood and faeces screening for faecal microbiota transplantation

Sample type Analyses
General blood testing • General laboratory: CRP, creatinine, ALT, bilirubin, blood cell count

• Viruses: Hepatitis A (IgM), Hepatitis B (HBs Ag), Hepatitis C (anti-HCV), Hepatitis E, HIV 1 and 2
• Bacteria: Treponema pallidum (TPHA)

Blood testing for use in 
immunocompromised 
patients

• CMV, EBV, HTLV 1 and 2, toxoplasmosis

General stool testing • Bacterial enteral pathogens: Shiga-like toxin-producing E. coli (STEC) stx1/stx2, Shigella spp., 
Campylobacter jejuni and coli, Salmonella spp., Yersinia enterocolitica and Clostridioides diffi-
cile, Helicobacter pylori, Vibrio species (if visited or residing in tropical country within the last 6 
months)

• Antibiotic-resistant bacteria: Extended spectrum beta-lactamase-producing bacteria (ESBL), 
Multidrug-resistant Gram-negative bacteria (MRGN) including carbapenemase-producing 
Enterobacterales, Vancomycin-resistant Enterococci (VRE), Methicillin-resistant Staphylococcus 
aureus (MRSA)

• Viruses: Norovirus, Rotavirus, SARS-CoV-2
• Parasites: Cryptosporidium spp., Giardia lamblia, helminths, Entamoeba histolytica, Di-entamoeba 

fragilis, Strongyloides stercoralis, Cyclospora and Isopsora (if visited or residing in tropical country 
within the last 6 months), Blastocystis hominis**

• **colonisation with Blastocystis hominis is not considered an exclusion criterion. However, it is 
advised to monitor for the effects of transmission.

Stool testing for use in 
immuno-compromised 
patients

• Plesiomonas shigelloides, adenovirus, parechovirus, astrovirus, enterovirus, sapoviruscy-clospora, 
isospora, microsporidia

Source: European FMT stool bank consensus [36].
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32.5. Procurement and processing
32.5.1. Procurement

According to the European directives, dona-
tion is voluntary and unpaid, a factor which may con-
tribute to high safety standards and therefore to the 
protection of human health  [22]. The procurement 
must be authorised only after an informed consent 
procedure.

Preferably, defecation would take place at the 
FMT facility, but in most cases, faeces are collected 
by the donor at his or her home. The travel distance 
to the processing facility is important because donors 
should be able to deliver their donation to the FMT 
facility within 2 hours following defecation [37]. If 
the duration from defecation to delivering the faeces 
to the tissue establishment is longer than 30 minutes, 
temporary storage at 2-8 °C is preferred because faecal 
storage without stabilisation buffer significantly 
changes taxa abundances from 30 minutes onwards 
[38-40]. The processing facility should provide sterile 
faecal containers validated for transportation of 
human material. 

The data related to the donation must be handled 
with respect for confidentiality of any health-related 
information provided to the authorised personnel, 
the results of tests on their donations, and details of 
traceability from donor to recipient and vice versa.

Faeces have traditionally been processed 
for immediate ‘fresh’ use, but the use of processed 
and cryopreserved donor faeces is equally effective 
for rCDI [8, 41-43]. Because waiting time for post- 
donation screening results abrogates the use of fresh 
donor faeces, FMT that complies with the standards 
of the present guide can only be performed using 
frozen donor faeces. In addition to allowing post- 
donation screening, the use of frozen FMT has ad-
vantages, mainly from a logistical point of view, e.g. 
selection and screening of donors, quality of stool 
etc. [44].

Faeces donors may provide donations within 
a specified time period with screening of the first 
and last donation [36, 44, 45]. This documents a safe 

period without subjecting the donor to excessive 
interventions.

32.5.2. Laboratory processing

Visual inspection of the donor faeces must be 
undertaken to document stool consistency and to 
confirm the absence of blood and urine. To preserve 
the donated intestinal microbiota, stool should be 
processed within 6 hours of defecation [46, 47]. A 
bio safety cabinet should be used to protect personnel 
from unpleasant odours and contamination during 
manufacture, although it may not be mandatory 
from a regulatory perspective, depending on the 
local authority. Prior to the processing procedures, 
the designated spaces and non-disposable equipment 
should be sterilised, if possible using measures ef-
fective against sporulating bacteria [36]. Protective 
gloves and facial masks should be used during prepa-
ration. If a faecal donation cannot be processed im-
mediately, it should be stored at 2-8 °C until initiating 
the procedures [37]. 

Preparation of faecal preparations under 
aerobic conditions is considered suitable when pre-
paring FMT for use in patients with rCDI, because 
anaerobic processing does not increase clinical cure 
rate [41, 48, 49]. This may be explained by findings 
that a considerable part of the bacterial genera tol-
erate oxygen for a limited amount of time or produce 
resilient spores that allow transfer of at least a pro-
portion of anaerobic intestinal bacteria [50].

It is preferable to use ≥ 50 grams of crude faeces 
per FMT preparation, although lower amounts may 
also be effective [51, 52]. 

Donor faeces for liquid FMT preparation 
should be homogenised with cooled, sterile 0.9 % 
saline  [53], using a blender, smasher or stomacher 
bag  [54]. The amount of added saline depends on 
the viscosity required for clinical application. Donor 
faeces intended for infusion may be sieved or centrif-
ugated to remove debris and thereby prevent clogging 
during administration. Donations for encapsulated 

Table 32.3. Issues to be addressed by questionnaire on the day of the donation

Issue
• any new gastrointestinal signs and symptoms (e.g. diarrhoea, nausea, vomiting, abdominal pain)
• new-onset or systemic signs (e.g. fever, throat pain, swollen lymph nodes)
• direct contact with individuals with Covid-19 (during pandemic)
• use of antibiotics or other drugs that may alter gut microbiota
• new sexual partners or travel abroad since the last screening
• recent ingestion of a substance that may result in harm for the recipients
• travel in tropical areas
• contact with human blood (sting, wound, showing, piercings, tattoos)
• sexual high-risk behaviour

Source: European FMT stool bank consensus [36].
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FMT may undergo further centrifugation steps to 
concentrate the donated sample and reduce the re-
quired number of capsules [55].

Before freezing, glycerol should be added as 
a cryoprotectant up to a final concentration of 10 % 
for liquid-based preparations [41, 56]. The amount of 
glycerol used for microbiota cryopreservation has no 
independent effect on the recipient [57]. For lyophili-
sation of FMT preparations, a lyoprotectant, e.g. tre-
halose, sucrose or skimmed milk, should be added in 
order to protect the intestinal microbiota during the 
freeze drying process [51, 58].

The final preparations must be clearly labelled 
and traceable. The material used for storage must be 
validated for freezing at low temperatures and for 
storage of human material. Preparations should be 
stored at − 60 °C to − 80 °C. Soon-to-be-used prepa-
rations may be stored at − 20 °C in relation to clinical 
application [59, 60]. Freeze dried preparations may 
be stored at room temperature, but storage at − 60 °C 
to − 80 °C prevents moisture permeation. The prepa-
ration labels must include a unique donor code and 
number, processing and expiration date, volume and 
storage instructions. 

32.5.3. Quality control

Quality control needs to be differentiated 
from quality management, as it specifically serves to 
ensure that materials, processes and the final prepa-
ration meet the pre-determined specifications. For 
FMT preparations, such specifications must include 
time from donation to completion of processing, 
completeness of documentation used for donor as-
sessment and release, intact appearance of the FMT 
preparation, including primary and secondary FMT 
preparation packaging, weight of donation and final 
FMT preparation and adequate storage conditions. 
Further specifications may be subject to local regu-
latory requirements including exclusion of potential 
pathogens from the final preparation, diversity in 
the final preparation, and quantity and viability of 
bacteria in the final preparation. There are currently 
no easily accessible and rigorously validated tests 
to assess this latter specification. To ensure a high 
level of quality control, FMT preparations should be 
stored until review of all specifications and release of 
the preparations by the responsible person.

32.6. Quality management

Stool banks and FMT services for the treatment 
of C�  difficile infection should be implemented 

in healthcare settings with appropriate expertise 

and facilities [61]. Access to all relevant facilities, in-
cluding a ward or clinic that is able to provide the 
treatment itself as well as the appropriate care in case 
of treatment-related complications, is essential to the 
implementation of an FMT service. FMT administra-
tion may be performed in either an inpatient or an 
outpatient setting. A stool bank may be established 
within or separate from the infrastructure of an ex-
isting tissue bank and with similar principles of func-
tion [31, 37, 44, 62].

32.6.1. Organisation, personnel and premises

Management of a stool bank and a clinical FMT 
service should be regulated by the responsible local 
or national health authority to ensure that the fun-
damental European effective rights concerning pro-
tection of personal data (see EU regulation 2016/679) 
and any other relevant aspects, including applicable 
national legislation, are fully guaranteed. Currently, 
no general European legal framework covers the en-
tirety of faecal microbiota by itself. 

Concerning laboratory processing standards, 
a formalised quality control system must be imple-
mented. The Good Practice Guidelines for tissue es-
tablishments included in the present Guide provide a 
suitable and sufficient framework. 

Laboratory space for FMT preparation should 
meet the required standards to minimise the risk 
of contamination of the preparation with potential 
pathogens. In general, the dedicated use of a labora-
tory for FMT processing purposes is required. Other 
measures may need to be established according to 
local regulation. In addition to a manufacturing area, 
the stool bank should be able to provide a dedicated 
space for donor communications and storage of re-
tained samples and FMT preparations. The set-up 
of the stool bank should enable discreet delivery of 
donations and communication between donors and 
personnel.

32.6.2. Computerised systems (software, coding, 
packaging, labelling, traceability)

While paper-based documentation of all 
aspects of FMT processing and application is fea-
sible, computerised documentation should be pre-
ferred to minimise risks. All necessary information 
concerning the implementation and maintenance of 
computerised systems for the running of tissue estab-
lishments, as described in Chapter 14 of this Guide, 
fully apply to stool banks and FMT services. Regular 
software updates should be possible without system 
shutdown. Because FMT centres in Europe are often 
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initially established on a small scale, the computer-
ised system should allow for appropriate growth over 
time. Computerised systems may further be of help 
in maintaining local, national and international reg-
istries to follow up adverse reactions and clinical ef-
fectiveness of FMT preparations. 

All data on donors and recipients should be 
pseudonymised to maintain a principle of voluntary 
altruism between donor and recipients without any 
revealing elements. This also applies to third-party 
data access. All utensils and packaging used for the 
donation, manufacture, transport and storage of FMT 
preparations and their associated retained samples 
should therefore be uniquely coded and linked using 
specific donor identifiers, donation identifiers and do-
nation preparation identifiers. Labels should include 
a unique donor code and number, with processing 
and expiration date, volume and storage instructions. 

Storage of FMT preparations and retained 
samples requires appropriate freezing-resistant 
(down to − 60 °C to − 80 °C) containers and labels. 
Primary packaging includes plastic syringes or other 
receptacles suitable for FMT preparations used for 
endoscopic or nasogastric/nasojejunal administra-
tion or administration by enema, or acid-resistant 
capsules for orally administered FMT. Secondary 
packaging refers to the direct outer packaging of the 
FMT preparations and the accompanying labels. 

32.7. Labelling and packaging
When labelling and distributing FMT prepara-

tions, the stool bank (if in the EU) must comply with 
the standards defined in the EU Tissues and Cells Di-
rective [24]. All FMT preparations must be marked 
at the time of release. The primary container must 
be marked with donation identification data or code, 
preparation type and expiry date. The container with 
the FMT preparation must be marked with:

a� preparation type, preparation identification 
number or code, and lot or batch number, 
tissue centre identification and expiry date;

b� who the donation is intended for, if the dona-
tion is for a specific recipient;

c� a unique code, if the preparation is distributed 
for human use by another legal entity (hospital 
unit) other than the stool bank.

If there is no space for the information on the 
label of the container, it may be entered on a separate 
delivery note accompanying the preparation. The de-
livery note must be packed together with the prepara-
tion in a way that ensures that they are together at all 

times. In addition to the above, the label or delivery 
note must contain the following information:

d� description (definition) and, if applicable, the 
volume of the final FMT preparation,

e� date of distribution of the FMT preparation,
f� selected biological determinations performed 

on the donor and the results, if relevant,
g� recommendations regarding storage,
h� instructions for opening the container, packing 

and any handling or reconstitution required,
i� shelf life after opening/handling.

When distributing FMT preparations, the pro-
cedures must meet the following criteria:

i. Critical transport conditions, e.g. temperature 
and time limit, are determined so that the re-
quired tissue and cell properties are main-
tained.

ii. The container/package is preserved under the 
specified conditions. All containers and pack-
ages must be validated as being fit for the 
purpose.

iii. If the distribution is carried out by a third party 
under contract, there must be a documented 
agreement which ensures that the required 
conditions are present.

iv. Tissue establishments involved in FMT must 
have approved staff who can assess the need for 
recall and also implement and co-ordinate the 
necessary measures.

v. There must be an effective recall procedure 
that includes a description of the division of 
responsibilities and the measures to be taken. 

vi. There must be a documented system for han-
dling returned preparations, including any cri-
teria for including them in the stock statement.

32.8. Storage and release

The frozen preparations should be stored in sealed, 
clean plastic containers, with a unique code en-

suring traceability of the sample. Preparations should 
be stored in dedicated − 60 °C to − 80 °C freezers with 
logging and alert systems, and separate sections for 
quarantined and released preparations. Recently 
processed preparations should be placed in the quar-
antined sections, and moved to the released section 
when all release criteria are met. Documenting this 
release should conform to standard operating proce-
dures (SOPs). 

All processed FMT preparations must be 
placed into quarantine and stored in clearly distin-
guishable sections until all donor screening results 
are available. Another section must be reserved to 
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retain samples of FMT preparations. The release of 
preparations must be documented and, following 
these quarantine measures, the FMT preparations 
must be cleared and transferred to another distinct 
storage section. Only cleared FMT preparations must 
be used for patient treatment.

Storage at − 60 °C to − 80 °C for up to 10 
months does not affect the clinical utility [42, 43, 48], 
and storage up to 24 months is safe and associated 
with equal effect [63].

32.9. Distribution

The distribution of faecal preparations from a 
tissue establishment to an FMT service requires 

a written agreement between the tissue establishment 
and the FMT service in which each party’s respon-
sibilities are described. The faecal preparation must 
be ordered by a clinician or other authorised person. 
Prior to distribution, the third party must confirm 
that it is in possession of sufficient facilities to safely 
conduct an FMT. Clinical administration and 
patient follow-up is the responsibility of the treating 
physician. 

Distribution of FMT preparations should be 
performed using dry-ice shipment through a cer-
tified courier service. If preparations are to be used 
immediately following transport, this may be done 
at 2-8 °C.

32.10. Clinical application

The primary aim of a stool bank is to centralise 
the process of donor screening and the pro-

cessing and storage of FMT preparations. Given the 
relative novelty of this treatment modality, guidance 
for treating physicians may be required to optimise 
the safety and efficacy of large-scale FMT implemen-
tation. Stool banks can offer expert consultation at 
the request of the treating physician, or they can in-
corporate consultation as part of a standard proce-
dure to verify the correct indication for FMT before 
delivering FMT preparations.

To offer appropriate consultation, an expert 
panel is required. As indications for FMT are likely 
to become more numerous in the future, medical 
specialists in the field pertaining to the added indica-
tion should be included in the FMT expert panel [61]. 
In the context of CDI, a standardised patient ques-
tionnaire is required with key information about the 
current episode of CDI, previous episodes of CDI, 
treatment effects and microbiological testing. The 
expert panel may assess whether the indication is ap-
propriate and advise about additional diagnostics or 

an alternative therapy. Patient data must be shared 
and stored appropriately, in accordance with Euro-
pean General Data Protection Regulation (GDPR) 
guidance and other local regulations. 

A standardised treatment protocol for rCDI 
will enable the comparison of outcomes among FMT 
centres, and subsequently increase safety and facili-
tate quality assurance. However, variation in almost 
all steps of the FMT treatment protocol is conceivable.

Currently, FMT is indicated only for CDI, ex-
cepting clinical trials. In a research or compassionate 
use setting, other indications may be considered. 
FMT preparations must not be sold or delivered to 
patients at their own request. Lastly, the need for 
documentation and quality improvement requires a 
strong and well-defined infrastructure.

32.10.1. Clinical activity documentation and 
responsibility

A tissue establishment must maintain a reg-
istry of its activities and must be able to collect and 
report data on the patients treated with the faeces 
preparations distributed by the tissue establish-
ment. Reporting should include the number of pa-
tients, the treatment modality used (e.g. colonoscopy, 
enema, nasogastric or nasoenteric tube, gastros-
copy, capsules), as well as follow-up data including 
safety and clinical outcomes. From these data, stool 
banks should be able to produce annual reports of 
procedure- related adverse events. In the near future, 
such data should also be entered into a national or 
international registry.

Modulation of the human intestinal micro-
biota is regarded as a medical treatment carried out 
by registered physicians who have the associated 
medical qualifications and obligations. Because FMT, 
as well as other predefined microbial consortia, acts 
to modulate the indigenous host microbiota by con-
currently engrafting and the long-term safety profile 
for this engraftment is unknown, traceable long-term 
follow-up is pivotal. This is irrespective of whether a 

“whole” FMT or predefined microbial consortia are 
given.

According to the EUTCD, the treating physi-
cian carries the responsibility for the patient and the 
long-term follow-up. The treating physician should 
also have access to treatment facilities capable of han-
dling any effect or complication following the modu-
lation. The EUTCD-specified provision for a 30-year 
long-term traceability may be ensured by the affili-
ated stool bank to facilitate safety in practice.
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32.10.2. Preparation of the recipient

Patients with CDI should be pre-treated with 
antibiotics against CDI for at least 3 days and until 12 
to 48 hours before FMT, if the patients do not display 
signs of life-threatening disease. This pre-treatment 
aims both to reduce bowel movements, allowing 
longer persistence of the donor microbiota in the 
bowel of the recipient, and to provide a bridging 
therapy to recipients while they are waiting for the 
procedure.

Before FMT treatment, risk factors for treat-
ment failure should be reduced, including the use of 
proton pump inhibitor and concomitant antibiotic 
use [64]. Donor faeces should not be administered to 
patients with a history of anaphylactic reaction sec-
ondary to food allergy.

Bowel cleansing is required in patients who 
receive FMT at colonoscopy, and inadequate bowel 
preparation has been identified as a risk factor for 
failure of colonoscopically administered FMT [65]. 
For upper gastrointestinal delivery, bowel lavage is 
generally also performed [5], although evidence for 
its use is lacking. Application via enema does not 
require pre-treatment for clinical efficacy [8].

32.10.3. Thawing of FMT preparations

Thaw times depend on the volume and type 
of FMT preparations. A 200 mL preparation may 
be thawed overnight in a 2 °C to 8 °C refrigerator, or 
during 5 hours at room temperature. Warm water 
baths or incubators (30 °C to 37 °C) can be used to 
speed up thawing of FMT preparations, but are 
not applicable to the thawing of capsules [61]. Only 
clean water baths with fresh water should be used to 
avoid cross-contamination, particularly with water- 
dwelling bacteria such as Pseudomonas. Thawed 
faecal preparations should be infused the same day, 
and should NOT be refrozen, because freeze–thaw 
cycles adversely affect the viability of the microbial 
communities in the faecal preparation [66]. The 
faecal preparation should be at room temperature 
when infusing into the recipient. FMT capsules do 
not require thawing, but may be used after removal 
from the freezer.

32.10.4. Application methods

FMT can be performed through different 
routes of delivery including colonoscopy, upper gas-
trointestinal endoscopy, nasogastric, nasoduodenal/
nasojejunal tube, enema or capsule. For each route of 
delivery, application may be repeated if a single treat-
ment fails to prevent C� difficile recurrence.

During colonoscopy, the faecal preparation 
should be administered into the right colon of the re-
cipient, when possible [9, 67]. In patients with severe 
C� difficile infection and high risk of colonic perfora-
tion, donor faeces may be infused into the left hemi-
colon for safety reasons.

Enema application is inferior to other appli-
cation methods in clinical efficacy following one ap-
plication and on average requires a higher treatment 
frequency for a sustained response [8].

Upper gastrointestinal administration by gas-
troscopy, by nasoduodenal or nasojejunal tube, or 
through a gastrostomy, requires the recipient to be 
positioned at least 45° upright, and to keep this po-
sition for at least two hours after the procedure, to 
reduce the risk of aspiration [45, 68].

The ideal volume for instillation of liquid faeces 
preparation has not been established. Small volumes 
of 25-50 mL could be used for upper gastrointestinal 
delivery; larger volumes (e.g. 250-500 mL) could be 
used for instillation via colonoscopy.

Capsule ingestion confers minimal procedural 
cost and risk and may be equally effective as other 
application methods [51, 55, 56, 69, 70]. 

When repeated treatments are necessary, 
further administrations may be indicated from the 
same donor only [45].

32.10.5. Use of FMT in severely 
immunocompromised patients 

FMT appears safe in immunocompromised 
patients [71-73]. A report of a severely immunocom-
promised patient’s death following transfer of multi-
drug-resistant organisms calls for particular caution 
in this patient group [74]. The risk of developing 
complications after transfer of potential pathogens 
appears to be increased in severely immunocompro-
mised patients, defined as: 

i. current or foreseeable neutropenia (< 500 neu-
trophils/µl) within the next 14 days; 

ii. scheduled or recent (< 100 days) allogeneic 
stem cell transplantation (SCT); or 

iii. active graft-versus-host disease (GVHD) re-
quiring immunosuppressive treatment. 

For severely immunocompromised patients, 
additional screening tests of the donor(s) and testing 
of the FMT preparation or donated stool used for 
treatment of the individual patient should be carried 
out.

For less severely immunocompromised pa-
tients (e.g. > 200 CD4 T-cells/µl; or prolonged use 
of corticosteroids at a mean dose of ≥ 0.3 mg/kg/d 
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of prednisone equivalent for > 3 weeks; or treatment 
with other recognised T-cell immunosuppressants, 
such as cyclosporine, TNF-alpha blockers, specific 
monoclonal antibodies (e.g. alemtuzumab), meth-
otrexate or nucleoside analogues during the last 90 
days); or inherited severe immunodeficiency (e.g. 
chronic granulomatous disease or severe combined 
immunodeficiency), normal donor screening appears 
sufficient. More stringent follow-up is justified in 
all immunocompromised patients, and careful re-
porting of outcomes and side effects is needed to 
confirm the safety of FMT in those patients.

32.11. Traceability

The tissue establishment must keep donor and re-
cipient records from FMT procedures. The FMT 

procedure and donors’ and recipients’ records must 
be stored for at least 10 years. According to EUTCD, 
data required for full traceability must be kept for a 
minimum of 30 years after clinical use [24]. This may 
differ from local requirements, and a longer storage 
time could be needed. In case of discrepancies, suf-
ficient protocols for procedural handling and re-
porting should be in place.

32.12. Biovigilance

Recipients should be monitored for the occurrence 
of acute complications related to the FMT pro-

cedure. An overall treatment plan for patients with 
rCDI should be adjusted for disease severity and co-
morbidities. The need for hospitalisation of patients 
with other underlying diseases depends on the di-
agnosis and clinical condition. The duration of the 
observation period has not been defined yet, as it 
depends on the route of delivery, the underlying dis-
eases and the general condition of the patient.

Adverse events and reactions are not rare and 
should be carefully monitored throughout FMT 
[75]. The vast majority are mild, self-limiting and 
gastro intestinal in nature [76]. Severe adverse reac-
tions such as death, viral and bacterial infections, 
or transient relapse of inflammatory bowel disease, 
have been reported in several studies and may even 
be under-reported [75]. This mandates reporting to 
biovigilance registries at the local level and to the 
Health Authority, with the recording of well-defined 
and standardised data. In order to trace a potential 
causal link between FMT and newly developed dis-
eases, keeping appropriate registries would be a wise 
process to trace and learn about potential long-term 
side effects.

32.12.1. Adverse reaction documenting and 
reporting

Adverse reactions (AR) and serious adverse 
reactions (SAR), as defined by the ICH Harmonised 
tripartite guidelines [77], must be documented. The 
FMT centre should be able to communicate data 
related to performance, outcome and safety in an 
annual report for the national health authorities or 
other auditing authorities. Quality auditing should 
be organised in collaboration with local or national 
authorities. Complications of FMT are generally 
under-reported [75, 76]. Side effects are expected 
events that may occur following FMT. They include 
short-term (including abdominal pain, dyspepsia, 
diarrhoea, fever, constipation) and long-term (for 
example, weight gain, small intestinal bacterial over-
growth) outcomes [76].

SARs may be procedure-related (aspiration, 
ileus, perforation, sepsis, death) or not clearly related 
to the procedure. They may be expected or unex-
pected, and the reporting of suspected unexpected 
serious adverse reactions (SUSARs) is encouraged. 
Rare SUSARs include hyperammoniaemic hepatic 
encephalopathy as recently described [78]. A distinc-
tion between procedure-related and unrelated com-
plications should be made according to established 
guidelines [79]. Assessment of severity and causality 
may follow the “common terminology criteria for 
adverse events” (CTCAE version 5.0, 2017) and be 
graded accordingly into mild, moderate, severe and 
life-threatening/disabling [80].

Each tissue establishment and FMT service at 
an organisation responsible for human application 
must have an SOP to describe how to handle SARs. 
In the case of any SAR where a connection to the 
adverse reaction and application of FMT is made, the 
unit is obligated to notify the appropriate authority 
immediately. Also, an SAE occurring during the 
laboratory processing of donated faeces or distribu-
tion should prompt an immediate notification to the 
health authorities. The stool bank is responsible for 
ensuring notification to the health authorities and 
confirming that sufficient actions and adaptations 
are being made. All relevant personnel should be no-
tified in case of an SAR to facilitate traceability and 
control of quality and safety. Effective and rapid pro-
cedures for recall and disposal must be in place in the 
case of an SAR.

32.13. Developing applications

While the use of FMT is established for C� difficile- 
associated disease, potential future indica-

tions are being investigated in clinical trials. These 
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include, but are not restricted to, ulcerative colitis 
[81-84], irritable bowel syndrome [85-90], relapsing 
pouchitis [91], carrier status with multidrug-resistant 
organisms [92-94], hepatic encephalopathy [95] and 
graft-versus-host disease [96]. The use of FMT for 
these and other developing indications outside a clin-
ical trial setting is discouraged.

The question of an optimal donor–recipient 
match, in particular the hypothesis of the existence 
of so-called ‘super donors’, remains elusive [97]. 
While faeces donor selection for FMT in patients 
with C� difficile-associated disease may mainly be 
based on the absence of risk factors, optimised donor 
selection may determine the therapeutic efficacy in 
conditions such as irritable bowel syndrome [88]. Mi-
crobiota signature profiles may predict therapeutic 
outcomes in patients with ulcerative colitis [34, 35], 
and the presence of particular micro-organisms may 
confer beneficial therapeutic outcomes even in C� dif-
ficile infection [98]. The use of multidonor prepara-
tions [83] may ensure a high microbial diversity in the 
treatment preparation, but it challenges basal princi-
ples of traceability and the concept of transplanting 
a complete and balanced viable microbial ecosystem. 
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Chapter 33. Blood components for topical use or injection

33.1. Introduction

Serum eye drops and platelet preparations are ex-
amples of substances of human origin where there 

is wide variation in approach to regulation in Europe 
[1]. Platelet preparations are defined as autologous 
and allogeneic platelets with a concentration higher 
than the baseline used for transfusion. They include 
platelet-rich plasma (PRP), platelet gel, platelet-rich 
fibrin (PRF) and platelet lysate eye drops.

Within the European Union (EU), blood used 
for the manufacture of serum eye drops must meet 
the standards of quality and safety specified in Com-
mission Directive 2004/33/EC of 22 March 2004, 
which implements Directive 2002/98/EC of the Euro-
pean Parliament and of the Council regarding certain 
technical requirements for blood and blood compo-
nents, including donor selection. For umbilical cord 
blood serum, the selection criteria for living donors 
of tissues and cells specified in Annex I/III of Direc-
tive 2006/17/EC are applicable for EU member states. 
Serum eye drops per se and platelet preparations may 
fall within different national legal frameworks in the 
EU for which the appropriate quality, safety and vig-
ilance requirements need to be applied (these may 
include blood, tissues and cells, medicinal products).

The following generic chapters (Part A) of 
this Guide all apply to serum eye drops and platelet 
preparations and must be read in conjunction with 
this chapter where applicable:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management

d� Chapter 4. Recruitment of potential donors, 
identification and consent

e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

33.2. Serum eye drops
33.2.1. Introduction

Serum eye drops are prepared from the serum 
component of whole blood or umbilical cord blood 
for use by patients affected by severe ocular surface 
diseases, specifically for patients who have either not 
responded to, or who in their clinician’s opinion are 
unlikely to benefit from, conventional treatments. 
Serum eye drops can be prepared for autologous use 
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from the patient’s own serum or they can be alloge-
neic [2], prepared from allogeneic blood donors or 
from umbilical cord blood. The serum, either undi-
luted or diluted in physiological saline, is dispensed 
in small aliquots into dropper bottles or suitable 
dispensers as eye drops, for application either by the 
healthcare professional or for home treatment by the 
patient.

Serum eye drops have a potential advantage 
over traditional therapies for dry eye syndrome and 
persistent epithelial defects because human serum 
not only replicates the mechanical functions of tears 
(lubricating the eyelid, and rinsing particles from the 
ocular surface), but also serves as a lacrimal substi-
tute, containing many of the same growth factors 
and other biochemical components that are present 
in natural tears. This is the reason why serum eye 
drops have become a popular second-line therapy 
in dry eye treatment [3-5]. The Cochrane review of 
eye drops made from autologous serum concluded 
that autologous serum versus artificial tears might 
provide benefit for treatment of dry eye in the short 
term. The overall benefit seems unclear at this time 
although some countries have reported good results 
[6]; however, much more research is needed in this 
area.

33.2.2. Donor evaluation

33.2.2.1. Autologous setting
Suitability criteria for autologous blood dona-

tion are less strict than for allogeneic blood donors 
and the risks posed by blood donation must be care-
fully considered on an individual basis against the 
potential benefits from the treatment. Special atten-
tion should be paid to avoiding the development of 
anaemia, especially where there is repeated collection 
of blood to prepare serum eye drops. Active viral or 
fungal infection and certain medications that may 
injure the cornea are contraindications to donation 
for serum eye drops. 

Infectious disease markers in autologous 
donors must be tested as required by applicable laws 
and regulations (see Chapter 6). In cases where the 
results of the required tests are reactive or positive, 
the autologous serum eye drops should only be pro-
cessed and released after careful assessment of the 
risk to the tissue establishment’s staff and their safety 
from processing reactive or positive donations, the 
cross-contamination during storage and the risk of 
infecting the patient’s household members with that 
specific serum eye drop preparation.

To overcome problems of co-existing medical 
conditions related to autologous donors and delays 

in treatment because of autologous serum eye drops 
preparation, the use of allogeneic eye drops can be 
considered.

33.2.2.2. Allogeneic setting
Allogeneic serum eye drops can be prepared in 

advance and be ready for use in emergency cases, or if 
patients are not eligible to donate for themselves. Al-
logeneic serum eye drop donors must meet the same 
eligibility criteria as voluntary blood donors [7]. Pref-
erably, male donors with AB blood type should be 
selected to ensure ABO compatibility and minimise 
anti-HLA antibody titres. Additional selection cri-
teria over and above these can be applied according 
to national requirements. Since topical application of 
serum eye drops is quite different from transfusion, 
and since eye tissues are susceptible to additional 
infectious agents, donor screening for additional in-
fectious agents beyond government rules should be 
considered carefully.

In addition to general donor selection appli-
cable for allogeneic blood donors, specific factors 
such as medications that may change the physiolog-
ical or immunological state of the eye or that might 
injure the cornea should be considered in deter-
mining donor suitability for serum eye drops. As al-
logeneic serum eye drops are not lifesaving products, 
quarantining of the products for 4 months, followed 
by a negative nucleic acid test (NAT) and/or antibody 
screen on the donors’ subsequent donation, should 
be recommended to enhance product safety. At the 
end of the quarantine period, the donor should be 
re-tested for relevant infectious disease markers, and 
if the outcome of this further screening is negative, 
the serum can be released for clinical application. If 
the initial screening includes NAT, and if appropriate 
donor-referral criteria and donor-compliance moni-
toring are in place to cover the risk of window-period 
infections, this quarantine period may not be neces-
sary. Pooling of donations increases donor exposure; 
therefore the rationale for pooling must be justified 
with a risk assessment that must include considera-
tion of further measures to mitigate the risk of in-
fection transmission from donor to recipients (see 
§9.4.2.1).

33.2.2.3. Umbilical cord blood serum
Umbilical cord blood can be obtained during 

delivery, and laboratory testing of maternal blood for 
infectious diseases is required. Umbilical cord blood 
serum contains a higher concentration of growth 
factors and neurotropic factors compared with the 
levels in adult peripheral blood [8]. There is no de-
finitive evidence demonstrating which components 
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of serum are essential for serum eyedrop efficacy. In 
comparison to standard serum, there is limited pub-
lished evidence available on the use of cord blood 
serum in the treatment of various ocular surface dis-
eases that demonstrates efficacy [9, 10].

33.2.3. Processing and storage

There must be written protocols for all proce-
dures related to blood processing and eye drops pro-
duction. All measures should be taken to minimise 
the risk of microbiological contamination, including 
disinfection of the phlebotomy site using methods ac-
cepted for collection of blood for transfusion. Blood 
must be collected in a sterile container/blood bag, 
without anticoagulant. The collected blood volume 
depends on local procedure but cannot be more than 
for regular blood donors.

The collected blood must be allowed to clot, 
and the serum must be separated, following vali-
dated protocols used for preparing serum eye drops 
[11]. The serum can be used undiluted, or diluted with 
physiological saline solution or balanced salt solution 
to different concentrations, based on the require-
ments of the clinician responsible for treating the 
patient. No standard production protocol or optimal 
serum concentration has been established to deliver 
maximal clinical benefit.

Eye-drop preparation must be carried out 
using aseptic technique. If the process involves open 
dispensing, it is required that clean rooms be used 
for manufacture of eye drops. It is strongly recom-
mended to use a closed system for aliquoting. Micro-
biological control for each batch is mandatory (see 
Chapter 11). The volume of one aliquot should be ad-
justed to be no more than one daily dose to minimise 
microbiological growth in the thawed serum during 
the application period. All bags that are used in the 
collection, processing and aliquots of final packaging 
must be properly labelled.

Eye drops should be stored frozen at < −15 °C 
and transported in an appropriate container, to 
maintain the required temperature. Establishments 
must specify the shelf life of serum eye drop products 
at a defined temperature(s) based on internal valida-
tion data and/or literature data. This shelf life could 
be based on studies of the presumptive active com-
ponents of serum eye drops at the designated storage 
temperature [12, 13].

The same principles apply to preparing umbil-
ical cord serum eye drops. There must be a written 
protocol for the preparation of cord blood serum eye 
drops as described in this section for serum eye drops 
prepared from whole blood.

A large number of components present in the 
serum, as well as in tears, have been specified to 
explain the beneficial effects of serum eye drops. The 
risk of bacterial contamination occurring during 
donation and the manufacturing process, as well as 
during the application period of the thawed product 
by the patient, should be considered. To improve 
the risk–benefit ratio, precautions should be taken 
to avoid bacterial contamination and growth of 
harmful bacteria by sterile filtration of the final 
product before freezing the aliquots. However, fil-
tration could also remove some of the presumptive 
active components of serum eye drops, and this risk 
should be considered. Other risk-reduction methods, 
such as a short shelf life, training of the patient and 
secure product packaging, can be implemented to 
reduce the bacterial contamination risk during the 
application period. The TE should fully risk assess its 
production protocol for serum eye drops to ensure 
that risks of contamination, or reducing the clinical 
efficacy of the eye drops, are adequately mitigated.

33.2.4. Application

The patient must be given appropriate informa-
tion about the blood collection and testing, and about 
eye-drop preparation. The patient must be provided 
with written instructions for storage and handling of 
the eye drops at home, as well as information about 
the risk of, and signs of, potential bacterial contam-
ination of the product and whom to contact, if they 
have any concerns.

33.2.5. Vigilance

Guidelines published by the Royal College of 
Ophthalmologists strongly recommend that the oph-
thalmologist monitors the patient’s progress in a sys-
tematic way to enable collection of data regarding the 
benefits of using serum eye drops [14]. 

Any serious adverse reaction that occurs 
during usage of eye drops must be notified to the 
Health Authority following national regulations (See 
Chapter 17).

33.3. Platelet preparations
33.3.1. Introduction

Platelet preparations are used in regenerative 
medicine as source of growth factors and cytokines 
for the treatment of soft and hard tissue lesions. Each 
growth factor is involved in a phase of the healing 
process, such as inflammation, collagen synthesis, 
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tissue granulation and angiogenesis, collectively pro-
moting tissue restitution.

The use of platelet preparations is an emerging 
field and its efficacy remains controversial. Several 
techniques for the preparation of platelet prepara-
tions are available; however, the results of applica-
tions have been confusing because each preparation 
method yields a different product with different com-
position of biologically active substances and poten-
tial uses. Platelet preparations have been prepared as 
platelet-rich plasma (PRP), platelet gel, platelet-rich 
fibrin (PRF) and platelet lysate eye drops, and they 
vary in consistency and in composition, for example 
in the concentration of growth factors and cytokines. 
Depending on the leukocyte and fibrin content, 
platelet preparations could be classified into four cat-
egories: pure platelet-rich plasma (P-PRP), leukocyte- 
and platelet-rich plasma (L-PRP), pure platelet-rich 
fibrin (P-PRF), and leukocyte- and platelet-rich fibrin 
(L-PRF) [15].

They are usually used in an autologous setting 
and can be prepared at the time of application. When 
they are prepared in advance and stored for future 
application, this should be done by a blood or tissue 
establishment. Allogeneic platelet preparations can 
be collected from healthy donors or produced from 
umbilical cord blood.

PRP is a concentrated source of autologous 
platelets, and it contains several different growth 
factors and other cytokines, in concentrations 5 to 10 
times higher than in standard plasma; PRP is used 
to stimulate healing of soft tissue by injecting this 
concentrated plasma in the tissue where the healing 
effect is desired. There are primarily 3 isomers of 
platelet-derived growth factor (PDGF), namely αα, 
ββ and αβ, 2 transforming growth factors, TGF-β1 
and TGF-β2, endothelial growth factor (EGF) and 
vascular epidermal growth factor (VEGF). PRP also 
contains proteins responsible for cell adhesion: fibrin, 
fibronectin and vitronectin [16]. The content of bio-
active molecules depends on the production protocol 
[17]. All the products of this family can be used as 
liquid solutions or in an activated gel form. It can 
therefore be injected, for example in sports medicine, 
or placed during gelling on a skin wound or suture.

PRP is used to promote healing of injured 
tendons, ligaments, muscles and joints, and can be 
applied to various musculoskeletal problems. In ad-
dition to orthopaedics, other uses include derma-
tology, ophthalmology, plastic surgery and dentistry, 
including oral and maxillofacial surgery. As of 2020, 
no large-scale randomised controlled trials have con-
firmed the efficacy of PRP as a treatment for muscu-

loskeletal or nerve injuries, the accelerated healing of 
bone grafts or the reduction of androgenic hair loss.

The main advantages so far identified in platelet 
gel derived from umbilical cord blood (CBPG), as 
compared with platelet gel from adult platelets, relate 
to a different profile of growth factor concentrations, 
such as a higher content of VEGF and lower content 
of TGF-β in CBPG. Recent developments have led 
to a procedure in which cord blood platelet gel can 
be prepared, stored in a cryopreservation bag and 
applied to the skin ulcer without breaking the ste-
rility chain [18].

Platelet-rich fibrin (PRF) is a second-generation 
PRP where autologous platelets and leukocytes form 
a strong natural fibrin matrix or three-dimensional 
scaffold. This ‘scaffolding’ helps localise the growth 
factors, essentially increasing their concentration 
at the desired location to guide tissue regeneration 
[19]. PRF has a dense fibrin network with leukocytes, 
cytokines and structural glycoproteins, as well as 
growth factors (e.g. TGF β1, PDGF, VEGF) and gly-
coproteins, such as thrombospondin-1. Leukocytes 
that are concentrated in PRF scaffold play an impor-
tant role in growth factor release, immune regulation, 
anti-infectious activities and matrix remodelling 
during wound healing. In addition, due to their elas-
ticity and viscosity, these membranes adhere to the 
bone surface, acting as mechanical barriers against 
the penetration of the epithelium, which has faster 
regeneration potency than connective tissues [20].

Topical application of a platelet lysate, adminis-
tered as eye drops, is an alternative therapeutic option 
for treatment of ocular surface disorders that do not 
respond to standard treatment [21]. The plasma com-
ponent contains proteins essential for surface lubrica-
tion, whereas platelets provide growth factors (PDGF, 
EGF and TGF-β) and fibronectin that can promote 
ocular re-epithelialisation [22]. Eye drops comprising 
PRP have been used to treat dry eye syndrome for 
patients with Sjögren disease, and ocular chronic 
graft-versus-host disease (cGvHD) [23], and are used 
during macular hole surgery. So far, only studies of 
small case series have been published exploring the 
use of platelet preparations in ophthalmology, and 
further large-scale studies are necessary to demon-
strate efficacy.

33.3.2. Donor evaluation

In the case of autologous donation, special 
attention should be paid to the status of donor’s co-
agulation systems. The use of autologous platelet 
preparations avoids the ethical and legal implica-
tions of exposing the patient to the risks (albeit low) 
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of transmission of blood-borne pathogens, although 
the risk of infection related to contamination during 
collection and handling still remains. Disadvantages 
of autologous products include a larger individual 
variability in the quality of platelet preparations 
compared with allogeneic products that are prepared 
from healthy donor blood through standardised 
working procedures.

33.3.3. Procurement and processing

Depending on the type of platelet preparations, 
they can be prepared from whole blood or from 
apheresis product, or by using other methods of col-
lection, such as small volume bags, tubes or various 
types of medical devices. Different blood volumes 
can be used, but the volume of anticoagulant should 
be proportional to the amount of blood collected. All 
manipulations during processing carried out in open 
system must be performed under aseptic processing.

33.3.3.1. Procurement and processing of platelet-rich 
plasma

For the preparation of PRP, the blood is drawn 
with the addition of an anticoagulant, such as citrate 
dextrose A (ACD-A), to prevent platelet activation 
prior to its use. The platelets are separated from other 
blood cells using the two-step centrifugation method. 
A 30 mL venous blood draw will yield 3-5 mL of PRP, 
depending on the patient’s baseline platelet count, 
the device used and the technique employed. An 
initial centrifugation separates red blood cells from 
PRP, and is followed by a second centrifugation that 
concentrates platelets in 3-5 mL of the final plasma 
volume. 

After the first centrifugation step, the whole 
blood is separated into three layers: an upper layer 
that contains mostly platelets and white blood cells, 
an intermediate thin layer that is known as the buffy 
coat and is rich in white blood cells, and a bottom 
layer that consists mostly of erythrocytes. To produce 
pure PRP, the upper layer and superficial buffy coat 
are transferred to an empty sterile tube. The second 
centrifugation process should be adequate to generate 
the formation of soft platelet pellets at the bottom of 
the tube. The upper portion of the volume, composed 
mostly of platelet-poor plasma, is removed. Platelet 
pellets are re-suspended in the lower third part of 
plasma to create the PRP.

Many automated systems for the preparation 
of PRP facilitate the preparation of ready-to-apply 
platelet-rich suspensions in a reproducible manner 
and are commercially available. These systems 
widely differ in their ability to collect and concen-

trate platelets, depending on the method and time 
of its centrifugation. As a result, suspensions of dif-
ferent concentration of platelets and leukocytes are 
obtained. Differences in the concentrations in plate-
lets and white blood cells influence the diversity of 
growth factors concentration.

33.3.3.2. Procurement and processing of platelet-rich 
fibrin

For the preparation of PRF, a sample of blood 
is collected from the patient in tubes without anti-
coagulant and the blood is immediately centrifuged. 
During centrifugation, the platelets are activated 
when the blood contacts the tube wall.

The duration of time between blood collection 
and centrifugation is an important factor affecting 
the success and clinical outcome of this procedure. 
The majority of PRF preparation protocols recom-
mend immediate (within 2 minutes of collection) 
centrifugation after blood collection. Delay in cen-
trifugation will result in diffuse polymerisation of 
fibrin, leading to the formation of a small blood clot 
with irregular consistency. Therefore, a reproducible 
protocol for PRF production should be followed to 
obtain a clinically usable fibrin clot with substantial 
enmeshment of platelets.

After centrifugation, the uppermost of the 
three layers consists of acellular platelet-poor plasma, 
the PRF clot is in the middle layer and red blood cells 
are at the bottom of the tube. After centrifugation, 
the fibrin clot is removed from the tube and any at-
tached red blood cells are scraped off and discarded.

PRF can also be applied as a membrane; the 
membrane can be formed in different shapes by 
squeezing out the fluids present in the fibrin clot 
using, for example, the stainless steel PRF compres-
sion device composed of two spoon-shaped parts [24].

33.3.3.3. Procurement and processing of platelet 
lysate eye drops

Platelet lysate eye drops are prepared using 
PRP after freezing–thawing at a final dilution of 
30 %. A volume of 40 to 60 mL of peripheral blood 
anticoagulated with anticoagulant citrate dextrose 
solution A (ACD-A) is collected and centrifuged to 
obtain an autologous PRP. The platelet preparation is 
afterwards exposed to thermal shock by freezing at 

− 60 ° to − 80 °C for at least 60 min and then thawing 
to induce platelet lysis. The lysate can be diluted with 
sterile saline solution, and aliquoted into defined 
doses. A sample for microbiological control must be 
taken at the end of the processing (see Chapter 11). 
The final product is then frozen again at −15 °C and 
stored in a freezer. Patients are usually provided with 
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a monthly supply of doses and trained how to thaw 
the dose, store it for the day from to 2 to 8 °C and 
safely instil eye drops.

33.3.4. Quality control

The quality of platelet preparations could be 
evaluated according to platelet recovery and growth 
factor contents. Further investigations are required 
to define standardised protocols for the preparation 
of high-quality platelet preparations suitable for dif-
ferent clinical applications, thus making it possible to 
compare results [25]. 

It is recommended that, if the platelet prepa-
rations are going to be stored, tissue establishment 
should have a microbiological testing protocol and 
acceptance/rejection criteria, similar to other cell 
and tissue products.

33.3.5. Biovigilance

Studies that have evaluated the topical use of 
platelet preparations have shown that the application 
is safe, and no serious adverse events were observed 
[26, 27]. According to a current literature search on 
platelet preparations use, there is no evidence of 
systemic effects that might limit the use of platelet 
preparations, provided that the possible risk of in-
fections is excluded [15]. Few randomised controlled 
trials have reported adverse events after injection of 
platelet product; where these occur, they are mostly 
local side-effects related to venipuncture required for 
blood collection or (rarely) bad scarring or calcifica-
tion at the application sites after injection of platelet 
product.
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Chapter 34. Tissues and cells as starting materials 

34.1. Introduction

In recent years, increasing numbers of tissue estab-
lishments (TEs) have expanded their activities, en-

gaging in the preparation of more complex products 
based on human tissues and cells and/or providing 
starting materials for the manufacture of therapies 
classified under different regulatory frameworks 
(Figure 34.1).

These therapies rely on a supply of cells and 
tissues of appropriate safety and quality. This chapter 

provides guidance for authorised TEs on quality 
and safety aspects, mainly in donation, procure-
ment, testing and distribution of starting material for 
further processing for the production of novel ther-
apies involving human tissues and cells. A starting 
material is considered to be any procured human cell 
or tissue that will constitute an integral part of an 
active substance in an advanced therapy medicinal 
product (ATMP).

The general quality and safety demands in 
Chapters 1 to 18 (Part A) apply, but some specific 
considerations for these cells are also relevant. The 
special considerations for donor selection, procure-
ment, processing, testing and release, distribution 
and biovigilance are described in these sections, 
and an overview of the different steps is provided in 
Figure 34.2.

The following chapters of this Guide all apply 
to these cells and must be read in conjunction with 
this chapter:

a� Chapter 1. Introduction
b� Chapter 2. Quality management and validation
c� Chapter 3. Risk management
d� Chapter 4. Recruitment of potential donors, 

identification and consent
e� Chapter 5. Donor evaluation
f� Chapter 6. Donor testing – markers for infec-

tious diseases
g� Chapter 7. Procurement
h� Chapter 8. Premises
i� Chapter 9. Processing
j� Chapter 10. Storage

Figure 34.1. Some novel therapies involving human 
tissues and cells
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Note: ESC = embryonic stem cells; iPSC = induced pluripotent 
stem cells; ntPSC = nuclear transfer pluripotent stem cells.
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k� Chapter 11. Principles of microbiological 
testing

l� Chapter 12. Release, distribution and import/
export

m� Chapter 13. Interaction between tissue estab-
lishments and organisations responsible for 
human application

n� Chapter 14. Computerised systems
o� Chapter 15. Coding, packaging and labelling
p� Chapter 16. Traceability
q� Chapter 17. Biovigilance
r� Chapter 18. Introduction of novel processes 

and clinical applications

It is important to note that, in different coun-
tries, these tissue/cell-based therapies may fall under 
different regulatory frameworks, including those 
for transplantation, medicinal products or medical 
devices. Irrespective of the content of this document, 
any operator active in the field should carefully con-
sider the legal requirements that apply to the activities 
they are undertaking and it is advisable that, before 
starting any activities, they consult with the relevant 
authorities to understand the regulatory environ-
ment and seek any licence/authorisation that may be 
required. An overview of the legal framework for the 
development of ATMPs in the European Union (EU) 
is provided in Appendix 41.

34.2. Role of tissue establishments 
in providing starting 
materials

When ATMP preparation takes place in the EU, 
or where products meeting the ATMP classi-

fication are intended to be used in the EU, there are 
specific requirements, as described in Appendix 41 [1, 
2]. Donation, procurement and testing of such cells 
as starting material must comply with the require-
ments of Directive 2004/23/EC. Acceptance criteria 
for cells and tissues used as starting materials for the 

manufacture of ATMPs, such as minimal cell number, 
viability or cell composition or tissues characteristics 

– besides viral (as per Commission Directive 2006/17/
EC) and microbiological controls – must be estab-
lished by ATMP manufacturers, who may also need 
additional controls. 

In order to link both responsibilities, appro-
priate third-party agreements, including quality 
agreements, must be in place. When requested, tissue- 
or cell-derived starting materials are transferred to 
a licensed ATMP manufacturer. Appropriate TE 
release and well-defined transportation arrange-
ments and import/export authorisation are required. 
TEs must comply with specific guidance for good dis-
tribution practice of active substances for medicinal 
products for human use [3]. Thereafter, ATMP pro-
cessing, quality control, storage, packaging, release, 
distribution, traceability, use and pharmacovigilance 
must be done in accordance with ATMP legislation, 
specifically EC Regulation 1394/2007. For all other re-
quirements in the EU, there is specific guidance on 
GMP for ATMPs [1].

Figure 34.2 summarises which aspects are 
regulated by tissues and cells legislation and which 
aspects are controlled under ATMP regulation in the 
EU.

TEs participate in procurement, processing 
(non-substantial manipulation, if required), storage, 
testing and release of starting material after minimal 
 manipulation. Particular attention should be paid 
to avoid contamination and to minimise variability 
of these materials. Traceability is required for all 
substances used in non-substantial manipulation/
processing of donated cells and tissues as starting 
material for further ATMP manufacturing. Specifi-
cations requested by ATMP manufacturers related to 
these products will dictate whether and to what stage 
substances and materials can have a defined level of 
bioburden or need to be sterile. Prior to introduction 
in the manufacturing process, the conformity to the 
relevant requirements should be checked. 

Figure 34.3 shows an example of how TEs and 

Figure 34.2. Tissue and cell collection and processing versus ATMP manufacturing and application.
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ATMP manufacturers can be linked. This proce-
dure can be valid for any type of starting material 
to be used in the manufacture of ATMP for clinical 
application. 

Importantly, although blood banks and TEs 
are authorised in accordance with Directive 2002/98/
EC and Directive 2004/23/EC respectively, ATMP 
manufacturers can be requested to perform quality 
audits to ensure that all steps performed in blood 
banks or TEs follow the specifications of the appli-
cable directive. 

Lastly, good communication between biovigi-
lance and pharmacovigilance systems is essential to 
facilitate effective investigation and corrective/pre-
ventive actions if ATMPs are associated with adverse 
outcomes, including the donor and patient follow-up 
(see §17.6)

34.3. Cell and tissue types used 
in the development of novel 
therapies

Many cell and tissue types are currently being 
used or researched for the development of new 

therapeutic solutions (see Table 34.1). Due to their 
undifferentiated nature, stem cells can be expanded 
in vitro and differentiated into various tissue-spe-
cific cells. This unique characteristic can be exploited 
to support the development of new therapies for 
the treatment of a number of conditions. However, 
before considering a new cell-based therapy, it is nec-
essary to understand the physiological properties of 
each stem cell or progenitor cell type. In addition, it 
is important to take into consideration that in some 
countries the use of some of these stem cells may not 
be permitted by law.

In addition to cell source, tissues can also serve 
as scaffolds to mimic extracellular matrix (ECM) in 
the context of tissue engineering. The ECM has a het-
erogeneous composition of proteoglycans, proteins 
and signalling molecules, and can thus influence 

cell differentiation, proliferation, survival and mi-
gration. These structures, alone or in combination 
with cells and bioactive agents, bring the mechanical 
support during in vitro cell growth and in vivo im-
plantation. A diversity of biomaterials and manufac-
turing methods, including 3D bioprinting, have been 
used to create novel alternatives to traditional tissue 
engineering strategies (see §34.6.2.6). Natural and 
synthetic polymers, bioceramics or combinations of 
these as composites have been used. 

34.4. Donor selection 

Recent and rapid advances in biological and 
medical research are allowing human tissues and 

cells to be used increasingly in new ways. However, 
their expanding potential therapeutic benefits and 
their unique source bring their own challenges, re-
quiring a delicate balance between three factors: the 
duty of care owed to donors; the duty of care owed to 
recipients; and the development and regulation of the 
technologies themselves.

Human tissues and cells can only be obtained 
from the body of a person, hence the ethical princi-
ples that should remain the cornerstone of their use. 
The person providing the material may be living or 
deceased, and the material may be used almost imme-
diately or stored for long periods. It may also be used 
following minimal manipulations or heavily pro-
cessed. Due to this diversity of circumstances, it is es-
sential to clearly define the limits of consent. Donors 
must be given appropriate information beforehand as 
to the intended use and nature of the intervention, as 
well as its consequences and risks, in a complete and 
understandable fashion. Donors must be explicitly 
informed if their donations may be used to develop 
therapeutic products by commercial manufacturers 
or for research purposes, and in accordance with 
ethical and legal rules they cannot themselves expect 
to benefit financially if this occurs (see Chapter 4). 
The principle of prohibiting financial gain from the 
human body and its parts, as such, whether the donor 

Figure 34.3. Example of possible interactions between tissue establishment and ATMP manufacturer
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is living or deceased, and by extension the need to 
ensure voluntary and unpaid donation, must remain 
central in any consideration of the donation or use of 
tissues and cells of human origin. Cell therapy files 
documenting the development of a cellular product 
must ensure that consent remains valid at all stages 
of the process.

Recruitment, evaluation, testing and pro-
curement of cell and tissue donors should follow at 
minimum existing EDQM guidance (see Chapter 4, 
5, 6 and 7) and, depending of the nature of the tissues 
and cells collected, some additional tests may be 
performed either for quality or safety of the future 
ATMPs. The possibility of infection from adminis-
tered cell therapies remains one of the greatest risks to 
potential recipients. Therefore, it implies a particular 
focus on the selection and assessment of donors, and 
on risk assessment for communicable diseases.

An additional issue to consider is the need for 
genetic screening. Currently, the recommendation is 
that no routine genetic screening be carried out on 
donors, providing that relevant genetic tests will be 
done on the stem cell lines or derived product. The 
reason for this is that there is a significant genetic 
distance between the donor and the final cellular 
products.

34.5. Procurement and processing

The process flow for the collection of starting ma-
terial for the manufacture of novel therapies in-

volving human tissues and cells usually starts with 
the referral of a donor (living or deceased) by the 
clinical site or donor team. An assessment of the 
donor’s suitability, including actions to ensure their 
health and wellbeing are not compromised, must be 
undertaken and the findings communicated to the 
ATMP manufacturer to ensure their requirements 
are met. 

Procurement must be carried out according 
to the general requirements detailed in Chapter 6, 
taking into account any additional instructions that 
might have been detailed in the manufacturer’s pro-
tocol. All deviations must be reported, documented 
and investigated (see Chapter 2). 

Collection products may be distributed to the 
TE for further preparation processes or directly to the 
ATMP manufacturer. Aspects of labelling, storage 
(if necessary) and transport must apply as stated in 
Chapter 15, Chapter 10 and Chapter 12 respectively. 
In the case of exceptional release, approval by a qual-
ified person and acceptance by the ATMP manufac-
turer should be disclosed.

The collection facility or TE and the ATMP 
manufacturer must agree in advance on the extent 
of additional documentation that must accompany 

Table 34.1. Some cell types being used to develop novel cell-based therapies

Cell type Source Processing

Pluripotent Embryonic stem 
cells (ESC)

Obtained from the inner cell mass 
of blastocyst which have been cryo-
preserved and are no longer to be 
used for fertility treatment.

Cultured embryos (maximum 14 days) are 
dissociated and the inner cell mass is removed 
and cultured for a few more days. Then inner cell 
mass outgrowths consisting of potential ESC are 
isolated and expanded to create stem cell lines.

Reprogrammed 
stem cells 

Somatic cells which are repro-
grammed to an embryonic stem 
cell-like state.

Reprogramming is achieved by introducing into 
adult cells (e.g. epithelial cells) a defined and 
limited set of transcription factors (e.g. stemness 
transcription factors) giving rise to induced pluri-
potent stem cells (iPSC). Cell reprogramming can 
also be achieved by nuclear transfer, giving rise 
to nuclear-transfer pluripotent stem cells (ntPSC).

Multipotent 
(lineage- 
restricted)

Somatic stem cells Found in various tissues and may 
be isolated from extra-embryonic 
tissues, fetal specimens and adult 
tissues. Generally referred to by their 
tissue origin (mesenchymal stem cell, 
adipose-derived stem cell, endothe-
lial stem cell, dental pulp stem cell, 
neural stem cells, etc.)

Specific protocols have been developed, de-
pending on the cell type. 

Lineage- 
committed

Progenitor cells (e.g. 
haematopoietic 
progenitor cells), 
immune cells

Somatic cells that are committed 
to a specific mature cell fate and 
can divide only a limited number of 
times.

Can be transplanted without in vitro expansion 
(e.g. bone marrow, peripheral blood, cord blood), 
or cultured in vitro and differentiated into more 
restricted cell types for clinical application.
Tissues and cells used for advanced therapies 
could be applied to two main areas: (1) to restore 
or produce immunological functions in patients 
(immunotherapy) and (2) to restore organ- or 
tissue-specific functions (regenerative medicine). 
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the collection at distribution. Adverse events asso-
ciated with the collection episode must be recorded, 
reviewed and reported through the biovigilance 
process. And finally, living donors should undergo 
post-collection follow-up.

For some ATMPs, the final steps before admin-
istration (e.g. thawing, washing and checks/controls) 
may be performed by TEs following validated pro-
cedures provided by the ATMP manufacturer. The 
roles and responsibilities of each party in these final 
stages of preparation and final checks before admin-
istration must be explicitly set out in the contractual 
agreement between the TE and the hospital phar-
macy and/or the ATMP manufacturer. The responsi-
bility for auditing and ensuring that the preparation 
and checks/controls meet the predefined standards 
lies with the ATMP manufacturer. These steps are 
important to ensure viability, to avoid microbio-
logical contamination and to ensure the efficacy of 
the product.

34.6. Considerations for some 
common starting materials

34.6.1. Blood-derived mononuclear cells for 
immunotherapy

Several immunotherapy applications – like 
CAR-T-cell therapy [4, 5], virus-specific T-cells [6, 
7], ‘natural killer’ (NK) cell therapy [8] or dendritic 
cell production [9] among others – are increasingly 
used for therapy. Normally, they use the patient’s 
own blood-derived cells; however, registered stem-
cell donors, cord blood banks or other third-party 
donor registries can also be employed to create indi-
vidualised therapies by related donors for recipients 
of allogeneic haematopoietic progenitor cell (HPC) 
transplantation, or to develop universal, off-the-shelf 
therapies. 

Donors must be evaluated for their eligibility 
for an apheresis procedure, bone marrow harvest 
or blood donations. Currently, apheresis is the most 
common source of starting material, and collection 
sites specialising in HPC collection are used for these 
procedures. In the case of unrelated donors, a li-
censed donor organisation should be responsible of 
their care and wellbeing. For eligibility, the medical 
evaluation of the donor must take into account the 
burden of collecting a large amount of leukocytes 
using apheresis. Special procedures must be in place 
for paediatric donors. Depending on the method 
used to obtain blood cells, a predetermined level of 
target cells may be relevant before procurement. 

Other assessments may be relevant for specific 
applications. For example, for virus-specific T-cells, 

tests should determine the presence of circulating 
antibodies (immunological memory) against the spe-
cific target antigen or, in the case of NK cells, donor 
selection for protocols with adoptive transfer of al-
logeneic NK cells could include specific major histo-
compatibility complex (MHC) typing like HLA-C, 
HLA-E, and possibly also HLA-F and HLA-G, as 
well as killer Ig-like receptors or KIRs. As mentioned, 
regarding transmissible disease testing, consider-
ation should be given both to the possible presence 
of a wild-type virus of the same type as the basis of 
the vector employed and to the likelihood of the for-
mation of a replication-competent virus. In cases of 
autologous use, a donor viral positive test result may 
not be an exclusion criterion for the manufacture of 
a product if an appropriate risk-based analysis is per-
formed (see §5.5.4).

The mononuclear cell fraction isolated through 
an apheresis procedure is normally used as starting 
material to ensure a higher dose of target-cells for 
cell culture. The blood volume processed, in order to 
obtain a sufficient number of cells, depends on the 
patient’s peripheral blood counts and should be cal-
culated to avoid unnecessary apheresis time with the 
increasing risks of serious adverse reactions (see also 
Chapter 24 on HPC). 

34.6.2. Cells for regenerative medicine 
applications

34.6.2.1. Mesenchymal stromal cells
Mesenchymal stromal cells (MSC) are 

multipotent stem cells with immuno-regulatory and 
regenerative properties [10, 11]. They can normally be 
isolated from bone marrow and, recently, from other 
non-bone-marrow sources, such as umbilical cord 
blood, adipose tissue, adult muscle or the dental pulp 
of deciduous baby teeth. After growing in adherence 
cultures, they consist of a defined population with 
the ability to differentiate into a variety of cell types, 
including osteoblasts, chondrocytes and adipocytes. 
Due to their unique characteristics, they can be used 
either in immunotherapy through their modulating 
properties, or in regenerative medicine through their 
paracrine effects on tissue repair. 

Under resting conditions, MSCs express HLA 
class I but not class II alloantigens. When cultured 
in vitro with allogeneic lymphocytes, MSC do not 
generally stimulate immune responses. Based on 
these findings, it has been assumed that MSC can be 
transfused across HLA barriers; and therefore cells 
from HLA-identical siblings, HLA-haplo-identical 
relatives or third-party HLA-mismatched healthy 
volunteer donors have been used in clinical protocols. 
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Taking into account their regenerative capacity 
function, MSCs are to be used preferably from an au-
tologous source, although they can also be used in 
allogeneic settings.

The three main sources of MSC presently used 
for human application are bone marrow, adipose 
tissue and umbilical cord, and can be obtained in 
brief as follows. Bone marrow is normally obtained 
after aspiration from the anterior iliac crest with the 
patient in a supine position. The aspiration syringe 
is loaded with heparin to prevent clotting of the 
marrow sample. The technique is similar to that 
used in bone marrow procurement for HPC trans-
plantation. In the case of adipose tissue, MSCs are 
found in subdermal adipose tissue and are normally 
obtained through abdominal liposuction using the 
techniques of aesthetic surgery. Finally MSCs can be 
isolated from all perinatal tissues, such as placenta, 
amniotic membrane, umbilical cord and Wharton’s 
jelly. These tissues, which are the less invasive source 
for MSCs, are aseptically collected during caesarean 
section and can be obtained from different areas of 
cord and placental tissues, which are dissected before 
further processing.

34.6.2.2. Chondrocytes 
In cartilage repair, autologous chondrocyte im-

plantation (ACI) therapy is widely used for the treat-
ment of isolated cartilage defects [12]. This technique 
is based on an implantation of a suspension of in vitro 
expanded chondrocytes. At the present time ACI is 
not indicated for patients with severe osteoarthritis, 
active rheumatoid arthritis or active autoimmune 
connective-tissue diseases, or patients with concom-
itant malignancies.

For donor evaluation, the patient is examined 
by an arthroscopic procedure where the location, 
depth and size of the defect and the quality of the sur-
rounding cartilage are evaluated. A typical patient is 
a young patient with large (> 2 cm2) full- thickness 
chondral or osteochondral defects surrounded by 
healthy cartilage. The ACI technique includes a 
two-stage procedure, with an initial procurement 
of a cartilage biopsy, which is sent for chondrocyte 
culture, followed by a second-stage operation that 
includes the cell application. A full-thickness carti-
lage biopsy (about 200-400 mg) is procured from a 
low-weight-bearing area of the knee during arthros-
copy. The biopsy is transferred to a sterile transport 
tube with biopsy medium. The biopsy tube and blood 
tubes should then be placed in an outer secondary 
packaging that ensures the sterility and maintenance 
of the temperature, and is approved for transport 
of biological substances (see also Chapter 15). The 

biopsy should be kept cold – at about 5-15 °C – during 
transport to ensure the quality of the biopsy spec-
imen. It should be sent directly to the TE for further 
processing, which should start within 48 hours. For 
culture conditions with autologous serum instead of 
fetal bovine serum, up to 50 mL of autologous blood 
should accompany the biopsy.

34.6.2.3. Keratinocytes
Keratinocytes are used in skin repair [13]. In 

the autologous setting, donor-site selection and 
timing are important. To get access to as many adult 
progenitor cells as possible, the donor site should 
preferably be in a hair-bearing area of healthy skin. 
The sooner (after trauma) the skin biopsy is taken, the 
better because the patient (and tissue) might be con-
taminated by microbes, which will affect the subse-
quent cell culture. 

However, the skin areas available for donor-site 
selection are principally determined by the extent 
and location of the lesional skin. For allogeneic ap-
plication, donor selection must include – apart from 
general donor evaluation criteria (see Chapter 4 and 
Chapter 5) – the tissue-specific criteria defined in 
Chapter 21. The transplanted allogeneic keratino-
cytes will be a temporary wound coverage, stimu-
lating wound healing; thus human leukocyte antigen 
(HLA) typing or ABO blood grouping are not neces-
sary. When procuring the skin for culture of kerat-
inocytes, it is essential that the site for the biopsy is 
located in an area with healthy skin as remote from 
the lesional skin as possible. The biopsy can be either 
full-thickness or split-thickness. A full-thickness 
skin biopsy is preferred because of the amount of 
progenitor-cell-like keratinocytes in the appendages 
(hair follicles, sweat glands, etc.). The procurement 
should yield as many non-differentiated keratino-
cytes as possible.

The biopsy site should first be cleaned properly 
with disinfectant ethanol (70 %) with no additives 
and, after the site has dried, given a second wash with 
sterile saline solution (9 mg/mL) before the biopsy is 
procured (with e.g. a scalpel). Local anaesthetics can 
be used ad lib.

Immediately after procurement, the biopsy is 
placed in a medium suitable for transportation to the 
TE (basal culture medium with or without serum – or 
similar – and antibiotics in normal cell-culture con-
centrations). The primary container should be sterile, 
closed and appropriately labelled. Transport the 
biopsy to the culture facility and initiate the cell-iso-
lation process as soon as possible, < 24-48 hours after 
surgical removal of the biopsy. Minimising the time 
will increase the likelihood of the successful culture 
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of cells. It is crucial to keep in mind that handling 
and culturing the skin biopsy/keratinocytes in vitro 
opens up a risk of contributing (microbiological) 
contaminants to the cells, both from the skin itself 
and from culture conditions. Those risks can only be 
avoided by adequate facilities with controlled envi-
ronment (see Chapter 8), and skilful, excellent han-
dling techniques by the staff (see Chapter 18).

34.6.2.4. Limbal stem cells
Limbal stem cell (LSC) deficiency refers to 

acquired pathological deficiencies such as chemical 
burns and inherited ones such as aniridia, may lead 
to ocular surface disease, including persistent epithe-
lial defects with chronic inflammatory conditions, 
vascularisation and scarring of the cornea and con-
junctiva, and corneal conjunctivalisation [14]. LSCs 
are being used to treat these conditions. Donors 
must be tested for infectious diseases as described in 
Chapter 6, although in the case of autologous use a 
positive test result may not be an exclusion criterion. 

The treatment of unilateral LSC deficiency may 
involve ex vivo expansion of a tissue explant or isolated 
LSCs from the unaffected limbal region of a patient’s 
healthy eye. In this case the autologous cell popu-
lation is isolated and the final aim is to expand the 
limbal epithelial cells for application into the affected 
eye. Human amniotic membrane or human fibrin gel 
are typically used as a scaffold for supporting the ex 
vivo expansion of LSC and used as a carrier for the 
cells. Bilateral LSC deficiency, on the other hand, is 
a devastating pathological condition affecting both 
eyes; in this case, autologous limbal tissue or cells 
cannot be sourced from the same patient since both 
eyes are affected. Alternative sources of tissue include 
the culture of epithelial cells lining the autologous 
oral mucosa. Allogeneic sources of tissue, from de-
ceased donors, may be an option for restoring the 
function of the ocular surface, although procedures 
with autologous healthy tissue are always preferable 
to those using heterologous sources [15, 16].

34.6.2.5. Stromal vascular fraction
Stromal vascular fraction (SVF) is isolated 

from adipose tissue and consists of a heteroge-
neous cell population that includes endothelial cells 
(10-20 %), haematopoietic lineage cells (25-45 %), 
stromal cells (15-30 %) and pericytes (3-5 %), as well as 
adipose stromal/stem cells (1-10 %). SVF may be used 
either directly or as a source material to isolate regen-
erative cells for treating various clinical conditions 
including musculoskeletal, neurological, immuno-
logical, cardio- pulmonary and immunological disor-
ders, as well as soft tissue defects [17, 18]. Commonly, 

SVF cells are of autologous origin. Donor testing in-
cludes assays for transmissible diseases as described 
in Chapter 6; although their presence is not an ex-
clusion criterion, it must be documented and special 
actions should be taken to avoid cross-contamination 
to other cells and to ensure the safety of personnel. 
The SVF can be isolated from either resected adipose 
tissue or aspirated adipose tissue using tumescent li-
posuction. Further details can be found in Chapter 28 
on adipose tissue. There is no general consensus on 
what is the best area to obtain these cells. Although a 
common procedure is still lacking, in general, minced 
adipose tissue is digested by enzymes including col-
lagenase, dispase, trypsin or the like [33]. However, 
mechanical procedures have also been reported [19]. 
After neutralising the enzymes, the released elements 
defined as SVF are separated from mature adipocytes 
by differential centrifugation.

34.6.2.6. Bioprinting
Bioprinting is an emerging technology in the 

regenerative medicine field and it is being explored as 
a way to tackle the need for tissues and organs suitable 
for the treatment of patients. It allows the generation 
of 3D structures by controlled disposition of biolog-
ical materials and supporting components, and func-
tional elements as biochemicals or living cells. The 
technique itself arranges these components layer-by-
layer with a particular spatial placement of functional 
components [20]. The final aim of the technique is to 
mimic, to the maximum extent, the natural environ-
ment of living tissues at both structural and cellular 
levels to generate and use complex 3D functional 
living tissues. For example, multilayered skin, bone, 
vascular grafts, tracheal splints, heart tissue and car-
tilaginous structures have been implanted [20]. Im-
portantly, the combination of natural biomaterials 
(that possess the appropriate biochemical and biome-
chanical signals) with bioprinting (which can design 
complex structures with specific shape and size at 
macroscopic and microscopic levels) opens the door 
to obtaining a new set of tissues with defined and 
specific characteristics. 

Natural tissue matrices, also known as decel-
lularised extracellular matrices (ECM), have been 
used for bioprinting [20-23] and are very useful as 
source material for the ‘building blocks’ required for 
bioprinting; many of the attributes of decellularised 
tissues – such as their biocompatibility, their ability 
to support the attachment and differentiation of cells, 
and their capacity to be remodelled by the recipient’s 
innate biology – make them ideal for this purpose. It 
is therefore important that TEs develop an awareness 
and appreciation of this novel use of donated tissues.
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The ability to procure an effective custom-made 
graft, with specific shape, size, porosity and mechan-
ical properties, is of great interest for personalised 
medicine in treating specific patient pathologies. 
Ideally, the composition of this de novo built graft 
should accomplish certain specific needs, such as 
the induction of new tissue formation and regenera-
tion, without activating the immunological response 
[24]. Several studies show that decellularised ECM 
from different tissues can promote regeneration in 
damaged areas, such as demineralised bone [25], am-
niotic membrane [26], nerve [27] and skin [28, 29]. 
In recent years, due to the biological composition 
of ECM, the use of decellularised tissues as starting 
material has been considered for the generation of an 
ECM-based biomaterials pool to develop bio-inks in 
3D bioprinting. The main hypothesis is that, if decel-
lularised ECM promotes tissue regeneration, so the 
ECM pool from digested tissue could be used as the 
starting materials in a 3D bioprinting technique to 
develop de novo personalised grafts.

Moreover, the bioprinting technique offers the 
opportunity to combine different natural materials, 
such as collagens [30], fibrin [31], gelatine [32] or fi-
brinogen [33], to obtain hybrid scaffolds, in order to 
enhance bioactivity in the implantation site. The ad-
vantage of using natural polymers is that they fully 
satisfy the biochemical requirements of the tissue 
in terms of composition and biochemical signalling. 
Nowadays, the natural polymers used are mainly 
collagen and gelatin obtained from tendons and lig-
aments from tissue banks. This approach allows cli-
nicians and patients to benefit from the biological 
properties of human tissues that have been increas-
ingly used in recent decades, and gives the opportu-
nity to tissue establishments to integrate the new 3D 
bioprinting technologies for more personalised grafts.

3D bioprinting involves different levels of com-
plexity, such as the choice of biological or synthetic 
materials, cell types, or growth and differentiation 
factors, and technical challenges related to the sen-
sitivities of living cells and the rheology of the sub-
stances of human origin used for the construction of 
the tissues. Dealing with these complexities requires 
a combination of different fields of expertise, from 
engineering and biomaterials science to cell biology, 
physics and medicine [20]. The process of bioprinting 
is composed typically of various steps: imaging of 
the native tissue or organ, design approach, material 
and cell selection, bioprinting itself and application 
[20]. Clinical trials have been made with bioprinting 
technology for the regeneration of tracheal [34] and 
craniofacial defects [35].

But it must be repeated that these approaches 

have not yet been deeply studied for human applica-
tion. Therefore, a lot of effort is still needed in this 
field. 
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Good Practice Guidelines for tissue establishments

Introduction

High-quality, safe and efficacious procedures 
for the donation, procurement, importation, 

testing, processing, preservation, storage and dis-
tribution of human tissues and cells for human 
application are essential for donors and recipients 
alike. Tissues and cells are health products of an ex-
ceptional nature, and all member states should en-
deavour to safeguard public health by promoting a 
high level of safety and quality in these substances 
when used for human application. This objective 
should be attained, maintained and continually op-
timised through the identification and implemen-
tation of key quality and safety criteria in relation 
to all the above-mentioned procedures in tissue 
establishments.

In the field of blood and blood components, 
Good Practice Guidelines (GPG) have been included 
in the Guide for the preparation, use and quality as-
surance of blood components since the 18th edition, 
published in 2015. In 2016, Directive 2005/62/EC 
was amended by Directive 2016/1214 to require EU 
member states to take into account the GPG jointly 
developed by the Commission and the European 
Directorate for the Quality of Medicines & Health-
care of the Council of Europe and published by the 
Council of Europe.

Following this approach, and aiming to 
promote and assure a high level of quality in the field 
of human tissues and cells, the European Directorate 

for the Quality of Medicines & HealthCare of the 
Council of Europe (EDQM) took the decision to in-
corporate equivalent GPG in the 4th edition of the 
Guide to the quality and safety of tissues and cells for 
human application.

These guidelines do not introduce new require-
ments, but rather consolidate the guidance that is 
already defined in existing legislation and scientific 
guidelines. The GPG are therefore intended to elabo-
rate on the basic requirements set out in the European 
Union Tissues and Cells directives and to detail the 
key elements that should be defined and controlled 
within the quality system of tissue establishments 
that are required to comply with those directives. 
The GPG incorporate and amplify not only the asso-
ciated recommendations from the main chapters of 
the Guide to the quality and safety of tissues and cells 
for human application, but also relevant elements 
from the detailed principles of Good Manufacturing 
Practice (GMP) as referred to in Article 47 of EU Di-
rective 2001/83/EC, the results of relevant EU-funded 
projects and expert opinion consistent with current 
scientific knowledge.

The GPG should be seen as a complementary 
document for tissue establishments (and their in-
spectors or auditors) that describes in detail, and 
from a practical point of view, the key elements for 
achieving comprehensive quality management in a 
tissue establishment.
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1. General principles

1.1. Tissue establishments

1.1.1. The term ‘tissue establishment’ (TE) became widely used in Europe following publica-
tion of EU Tissues and Cells Directive 2004/23/EC, which defines it as: “a tissue bank or a 
unit of a hospital or another body where activities of processing, preservation, storage 
or distribution of human tissues and cells for human application are undertaken. It may 
also be responsible for procurement or testing of tissues and cells”.

1.1.2. In the field of medically assisted reproduction (MAR), the term ‘TE’ refers to the labo-
ratories in MAR centres or clinics, but also to banks of gametes and embryos. These 
centres or clinics often include clinical units in which the patients are treated. In the 
context of these guidelines, the term ‘TE’ will be used to refer to all the banks, units, 
centres and clinics mentioned above.

1.2. EU tissues and cell legislation

1.2.1. The EU Tissues and Cells directives created a benchmark for the standards that must 
be met if carrying out any activity involving tissues and cells for human application, in-
cluding gametes, embryos and germinal tissue. The directives also require that systems 
be put in place to ensure that all the tissues and cells used in human applications are 
traceable from donors to recipients and vice versa.

1.2.2. Directive 2004/23/EC of the European Parliament and of the Council of 31 March 2004 
applies to the donation, procurement, testing, preservation, storage and distribution of 
human tissues and cells intended for human application (including reproductive cells 
used in MAR procedures). It introduced obligations on EU member states and their au-
thorities to supervise human tissue and cell procurement, to authorise and inspect TEs, 
to ensure traceability and vigilance and to maintain a publicly accessible register of na-
tional TEs. This directive also laid down the rules on donor selection and evaluation and 
on the quality and safety of tissues and cells (e.g. quality management, tissue and cells 
reception, processing and storage conditions).

1.2.3. Commission Directive 2006/17/EC established specific technical requirements for each 
step in the human tissue and cell preparation process, in particular the requirements for 
the procurement of human tissues and cells, selection criteria for donors of tissues and 
cells, laboratory tests required for donors, tissue and/or cell donation, procurement and 
reception procedures at the TE and requirements for the direct distribution to the recip-
ient of specific tissues and cells. Directive 2006/17/EC was amended in 2012 by Commis-
sion Directive 2012/39/EC about certain technical requirements for the testing of human 
tissues and cells.

1.2.4. Commission Directive 2006/86/EC includes traceability requirements and notification of 
serious adverse reactions and events (SAREs), as well as certain technical requirements 
for the coding, processing, preservation, storage and distribution of human tissues and 
cells.
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1.2.5. In 2015, two new Commission Directives were adopted. Directive 2015/565 amended Di-
rective 2006/86/EC, providing detailed requirements on the coding of human tissues 
and cells. Directive 2015/566 was an implementing directive on the procedures for veri-
fying equivalent standards of quality and safety of imported tissues and cells.

1.3. Using this Guide

1.3.1. These guidelines are based on a quality management system (QMS) approach. They 
form the basis of good practice in all TEs and should be used in preparation for both 
inspection and continuous improvement.

1.3.2. For each topic, the guidelines aim to provide sufficient detail to make TEs aware of the 
essential matters which should be considered as a minimum in the context of a risk-
based analysis which takes full account of the specific protocols and risk- mitigation 
strategies of each TE that are relevant to the risks associated with the processing, testing 
and implantation of the types of tissues and cells concerned.

2. Quality management system

2.1. General requirements

2.1.1. Quality management is a wide-ranging concept covering all matters that individually 
or collectively influence the quality of tissues and cells. It is the sum total of the organ-
ised arrangements made with the objective of ensuring that tissues are of the quality 
required for their intended use. Quality management therefore incorporates good 
practice.

2.1.2. Each TE must develop and maintain a quality system which facilitates meeting all the 
relevant minimum requirements identified in the EU tissues and cells directives and 
which is based on the principles of good practice, incorporating quality risk manage-
ment and taking into account the relevant elements of EU GMP as in Directive 2001/83/
EC.

2.1.3. Quality must be recognised as being the responsibility of all persons involved in the 
processes of the TE, with management ensuring a systematic approach towards quality 
and the implementation and maintenance of a quality system.

2.1.4. Attainment of this quality objective is the responsibility of senior management. It re-
quires the participation and commitment both of staff, in many different departments 
and at all levels in the organisation, and of the organisation’s suppliers and distributors. 
To achieve this quality objective reliably there must be a comprehensive, well-designed 
and correctly implemented quality system incorporating good practice and quality risk 
management.
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2.1.5. Each actor in the supply chain should establish, document and fully implement a com-
prehensive and well-designed quality system to deliver quality assurance based on 
the principles of quality risk management by incorporating good practice and quality 
control.

2.1.6. The basic concepts of quality management, good practice and quality risk manage-
ment are interrelated. They are described here in order to emphasise their relationships 
and their fundamental importance to all stages, from identification of a potential donor 
through processing and storage of the tissues or cells to the final preparation for appli-
cation to patient.

2.2. Quality system

2.2.1. The quality system encompasses quality management, quality assurance, continuous 
quality improvement, personnel, premises and equipment, documentation, donation, 
procurement, testing and processing, storage, release for circulation including distri-
bution, quality control, change control, traceability, tissues and cells recall, external 
and internal auditing, contract management, validation, verification and qualification, 
and self-inspection. The design of the system should incorporate appropriate risk- 
management principles, including the use of appropriate tools.

2.2.2. The quality system must ensure that all critical processes are specified in appropriate 
procedures and/or instructions and are carried out in accordance with the standards 
and specifications of good practice and that they comply with appropriate regulations 
as set out in the chapters in this Guide.

2.2.3. The quality system must be designed to assure the quality and safety of processed 
tissues and cells, as well as to ensure donor and staff safety and end-user service. This 
strategy requires the development of clear policies, objectives and responsibilities. It 
also requires implementation, by means of quality planning, quality control, quality as-
surance and quality improvement, to ensure the quality and safety of tissues and cells, 
and to provide end-user satisfaction.

2.2.4. Senior management has the ultimate responsibility for ensuring that an effective quality 
system is in place and resourced adequately, and that roles and responsibilities are 
defined, communicated and implemented throughout the organisation. Senior man-
agement’s leadership and active participation in the quality system is essential. This 
leadership should ensure the support and commitment to the quality system of staff at 
all levels and sites within the organisation.

2.2.5. Senior managers should establish a quality policy that describes the overall intentions 
and direction of the TE in relation to quality. They should ensure quality system man-
agement and governance of good practice through reviews of the performance of the 
QMS at regular intervals so as to verify its effectiveness, and they should ensure con-
tinuous and systematic improvement of all processes affecting the quality and safety 
of tissues and cells and the quality system itself and introduce corrective measures if 
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deemed necessary. Senior management is also responsible for regulatory supervision 
to ensure compliance with all legal and regulatory frameworks.

2.2.6. The quality system must be defined and documented. A quality manual or equivalent 
document should be established and contain a description of the quality system (in-
cluding management responsibilities).

2.2.7. All TEs should be supported by an independent quality-assurance programme for ful-
filling quality assurance. That programme must be involved in all quality-related matters, 
and must review and approve all appropriate quality-related documents.

2.2.8. All procedures, premises and equipment that have an influence on the quality and 
safety of tissues and cells (and tissues and cells components) must be validated, verified 
or qualified before introduction and must be periodically re-validated or re-qualified, as 
determined on the basis of quality risk management and change management.

2.2.9. A general policy regarding qualification of facilities and equipment, as well as validation 
or verification of processes, automated systems and laboratory tests, must be in place. 
The formal objective of qualification, validation or verification is to ensure compliance 
with the intended use and regulatory requirements.

2.3. Change control

2.3.1. A formal change-control system must be in place to describe the actions to be taken to 
plan, evaluate and document any planned change which is proposed for the range and/
or specifications of procured or processed tissues and cells, the processes, equipment, 
environment (or site), method of processing or testing or any other change that may 
affect the reproducibility of a process, the quality and safety of tissues and cells, or the 
health of donors or recipients/patients.

2.3.2. Change-control procedures should ensure that sufficient supporting data are gen-
erated to demonstrate that the revised process results in a tissues or cells product of 
the desired quality, consistent with the approved specifications. Supporting data, e.g. 
copies of documents, should be reviewed to confirm that the impact of the change has 
been demonstrated prior to final approval.

2.3.3. The potential impact of a proposed change should be evaluated, and the degree of re-
validation or additional testing, qualification, verification and validation needed should 
be determined, based on the principles of quality risk management.

2.3.4. Changes should be authorised and approved by the Responsible Person(s) or relevant 
personnel in accordance with the TE’s quality system.

2.3.5. After implementation of any change, an evaluation should be undertaken to confirm 
that the quality objectives were achieved and that there was no unintended delete-
rious impact.
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2.3.6. Where temporary and time-limited changes are implemented, provisions should be in 
place to ensure and verify that the changes are reversed as appropriate.

2.3.7. All changes should be evaluated for any requirement of notification to, or approval 
from, a national Health Authority.

2.4. Deviations

2.4.1. Procedures must be in place for notifying the Responsible Person in a timely manner of 
any significant deviations, non-compliance with regulatory commitments (e.g. in sub-
missions or responses to regulatory inspections), tissues and cells defects, or testing 
errors and related actions (e.g. recalls, regulatory actions). Adequate resources should 
be made available for the timely resolution of deviations.

2.4.2. The investigation of deviations must include an assessment of component impact, 
including a review and evaluation of relevant operational documentation and an as-
sessment of deviations from specified procedures. Deviations should be categorised 
depending on how critical they are to the quality and safety of tissues and cells, and 
how frequently they occur.

2.4.3. If it is determined that deviations could recur and/or there is doubt about compliance 
with quality and safety requirements, based on the estimated frequency of occurrence 
and severity (e.g. risk matrix) of the deviations, a root cause analysis should be per-
formed to identify the underlying cause or causes of the deviation. This can be deter-
mined using quality risk-management principles. In cases where the true root cause(s) 
of the issue cannot be determined, consideration should be given to identifying and 
addressing the most likely root cause(s).

2.4.4. An associated system for the implementation of corrective and preventive actions must 
be in place. Appropriate corrective and/or preventive actions (CAPAs) should be identi-
fied and taken in response to investigations, with a view to ensuring that existing quality 
problems are identified and corrected, and that recurrence of the problem is prevented. 
The need to consider a recall of tissues and cells or the need to quarantine materials 
should also be considered. CAPAs must be completed in a timely and effective manner.

2.4.5. The effectiveness of CAPAs should be monitored and assessed, in line with quality 
risk-management principles.

2.4.6. The systems in place for the management of deviations should be linked as appropriate 
to the systems in place for the management of SAREs.

2.4.7. Where it is considered that a deviation or associated SARE may have the potential to 
impact another procurement organisation or TE, or an organisation responsible for 
human application (ORHA), the details of the deviation should be formally communi-
cated to them so that they may undertake such investigations and actions as they may 
consider necessary.
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2.4.8. Data relating to deviations should be routinely analysed to identify quality problems 
that may require corrective action or to identify trends that may require preventive 
action.

2.5. Process quality review

2.5.1. Regular process quality reviews should be conducted with the objective of verifying 
the consistency of the existing preparation process and the appropriateness of current 
specifications for all starting materials (including tissues and cells) and for processed 
tissues and cells, as well as highlighting trends and identifying improvements which 
may be required. Such a review should normally be conducted annually, taking into 
account the conclusions of previous reviews; it should be documented and include all 
tissues and cells which are imported, exported or intended for use in the manufacture 
of other products. Quality reviews may be grouped by tissue/cell type, where scientifi-
cally justified.

2.5.2. A quality review of tissues and cells that are ready for circulation may also be considered 
as an instrument for surveying the overall quality status of tissues and cells processing, 
including procurement. It may include:

2.5.2.1. review of starting materials, including tissues and cells;

2.5.2.2. review of critical in-process controls;

2.5.2.3. review of results of quality control and quality monitoring;

2.5.2.4. review of all changes;

2.5.2.5. review of the qualification status of equipment;

2.5.2.6. review of technical agreements and contracts;

2.5.2.7. review of all significant deviations and the CAPAs implemented;

2.5.2.8. review of the findings of internal and external audits and inspections;

2.5.2.9. review of complaints and recalls;

2.5.2.10. review of donor-acceptance criteria;

2.5.2.11. review of donor deferrals;

2.5.2.12. review of look-back cases.

2.5.3. The results of process quality reviews should be evaluated, and an assessment should 
be made whether any CAPA or any revalidation or re-verification should be undertaken. 
Reasons for any such CAPA should be documented. There should be management pro-
cedures for the ongoing management and review of these actions, and the effective-
ness of these procedures should be verified during self-inspection.
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2.6. Good practice

2.6.1. Good practice is the part of quality management that ensures that tissues and cells are 
consistently processed and controlled according to quality standards appropriate to 
their intended use. Good practice is concerned with donation, procurement, processing, 
preservation, storage (all hereinafter included in the generic term ‘preparation’), import, 
release for circulation (including distribution) and quality control. The basic require-
ments are as follows:

2.6.1.1. All processes are defined clearly and reviewed systematically in the light of experience 
and shown to be capable of consistently delivering tissues and cells of the required 
quality and complying with their specifications. This strategy includes ensuring that:

2.6.1.1.1. critical steps and significant changes to the process are verified or validated;

2.6.1.1.2. all requirements are provided including:

2.6.1.1.2.1. appropriately qualified and trained personnel;

2.6.1.1.2.2. adequate premises and space;

2.6.1.1.2.3. suitable equipment and services;

2.6.1.1.2.4. correct materials, containers and labels;

2.6.1.1.2.5. approved procedures and instructions;

2.6.1.1.2.6. suitable storage and transport;

2.6.1.1.3. instructions and procedures are written in an instructional form in clear and unambig-
uous language, and are applicable specifically to the facilities provided;

2.6.1.1.4. operators are trained to carry out procedures correctly;

2.6.1.1.5. records are made, manually and/or by recording instruments, during preparation which 
demonstrate that all the steps required by the defined procedures and instructions were 
in fact taken and that the quantity and quality of the tissues and cells was as expected;

2.6.1.1.6. any significant deviations are fully recorded and investigated;

2.6.1.1.7. records of preparation processes, storage and release for circulation (including distribu-
tion) enable the complete history of the tissues and cells to be traced and these records 
are retained in a comprehensible and accessible form;

2.6.1.1.8. the release for circulation (including distribution) of the tissues and cells minimises any 
risk to their quality;

2.6.1.1.9. a system is available to recall any tissues and cells (including those processed using a 
batch of critical materials that have been distributed or issued);
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2.6.1.1.10. complaints about tissues and cells are examined, the causes of quality defects are inves-
tigated and appropriate measures are taken in respect of the defective tissues and cells 
components to prevent recurrence.

2.6.1.2. Quality control is the part of good practice that is concerned with sampling, specifica-
tions and testing, as well as with the organisation, documentation and release proce-
dures which ensure that materials are not released for use in processing, and tissues 
and cells are not released for circulation, including distribution, until their quality has 
been judged to be satisfactory and also that the necessary and relevant tests have been 
carried out. The basic requirements are:

2.6.1.2.1. adequate facilities, trained and qualified personnel and approved procedures are avail-
able for sampling, inspecting and/or testing starting materials (including tissues and 
cells), packaging materials, intermediate components and finished/ready-for- circulation 
tissues and cells, and also, if appropriate, for monitoring environmental conditions;

2.6.1.2.2. samples of starting materials (including tissues and cells), packaging materials, interme-
diate and processed tissues and cells are taken by approved personnel and methods;

2.6.1.2.3. test methods are verified or validated;

2.6.1.2.4. records are made, manually and/or by recording instruments, which demonstrate that 
all the required sampling, inspecting and testing procedures were actually carried out;

2.6.1.2.5. the processed tissues and cells comply with the specifications and are correctly labelled;

2.6.1.2.6. records are made of the results of inspection and of the testing of materials and inter-
mediate and processed tissues and cells. to show they have been formally assessed 
against specifications;

2.6.1.2.7. no tissues and cells are released for circulation, including distribution, that do not 
comply with the requirements of the relevant authorisations, except in the case of an 
exceptional release (see 2.8).

2.7. Quality risk management

2.7.1. A quality risk-management approach, consisting of a systematic process for the as-
sessment, control, communication and review of risks to quality across the life-cycle of 
tissues and cells, should be applied. Where appropriate, statistical tools should be used 
in the assessment of ongoing process capability.

2.7.2. It must be ensured that the risks inherent in the use and handling of biological ma-
terial are identified and minimised, consistent with maintaining adequate quality and 
safety for the intended purpose of the tissues and cells (Directive 2006/86/EC Annex I 
A.5). Donor selection, and tissues and cells procurement, processing, storage and dis-
tribution activities, should therefore be subjected to a comprehensive risk assessment 
encompassing all the process steps with respect to the procedures, materials, tests, per-
sonnel, premises and equipment involved.
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2.7.3. All components of the risk-management process should be linked to the authorised 
activities of the TE and all elements of the QMS should incorporate the principles of 
quality risk management.

2.7.4. Any evaluation of the risk to quality should be based on scientific knowledge, experi-
ence with the process and, ultimately, protection of the donor and recipient/patient.

2.7.5. The level of effort, formality and documentation of the quality risk-management 
process should be commensurate with the level of risk.

2.7.6. Risk assessments should be based on an analysis of the risks related to the application 
of the specific type(s) of tissues and cells and should be undertaken with the primary 
objective of identifying, where relevant, all those factors which could result in cross- 
contamination, contamination with adventitious agents, the transmission of disease or 
infectious agents, the transmission of inherited conditions or mix-ups, or which could 
render the tissues or cells clinically ineffective or harmful to the recipient/patient.

2.7.7. Such risks could, for example, derive from but are not limited to:

2.7.7.1. the sensitivity of donor screening protocols and tests;

2.7.7.2. procurement procedures;

2.7.7.3. biological properties of the procured tissues and cells;

2.7.7.4. the absence of standardised quality-control tests;

2.7.7.5. the use of potentially infective or known infective materials;

2.7.7.6. processing, storage and transport procedures and environment.

2.7.8. Risk assessments and associated management plans should identify and describe the 
principal activities of the TE and the circumstances to which the different phases of the 
plan apply.

2.7.9. Risk-mitigation strategies should be developed on the basis of prospective risk analysis 
in order to maximise the quality and safety of tissues and cells and to protect recipients/
patients, personnel and the process itself, as well as other linked or proximal processes.

2.7.10. Risk management should serve as documentation of the rationale for key safety- or 
quality-related decisions, such as in the case of actions to be taken in relation to devia-
tions and to determine the eligibility of impacted tissues and cells for clinical use.

2.7.11. All risk-assessment and risk-management plans should include documentation on:

2.7.11.1. the scope of, and circumstances for conducting, the assessment;

2.7.11.2. the individuals assigned to the work programme;

2.7.11.3. identification of the hazards associated with the scope/circumstances;

2.7.11.4. an estimate of their severity and probability of occurrence;
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2.7.11.5. the risk analysis, evaluation and control measures for these hazards;

2.7.11.6. the scientific grounds for acceptance / rejection of the decision;

2.7.11.7. a rationale for the acceptability of the residual risk;

2.7.11.8. a statement of acceptance or otherwise of the residual risk.

2.7.12. Risk management should be used to support decision making regarding the specific 
qualification/validation activities that need to be performed. The associated risk assess-
ment should highlight the critical points in the processes, thus allowing the develop-
ment of an appropriate validation plan.

2.7.13. Risk-management principles and methodologies should be incorporated into staff 
training programmes.

2.8. Exceptional release

2.8.1. In exceptional circumstances, an ORHA may agree with a TE, or a procurement organi-
sation in the case of direct distribution, that tissues or cells which do not meet defined 
release criteria can be released for use in a specific recipient. Although directives 2004/23/
EC, 2006/17/EC and 2006/86/EC lay down a number of specific requirements for per-
forming a risk assessment when managing specified aspects of the quality and safety 
of tissues or cells for human use, nonetheless, in exceptional circumstances where any 
other defined requirements of the directives have not been complied with or cannot be 
complied with, and where clinical use of the impacted tissues and cells is required due 
to urgent medical need, the limited availability of alternative therapeutic options and 
the expected clinical benefit, a comprehensive documented risk assessment must be 
used to inform the decision of the Responsible Person as to whether the tissues or cells 
may be released for use.

2.8.2. In such circumstances, the physician treating the intended recipient should work with 
the nominated registered medical practitioner who advises on and oversees the medical 
activities of the TE, in conducting the risk assessment and a risk–benefit analysis for the 
intended recipient. All associated discussions and conclusions must be documented 
and the treating physician must sign their agreement with the exceptional release and 
their acceptance of any implied risk for the intended recipient.

2.8.3. In the case of microbiological contamination of autologous tissues and cells, or tissues 
and cells received from a specific allogenic donor whereby a repeated procurement 
cannot be conducted or involves a high degree of risk, the risk assessment and risk–
benefit analysis should be based on the nature and extent of the contamination and 
should specifically consider the risk based on identification of the contaminating 
 micro-organisms and the potential for adequate prophylaxis of the intended recipient.
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2.9. Self-inspection, audits and improvements

2.9.1. Self-inspection or audit systems must be in place for all elements of operations to verify 
compliance with the standards. They must be carried out regularly by trained and com-
petent persons, in an independent way, and according to approved procedures.

2.9.2. All results must be documented, and appropriate CAPAs must be implemented in a 
timely and effective manner.

3. Management of outsourced activities (contractual 
agreements)

3.1. General principles of outsourcing

3.1.1. Outsourced activities that may impact on the quality and safety or efficacy of the tissues 
and cells must be correctly defined, agreed and controlled in order to avoid misunder-
standings which could result in tissues and cells or work of unsatisfactory quality. There 
must be a written contract covering these activities, tissues and cells or processes to 
which they are related, and any technical arrangements made in connection with it.

3.1.2. All outsourced arrangements for tissues or cells that influence their quality or safety, 
including any proposed changes, must be done in accordance with a written contract, 
with reference to the specification for the tissues or cells concerned.

3.1.3. The responsibilities of each party must be clearly documented to ensure that the prin-
ciples of good practice are maintained.

3.1.4. The contract giver is the establishment or institution that subcontracts particular work 
or services to a different institution and is responsible for setting up a contract defining 
the duties and responsibilities of each party.

3.1.5. The contract acceptor is the establishment or institution that performs particular work 
or services under a contract for a different institution.

3.2. The contract giver

3.2.1. The contract giver is responsible for assessing the competence of the contract acceptor 
to successfully carry out the work being outsourced and for ensuring, by means of the 
contract, that the principles and guidelines of good practice are followed.

3.2.2. The contract giver must provide the contract acceptor with all the information neces-
sary to carry out the contracted operations correctly and in accordance with the spec-
ification and any other legal requirements. The contract giver must ensure that the 
contract acceptor is fully aware of any problems associated with the materials, samples 
or the contracted processes that might pose a hazard to the premises, equipment, per-
sonnel, other materials or other tissues or cells of the contract acceptor.
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3.2.3. The contract giver must ensure that all tissues or cells, analytical results and materials 
delivered by the contract acceptor comply with their specifications and that they have 
been released under a quality system approved by the Responsible Person or other 
authorised person.

3.3. The contract acceptor

3.3.1. The contract acceptor must have adequate premises, equipment, knowledge, experi-
ence and competent personnel to satisfactorily carry out the work requested by the 
contract giver.

3.3.2. The contract acceptor must ensure that all products, materials or test results delivered 
by the contract giver are suitable for their intended purpose.

3.3.3. The contract acceptor must not pass to a third party any of the work entrusted under 
the contract without the contract giver’s prior evaluation and approval of the arrange-
ments. Arrangements made between the contract acceptor and any third party must 
ensure that the relevant information is made available in the same way as between the 
original contract giver and contract acceptor.

3.3.4. The contract acceptor must refrain from any activity that may adversely affect the 
quality of the tissues or cells processed and/or analysed for the contract giver.

3.4. The contract

3.4.1. A contract must be drawn up between the contract giver and the contract acceptor 
that specifies their respective responsibilities relating to the contracted operations. All 
arrangements for tissues or cells procurement, processing and testing must be in com-
pliance with the requirements of good practice and with regulatory requirements, and 
must be agreed by both parties.

3.4.2. The contract must specify the procedure, including the necessary evidence to be pro-
vided by the contract acceptor, by which the Responsible Person or other authorised 
person releasing the tissues or cells can ensure that each component has been pro-
cessed and/or distributed in compliance with the requirements of good practice and 
regulatory requirements.

3.4.3. The contract must clearly describe who is responsible for purchasing materials, for 
testing and releasing materials, for undertaking tissues or cells procurement and for 
processing and testing (including in-process controls). In the case of subcontracted 
analyses, the contract must state the arrangements for the collection/procurement of 
samples, and the contract acceptor must agree that they can be subject to inspections 
by the Health Authorities.

3.4.4. Processing and distribution records, including reference samples if relevant, must be 
kept by, or be available to, the contract giver. Any records relevant to assessment of the 
quality of the tissues or cells in the event of complaints or a suspected defect must be 
accessible and specified in the defect/recall procedures of the contract giver.
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  The contract must permit the contract giver to audit the facilities of the contract 
acceptor.

4. Personnel and organisation

4.1. Personnel must be available in sufficient numbers and with the necessary qualifica-
tions and experience to carry out the activities related to the procurement, testing, pro-
cessing, storage and release for circulation (including distribution) of tissues and cells 
for human application and they must be trained and assessed as competent to perform 
their tasks.

4.2. Management has the ultimate responsibility to determine and provide adequate and 
appropriate resources (human, financial, materials, facilities and equipment) to imple-
ment and maintain the QMS and continually improve its suitability and effectiveness 
through participation in management reviews. The responsibilities placed on any one 
individual should not be so extensive as to present any risk to quality.

4.3. There should be an organisation chart in which the relationships between key per-
sonnel are clearly shown in the managerial hierarchy.

4.4. All personnel should have up-to-date job descriptions, which clearly set out their tasks 
and responsibilities. The correct understanding of responsibilities by individuals should 
be assessed and recorded.

4.5. Personnel in responsible positions should have adequate authority to carry out their 
responsibilities. Their duties may be delegated to designated deputies of a satisfactory 
qualification level. There should be no gaps or unexplained overlaps in the responsibil-
ities of those personnel concerned with the application of good practice.

4.6. Traceability must be ensured to personnel performing critical processing tasks or ap-
proving critical results or documents. If such personnel sign paper documents, whether 
regularly or occasionally, personnel signature lists should be available.

4.7. All personnel must receive initial and continued training appropriate to their specific 
tasks. Training records must be maintained. Training programmes must be in place and 
must include the principles of good practice.

4.8. Training should be provided for all personnel whose duties take them into processing 
areas or into laboratories (including the technical, maintenance and cleaning personnel). 
Dedicated training on nitrogen risks is required when storage in nitrogen for cells and 
tissues is in place.
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4.9. There should be written policies and procedures to describe the approach to training, 
including a record of training that has taken place, its contents and an assessment of its 
effectiveness.

4.10. Personnel must be provided with initial/basic training, updated training as required 
when procedures change or when scientific knowledge develops, and adequate oppor-
tunities for relevant professional development. The training programme must ensure 
and document that each individual:

4.10.1. has demonstrated competence in the performance of their designated tasks;

4.10.2. has an adequate knowledge and understanding of the scientific/technical processes 
and principles relevant to their designated tasks;

4.10.3. understands the organisational framework, quality system and health and safety rules 
of the establishment in which they work; and

4.10.4. is adequately informed of the broader ethical, legal and regulatory context of their 
work.

4.11. The competence of personnel must be evaluated regularly and the contents of training 
programmes should be periodically assessed.

4.12. Only personnel who are authorised by defined procedures and documented as such 
may be involved in the procurement, processing, testing and distribution processes, 
including quality control and quality assurance.

4.13. There must be written safety and hygiene instructions in place, adapted to the activities 
to be carried out.

4.14. It is the organisation’s responsibility to provide instructions on hygiene and health con-
ditions that may be relevant to the quality of tissues and cells (e.g. during procurement) 
and to ensure that staff report any relevant health problems.

4.15. Steps should be taken to ensure as far as is practicable that no person affected by an in-
fectious disease or having open lesions on the exposed surface of their body is engaged 
in the processing of tissues and cells. Medical examinations should be carried out when 
necessary to assure fitness for work and personal health. There should be instructions 
ensuring that health conditions that can be of relevance to the quality of tissues and 
cells are reported by personnel.

4.16. Visitors or untrained personnel should, preferably, not be taken into the procurement, 
processing and laboratory areas. If this is unavoidable, they should be given information 
in advance, particularly about personal hygiene and the prescribed protective clothing. 
They should be closely supervised.

4.17. Eating, drinking, chewing or smoking, or the storage of food, drink, smoking materials 
or personal medication in the processing, testing and storage areas should be prohib-

TC5_en.indb   431TC5_en.indb   431 14/12/2022   13:23:4214/12/2022   13:23:42



432

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

ited. In general, any unhygienic practice within the processing areas or in any other area 
where the tissues or cells might be adversely affected should be forbidden.

4.18. There should be a written policy outlining the requirements for wearing protective gar-
ments in the different areas. The requirements should be appropriate to the activities 
to be carried out.

4.19. Personnel must be trained in the gowning requirements appropriate to various area 
classifications. The competence of personnel working in Grade A/B areas with regards 
to the gowning requirements should be reassessed at least annually.

4.20. Every person entering the processing areas should wear clean clothing suitable for the 
processing activity with which they are involved and this clothing should be changed 
when appropriate. Additional protective garments appropriate to the operations to be 
carried out (e.g. head, face, hand and/or arm coverings) should be worn when neces-
sary. Jewellery and make-up must be removed before entering a cleanroom.

4.21. The clothing and its quality should be appropriate for the process and the grade of the 
working area. It should be worn in such a way as to protect the operator and tissues and 
cells from the risk of contamination.

4.22. The description of clothing required for clean areas is as follows:

• Grade D: Hair and, where relevant, beard and moustache should be covered. A general 
protective suit and appropriate shoes or overshoes should be worn. Appropriate meas-
ures should be taken to avoid any contamination coming from outside the clean area.

• Grade C: Hair and where relevant beard and moustache should be covered. A single or 
two-piece trouser suit, gathered at the wrists and with high neck and appropriate shoes 
or overshoes should be worn. They should shed virtually no fibres or particulate matter.

• Grade A/B: Sterile headgear should totally enclose hair and, where relevant, beard 
and moustache; it should be tucked into the neck of the suit; a sterile face mask should 
be worn to prevent the shedding of droplets and particles. Appropriate sterilised, 
non-powdered rubber or plastic gloves and sterilised or disinfected footwear should 
be worn. Trouser-legs should be tucked inside the footwear and garment sleeves into 
the gloves. The protective clothing should shed virtually no fibres or particulate matter 
and retain particles shed by the body.

4.23. Outdoor clothing should not be brought into changing rooms leading to Grade B and C 
rooms. For every worker in a Grade A/B area, clean (sterilised) protective garments (in-
cluding face masks) should be provided every time there is an entry into the clean area; 
the need to exit and re-enter the clean area for a different processing step/different 
batch should be determined by the risk of the activity. Upon exit from a clean area there 
should be a visual check of the integrity of the garment.
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4.24. Clean area clothing should be cleaned and handled in such a way that it does not gather 
additional contaminants which can later be shed. When working in a contained area, 
protective clothing should be discarded before leaving the contained area.

4.25. Personnel working in clean areas must be given specific training on aseptic processing, 
including the basic aspects of microbiology.

4.26. Particular attention should be given to the qualification of the aseptic technique of per-
sonnel working in Grade A environments with Grade B backgrounds. Prior to partici-
pating in routine aseptic processing operations, personnel should be qualified through 
participation in successful process-simulation tests. The usual approach is to conduct 
simulated processes using culture medium in place of, or added to, tissues or cells.

4.27. Microbial monitoring of personnel working in A/B areas should be performed after crit-
ical operations and when leaving the A/B area. A system of disqualification of personnel 
should be established based on the results of the monitoring programme, as well as 
other parameters that may be relevant. Once disqualified, retraining/requalification is 
required before the operator can be involved in aseptic operations. It is advised that the 
retraining/requalification includes participation in a successful process-simulation test.

5. Premises

5.1. General requirements

5.1.1. Premises must be suitable for carrying out the intended procedures in order to prevent 
errors (e.g. mix-ups, contamination, cross-contamination or improper labelling of tissues 
and cells).

5.1.2. When required, environmental conditions such as lighting, temperature, humidity and 
ventilation should be appropriate and controlled to assure safety and comfort to pa-
tients, donors and personnel, and to assure the accurate functioning of equipment 
during processing and storage.

5.1.3. There must be adequate equipment and materials for the activities performed.

5.1.4. Premises must be secure to prevent the entrance of unauthorised people and should 
not be used as if by right as a routeway by personnel who do not work there.

5.1.5. Facilities should have an appropriate design to permit ease of maintenance and cleaning. 
Cleaning and sanitation must be performed on a regular basis and documented. The 
efficacy of the methods used must be validated and monitored.

5.1.6 A written sanitation programme should be available, describing the frequency and 
methods of cleaning. Additionally, a pest control system should be in place, where 
necessary.
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5.1.7. A written safety manual and personal protective equipment must be available to mini-
mise the risks to the health of personnel and visitors.

5.1.8. All waste generated by the facilities must be disposed of in accordance with applicable 
laws and regulations.

5.2. Donor area

5.2.1. There must be a suitable space for the confidential interviews of living donors or the 
relatives of deceased donors, and for physical examination of the donor.

5.3. Procurement area

5.3.1. The facility must be of adequate size to allow proper operations and ensure donor 
privacy and anonymity.

5.3.2. Facilities in which tissues or cells are procured must meet appropriate grades of air 
quality and cleanliness where applicable. The appropriate standard of cleanliness will 
depend on the type of tissues or cells being procured, the degree of exposure of the 
tissues or cells during the procurement process, and the decontamination or sterilisa-
tion processes that will subsequently be applied to the tissues or cells during processing.

5.3.3. The procurement facility should be divided into different areas of adequate size to 
prevent improper labelling and packaging, mix-ups or cross-contamination of tissues 
or cells.

5.3.4. In cases of tissue/cell donation from living donors (except tissues which are surgical 
by-products), tissues and cells procurement must be carried out in an area appropri-
ately equipped for the initial treatment of donors experiencing adverse reactions as-
sociated with the donation. Access to an intensive care unit and or emergency service 
must be available, where applicable.

5.4. Processing area

5.4.1. The adequacy of the processing and in-process storage areas should permit the 
orderly and logical positioning of equipment and materials so as to minimise the risk of 
cross-contamination and to minimise the risk of errors or omission or wrong application 
of any of the processing or control steps.

5.4.2. Processing of tissues and cells that are exposed to the environment, but are not subject 
to a subsequent microbial inactivation process, must take place in an environment with 
specified air quality with particle counts and microbial colony counts equivalent to 
those of Grade A as defined in the current EU GMP Annex I and Directive 2003/94/EC 
and with a background environment appropriate for the processing of the tissues and 
cells concerned, but at least equivalent to GMP Grade D in terms of particles and micro-
bial counts.

5.4.2.1. While Grade D is specified as the minimum background environment, the actual back-
ground environment which is utilised should be selected and justified on the basis of an 
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evaluation of the risks associated with the processing, testing and implantation of the 
types of tissues and cells concerned. Some national requirements may specify Grade C 
or B backgrounds for certain processes or types of tissue or cell.

5.4.2.2. A less stringent processing environment than Grade A with background D may be ac-
ceptable where:

5.4.2.2.1. a validated microbial inactivation or validated terminal sterilisation process is applied, 
or

5.4.2.2.2. where it is demonstrated that exposure in a Grade A environment has a detrimental 
effect on the required properties of the tissue or cell, or

5.4.2.2.3. where it is demonstrated that the mode and route of application of the tissue or cell to 
the recipient implies a significantly lower risk of transmitting bacterial or fungal infec-
tion to the recipient than with cell and tissue transplantation, or

5.4.2.2.4. where it is not technically possible to carry out the required process in a Grade A 
environment.

5.4.2.3. The risk assessment for determination of the processing environment should consider 
potentially significant factors, including:

5.4.2.3.1. tissue or cell contamination during open versus closed processing;

5.4.2.3.2. effectiveness of the processing method to remove contaminants;

5.4.2.3.3. suboptimal detection of contaminants due to the sampling method;

5.4.2.3.4. transfer of contaminants at transplantation.

5.4.2.4. The associated guidelines on environmental monitoring, relevant to the determined 
classification for the processing environment, should be considered at least in the 
context of a risk-based analysis which takes full account of the specific protocols and 
risk-mitigation strategies relevant to the risks associated with the processing, testing 
and implantation of the types of tissues and cells concerned.

5.4.3. Processing environments should be qualified and monitored in accordance with EN 
ISO 14644, EN 17141 and EU GMP Annex 1.

5.4.4. Critical facility parameters identified to be a risk to the tissues and cells, such as tem-
perature, humidity, air-supply conditions, pressure differentials, particle numbers and 
microbial contamination, must be checked, monitored and recorded.

5.4.5. Environmental monitoring programmes are an important tool by which the effec-
tiveness of contamination-control measures can be assessed. The environmental 
monitoring programme should include an assessment of non-viable and viable con-
tamination and air-pressure differentials.
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5.4.6. The monitoring locations should be determined having regard to the risks (e.g. at lo-
cations posing the highest risk of contamination) and the results obtained during the 
qualification of the premises.

5.4.7. The number of samples, volume, frequency of monitoring, alert and action limits 
should be appropriate, taking into account the risks and the overall control strategy for 
the establishment. Sampling methods should not pose a risk of contamination to the 
processing activities.

5.4.8. Non-viable particulate monitoring

5.4.8.1. Airborne particle monitoring systems should be established to obtain data for assessing 
potential contamination risks and to ensure maintenance of the designated environ-
ment in the cleanroom. Environmental monitoring is also expected for isolators and 
biosafety cabinets.

5.4.8.2. The degree of environmental control of non-viable particulates and the selection of 
the monitoring system should be adapted to the specific risks of tissues and cells and 
of the preparation process/processing (e.g. live organisms). The frequency, sampling 
volume or duration, alert limits and corrective actions should be established case by 
case having regard to the risks. It is not necessary for the sample volume to be the same 
as that used for qualification of the cleanroom.

5.4.8.3. Appropriate alert and actions limits should be defined. With a view to identifying po-
tential changes that may be detrimental to the process, the alert limits for grades B to D 
should be lower than those specified as action limits and should be based on the area 
performance.

5.4.8.4. The monitoring system should ensure that, when alert limits are exceeded, the event is 
rapidly identified (e.g. alarm settings). If action limits are exceeded, appropriate correc-
tive actions should be taken. These should be documented.

5.4.8.5. The maximum permitted particle concentrations in accordance with Annex 1 of EU GMP 
and ISO 14644 are shown in the table here:

Classification Maximal number of particles/m³

ISO 14644-1 EU GMP ISO 14644-1 EU GMP

at rest in operation

≥ 0.5 µm ≥ 5.0 µm ≥ 0.5 µm ≥ 5.0 µm ≥ 0.5 µm ≥ 5.0 µm

ISO 5 A 3 520  not 
applicable

3 520 20 3 520 20

B 3 520 29 352 000 2 900

ISO 6 35 200 293

ISO 7 C 352 000 2 930 352 000 2 900 3 520 000 29 000

ISO 8 D 3 520 000 29 300 3 520 000 29 000 not defined* not defined*

* Limits have to be determined by the Tissue Establishment as defined in 5.4.8.3
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 5.4.8.6. When the risk assessment (see 5.4.2.3) concludes that the most stringent air quality 
standard is required to achieve an acceptable level of risk, then normally Grade A in full 
compliance with GMP for aseptic processing (i.e. with a Grade B background, accessed 
via grades C and D) should be applied. This implies that particle monitoring should be 
undertaken for the full duration of critical processing, including equipment assembly, 
except where duly justified (e.g. contaminants in the process that would damage the 
particle counter, production of particles by a process itself, e.g. bone cutting or grinding, 
or when this would present a hazard to the tissues or cells). In such cases, monitoring 
during equipment set-up operations should take place (i.e. prior to exposure of the 
tissues and cells to the hazard). For this most stringent standard, monitoring should also 
be performed during simulated operations.

5.4.8.7. For Grade B areas, there should be particle monitoring during critical operations, within 
the limitation referred to in 5.4.8.6, albeit the monitoring does not need to cover the 
entire duration of the critical processing. The Grade B area should be monitored at an 
appropriate frequency and with suitable sample size to permit the detection of changes 
in levels of contamination.

5.4.8.8. The monitoring strategy for grades C and D should be set having regard to the risks and 
in particular the nature of the operations conducted.

5.4.8.9. When there are no critical operations ongoing (i.e. at rest), sampling at appropriate in-
tervals should be conducted. While at rest, the heating, ventilating and air-conditioning 
(HVAC) system should not be interrupted, as this may trigger the need for requalifica-
tion. In the event of an interruption, a risk assessment should be conducted to deter-
mine any actions that may be required, taking account of the activities performed in 
the affected areas (e.g. additional monitoring).

5.4.8.10. While not required for qualification purposes, the monitoring of the ≥ 5.0 μm particle 
concentration in Grade A and B areas is required for routine monitoring purposes as it 
is an important diagnostic tool for early detection of failures. While the occasional indi-
cation of ≥ 5.0 μm particle counts may be false counts, consecutive or regular counting 
of low levels is an indicator of a possible contamination and it should be investigated. 
Such events may, for example, be indicative of early failure of the HVAC system or filling 
equipment failure, or it may be diagnostic of poor practices during machine set-up and 
routine operation.

5.4.9. Microbiological monitoring

5.4.9.1. Checks to detect the presence of specific micro-organisms in the cleanroom (e.g. bac-
teria and fungi) should be performed as appropriate. Viable particle monitoring is also 
expected for isolators and biosafety cabinets.

5.4.9.2. Where aseptic operations are performed, monitoring should be frequent, using methods 
such as settle plates, volumetric air and surface sampling (e.g. swabs and contact plates). 
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Rapid microbial monitoring methods should be considered and may be adopted after 
qualification of the premises.

5.4.9.3. The frequency of sampling should take into account the processes and activities of the 
staff. Aseptic process operations performed in a Grade A or B environment must be 
monitored routinely, during every process. Background and surrounding areas should 
be monitored periodically, at a pre-defined frequency.

5.4.9.4. The following recommended maximum limits apply for microbiological monitoring of 
clean areas during activity in accordance with Annex 1 of EU GMP:

  Recommended limits for microbial contamination 

Grade Air sample (CFU/m3) Settle plates, diam. 
90 mm (CFU/4 hours)*

Contact plates, diam. 
55 mm (CFU/plate)

Glove print, 5 fingers 
(CFU/glove)

A† < 1 < 1 < 1 < 1

B 10 5 5 5

C 100 50 25 not applicable

D 200 100 50 not applicable

* Individual settle plates may be exposed for less than 4 h. Where settle plates are exposed for less than 4 h the limits in the 
table should still be used. Settle plates should be exposed for the duration of critical operations and changed as required 
after 4 h.

† For grade A the expected result should be 0 CFU recovered; and recovery of 1 CFU or greater should result in an investigation.

5.4.9.5. Appropriate alert and actions limits should be defined. With a view to identifying po-
tential changes that may be detrimental to the process, the alert limits for grades B to 
D should be lower than those specified as action limits and should be based on the 
characteristics of the work area.

5.4.9.6. If micro-organisms are detected in a Grade A and B areas, they should be identified to 
genus and species level and the impact thereof on tissues and cells quality and on the 
suitability of the premises for the intended operations should be assessed.

5.4.9.6.1. Whatever the grade, fungi detection leads to a deviation and requires an investigation.

5.4.10. Air pressure

5.4.10.1. An essential part of contamination prevention is the adequate separation of areas of 
operation. To maintain air quality, it is important to achieve a proper airflow from areas 
of higher cleanliness to adjacent less clean areas. It is fundamental for rooms of higher 
air cleanliness to have a substantial positive pressure differential relative to adjacent 
rooms of lower air cleanliness. For cleanrooms these pressure cascades should be 
clearly defined and continuously monitored with appropriate methods (e.g. alarm set-
tings). Adjacent rooms of different grades should have a minimum pressure differential 
of at least 10 Pa.

5.4.10.2. Negative pressure may be required in specific areas for containment reasons (e.g. han-
dling of viral-positive material). In such cases, the negative pressure areas should be 
surrounded by a positive pressure clean area of appropriate grade.

TC5_en.indb   438TC5_en.indb   438 14/12/2022   13:23:4314/12/2022   13:23:43



439

PART C. GOOD PRACTICE GUIDELINES

5.5. Storage areas

5.5.1. Storage rooms should be located in a secure area and access must be limited to author-
ised personnel.

5.5.2. Storage areas should be of appropriate size to allow orderly storage of materials and 
reagents, and of tissues and cells.

5.5.3. Dedicated areas must be available for storing tissues and cells in quarantine, and/or for 
storing unqualified materials.

5.5.4. Storage areas for tissues and cells should be maintained within defined temperature 
limits. Where special storage conditions are required (e.g. temperature, humidity) these 
must be checked, monitored and recorded.

5.5.5. An alarm system must be in place to alert users in a timely manner to any deviation 
from the pre-defined storage conditions. Alarm systems placed in storage devices must 
be continuously active and able to alert personnel on a 24-hour basis. The functionality 
of the alarm systems must be checked regularly.

5.5.6. Provision must be in place in the event of equipment or power failure.

5.5.7. Oxygen sensors must be appropriately placed and personal protection equipment 
must be available in areas where liquid nitrogen is present.

5.6. Ancillary areas

5.6.1. Suitable facilities for changing clothes and for washing hands should be readily 
accessible.

5.6.2. Staff rest and refreshment areas should be separate from other rooms. 

5.6.3. Archive store and administrative areas should be protected against unauthorised access 
to ensure that records and documents are maintained in a confidential manner as re-
quired by applicable laws and regulations.

6. Equipment and materials

6.1. General requirements

6.1.1. TEs must have equipment and materials appropriate to the activities for which they are 
authorised. 

6.1.2. All critical equipment must be designed, located, qualified and maintained to suit its 
intended purpose and must comply with the general safety requirements of this Guide 
and the specific requirements relevant to the type(s) of tissues and cells.
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6.1.3. Equipment with an appropriate range and precision for measuring, weighing, recording 
and control should be available, and must be calibrated and checked at defined inter-
vals using appropriate methods. 

6.1.4. All critical equipment must be identified and qualified, regularly inspected and preven-
tively maintained in accordance with the manufacturers’ instructions. The qualification 
and maintenance status of each item of equipment must be available.

6.1.5. Where equipment or materials affect critical processing or storage parameters (e.g. 
temperature, pressure, particle counts, microbial contamination levels), they must be 
identified and must be the subject of appropriate monitoring, alerts, alarms and cor-
rective action, as required, to detect malfunctions and defects and to ensure that the 
critical parameters are maintained within acceptable limits at all times. 

6.1.6. A temperature monitoring system must be utilised to document temperatures and to 
alert staff when temperatures have deviated from acceptable limits. Procedures should 
be in place for reviewing temperatures. If storage utilises liquid nitrogen, either liquid 
nitrogen levels or temperature must be monitored and documented at an interval 
specified in the standard operating procedures (SOPs) and determined by validation.

6.1.7. Procedures for the operation of each piece of critical equipment, detailing the action 
to be taken in the event of malfunctions or failure, must be available and appropriate 
records must be kept.

6.1.8. The services that could impact on the tissues/cells quality (i.e. compressed air, heating, 
ventilating and air conditioning) should be qualified and scheduled in a maintenance 
programme.

6.1.9. Equipment must be selected to minimise any hazard to donors, personnel or tissues 
and cells.

6.1.10. All validated processes must use qualified equipment. For any equipment used in val-
idated processes, qualification results must be documented, regular maintenance and 
calibration must be carried out and documented according to established procedures, 
and the qualification and maintenance status of each item of equipment must be 
available.

6.1.11. Records of maintenance activities should be clear and comprehensible and should 
detail the specific activities performed as part of maintenance.

6.1.12. All modifications, enhancements or additions to qualified systems and equipment 
should be managed through the change-control procedure of the TE. The effect of 
each change to the system or equipment, as well as its impact on quality and safety, 
should be determined to identify the extent of revalidation required.

6.1.13. Instructions for use, maintenance, servicing, cleaning, disinfection and sanitation must 
be available. These activities must be performed regularly and recorded accordingly.
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6.1.14. Repair and maintenance operations should not present any hazard to the donor or staff, 
or to the quality of the tissues and cells or tissues and cells components.

6.1.15. Equipment should be designed or selected so that it can be thoroughly cleaned and, 
where necessary, decontaminated. This should be performed according to detailed 
and written procedures.

6.1.16. Washing/cleaning solutions and equipment should be chosen and used so that they 
are not sources of contamination or toxicity.

6.1.17. Equipment should be installed in such a way as to prevent any risk of error or of 
contamination.

6.1.18. Fixed pipework should be clearly labelled to indicate the contents and, where appli-
cable, the direction of flow.

6.1.19. Distilled, deionised and, where appropriate, other water pipes should be sanitised ac-
cording to written procedures that detail the action limits for microbiological contami-
nation and the measures to be taken.

6.2. Calibration and monitoring of equipment

6.2.1. There should be a calibration plan that defines the principles that decide which equip-
ment needs to be calibrated and the frequency of recalibration.

6.2.2. All equipment with a critical measuring function must be calibrated against a traceable 
standard if available. Adequate records of such tests should be maintained, including 
the values obtained prior to any adjustment. The measurement result of each piece of 
critical measuring equipment or system should be traceable through a documented 
and unbroken chain of calibrations back to the International System of Units or to a 
recognised standard. Calibration reports should include confidence limits of the cali-
bration method. The report and/or calibration certificate must be reviewed and signed 
to show acceptance of the document. Any failed calibrations require investigation of 
the potential impact.

6.2.3. Observation of trends and analyses of calibration and monitoring results should be a 
continuous process. Intervals of calibration and monitoring should be determined for 
each item of equipment to achieve and maintain a desired level of accuracy and quality. 
The calibration and monitoring procedure should be based on a recognised interna-
tional standard. The calibration status of all equipment that requires calibration should 
be readily available.

6.2.4. To ensure appropriate performance of a system or equipment, a monitoring plan 
should be developed and implemented. The plan should take into account the crit-
icality of the system or equipment, and should specify monitoring, user-notification 
and problem-resolution mechanisms. When appropriate, equipment should be subject 
to continuous monitoring linked to an alarm system. If an unusual event is observed, 
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personnel should follow the standard response described in the monitoring plan. The 
standard response should involve the notification of affected personnel and, where ap-
propriate, initiation of a resolution response to the problem and risk assessment of the 
affected tissues and cells. Depending on the severity of the problem and the criticality 
of the system or equipment, a back-up plan should be in place and be implemented to 
keep the process or system operating.

6.2.5. Assessment of the performance of equipment should occur in the following situations:

6.2.5.1. upon commissioning of new equipment, which must include the design, installation, 
and operational and performance qualifications;

6.2.5.2. after any relocation, repairs or adjustments that might potentially alter the functioning 
of equipment;

6.2.5.3. after any major repair or modification, when the equipment should be checked and 
qualified before its release;

6.2.5.4. if ever a doubt arises that the equipment is not functioning appropriately.

6.2.6. The ability of a supplier to maintain its activities relating to a system or equipment 
must be requalified on a regular basis; notably to anticipate weaknesses in services or 
to manage changes in the system, equipment or supplier. The periodicity and detail of 
the requalification process should be linked to the level of risk of using the system or 
equipment and should be planned for each supplier.

6.2.7. Defective equipment should be labelled clearly as such and, if possible, removed from 
processing areas.

6.3. Data-processing systems

6.3.1. If computerised systems are used, software, hardware and back-up procedures should 
be validated/qualified before use, be checked regularly to ensure reliability and be main-
tained in a validated/qualified state. Hardware and software must be protected against 
unauthorised use or unauthorised changes. The back-up procedure must prevent loss 
of or damage to data at expected and unexpected downtimes or function failures.

6.3.2. Systems must be properly maintained at all times. Documented maintenance plans 
must be developed and implemented. 

6.3.3. Changes in computerised systems must be validated; applicable documentation must 
be revised, and relevant personnel trained appropriately, before any critical change is 
introduced into routine use. Computerised systems must be maintained in a validated 
/qualified state. This must include user testing to demonstrate that the system is cor-
rectly performing all specified functions at initial installation. If re-verification analysis is 
needed, it should be based on risk assessment and conducted not only for verification 
of the individual change, but also to determine the extent and impact of that change 
on the entire computerised system.
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6.3.4. There must be a hierarchy of permitted user access to enter, amend, read or print data. 
Methods of preventing unauthorised entry must be in place, such as personal identity 
codes or passwords that are changed regularly.

6.3.5. All necessary measures must be taken to ensure protection of data. These measures 
must ensure that safeguards against unauthorised additions, deletions or modifications 
of data and transfer of information are in place, to resolve data discrepancies and to 
prevent unauthorised disclosure of such information.

6.3.6. Computer systems designed to control decisions related to inventories and release of 
tissues and cells should prevent the release of all tissues and cells considered not ac-
ceptable for release. Preventing release of any tissues and cells from a future donation 
from a deferred donor should be possible.

6.4. Equipment and materials for procurement and processing and storage

6.4.1. Critical equipment and materials must meet documented requirements and specifica-
tions and, when applicable, Regulation (EU) 2017/745 of the European Parliament and of 
the Council of 5 April 2017 on medical devices, amending Directive 2001/83/EC, Regula-
tion (EC) No 178/2002 and Regulation (EC) No 1223/2009 and repealing Council Directives 
90/385/EEC and 93/42/EEC and Regulation (EU) 2017/746 of the European Parliament and 
of the Council of 5 April 2017 on in vitro diagnostic medical devices and repealing Di-
rective 98/79/EC and Commission Decision 2010/227/EU. In this context, ‘critical’ means 
those items of equipment and materials that come in contact with the tissues or cells 
or influence the critical quality/safety attributes of the tissues and cells directly (e.g. an 
additive) or indirectly (e.g. donor testing kits).

6.4.2. Procurement, processing and storage equipment must be managed in accordance with 
the standards and specifications laid down in the directives and with due regard to 
relevant national and international regulation, standards and guidelines covering the 
sterilisation of medicines and medical devices.

6.4.3. Sterile instruments and devices must be used for tissue and cell procurement. Instru-
ments or devices must be of good quality, qualified or specifically certified and regu-
larly maintained for the procurement of tissues and cells.

6.4.4. Wherever possible, only Conformité Européenne (CE) marked medical devices should 
be used, and all relevant staff must have received appropriate training on the use of 
such devices.

6.4.4.1. Medical devices manufactured within a health institution, and lacking CE marking, may 
be used within the institution only if they comply with the requirements in Regulation 
(EU) No. 2017/746, Article 5, 5.

6.4.4. When reusable instruments must be used, a validated cleaning and sterilisation proce-
dure for removal of infectious agents should be in place.
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6.4.6. Materials and parts of equipment that come into contact with tissues and cells should 
not be reactive, additive or absorptive to such an extent that they affect the quality of 
the tissues and cells and thus present any hazard. 

6.4.7. A written SOP must be in place to regulate the specific materials that come into contact 
with tissues and cells during processing, the addition of therapeutic products to tissues 
and cells, the choice of those media and products, their characteristics, their source and 
control and the associated requirements for asepsis and labelling. A procedure to select 
the materials must be in place. 

6.4.8. A controlled list should be constructed of all materials that come into contact with the 
tissues or cells or that influence the quality or safety of the tissues or cells. Detailed 
specifications for such critical reagents and consumables must be documented. 

6.4.9. Only materials from qualified suppliers that meet the documented specifications should 
be used.

6.4.10 All changes to equipment and materials should be managed in accordance with the 
principles of change control.

6.4.11. Documented systems for purchasing equipment and materials should be available. 
These should identify the specific requirements for establishing and reviewing con-
tracts for the supply of both equipment and materials. 

6.4.12. The contracting process should include:

6.4.12.1. checks prior to awarding the contract to help ensure that suppliers meet the organisa-
tion’s needs;

6.4.12.2. appropriate checks on received goods to confirm that they meet specifications;

6.4.12.3. the requirement for manufacturers to provide a certificate of analysis for critical material;

6.4.12.4. checks to ensure that goods in use continue to meet specifications;

6.4.12.5. regular contact with suppliers to help understand and resolve problems;

6.4.12.6. performance of periodic risk-based audits.

6.4.13. Specifications for the material in contact with tissues and cell should include, if 
applicable:

6.4.13.1. a description of the materials, including the designated name and the internal code ref-
erence; the reference, if any, to a pharmacopoeia monograph; the approved suppliers 
and, if possible, the original producer of the products; a specimen of printed materials;

6.4.13.2. directions for sampling and testing or reference to procedures;

6.4.13.3. qualitative and quantitative requirements with acceptance limits;

6.4.13.4. storage conditions and precautions;
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6.4.13.5. the maximum period of storage before re-examination.

6.4.14. When using processing media and/or added therapeutic products, their source, lot 
number and expiry date must be recorded in the relevant processing documentation. 

6.4.15. Materials used during the processing of tissues and cells should be qualified as being:

6.4.15.1. free of viral contamination (certificate should be available);

6.4.15.2. free of transmissible spongiform encephalopathy (TSE) contamination (certificate 
should be available);

6.4.15.3. produced under Medical Device Regulation conditions when available;

6.4.15.4. suitable for human use when available;

6.4.15.5. of defined identity, purity, sterility and quantification of endotoxins;

6.4.15.6. free of human/animal origin reagents if possible;

6.4.15.7. free of antibiotics whenever possible;

6.4.15.8. with quantified final residues of reagents whenever possible;

6.4.15.9. with risk assessment of potential residues in the final tissues and cells.

6.4.16. The specifications of the materials used to perform any evaluation of the donor should 
be described and these materials should not have any negative impact on the mainte-
nance of the donors and reliability of the evaluation results.

6.4.17. Only materials from approved suppliers that meet their documented requirements and 
specifications must be used. Batch acceptance testing or checking of each delivery of 
materials should be carried out, and documented, before release for use in tissue or cell 
procurement or processing. Critical materials should be released by a person trained 
and authorised to perform this task.

6.4.18. Manufacturers of sterile materials should provide a certificate of release for each batch. 
The TE should define acceptance criteria for such certificates in writing, and should 
include at least the name of the material, manufacturer, compliance with relevant re-
quirements (e.g. pharmacopoeias or regulations for medical devices) and confirmation 
that the materials are sterile and pyrogen-free as appropriate.

6.4.19. All incoming materials should be checked to ensure that the consignment corresponds 
to the order.

6.4.20. The status of materials (quarantined, released, rejected) should be indicated clearly.

6.4.21. Materials should be stored under the conditions established by the manufacturer and 
in an orderly manner that permits segregation by status, batch and lot as well as stock 
rotation.
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6.4.22. Storage and use of materials should follow the ‘first-in first-out’ principle (i.e. the mate-
rial that entered storage first should be used first) taking into account the expiry date of 
materials.

7. Qualification, verification and validation

7.1. General principles

7.1.1. TEs should establish a system to document evidence that provides a high degree of 
assurance that a specific process, piece of equipment or environment will consistently 
produce processed tissues and cells meeting pre-determined specifications and quality 
attributes.

7.1.2. All critical equipment and technical devices must be identified and qualified.

7.1.3. All critical processing procedures must be verified or validated and must not render the 
tissues and cells clinically ineffective or be harmful to the recipient. 

7.1.4. TEs should identify what verification or validation work is needed to prove control of 
the critical aspects of their particular processes. 

7.1.5. Any significant changes to the facilities, equipment or processes that might affect the 
quality of the tissues and cells should be qualified/verified/validated, and authorised by 
a Health Authority if applicable.

7.1.6. A risk-assessment approach should be used to determine the scope and extent of val-
idation/verification/qualification. Such risk assessment should take into account all the 
equipment (e.g. autoclave, incubator, freeze dryer), facilities (e.g. cleanrooms, laminar 
flow module), electronic systems (e.g. cleanrooms environmental monitoring system, 
tissues processing system) and processes (e.g. musculoskeletal processing, skin pro-
cessing, cleanrooms disinfection, tissue transport, analytical methods) which may affect 
the quality of processed tissues and cells.

7.1.7. The results from the risk-assessment study of the scope of validation/verification/quali-
fication activities within a TE should be covered in a Validation Master Plan. 

7.2. Documentation 

7.2.1. As a minimum, the Validation Master Plan should consist of: 

7.2.1.1. description of the TE; 

7.2.1.2. list of equipment, facilities, electronic systems and processes that need to be qualified , 
verified or validated; 

7.2.1.3. current state of validation/verification/qualification of each element within the scope of 
the Plan;
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7.2.1.4. validation/verification/qualification programme; 

7.2.1.5. validation/verification/qualification activities and who is responsible; 

7.2.1.6. procedures related to validation/verification/qualification activities; 

7.2.1.7. criteria for requalification, reverification or revalidation.

7.2.2. The activities of qualification verification or validation should be described in a pro-
tocol containing at least:

7.2.2.1. the objective(s); 

7.2.2.2. scope of the activities; 

7.2.2.3. who is responsible;

7.2.2.4. any related documents; 

7.2.2.5. the stages of qualification, verification or validation; 

7.2.2.6. the acceptance criteria. 

7.2.3. A validation/verification/qualification report should be issued reflecting the results of 
the activities containing at least: 

7.2.3.1. the objective(s); 

7.2.3.2. scope of the activity; 

7.2.3.3. who was responsible; 

7.2.3.4. any related documents; 

7.2.3.5. any deviations from the protocol; 

7.2.3.6. detailed results; 

7.2.3.7. conclusions. 

7.3. Facility, system and equipment qualification 

7.3.1. Qualification for new facilities, systems and equipment 

7.3.1.1. The qualification of new facilities, systems or equipment begins with Design Qualifi-
cation (DQ) and progresses successively through Installation Qualification (IQ), Opera-
tional Qualification (OQ) and Performance Qualification (PQ).

7.3.1.1.1. DQ is the documented verification that the proposed design of the facilities, equip-
ment or system is suitable for the intended purpose. During DQ the compliance of the 
design with good practice should be demonstrated and documented. 

7.3.1.1.2. IQ is the documented verification that the equipment or system, as installed or modi-
fied, complies with the approved design, the manufacturer’s recommendations and/or 
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user requirements. IQ should be performed on all critical facilities, systems and equip-
ment. The IQ protocol should include, but need not be limited to, the following:

7.3.1.1.2.1. verification that all facilities and equipment comply with the requirements of the pur-
chase order;

7.3.1.1.2.2. verification of CE-approval where required;

7.3.1.1.2.3. verification that the location and environmental conditions of the equipment/instal-
lation are correct according to the manufacturer’s recommendations and internal 
specifications;

7.3.1.1.2.4. verification that items are installed in accordance with internal specifications and iden-
tified correctly with the manufacturer;

7.3.1.1.2.5. verification of serial numbers of all items/parts;

7.3.1.1.2.6. verification that all parts of the equipment are free from defects;

7.3.1.1.2.7. verification that the connections of electricity, water, steam, pressure, vacuum, etc. are 
functional and that their operating ranges are appropriate to the proper functioning of 
the installation;

7.3.1.1.2.8. identification of the items that require calibration, with checks of appropriate calibra-
tion certificates and documentation of the programme and procedure for periodic 
calibration;

7.3.1.1.2.9. verification of the existence of instructions for performing preventive maintenance.

7.3.1.1.3. OQ is the documented verification that the equipment or system, as installed or mod-
ified, performs as intended throughout the anticipated operating ranges. OQ should 
follow successful completion of IQ. The OQ protocol should include, but need not be 
limited to, the following: 

7.3.1.1.3.1. tests that have been developed from knowledge of processes, systems and equipment; 

7.3.1.1.3.2. tests to include a condition or a set of conditions encompassing upper and lower oper-
ating limits, sometimes referred to as ‘worst case’ conditions; 

7.3.1.1.3.3. identification of critical operating variables, tests performed, alarms, security devices 
and acceptance criteria; 

7.3.1.1.3.4. verification that the operation of various items of equipment/installation that are con-
nected to the mains and put into operation is correct. 

7.3.1.1.4. The completion of a successful OQ should allow the finalisation of calibration, operating 
and cleaning procedures, operator training and preventive maintenance requirements. 
It should permit a formal ‘release’ of the facilities, systems and equipment.

7.3.1.1.5. PQ is the documented verification that the equipment and ancillary systems, as con-
nected together, can perform effectively and reproducibly, based on the approved 
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process method and specifications. PQ should follow successful completion of IQ and 
OQ. Although PQ is described as a separate activity, it may in some cases be appro-
priate to perform it in conjunction with OQ, or concurrently with processing activities. 
The PQ protocol should include, but need not be limited to, the following: 

7.3.1.1.5.1. tests, using materials, qualified substitutes or simulated tissues and cells, that have been 
developed from knowledge of the process and the facilities, systems or equipment; 

7.3.1.1.5.2. tests that include a condition or set of conditions encompassing upper and lower oper-
ating limits; 

7.3.1.1.5.3. a process description or reference to protocol development; 

7.3.1.1.5.4. a list of equipment involved; 

7.3.1.1.5.5. the critical parameters and operating ranges; 

7.3.1.1.5.6. a description of the tests to be performed, or control variables, sample taking, time and 
reference method sampling and analytical methods; 

7.3.1.1.5.7. the acceptance criteria. 

7.3.2. Qualification of established (in-use) facilities, systems and equipment 

7.3.2.1. Evidence should be available to support and verify the operating parameters and limits 
for the critical variables of the operating equipment. 

7.3.2.2. The procedures and records for calibration, cleaning, preventive maintenance, oper-
ating and operator training of the facilities, systems and/or equipment in use should be 
documented. 

7.3.3. Qualification of cleanrooms 

7.3.3.1. Processing environments should be qualified and monitored in accordance with the 
requirements of EU GMP Annex 1 and ISO EN 14644 and EN 17141. Depending on the risk 
assessment and the structure of the environment, optional test methods to consider 
are:

7.3.3.1.1. air change (renewal) rate per hour within one room checked against specification; 

7.3.3.1.2. airflow-visualisation test; 

7.3.3.1.3. absolute filters integrity – the grade of sealing of the filters and the absence of leaks in 
the filter material checked; 

7.3.3.1.4. total count of airborne particles (viable or not) be checked according to specifications; 

7.3.3.1.5. temperature and relative humidity recorded during the test and checked according to 
specifications; 

7.3.3.1.6. pressure differential between areas checked according to specifications;
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7.3.3.1.7. recovery test (normally tested for Grade A and B cleanrooms), i.e. check the time re-
quired for a cleanroom to recover the specified classification after an out-of- specification 
period; 

7.3.3.1.8. laminar flow velocities in laminar flow areas; 

7.3.3.1.9. HVAC system operations and alarms; 

7.3.3.1.10. electricity back-up systems. 

7.3.3.2. All these tests should be performed at least in an ‘at rest’ situation. The particle counting 
test should also be performed in an ‘in operation’ situation. 

7.3.4. Qualification of laminar flow hoods 

7.3.4.1. The tests to be carried out for laminar flow hoods should include:

7.3.4.1.1. speed and uniformity of the airflow; check that the airflow speed, when measured at a 
set distance from the HEPA filter, is within a defined range. This measurement should be 
repeated at a specified number of locations within the laminar flow hood, which each 
measurement being within the defined range; 

7.3.4.1.2. absolute filters integrity – check the grade of sealing of the filters and the absence of 
leaks in the filter material; 

7.3.4.1.3. particle counting – check the total count of airborne particles (viable or not) according 
to specifications; 

7.3.4.1.4. electronic test – check all the operating controls (light, ultra-violet light, fan) and alarms; 

7.3.4.1.5. airflow visualisation (for biological safety cabinets), where the test objective is to study 
the behaviour of air inside and outside the cabin with the help of a smoke generator. 

7.3.4.2. All these tests should be performed at least in an ‘at rest’ situation; the particle-counting 
test should also be performed in an ‘in operation’ situation. 

7.4. Process verification or validation

7.4.1. Facilities, systems and equipment to be used should be qualified before use, and ana-
lytical testing methods should be verified or validated. 

7.4.2. Processes that have been in use for some time should also be validated. 

7.4.3. Staff taking part in the validation work should have been appropriately trained. 

7.4.4. All facilities, systems, equipment and processes should be periodically evaluated to 
verify that they are still operating in a valid manner. 

7.4.5. Prospective verification or validation 

7.4.5.1. Process verification or validation should normally be completed prior to the distribu-
tion of any tissue or cell; this is called prospective verification or validation.
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7.4.5.2. Prospective verification or validation should include, but need not be limited to, the 
following: 

7.4.5.2.1. short description of the process;

7.4.5.2.2. summary of the critical processing steps to be investigated; 

7.4.5.2.3. list of the equipment/facilities to be used (including measuring, monitoring and/or re-
cording equipment) together with its calibration status; 

7.4.5.2.4. specifications for release of the processed tissues and cells; 

7.4.5.2.5. list of analytical methods, as appropriate; 

7.4.5.2.6. proposed in-process controls with acceptance criteria; 

7.4.5.2.7. additional testing to be carried out, with acceptance criteria and analytical verification/
validation, as appropriate; 

7.4.5.2.8. sampling plan; 

7.4.5.2.9. methods for recording and evaluating results; 

7.4.5.2.10. teams/departments and persons responsible; 

7.4.5.2.11. proposed timetable. 

7.4.5.3. Using this defined process (including specified components) of prospective verification/
validation, a series of batches of the final tissues or cells may be produced under routine 
conditions. 

7.4.5.4. The number of process runs carried out and observations made should be sufficient to 
allow the normal extent of variation and trends to be established and to provide suffi-
cient data for evaluation. 

7.4.5.5. Batches, where applicable, made for process verification or validation should be the 
same size as the routine scale batches. 

7.4.6. Concurrent validation 

7.4.6.1. In exceptional circumstances it may be acceptable not to complete a validation pro-
gramme before routine processing starts and instead to validate a process during 
routine processing (concurrent validation). The decision to carry out concurrent valida-
tion must be justified, documented and approved by authorised personnel. 

7.4.6.2. Documentation requirements for concurrent validation are the same as specified for 
prospective validation.

7.4.7. Retrospective verification 

7.4.7.1. Retrospective verification is only acceptable for well-established processes. Verification 
of such processes should be based on historical data. The steps involved require prepa-
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ration of a specific protocol and reporting of the results of the data review, leading to a 
conclusion and a recommendation.

7.4.7.2. Retrospective verification is not appropriate where there have been recent changes in 
relation to starting materials, the tissues or cells, operating procedures or equipment.

7.4.7.3. The source of data for this verification should include, but need not be limited to:

7.4.7.3.1. batch processing and packaging records; 

7.4.7.3.2. process-control charts; 

7.4.7.3.3. maintenance records; 

7.4.7.3.4. records of personnel changes; 

7.4.7.3.5. process-capability studies; 

7.4.7.3.6. processed tissues and cells data; 

7.4.7.3.7. storage-stability results. 

7.4.7.4. Batches selected for retrospective verification should be representative of all batches 
made during the review period, including any batches that failed to meet specifications, 
and should be sufficient in number to demonstrate process consistency. 

7.4.7.5. Additional testing of retained samples may be needed to obtain the necessary amount 
or type of data to retrospectively verify the process. 

7.4.7.6. Retrospective verification generally requires that data from ten to thirty consecutive 
batches be examined to assess process consistency, but fewer batches may be exam-
ined if this can be justified; the justification must be documented. 

7.5. Cleaning and disinfection verification or validation

7.5.1. Cleaning and disinfection verification or validation should be performed in order to 
confirm the effectiveness of a cleaning or disinfection procedure. 

7.5.2. Cleaning or disinfection intervals and methods should be determined. 

7.5.3. The rationale for selecting the limits for carry-over of tissues and cells residues, cleaning 
agents and microbial contamination should be logically based on the materials in-
volved. The limits should be achievable and verifiable.

7.5.4. The potential risk of residues used during disinfection remaining on the tissues or cells 
after processing has been completed, should be considered subject to a risk assessment.

7.5.5. For cleaning and disinfection procedures for tissues and cells and processes which are 
similar, it is considered acceptable to select a representative range of similar tissues and 
cells and processes. A single validation or verification study utilising a ‘worst case’ ap-
proach can be carried out which takes account of the critical issues. 
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7.5.6. The number of consecutive replicate applications necessary to validate the cleaning 
and disinfection procedure should be determined, based on a risk assessment.

7.6. Revalidation or requalification

7.6.1. Revalidation or requalification should be performed when there is a change, in any equip-
ment, facilities or process, that is considered significant because it affects the quality 
of the tissues and cells. These changes should be approved through a change-control 
procedure. 

7.6.2. When the tissues and cells quality review confirms that the system or process is consist-
ently producing material meeting its specifications, there is no need for revalidation.

8. Donation

8.1. General requirements 

8.1.1. All necessary measures should be taken to ensure that any promotion and publicity ac-
tivities in support of the donation of human tissues and cells comply with guidelines or 
legislative provisions laid down by the member states and the associated restrictions or 
prohibitions on advertising the need for, or availability of, human tissues and cells with 
a view to offering or seeking financial gain or comparable advantage.

8.1.2. The donation of tissues and cells must be voluntary and unpaid. No financial gain, or 
inducement, or any other compensation should be given to the living donor or the de-
ceased donor’s family. In the case of unrelated living donors, an allowance to cover any 
costs incurred should be acceptable if justifiable and transparent. Member states must 
define the conditions under which compensation may be granted.

8.1.3. Any extra medical costs related to the donation process of tissues or cells (e.g. sero-
logical or bacteriological testing) must not be charged to the donor or to a deceased 
donor’s family. These costs must be met by the TE.

8.1.4. The activities related to tissue and cell procurement must be carried out in such a way 
as to ensure that donor evaluation and selection is carried out in accordance with the 
requirements referred to in Article 28(d) and (e) of Directive 2004/23/EC. 

8.1.5. In the case of an autologous donation, the suitability criteria must be established in 
accordance with the requirements referred to in Article 28(d) of Directive 2004/23/EC.

8.1.6. The results of the donor evaluation and testing procedures must be documented, and 
any major anomalies must be reported in accordance with the requirements referred to 
in the Annex of Directive 2004/23/EC.

8.1.7. TEs must take all necessary measures to ensure that tissue and cell procurement, pack-
aging and transportation comply with the requirements referred to in Article 28(b), (e) 
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and (f) of Directive 2004/23/EC. The tests required for donors must be carried out by a 
laboratory accredited, designated, authorised or licensed by the Health Authority or 
authorities. 

8.1.8. TEs must implement a system for the identification of human tissues and cells, in order 
to ensure the traceability of all human tissues and cells.

8.1.9. The procurement of human tissues or cells must be authorised only after all mandatory 
consent or authorisation requirements in force in the member state concerned have 
been met.

8.1.10. TEs must, in keeping with the national legislation, take all necessary measures to ensure 
that donors, their relatives or any persons granting authorisation on behalf of the 
donors are provided with all appropriate information as referred to in the Annex of 
Directive 2004/23/EC.

8.1.11. Before the procurement of tissues and cells proceeds, an authorised person must 
confirm and record:

8.1.11.1. that consent for the procurement has been obtained in accordance with Article 13 of 
Directive 2004/23/EC; 

8.1.11.2. how and by whom the donor has been reliably identified.

8.2. Donor recruitment/referral

8.2.1. Procedures for recruiting living donors in an ethical manner, for ensuring their safety 
and well-being and for the identification and referral of all potential deceased donors 
should be implemented and maintained in accordance with the applicable legislation.

8.2.2. Professionals involved in the recruitment of living donors, and in the identification and 
referral of deceased donors, must be trained and appropriately qualified.

8.2.3. In the case of both living and deceased donors, screening must be performed to 
exclude any contraindications to donation and, in the case of a living donor, to exclude 
any medical situation that could potentially harm the donors themselves.

8.2.4. A coding system must be in place, with unique codes physically attached and recorded 
in documents and/or electronic data, to guarantee traceability and biovigilance at all 
stages from donor screening until tissue and cell application (e.g. the donor is identified 
with a wrist band and/or different labels attached to the body). A donation code must 
be applied to all tissues procured. The donation code must be traceable to the donor 
code.

8.2.5. The coding system must be designed to relate all transplants of a certain donor to a 
unique donor number in order to guarantee traceability and biovigilance from donor 
screening until tissue transplantation.
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8.2.6. A potential donor should receive a donor identification number/donor code before any 
further procedures are started. All documentation and/or electronic data that are col-
lected from the donor should be traceable to this number. All body materials (e.g. blood, 
tissue, fluid) that are procured from this donor must be given a donation number, trace-
able to the donor identity number/donor code.

8.2.7. The method of verifying the donor’s identity should be described in an identification 
procedure. This procedure should be followed before starting the procurement and 
should enable the identity of the donor to be established beyond any doubt. The ver-
ification should be performed based on at least two independent factors like date of 
birth and name, or name and hospital patient number.

8.2.8. The source of the donor’s identity should be documented. For living donors this should 
include officially recognised means of identification such as identity cards, passports, 
etc. For deceased donors, the presence of toe tags, wrist bands or other confirmation 
of the deceased’s identity should be noted. At least two independent forms of identifi-
cation, such as name, date of birth, address or hospital number, must be used to verify 
a deceased donor’s identity.

8.2.9. Living donors

8.2.9.1. Recruitment of donors must be voluntary and unpaid, and informed consent must be 
obtained in advance. 

8.2.9.2. Recruitment of non-partner donors in MAR, whether performed by public health 
system or by private clinics (where allowed by national legislation), must be author-
ised by the Health Authority, and the donation of reproductive material should strictly 
follow the same principles of voluntary and unpaid donation.

8.2.9.3. Recruitment of persons not able to consent should never be done through public reg-
istries. In addition, in some countries, specific regulations restrict donation in these 
circumstances (e.g. some countries do not allow procurement of peripheral blood pro-
genitor cells from minors and/or administration of growth factors). 

8.2.10. Deceased donors

8.2.10.1. Identification and referral of deceased tissue donors must be in compliance with the 
national deceased donation programme. 

8.2.10.2. A system should be established between the procurement organisation and the cor-
responding TE to ensure that any deceased individual who is a potential donor can be 
detected within an adequate period of time to allow an effective donation.

8.3. Donor consent 

8.3.1. Procedures or protocols for expressing consent to donation, depending on the type of 
donor, the specific circumstances and the different legal systems for consent, must be 
implemented and maintained.
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 There should be an authorised person who confirms and records that consent for the 
procurement has been obtained in accordance with the legislation in place in the 
member state and (where applicable) Article 13 of Directive 2004/23/EC. 

8.3.3. The request for donation must be explained in understandable terms by a healthcare 
professional familiar with the donation process.

8.3.3.1. The discussion about consent should be conducted in a suitable environment. The 
person who requests the consent of the donor should have received specific training 
for this purpose.

8.3.4. Consent should be recorded and/or documented in the donor/patient’s record.

8.3.4.1. Informed consent must be obtained for living donors. The informed consent must 
include an explanation, in understandable terms, of all the reasonable risk and poten-
tial harm, both for the donor and recipient, as well as all the tests to be performed. 

8.3.4.2. Informed consent must be obtained from all donors for the use of their tissue and/or 
cell for specific purposes and for serological testing. 

8.3.4.3. In the case of a living donor the person in charge of the donation process must ensure 
that the donor has been properly informed of at least those aspects relating to the 
donation and procurement process outlined in point 8.3.4.5. This information must be 
given prior to the procurement.

8.3.4.4. The information must be given by a trained and appropriately qualified person able to 
transmit it in an appropriate and clear manner, using terms that are easily understood 
by the donor.

8.3.4.5. The information must cover: the purpose and nature of the procurement, its conse-
quences and risks; analytical tests, if they are performed; the recording and protection 
of donor data and medical confidentiality; the therapeutic purpose and potential ben-
efits of the donation; and information on the applicable safeguards intended to protect 
the donor.

8.3.4.6. The living donor or their legal representative must be informed that he/she has the 
right to receive the confirmed results of the analytical tests, clearly explained.

8.3.4.7. Information must be given to the donor about the necessity for obtaining the appli-
cable mandatory consent, certification and authorisation in order that the tissue and/or 
cell procurement can be carried out.

8.3.5. Tissue or cell procurement must not be carried out on a person who does not have the 
capacity to consent, other than as specified in point 8.3.5.1.

8.3.5.1. In the case of a donor who is a minor or a donor with no legal capacity, the consent 
must be obtained from parents or the legal representative, provided the following con-
ditions are met:
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8.3.5.1.1. there is no compatible donor available who has the capacity to consent;

8.3.5.1.2. the recipient is a brother or sister of the donor;

8.3.5.1.3. the donation has the potential to be life-saving for the recipient;

8.3.5.1.4. the authorisation of the donor’s representative, or of an authority or a person or body 
provided for by law, has been given specifically and in writing and with the approval of 
the competent body;

8.3.5.1.5. the potential donor concerned does not object.

8.3.6. In the case of discarded tissue or surgical by-product, the donor must be made aware 
that he or she can express any intention as to how he or she desires such surgical resi-
dues to be dealt with, or else the surgical residues must be handled by the healthcare 
institution as it deems fit.

8.3.7. All information must be given and all necessary consents and authorisations must be 
obtained in accordance with the legislation in force in member states.

8.3.8. In cases where a legal process applies, judicial consent must be obtained according to 
local regulations before starting any procurement activities. When judicial authorisa-
tion is needed due to an unknown cause of death, the transplant co-ordinator should 
be the person responsible to ask consent from the judge on call and in charge of the 
investigation. Procurement should only be carried out if it does not affect the judicial 
autopsy.

8.3.9. The use of tissue from a deceased donor must be in accordance with relevant national 
and international legislation.

8.4. Donor selection and evaluation

8.4.1. Procedures for donor selection and evaluation should be implemented and maintained. 
They should take place before each procurement and comply with the requirements 
referred to above.

8.4.2. Selection criteria for donors should be based on an analysis of the risks related to the 
application of the specific cells/tissues. Indicators of these risks must be identified by 
review of the medical and behavioural history, biological testing, physical examination 
(for living donors) or post mortem examination (for deceased donors) and any other ap-
propriate investigation.

8.4.3. The TE or procurement organisation must ensure that donors comply with the selec-
tion criteria set out in these two annexes to Directive 2006/17/EC: 

8.4.3.1. Annex I for donors of tissues and cells, except donors of reproductive cells; 

8.4.3.2. Annex III for donors of reproductive cells. 

8.4.4. The TE or procurement organisation must ensure that:
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8.4.4.1. donors of tissues and cells, except donors of reproductive cells, undergo the biological 
tests set out in point 1 of Annex II of Directive 2006/17/EC;

8.4.4.2. the tests referred to in point 8.4.4.1. are carried out in compliance with the general re-
quirements set out in point 2 of Annex II of Directive 2006/17/EC;

8.4.4.3. donors of reproductive cells undergo the biological tests set out in points 1, 2 and 3 of 
Annex III of Directive 2006/17/EC;

8.4.4.4. the tests referred to in point 8.4.4.3 above are carried out in compliance with the general 
requirements set out in point 4 of Annex III of Directive 2006/17/EC.

8.4.5. In the case of living donors, the health professional responsible for obtaining the health 
and social history must ensure that the donor has:

8.4.5.1. understood the information provided;

8.4.5.2. had an opportunity to ask questions and been provided with satisfactory responses;

8.4.5.3. confirmed that all the information provided is true to the best of his/her knowledge.

8.4.6. An authorised person must collect and record the donor’s relevant medical and behav-
ioural information according to the requirements described in section 1.4 of Annex IV of 
Directive 2006/17/EC.

8.4.7. In order to acquire the appropriate information, different relevant sources must be used, 
including at least an interview with the donor, for living donors, and the following when 
appropriate:

8.4.7.1. the medical records of the donor;

8.4.7.2. an interview with a person who knew the donor well, for deceased donors;

8.4.7.3. an interview with the treating physician;

8.4.7.4. an interview with the general practitioner;

8.4.7.5. the autopsy report, for deceased donors.

8.4.8. In the case of a deceased donor, and in the case of a living donor when justified, a phys-
ical examination of the donor must be performed to detect any sign that may be suffi-
cient in itself to exclude the donor or which must be assessed in the light of the donor’s 
medical and personal history.

8.4.9. The complete donor records must be reviewed and assessed for the donor’s suitability 
and signed by a qualified health professional.

8.4.10. All donor data must be recorded and kept for 30 years after the use of the donated 
tissue and cells or after their utilisation. Data must be protected from unauthorised 
viewing.
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8.4.11. The donor selection and evaluation process must be performed by trained and appro-
priately qualified personnel in accordance with SOPs, and described in detail in records. 
A set of authorised SOPs should define responsibilities and describe how procedures 
should be carried out and by whom.

8.4.12. The following list of actions for donor selection and evaluation must be conducted and 
verified in accordance with point 8.4.11:

8.4.12.1. donor identification;

8.4.12.2. donor/donor family consent details;

8.4.12.3. donor’s medical history (including genetic disease, a family history of disease, exclusion 
criteria, additional exclusion criteria for deceased child donors);

8.4.12.4. donor’s social history (including personal, travel, behavioural, risk assessment);

8.4.12.5. donor’s physical examination (including exclusion signs);

8.4.12.6. donor’s psychological examination for living haematopoietic progenitor cell (HPC) 
donors and medically assisted reproduction donors;

8.4.12.7. blood sample procurement;

8.4.12.8. evaluation of test results for markers of transmissible disease;

8.4.12.9. final decision making about eligibility.

8.4.13. In the case of living donors, a face-to-face interview must be conducted, during which 
a standardised questionnaire should be completed. The interviews should be done, 
documented and signed by a trained and appropriately qualified person. For deceased 
donors, alternative sources of information should be used.

8.4.14. Living donors

8.4.14.1. Autologous living donor

8.4.14.1.1. If the removed tissues and cells are to be stored or cultured, the same minimum set of 
biological testing requirements must apply as for an allogeneic living donor. 

8.4.14.1.2. Positive test results will not necessarily prevent the tissues or cells or any product 
derived from them being stored, processed and reimplanted, if appropriate isolated 
storage facilities are available to ensure no risk of cross-contamination with other grafts 
and/or no risk of contamination with adventitious agents and/or mix-ups.

8.4.14.2. Allogeneic living donor (except donors of reproductive cells)

8.4.14.2.1. Allogeneic living donors must be selected on the basis of their health and medical 
history, an interview by a qualified and trained healthcare professional with the donor, 
and clinical investigations and tests in compliance with point 8.4.14.2.3. This assessment 
must include relevant factors that may assist in identifying and screening out persons 
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whose donation could present a health risk to others, such as the possibility of transmit-
ting diseases or health risks to themselves.

8.4.14.2.2. For any donation, the procurement process must not interfere with or compromise the 
health or care of the donor. In the case of cord blood or amniotic membrane donation, 
this applies to both mother and baby.

8.4.14.2.3. Selection criteria for allogeneic living donors must be established and documented by 
the TE (and the transplanting clinician in the case of direct distribution to the recipient), 
based on the specific tissue or cells to be donated, together with the donor’s physical 
status and medical and behavioural history and the results of clinical investigations and 
laboratory tests establishing the donor’s state of health.

8.4.14.2.4. The same exclusion criteria must be applied as for deceased donors with the exception 
of factors related to an unknown cause of death. Depending on the tissue or cell to be 
donated, other specific exclusion criteria may need to be added, such as:

8.4.14.2.4.1. in the case of HPC, the potential for transmission of genetic diseases.

8.4.14.3. Donor of reproductive cells

8.4.14.3.1. In case of direct use of reproductive cells for partner donation, applicability of labora-
tory testing is assessed on a case-by-case basis.

8.4.14.3.2. Reproductive cells that are processed and/or stored and reproductive cells that will 
result in the cryopreservation of embryos must meet the following criteria:

8.4.14.3.2.1. the clinician responsible for the donor must determine and document, based on the 
patient’s medical history and therapeutic indications, the justification for the donation 
and its safety for the recipient and any child(ren) that might result;

8.4.14.3.2.2. biological tests must be carried out to assess the risk of cross-contamination in compli-
ance with the general requirements set out in point 2 of Annex III of Directive 2006/17/
EC;

8.4.14.3.2.3. positive results will not necessarily prevent partner donation in accordance with na-
tional rules.

8.4.14.3.3. In the case of donations of reproductive cells other than by partners, donor-selection 
criteria and laboratory testing must be applied in accordance with Annex III, point 3 of 
Directive 2006/17/EC. 

8.4.14.3.3.1. Donors must be selected on the basis of their age, health and medical history, provided 
on a questionnaire, and through a personal interview performed by a qualified and 
trained healthcare professional. 

8.4.14.3.3.2. This assessment must include relevant factors that may assist in identifying and 
screening out persons whose donation could present a health risk to others, such as the 
possibility of transmitting diseases (such as sexually transmitted infections), or health 
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risks to themselves (e.g. superovulation, sedation or the risks associated with the oocyte 
procurement procedure or the psychological consequences of being a donor).

8.4.14.3.3.3. Complete information on the associated risk and on the measures undertaken for its 
mitigation must be communicated and clearly explained to the recipient.

8.4.15. Deceased donor

8.4.15.1. National and local requirements for confirmation of death must be complied with 
before tissue procurement begins.

8.4.15.2. In the case of deceased donors, the cause, time and circumstances of death must be 
verified and recorded. The sources of information used for deceased donors must be 
reviewed. Transferring information from donation records to a new document should 
be carried out by trained and appropriately qualified staff from the TE.

8.4.15.3. Donor age criteria should be established, documented and recorded.

8.4.15.4. Donor’s identity must be confirmed with at least two forms of identifiable information, 
such as given name and family name, date of birth or medical history number, and 
documented.

8.4.15.5. General criteria for exclusion

8.4.15.5.1. Cause of death unknown, unless autopsy provides information on the cause of death 
after procurement and none of the general criteria for exclusion set out in the present 
section applies.

8.4.15.5.2. History of a disease of unknown aetiology

8.4.15.5.3. Malignancies:

8.4.15.5.3.1. Haematological malignancies should be considered as absolute contraindications;

8.4.15.5.3.2. Non-haematological malignancies. Donors with malignancy must be excluded from 
donation unless justified on the basis of a documented risk assessment approved by 
the responsible person. A history of malignancy should be evaluated carefully to deter-
mine its effects on the quality and safety of tissue, due to the risk of either the presence 
of a tumour, or the treatment given to the donor for the malignancy. 

8.4.15.5.3.3. Donors with malignant diseases can be evaluated and considered for cornea dona-
tion, except for those with retinoblastoma, haematological neoplasm and malignant 
tumours of the anterior segment of the eye. Malignant melanoma with known meta-
static disease also excludes use of ocular tissue, including avascular cornea. Any vascu-
larised ocular tissues, such as sclera, limbal tissue or cells derived from limbal tissue, are 
not covered by this exclusion and should be evaluated as discussed above.

8.4.15.5.4. Risk of transmission of diseases caused by prions. This risk applies, for example, to:
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8.4.15.5.4.1. history of transmissible spongiform encephalopathies (TSE), which include Creutzfeldt–
Jakob disease (CJD), Gerstmann–Stäussler–Scheinker (GSS), Kuru and fatal familial in-
somnia (FFI); 

8.4.15.5.4.2. people with a history of rapid progressive dementia or diagnosis of dementia without a 
confirmed primary cause (unless prion-associated disease has been ruled out by micro-
scopic examination) or degenerative or demyelinising disease or a disorder of unknown 
aetiology involving the central nervous system;

8.4.15.5.4.3. recipients of hormones derived from the human pituitary gland (such as growth hor-
mones) and recipients of grafts of cornea, sclera and dura mater, and persons that have 
undergone undocumented neurosurgery (where dura mater may have been used).

8.4.15.5.5. Systemic infection which is not controlled at the time of donation, including bacterial 
diseases, systemic viral, fungal or parasitic infections, or significant local infection in the 
tissues and cells to be donated. Donors with bacterial septicaemia may be evaluated 
and considered for eye donation but only where the corneas are to be stored by organ 
culture to allow detection of any bacterial contamination of the tissue.

8.4.15.5.6. History, clinical evidence or laboratory evidence of active HIV, hepatitis B (HBV), hepa-
titis C (HCV) and human T-lymphotrophic virus (HTLV) I/II, including evidence of trans-
mission risk or evidence of risk factors for these infections.

8.4.15.5.7. History of chronic, systemic autoimmune disease that could have a detrimental effect 
on the quality of the tissue to be retrieved.

8.4.15.5.8. Indications that test results of donor blood samples will be invalid due to:

8.4.15.5.8.1. the occurrence of haemodilution, according to the specifications in Annex II, section 2 
of Directive 2006/17/EC, where a pre-transfusion sample is not available;

8.4.15.5.8.2. treatment with immunosuppressive agents that can influence the reliability of serolog-
ical tests. NAT testing may be helpful in such circumstances.

8.4.15.5.9. Evidence of any other risk factors for transmissible diseases on the basis of a risk assess-
ment, taking into consideration donor travel and exposure history and local infectious 
disease prevalence.

8.4.15.5.10. Presence on the donor’s body of physical signs implying a risk of transmissible disease(s) 
as described in Annex IV, point 1.2.3 of Directive 2006/17/EC.

8.4.15.5.11. Ingestion of, or exposure to, a substance (such as cyanide, lead, mercury, gold) that may 
be transmitted to recipients in a dose that could endanger their health.

8.4.15.5.12. Recent history of vaccination with a live attenuated virus where a risk of transmission is 
considered to exist.

8.4.15.5.13. History of xenotransplantation that involves the transplantation, implantation or infu-
sion into a human recipient of either (a) live cells, tissues, or organs from a non-human 
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animal source, or (b) human body fluids, cells, tissues or organs that have had ex vivo 
contact with live non-human animal cells, tissues or organs (unless justified on the basis 
of a documented risk assessment).

8.4.15.6. Additional exclusion criteria for deceased child donors

8.4.15.6.1. Any children born from mothers with HIV infection or that meet any of the general 
exclusion criteria must be excluded as donors until the risk of transmission of infection 
can be definitely ruled out.

8.4.15.6.1.1. Children aged less than 18 months born from mothers with HIV, HBV, HCV or HTLV infec-
tion, or at risk of such infection, and who have been breastfed by their mothers during 
the previous 12 months, cannot be considered as donors regardless of the results of the 
analytical tests.

8.4.15.6.1.2. Children of mothers with HIV, HBV, HCV or HTLV infection, or at risk of such infection, 
and who have not been breastfed by their mothers during the previous 12 months and 
for whom analytical tests, physical examinations and reviews of medical records do not 
provide evidence of HIV, HBV, HCV or HTLV infection, can be accepted as donors.

8.4.16. Procedures should be in place to ensure that abnormal findings arising from the 
donor- selection and evaluation process are properly reviewed by a qualified health 
professional and that appropriate action is taken. The reason for rejection of a donor 
should be recorded. 

9. Donor testing
9.1. Testing of donations for infectious markers and agents is a key factor in ensuring that 

the risk of disease transmission is minimised and that tissues and cells are suitable for 
their intended purpose.

9.2. Each donation must be tested in conformity with the requirements laid down in EU 
directives, especially in Annex II and III Directive 2006/17 EC.

9.3. The tests must be carried out by a qualified laboratory, authorised as a testing centre by 
the Health Authority, using CE-marked testing kits where appropriate. The type of test 
used must be validated or verified for the purpose in accordance with current scientific 
knowledge.

9.4. Additional donor testing for other markers or agents may be required, taking into 
account the epidemiological profile in any given region or country.

9.5. The tests must be carried out on the donor’s serum or plasma; they must not be per-
formed on other fluids or secretions unless specifically justified clinically using a vali-
dated or verified test for such a fluid.
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9.6. TEs may accept tissues and cells from donors with haemodilution of more than 50 % 
only if the testing procedures used are validated or verified for such diluted plasma or if 
a pre- transfusion sample is available.

9.7. Donation samples

9.7.1. Deceased donors 

9.7.1.1. In the case of a deceased donor, blood samples must have been obtained just prior to 
death or, if not possible, as soon as possible after death (within 24 hours after death). If 
the period is extended a validation of each infectious disease test kit using such speci-
mens is necessary under the acceptance by national regulations.

9.7.2. Living donors 

9.7.2.1. In the case of HPC donors, blood samples must be taken for testing within 30 days prior 
to donation.

9.7.2.2. In the case of non-HPC and non-reproductive cell living donors:

9.7.2.2.1. where tissues and cells are going to be stored for less than 180 days, blood samples must 
be obtained at the time of donation or, if not possible, within 7 days after donation;

9.7.2.2.2. where tissues and cells are going to be stored for 180 days or longer, blood samples 
can be taken up to 30 days prior to and 7 days after donation, and repeat sampling and 
testing is required after an interval of 180 days.

9.7.2.2.3. Repeat blood sampling and testing are not required after an interval of 180 days if:

9.7.2.2.3.1. the blood sample, taken at the time of procurement or within 7 days after procurement, 
is additionally tested by the nucleic acid amplification technique (NAT) for HIV, HBV and 
HCV;

9.7.2.2.3.2. the processing includes an inactivation step that has been validated for HIV, HBV and 
HCV.

9.7.2.3. In the case of neonatal donors, tests can be carried out on the donor’s mother to avoid 
medically unnecessary procedures upon the infant.

9.7.2.4. In the case of reproductive non-partner donors:

9.7.2.4.1. all serum samples must be obtained at the time of donation;

9.7.2.4.2. sperm donations must be quarantined for ≥ 180 days after the last procurement, after 
which repeat testing is required, but quarantine is not necessary if at each donation 
serology testing is combined with NAT for HIV, HBV and HCV;

9.7.2.4.3. the same testing approach must be used for oocyte donors, allowing for the safe use of 
cryopreserved oocytes (after quarantine and re-testing after 180 days) or fresh oocytes 
(if NAT is done at the time of donation); oocyte donation may be considered as starting 
at the first day of stimulation, and the sample for testing may be taken at that time. 
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9.7.2.5 In the case of reproductive partner donors:

9.7.2.5.1 blood samples must be taken before the first donation and this must be done ≤ 3 
months before the first donation. For further partner donations, additional blood 
samples must be obtained according to national legislation, but ≤ 24 months from the 
previous sampling. 

9.8. The procedure used for the labelling of laboratory samples with donation numbers 
must be designed to avoid any risk of identification error and mix-up.

9.9. Upon receipt of samples at the laboratory, positive identification of the samples re-
ceived against those expected should be carried out.

9.10. Laboratory personnel must be thoroughly instructed, trained and competent to operate 
the test system.

9.11. Each step of the handling and processing of samples should be described, as should the 
conditions of pre-analytical treatment of specimens (e.g. centrifugation), storage and 
transportation (duration, temperature, type of container, storage after testing).

9.12. There must be data confirming the suitability of any laboratory reagents used in testing 
of donor samples.

9.13. All laboratory testing procedures must be validated or verified before use.

9.14. Screening algorithms should be defined precisely in writing (by SOPs) for dealing with 
initially reactive specimens and for resolving discrepancies in results after re-testing.

9.15. If additional NAT testing is performed, a thoroughly qualified system of labelling/iden-
tification of samples should be in place.

9.16. There must be a reliable process in place for transcribing, collating and interpreting 
results.

9.17. There must be clearly defined procedures to resolve discrepant results. Appropriate 
confirmatory testing must take place. In the case of confirmed positive results, appro-
priate donor management must take place, including the provision of information to 
the donor and follow-up procedures.

9.18. The quality of the laboratory testing must be assessed regularly by participation in a 
formal system of proficiency testing, such as an external quality-assurance programme.

10. Procurement

10.1. General requirements

10.1.1. Procurement activities must be authorised by the appropriate Health Authority. 
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10.1.2. The procurement of human tissues or cells must be authorised only after all mandatory 
consent or authorisation requirements in force in the member state concerned have 
been met.

10.1.3. Procurement of human tissues or cells must take place only after donor consent/au-
thorisation requirements have been satisfied.

10.2. Procurement procedures

10.2.1. Procedures must be authorised and appropriate for the type of donor and the type of 
tissue or cells procured and must be standardised. There must be procedures in place 
to protect the safety of the living donor.

10.2.2. The procurement procedures must protect those properties of the tissue/cells that are 
required for their ultimate clinical use, and at the same time minimise the risk of micro-
biological contamination during the process, particularly when tissues and cells cannot 
subsequently be sterilised.

10.2.3. Policies and procedures must be in place to minimise the risk of tissue or cell contami-
nation by staff who might be infected with transmissible diseases.

10.2.4. The sequence in which the various tissues are procured must be well defined to assure 
the quality of each type of tissue. 

10.2.5. If deceased donation occurs after organ donation, aseptic conditions should be ensured 
throughout the whole procedure, including during organ procurement.

10.2.6. Sampling for microbiological testing must be performed prior to the commencement 
of processing, at any point between the end of the procurement process and the com-
mencement of any processing protocols. A validated or verified test method must be 
used. 

10.2.7. It is recommended that tissue should be recovered within 24 h after death if the body 
has been cooled or refrigerated (with the aim of reducing tissue degeneration and mi-
crobiological growth) in the first 6 h after death, or within 12 h of death if the body has 
not been refrigerated.

10.2.8 Extension of these time limits should be validated or verified by quality assessments 
and by bioburden testing to guarantee quality and microbiological safety. See section 
11.3.5.

10.2.9. Once the tissue is procured and until it arrives at the TE, critical variables related to 
maintaining the quality of the tissues or cells (e.g. temperature, sterile packaging) must 
be controlled and recorded.

10.2.10. Once the tissues and cells have been retrieved from a deceased donor body, the donor 
body must be reconstructed so that it is as similar as possible to its original anatomical 
appearance.
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10.2.11. Where appropriate, the staff and equipment necessary for body reconstruction of de-
ceased donors must be provided. Such reconstruction must be completed effectively.

10.3. Procurement report

10.3.1. The organisation performing the procurement must produce a procurement report, 
which is passed on to the TE. This report must contain at least:

10.3.1.1. the identification, name and address of the TE to receive the cells/tissues;

10.3.1.2. donor identification data (including how and by whom the donor was identified);

10.3.1.3. description and identification of procured tissues and cells (including samples for 
testing);

10.3.1.4. identification of the person who is responsible for the procurement session, including 
signature;

10.3.1.5. date, time (where relevant, start and end) and location of procurement, the procedure 
(SOP) used and any incidents that occurred; also, where relevant, environmental condi-
tions at the procurement facility (description of the physical area where procurement 
took place);

10.3.1.6. for deceased donors, conditions under which the body is kept, i.e. refrigerated (or not), 
time of start and end of refrigeration;

10.3.1.7. ID/batch numbers of reagents and transport solutions used.

10.3.2. The report must also contain the date and time of death where possible.

10.3.3. Where sperm is procured at home, the procurement report must state this and must 
contain only the following:

10.3.3.1. the name and address of the TE to receive the cells/tissues;

10.3.3.2. the donor identification.

10.3.4. The date and time of procurement may be included, where possible.

10.4. Following procurement, all recovered tissues and cells must be packaged and labelled 
as described in section 12: Packaging, coding and labelling.

11. Processing

11.1. General requirements

11.1.1. Each tissue and cell preparation process must be authorised by the Health Authority 
after evaluation of the donor-selection criteria and procurement procedures, the pro-
tocols for each step of the process, the quality-management criteria and the final quan-
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titative and qualitative criteria for the cells and tissues. This evaluation must comply at 
least with the requirements set out in Directive 2006/86 Annex II.

11.1.2. TEs are responsible for determining the suitability of the received tissues/cells for pro-
cessing and for assessing the quality and safety of the processed tissue/cell products 
before distribution. Decisions on suitability should be made by a person who is appro-
priately qualified.

11.2. Reception of the tissues/cells at the TE

11.2.1. Each TE must ensure that the tissue and cells received are quarantined until they, along 
with the associated documentation, have been inspected or otherwise verified as 
conforming to requirements. The review of relevant donor/procurement information 
and thus acceptance of the donation needs to be carried out by specified/authorised 
persons.

11.2.2. Tissue and cells must be held in quarantine until such time as the requirements relating 
to donor testing and information have been met in accordance with Directive 2004/23/
EC Article 15. Received tissues and cells awaiting final test results, or subject to addi-
tional testing or confirmatory medical assessment, must be held in quarantine until 
such test results or medical data become available.

11.2.3. When the procured tissues/cells arrive at the TE, there must be documented verification 
that the consignment, including the transport conditions, packaging, labelling and as-
sociated documentation and samples, meets the requirements of Annex IV of Directive 
2006/17/EC and the specifications of the receiving establishment.

11.2.4. Each TE must have a documented policy and specifications against which each con-
signment of tissues and cells, including samples, can be verified. These must include 
the technical requirements and other criteria considered by the TE to be essential for 
the maintenance of acceptable quality. The TE must have documented procedures for 
the management and segregation of non-conforming consignments, or those with in-
complete test results, to ensure that there is no risk of contamination of other tissues 
and cells being processed, preserved or stored. 

11.2.5. TEs must ensure that all donations of human tissues and cells are subjected to tests in 
accordance with the requirements referred to Directive 2004/23/EC Article 28(e) and 
that the selection and acceptance of tissues and cells comply with the requirements 
referred to in Directive 2004/23/EC Article 28(f).

11.2.6. TEs must ensure that human tissue and cells and associated documentation comply 
with the requirements referred to in Directive 2004/23/EC Article 28(f).

11.2.7. TEs must verify and record the fact that the packaging of human tissue and cells re-
ceived complies with the requirements referred to in Article 28(f). All tissues and cells 
that do not comply with those provisions must be discarded.
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11.2.8. The procurement report and shipping record (if the donation was transported by a 
third party) must be cross-checked with the contents of the package.

11.2.9. The acceptance or rejection of received tissues or cells must be documented.

11.2.10. The data that must be registered at the TE (except for donors of reproductive cells in-
tended for partner donation) include:

11.2.10.1. confirmation that the consent/authorisation has been obtained, including the pur-
pose(s) for which the tissues and cells may be used (i.e. therapeutic or research, or both 
therapeutic use and research) and any specific instructions for disposal if the tissues or 
cells are not used for the purpose for which consent was obtained;

11.2.10.2. all required records relating to the procurement and the taking of the donor history, as 
described in the donor documentation section;

11.2.10.3. results of physical examination, of laboratory tests and of other tests (such as the 
autopsy report, if used in accordance with Directive 2006/17/EC Annex IV point 1.2.2);

11.2.10.4. for allogeneic donors, a properly documented review of the complete donor evaluation 
against the selection criteria by an authorised, trained and qualified person;

11.2.10.5. in the case of cell cultures intended for autologous use, documentation of the possi-
bility of medicinal allergies (such as to antibiotics) of the recipient.

11.2.11. In the case of reproductive cells intended for partner donation, the data to be regis-
tered at the TE include:

11.2.11.1. consent, including the purpose(s) for which the tissues and cells may be used (such as 
reproductive only and/or for research) and any specific instructions for disposal if the 
tissue or cells are not used for the purpose for which consent was obtained;

11.2.11.2. partner identification;

11.2.11.3. place of procurement;

11.2.11.4. tissues and cells obtained and relevant characteristics.

11.3. Processing

11.3.1. TEs must include in their SOPs all processes that affect quality and safety and must 
ensure that they are carried out under controlled conditions. TEs must ensure that the 
equipment used, the working environment, the process design, validation and control 
conditions are all in compliance with the requirements referred to in Directive 2004/23/
EC Article 28 (h).

11.3.2. Any modifications to the processes used in the preparation of tissues and cells must 
also meet the criteria laid down in paragraph 11.3.1 above. Any substantial modification 
to the processes and parameters in reference to tissue and cell processing should be 
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reported to the national Health Authority and, if required, authorised by that authority 
before processing begins.

11.3.3. The procedures must be documented in SOPs, which must conform to the validated or 
verified method and to the standards laid down in Directive 2006/86/ Annex I(E), points 
1 to 4.

11.3.4. TEs must ensure that all processes are conducted in accordance with the approved 
SOPs.

11.3.5. The critical processing procedures must be validated or verified and must not render 
the tissues or cells clinically ineffective or harmful to the recipient. This validation or 
verification may be based on studies performed by the establishment itself, or on data 
from published studies or, for well-established processing procedures, by retrospective 
verification of the clinical results for tissues supplied by the establishment. Processing 
methods should be designed to ensure the safety and biological functionality of pro-
cessed tissues and cells.

11.3.6. If verification is based on retrospective evaluation of the clinical results for tissues or 
cells supplied by the establishment, data should be collected and analysed that include 
the number of tissues or cells implanted following processing by the method under 
consideration, and the time period (start and end dates/times) during which these im-
plantations occurred.

11.3.7. It should be demonstrated that the validated or verified process can be carried out con-
sistently and effectively in the TE environment by the staff available.

11.3.8. If physicochemical methods are to be applied, these procedures must be adapted to 
the type of tissue or cell and should be validated or verified.

11.3.9. The processing procedures must undergo regular critical evaluation to ensure that they 
continue to achieve the intended results.

11.3.10. Before implementing any significant change in processing, the modified process must 
be validated/verified and documented. 

11.3.11. Pooling of different tissues and cells from two or more donors during processing must 
only be done where it has been demonstrated to be the only way of providing suffi-
cient clinically effective tissues or cells, and is subject to a comprehensive risk–benefit 
assessment.

11.3.12.  In the case of MAR, pooling of tissues and cells is prohibited.

11.3.13. Pooled tissues or cells should be treated as a single batch while also ensuring that the 
original donations are fully traceable. 

11.3.14. In the case of pooling during the process, a risk evaluation should be in place to pre-
clude cross-contamination.
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11.3.15. If the process includes a sterilisation or viral-inactivation step, process-specific vali-
dation/verification studies should be completed to demonstrate the log reduction 
achieved by the process.

11.3.16. Where a microbial inactivation procedure is applied to the tissue or cells, it must be 
specified, documented and validated.

11.3.17. In order to avoid cross-contamination, the tissues or cells from one donor should not 
come into contact, at any time during processing or storage, with tissues or cells from 
another donor, unless they are intentionally pooled. 

11.3.18. A separate set of clean, sterile instruments should be used for each batch.

11.3.19. The procedures used to prevent or reduce contamination during processing should be 
validated/verified depending on the type of tissue and how it is processed.

11.3.20. The use of antibiotics during procurement, processing and preservation must be re-
corded, and the end must should be aware of the use of antibiotics.

11.3.21. Maximum times from procurement until processing and storage must be defined. For 
deceased donors, maximum times from circulatory arrest (cardiac arrest or, for organ 
donors, cross-clamp time) to procurement must also be defined.

11.3.22. Procurement, processing and storage times must be documented in the records for 
tissues and cells.

11.3.23. TEs must ensure that human tissues and cells are correctly identified at all times. Each 
delivery of tissues or cells must be assigned a unique identifying code, in accordance 
with Directive 2006/86/EC Art. 10, 10a, 10b.

11.3.24. Each processed tissue or cell product should have a unique identifying code, i.e. the 
Single European Code (SEC), that is also recorded in the processing records.

11.3.25. The acceptance, rejection or disposal of tissues and cells, including those to be dis-
carded, must be properly documented.

11.4. Storage

11.4.1. Maximum storage time and storage conditions must be defined and should be vali-
dated/verified for each type of tissue and cell.

11.4.2. There must be a system in place to separate and distinguish tissues and cells prior to 
release/in quarantine from those that are released and from those that are rejected, in 
order to prevent mix-ups and cross-contamination.

11.4.3. A documented risk assessment approved by the Responsible Person must be under-
taken to determine the fate of all stored tissues and cells following the introduction of 
any new donor selection or testing criterion or any significantly modified processing 
step that enhances safety or quality.
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11.4.4. A written agreement must be in place each time that a tissue establishment entrusts 
storage of tissues and cells to a third party.

11.5. Disposal

11.5.1. TEs must include in their SOPs special provisions for the handling of tissues and cells 
to be discarded, in order to prevent the contamination of other tissues or cells, the 
processing environment or personnel. These procedures must comply with national 
regulations.

11.5.2. Disposal of human tissues should be carried out in a manner that shows respect for 
fundamental rights and for the human body. 

11.5.3. There should be documentation to show that the conditions for disposal of HPC, as 
defined prior to procurement, have been met, including (where applicable) the option 
to transfer the cells to another facility if the designated recipient is still alive after the 
agreed storage period.

12. Packaging, coding and labelling

12.1. General principles

12.1.1. Labelling and packaging operations must be designed to prevent any cross- 
contamination or mix-ups. Simultaneous operations should be avoided or adequate 
measures should be taken to ensure that no cross-contamination or mix-ups occur.

12.1.2. Facilities where packaging or labelling operations have taken place should be inspected 
and documented before starting any other operation so as to guarantee that all the 
previous materials have been removed.

12.1.3. There must be written procedures describing the receipt, identification, quarantine, 
sampling, examination and/or testing, release and handling of packaging and labelling 
materials.

12.1.4. Records should be maintained for each shipment of labels and packaging materials 
showing receipt, examination or testing, and whether accepted or rejected.

12.1.5. All packaging and labelling materials should be stored and managed in a safe manner 
in order to avoid any cross-contamination or mix-up, which could result in incorrectly 
identified/packaged tissues/cells.

12.2. Packaging and labelling

12.2.1. Storage containers must be appropriate for the type of tissue or cells, the temperature 
and method of storage, and the intended application. They must withstand sterilisation 
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(where this is to be applied), not produce toxic residues during storage and be ade-
quately robust to remain intact when handled during transport.

12.2.2. Labels must be designed to adhere firmly to the container under all storage and trans-
port conditions and the processing techniques used. 

12.2.3. Type of label to be used, as well as the labelling methodology, must be defined and 
established in written procedures.

12.2.4. Labels applied to containers, equipment or premises should be clear, unambiguous 
and in the agreed format of the TE.

12.2.5. All excess labels must be destroyed or maintained in a secure manner, when necessary, 
to prevent cross-contamination or mix-ups.

12.2.6. Obsolete labels must be destroyed according to written procedures.

12.2.7. Printed labels must be carefully examined to ensure that the information on the label 
conforms to the corresponding tissue/cells. The results of this examination should be 
documented.

12.2.8. A printed label, representative of those used, should be included in the processing 
records.

12.2.9. A unique donation code must be allocated to the donated tissues and cells, during 
procurement or at the end of the recovery process, to ensure proper identification of all 
donated material. The registration system must ensure traceability to the donor iden-
tity/donor code and must comply with the coding requirements of Directive 2006/86/
EC.

12.2.10. Following procurement, all recovered tissues and cells must be packaged in a manner 
which minimises the risk of contamination and must be stored at temperatures that 
preserve the required characteristics and biological function of the cells/tissues. The 
packaging must also prevent contamination of those persons responsible for pack-
aging and transportation of the tissues and cells.

12.2.11. The packaged cells/tissues must be shipped in a container which is suitable for the 
transport of biological materials and which maintains the safety and quality of the con-
tained tissues or cells.

12.2.12. Any accompanying tissue or blood samples for testing must be accurately labelled to 
ensure identification with the donor, and must include a record of the date and time 
when the sample was drawn and should include the place where the specimen was 
taken.
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12.2.13. Primary packaging and labelling operation after procurement 

12.2.13.1. Every package containing tissues and cells must be labelled at the time of procurement. 
The primary tissue/cell container must indicate the donation identification or code and 
the type(s) of tissue and cell.

12.2.13.2. Where the size of the package permits, the following information must also be provided:

12.2.13.2.1. date (and time where possible) of donation;

12.2.13.2.2. details of any blood transfusion before the procurement, and the haemodilution risk;

12.2.13.2.3. hazard warnings;

12.2.13.2.4. nature of any additives/transport medium (if used);

12.2.13.2.5. in the case of autologous donations, the label must state ‘for autologous use only’;

12.2.13.2.6. in the case of directed donations, the label must identify the intended recipient;

12.2.13.2.7. If any of the information above cannot be included on the primary package label, it 
must be provided on a separate sheet accompanying the primary package.

12.2.14. Secondary packaging and labelling operation after procurement

12.2.14.1. When tissues/cells are shipped by an intermediary, every shipping container must be 
labelled at least with the following:

12.2.14.1.1. tissues and cells and handle with care;

12.2.14.1.2. the identification of the establishment from which the package is being transported 
(address and phone number) and a contact person in the event of problems;

12.2.14.1.3. the identification of the TE of destination (address and phone number) and the person 
to be contacted to take delivery of the container;

12.2.14.1.4. the date and time of the start of transportation;

12.2.14.1.5. specifications concerning conditions of transport relevant to the quality and safety of 
the tissues and cells;

12.2.14.1.6. in the case of living tissues and cells, the indication do not irradiate;

12.2.14.1.7. when tissues and cells are known to be positive for a relevant infectious disease marker, 
the indication biological hazard;

12.2.14.1.8. in the case of autologous donors, the indication for autologous use only;

12.2.14.1.9. specifications concerning storage conditions (such as do not freeze).

12.2.15. Final labelling for distribution

12.2.15.1. The primary tissue/cell container must provide the following:
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12.2.15.1.1. type of tissues and cells, identification number or (SEC) code of the tissue/cells, and lot 
or batch number where applicable;

12.2.15.1.2. identification of the TE from which the tissues/cells are sent;

12.2.15.1.3. expiry date of the tissues/cells;

12.2.15.1.4. in the case of an autologous donation, this information has to be specified (for autolo-
gous use only) and the donor/recipient has to be identified;

12.2.15.1.5. in the case of directed donations, the label must identify the intended recipient;

12.2.15.1.6. when tissues and cells are known to be positive for a relevant infectious disease marker, 
they must be marked as biological hazard.

12.2.15.2. If any of the information under points 12.2.15.1.4 and 12.2.15.1.5 above cannot be included 
on the primary container label, it must be provided on a separate sheet accompanying 
the primary container. This sheet must be packaged with the primary container in a 
manner that ensures that they remain together.

12.2.15.3. The following information must be provided either on the label or in accompanying 
documentation:

12.2.15.3.1. description (definition) and, if relevant, dimensions of the tissues;

12.2.15.3.2. morphology and functional data where relevant;

12.2.15.3.3. date of distribution of the tissue/cells;

12.2.15.3.4. biological investigations carried out on the donor and results;

12.2.15.3.5. storage recommendations;

12.2.15.3.6. instructions for opening the container or package, and any required manipulation/
reconstitution;

12.2.15.3.7. expiry dates after opening/manipulation;

12.2.15.3.8. instructions for reporting serious adverse reactions and/or events;

12.2.15.3.9. presence of potential harmful residues (e.g. antibiotics, ethylene oxide).

12.2.16. External labelling of the shipping container

12.2.16.1. For transport, the primary container must be placed in a shipping container that must 
be labelled with at least the following information:

12.2.16.1.1. identification of the originating TE, including an address and phone number;

12.2.16.1.2. identification of the destination organisation responsible for human application (ORHA), 
including address and phone number;

12.2.16.1.3. a statement that the package contains human tissue/cells and the warning handle with 
care;
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12.2.16.1.4. where living cells are required for the function of the graft, such as stem cells, gametes 
and embryos, the warning do not irradiate must be added;

12.2.16.1.5. recommended transport conditions (e.g. keep cool, in upright position);

12.2.16.1.6. safety instructions/method of cooling (when applicable).

12.3. Coding

12.3.1. The TE must have effective and accurate systems to uniquely identify and label cells/
tissues received and distributed. An identifying code (SEC) must be allocated by the 
TE to all procured tissues and cells, including tissues and cells imported from countries 
outside the EU, to ensure proper identification of the donor and the traceability of all 
donated material and to provide information on the main characteristics and proper-
ties of the tissues and cells.

12.3.2. There are some general exemptions:

12.3.2.1. partner donation of reproductive cells;

12.3.2.2. tissues and cells distributed directly for immediate transplantation to the recipient (e.g. 
HPC);

12.3.2.3. tissues and cells imported from non-EU countries into the EU in cases of emergency 
that are authorised directly by the Health Authorities;

12.3.2.4.  when these tissues and cells remain in the same centre;

12.3.2.5. when tissues and cells that are imported from non-EU countries into the EU remain 
within the same healthcare facility from importation to application (provided that the 
healthcare facility is a tissue establishment authorised to import tissues and cells).

12.3.3. The code must incorporate at least:

12.3.3.1. donation identification;

12.3.3.2. unique ID number;

12.3.3.3. identification of the TE;

12.3.3.4. tissues and cells identification;

12.3.3.5. tissues and cells code (basic nomenclature);

12.3.3.6. split number (if applicable);

12.3.3.7. expiry date.
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13. Quality control (including microbiological control)

13.1. General principles

13.1.1. A quality-control system must be in place to ensure that tissues and cells are not re-
leased for use until their quality has been assessed as satisfactory. Activities such as 
verification steps, sampling and testing should be carried out to assess that the tissues 
and cells, and also materials, equipment and processes, comply with established ac-
ceptance criteria.

13.1.1.1. All records which are critical to the safety and quality of the tissues and cells must be 
protected from unauthorised amendment and kept so as to ensure readability and 
access throughout their specified retention period, after expiry date, clinical use or 
disposal.

13.1.1.2. Samples for quality control should be representative of the tissues and cells from which 
they are taken and should be procured and recorded in accordance with written pro-
cedures that describe the method of sampling, including the amount of sample to be 
taken, precautions to be observed and storage conditions.

13.1.1.3. At all stages of quality-control testing, sampling containers must be labelled with rele-
vant information on their identity and date of sampling.

13.1.2. There must be a person responsible for quality control who supervises all quality-con-
trol procedures, who ensures that the premises and equipment where quality-control 
operations are carried out are appropriate and maintained under suitable conditions 
and who also ensures that all personnel working under their responsibility are ade-
quately trained.

13.1.3. Written procedures (SOPs) must be in place that govern quality control at key stages 
during processing. The SOPs should include at least:

13.1.3.1. the test method;

13.1.3.2. the sample size and sampling plan;

13.1.3.3. the accepted criteria.

13.1.4. Sampling and testing methods must be validated/verified to show the representative-
ness of the sample and the suitability of the selected methods.

13.1.4.1. The performance of the testing procedures should be regularly assessed.

13.1.5. Records related to quality-control testing should be part of the documentation of 
tissues and cells. Data to be recorded and maintained (by either the TE or the testing 
laboratories) should include:

13.1.5.1. name, manufacturer and batch number of the material or products used;
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13.1.5.2. reference to the relevant specifications and testing procedures, and to the equipment 
used;

13.1.5.3. test results, including observations and calculations, and reference to any certificates of 
analysis;

13.1.5.4. date of testing, and date and time when the sample was obtained;

13.1.5.5. identification of the persons who performed the testing;

13.1.5.6. identification of the person who verified the testing;

13.1.5.7. statement of approval or rejection of the test results;

13.1.6. Minimum acceptance criteria should be based on a defined specification for each type 
of tissue and cell.

13.1.7. Non-conforming tissues and cells must be identified and separated from conforming 
tissues and cells. The fate of non-conforming tissues and cells must be decided by the 
Responsible Person in charge of the TE, according to written procedures.

13.2. Microbiological control

13.2.1. The microbiological safety of tissues and cells is based on donor selection and minimi-
sation of initial contamination, with control and monitoring of contamination during 
the entire procurement process. All facilities that procure, process or store tissues and 
cells should have access to the services of a microbiology laboratory with a fully imple-
mented QMS and to the advice of a suitably qualified expert microbiologist.

13.2.2. Microbiological testing for bacteria and fungi should be carried out at least on repre-
sentative samples collected prior to the commencement of processing, at any point 
from the end of the procurement process and the commencement of any processing 
protocols, and at the end of the processing protocols, immediately before final pack-
aging of the tissue or cell graft.

13.2.2.1. In exceptional cases, if sampling of the finished tissues and cells is not feasible, the 
storage medium or rinsing or washing solutions can be tested as surrogates.

13.2.2.2. In cases where the nature of the procured tissues and cells does not allow sampling of 
the starting material, an alternative sampling approach, such as liquids in contact with 
the starting material, may be followed.

13.2.2.3. Where applicable, a sample of the tissues/cells storage, transport or rinsing solution 
should be tested.

13.2.2.4. In-process testing should be performed at relevant steps of the preparation process, ac-
cording to a risk assessment that has to take into consideration the nature of the tissues 
and cells, their origin and procurement, the critical steps during processing and their 
intended application.
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13.2.2.5. For cells and tissues in which a closed system is used, pre- and post-process testing 
should be carried out. In this context, in-process testing does not yield more informa-
tion on the microbiological status of the cell or tissue graft.

13.2.2.6. For processed tissues and cells sterilised in their final container by a validated sterili-
sation process, if the release is intended to rely on process data only, and not on final 
product testing for sterility, then validated procedures for all critical processing steps 
and a fully validated sterilisation method must be applied. It should be shown that ad-
equate precautions have been implemented to minimise the microbial contamination 
before sterilisation and that tissues and cells with an acceptably low degree of microbial 
contamination have been used as determined by regular bioburden testing.

13.2.2.7. For tissue and cells obtained from processing that includes decontamination, such as 
treatment with antibiotics and anti-fungal agents, methods for finished tissue and cell 
testing must be evaluated carefully to assess possible inhibition of microbial growth 
due to decontaminating agents or their residues.

13.2.2.8. Microbiological testing methods for the detection of bacteria and fungi should follow 
the procedures outlined in the European Pharmacopoeia (Ph. Eur.), according to the 
method employed and the type of tissue or cell analysed. Chapter 2.6.27 of Ph. Eur. deals 
specifically with cell-based preparations or products where the examination for ste-
rility cannot be applied according to Chapter 2.6.1 of Ph. Eur., while General Monograph 
5.1.6 gives indications on implementation and the use of alternative microbiological 
methods. Bioburden testing of non-sterile tissues and cells should be performed ac-
cording to indications given in Chapters 2.6.12 and 2.6.13 of Ph. Eur.

13.2.2.9. Whatever the applied method, its suitability must be shown with respect to specificity, 
sensitivity and robustness.

13.2.2.10. If release of the tissues and cells is necessary before the end of the officially verified/re-
quired incubation period, a ‘negative-to-date’ reading of the results may be carried out. 
In this case, intermediate results of the final testing in combination with final results of 
in-process controls should be used for tissues and cells release.

13.2.2.11. If micro-organisms are detected after tissues and cells release, pre-defined measures 
such as identification and antibiotic sensitivity of the species should be carried out, and 
information must be provided to clinicians caring for the patient.

13.2.3. Depending on the type of preparation process, it may be necessary to complement the 
microbial test concept by additional tests for specific infectious agents such as myco-
plasma (Ph. Eur. 2.6.7) and mycobacteria (Ph. Eur. 2.6.2).

13.2.3.1. Testing should be conducted at processing steps at which mycoplasma (Ph. Eur. 2.6.7) or 
mycobacteria (Ph. Eur. 2.6.2) contaminations would most likely be detected, such as after 
collection, but before washing steps.
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13.2.3.2. As mycoplasmas are cell-associated micro-organisms that may locate within the cell, 
testing should always include the tissues or cells.

13.2.4. Depending on the intended application of the tissues and cells, and the estimated 
impact of pyrogens on the recipient, routine testing for pyrogens may be required. If 
risk assessment reveals the necessity of bacterial endotoxin control, methods Ph. Eur. 
2.6.14 (Bacterial endotoxins) or 2.6.32 (Test for bacterial endotoxins using recombinant 
factor C) should be used. Depending on risk assessment, testing of non-endotoxin py-
rogens in addition to endotoxin or mixtures of both can be performed with the mono-
cyte activation test (MAT; Ph. Eur. 2.6.30).

13.2.4.1. Because raw materials are potential sources of pyrogens, raw materials declared by 
their manufacturers to be free of pyrogens should preferably be used for the culture of 
tissues and cells if available.

13.2.4.2. For certain cells that must be administered immediately and that cannot be cryopre-
served without damaging the viability and quality of the cells, a rapid method for 
pyrogen testing may be employed.

13.2.5. Each batch of the microbiological culture medium and plates to be used should be 
tested for its growth-promoting capacities by using a ‘growth-promotion test’ in ac-
cordance with Ph. Eur.

13.2.6. The microbiological test methods employed for sterility testing should be verified in 
the presence of the intended sample material (method suitability test). The method 
suitability test should be carried out using the bacterial and fungal species indicated in 
the chapters applicable from Ph. Eur.

13.2.7. Contamination with specific pathogenic micro-organisms should result in the discard of 
the tissues or cells unless treated with a sterilisation process validated to eliminate the 
infectivity of such organisms. If applicable, a non-exhaustive list of pathogens whose 
presence necessarily excludes the procured tissue or cells from further processing 
should be established for each tissue.

14. Distribution, import/export and recall

14.1. Release

14.1.1.  The distribution process, meaning transportation and delivery of cells or tissues in-
tended for human application or for use in further manufacture, must be validated or 
verified.
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14.1.2. Prior to distribution a comprehensive record review must ensure that all elements of 
procurement, processing and storage have met the established quality criteria, in-
cluding the identity of the tissues and cells.

14.1.3. Packaged tissues or cells should be examined visually for appropriate labelling and con-
tainer integrity.

14.1.4. Tissues and cells for clinical application must not be distributed without an order from 
a clinician or other authorised person at the OHRA.

14.1.5. In cases of incomplete eligibility of the donor, the tissues and cells must be released only 
for documented urgent medical need and after a risk assessment has been performed.

14.1.6. Distribution for clinical application must be restricted to authorised ORHAs or to author-
ised health professionals and must comply with all applicable national laws and regu-
lations. In cases where tissues or cells require additional procedures such as thawing to 
be undertaken by the ORHA, the associated specific instructions must be provided to 
the ORHA by the TE.

14.2. Transport

14.2.1. Equipment used to ensure the maintenance of critical transport or shipment must be 
qualified.

14.2.2. The capacity of the transport container to maintain the required environmental condi-
tions must be qualified, and the length of time that these conditions can be maintained, 
must be determined by validation or verification and documented.

14.2.3. The container/package must be secure, and shipment conditions such as temperature 
and time limit must be defined to ensure maintenance of the required properties of the 
tissues and/or cells.

14.2.4. Data loggers or temperature indicators should be used when it is mandatory to monitor 
temperature during transport or shipment of tissues or cells requiring a continuous 
temperature-controlled environment.

14.2.5. The mode of transport or shipment must comply with the applicable laws and regula-
tions on transportation of biological substances.

14.2.6. An alternative plan of transport or shipping should be available in case of emergency 
situations, to prevent possible clinical complications for the recipient.

14.2.7. Couriers should be appropriately trained and should be able to contact the receiving 
facility on a 24-hour basis in cases of delay during transit.

14.2.8. Viable tissues and cells, including stem cells, gametes and embryos, must not be 
exposed to irradiation. Appropriate arrangements in accordance with relevant national 
legislation should be in place to ensure that such tissues and cells are not exposed to 
irradiation during transport, including at security screenings and border crossings.
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14.3. Agreements

14.3.1. Written agreements for the shipment of tissues and cells must be in place between the 
shipping company and the TE.

14.3.2. A service-level agreement between the exporting TE and importing TE must clearly 
define the relevant roles and responsibilities, including procedures for transport, pack-
aging and required environmental conditions.

14.3.3. The agreement should specify how tissues and cells will be identified, and a unique 
identifying code must allow unambiguous identification and traceability.

14.4. Export

14.4.1. Exported tissues and cells must be procured, handled, stored, transported, used and 
disposed of in accordance with the consent that has been given by the donor.

14.4.2. Tissues and cells should be exported only to countries that have proper controls on the 
use of donated material and only for the purposes for which they can lawfully be used 
in the country of destination.

14.5. Import

14.5.1. TEs must be authorised for the import of tissues and cells from non-EU countries by 
their respective Health Authorities.

14.5.2. The importing TE should assess and document that the exporting TE has applied the 
fundamental ethical principles of consent, non-remunerated donation, anonymity and 
respect for public health.

14.5.3. The importing TE must evaluate the general quality and safety systems at the exporting 
establishment, along with its licences and accreditations and the donor blood testing.

14.5.4. The importing TE must require that any changes to authorisation status be immediately 
communicated by the exporting facility.

14.5.5. The agreements between an importing TE and suppliers in other non-EU countries 
should include provisions for the performance of audits at the exporting facility.

14.5.6. Acceptance at the TE must include a documented procedure to verify compliance with 
the written agreement in place with the exporter.

14.5.7. Containers should be examined for any evidence of tampering or damage during 
transport.

14.5.8. Tissues and cells must stored in quarantine in an appropriate secure location under 
defined conditions until they, along with the accompanying documentation, have been 
verified as conforming to requirements.

14.5.9. The importing TE must identify and code the imported tissues and cells with the appro-
priate SEC.
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14.6. Records

14.6.1. The courier must provide records of pick-up and delivery to the TE to ensure complete 
traceability of the tissues and cells.

14.6.2. Documentation obtained from the exporting TE must be archived for the time period 
required by national regulations (e.g. 30 years in EU member states).

14.7. Recall

14.7.1. The TE must have personnel authorised to assess the need for recall and to initiate and 
co-ordinate the necessary actions.

14.7.2. A recall procedure must be in place that includes a description of the responsibilities, 
actions to be taken within pre-defined periods of time and requirements for notifica-
tion to the Health Authorities.

14.7.3. Recall actions must be taken within pre-defined periods of time and must include 
tracing all relevant tissues or cells and, where applicable, must include trace-back. The 
purpose of the investigation is to identify any donor who might have contributed to 
causing the adverse reaction and to retrieve available tissues or cells from that donor, 
as well as to notify consignees and recipients of components procured from the same 
donor in the event that they might have been put at risk.

14.7.4. The progress of the recall process must be recorded and a final report issued, including 
reconciliation of the delivered and recovered quantities of the tissues or cells.

14.7.5. The effectiveness of the arrangements for recalls should be regularly evaluated.

15. Documentation and records

15.1. General principles

15.1.1. Good documentation constitutes an essential part of the quality system and is key to 
operating in compliance with the requirements of good practice, which includes these 
guidelines. The various types of documents and media used must be defined fully in 
the QMS of the organisation.

15.1.2. Documentation may exist in various forms: paper-based, electronic or photographic. 
The main objective of the system of documentation used must be to establish, control, 
monitor and record all activities that directly or indirectly impact on all aspects of the 
quality and safety of tissues and cells as well as any derived medicinal products. The 
QMS must include sufficient instructional detail to facilitate common understanding of 
the requirements. It must also provide for adequate recording of the various processes 
and evaluation of any observations, so that ongoing application of the requirements 
may be demonstrated.
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15.1.3. There are two primary types of documentation used to manage and record good prac-
tice compliance: instructions (directions, requirements) and records/reports. Appro-
priate practices should be applied to each type of document. Suitable controls must be 
implemented to ensure the accuracy, integrity, availability and legibility of documents. 
Instruction documents must be free from errors and available in writing. The term 
‘written’ means recorded or documented on media from which data may be rendered 
in a readable form for humans.

15.2. Required good practice documentation

15.2.1. Documentation should include at least the following items:

15.2.1.1. a quality manual, if required by national legislation or other applicable quality standards;

15.2.1.2. specifications for materials, consumables and reagents;

15.2.1.3. approved SOPs for all activities that influence the quality or safety of the tissues or cells, 
including the management of the quality system itself;

15.2.1.4. identification and analysis of risks and a risk-mitigation plan;

15.2.1.5. records of the performance of operations, including processing records;

15.2.1.6. records of deviations, complaints, corrective and preventive actions and audits;

15.2.1.7. job descriptions, training and competency records of personnel;

15.2.1.8. qualitative and quantitative specifications for tissues and cells;

15.2.1.9. key quality indicators for tissues and cells.

15.2.2. Instructions (directions or requirements)

15.2.2.1. Specifications, based on policies and risk assessments, describe in detail the require-
ments to which the tissues and cells or other materials used or obtained during pro-
cessing and distribution must conform.

15.2.2.2. Testing instructions detail all the starting materials, equipment and computerised 
systems (if any) to be used and specify all sampling and testing instructions. If applied, 
in-process controls must be specified, together with their acceptance criteria.

15.2.2.3. SOPs give directions for performing certain operations.

15.2.2.4. SOPs provide explicit instructions for performing certain discrete operations, and may 
also record the outcome (e.g. qualification and validation protocols).

15.2.2.5. Technical agreements are agreed between contract givers and acceptors for outsourced 
activities.

15.2.3. Records/reports

15.2.3.1. Records provide evidence of various actions taken to demonstrate compliance with 
instructions, e.g. activities, events, investigations and a history of all tissues and cells, 
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including their distribution. Records include the raw data that are used to generate 
other records. For electronic records, regulated users should define which data are to 
be used as raw data. All data on which quality decisions are based should be defined as 
‘raw data’.

15.2.3.2. Certificates of analysis provide a summary of testing results on samples of reagents, 
products or materials, together with the evaluation of compliance with a stated 
specification.

15.2.3.3. Reports document the carrying out of particular exercises, projects or investigations, 
together with the results, conclusions and recommendations.

15.3. Generation and control of documentation

15.3.1. Each type of document should be defined and its requirements should be followed, 
regardless of document forms or media. Complex systems must be understood, well 
documented and validated or verified, and adequate controls must be in place. Many 
documents (instructions and/or records) may exist in hybrid forms (i.e. some elements 
are electronic and others are paper-based). Relationships and control measures for 
master documents, official copies, data handling and records must be stated for both 
hybrid and homogeneous systems.

15.3.2. A document-control system, defined in a written procedure, must be established for 
the review, revision history and archiving of documents, including SOPs. Appropriate 
controls for electronic documents, such as templates, forms and master documents, 
must be implemented. Appropriate controls must be in place to ensure the integrity of 
the record throughout the retention period.

15.3.3. Documents should be designed, prepared, reviewed and distributed with care. Repro-
duction of working documents from master documents should not allow errors to be 
introduced through the reproduction process.

15.3.4. There must be a document-control procedure in place to ensure that only current ver-
sions are in use.

15.3.5. Documents containing instructions must be approved, and dated by appropriate and 
authorised persons. This may also be undertaken electronically. Documents should 
have unambiguous content and be uniquely identifiable. The effective date must be 
defined.

15.3.6. Documents containing instructions should be laid out in an orderly fashion, be clear 
and be easy to check. The style and language of documents should fit with their in-
tended use.

15.3.7. Documents within the QMS must be regularly reviewed and kept up to date. A periodic 
review process should be established to ensure that the documentation for any given 
process, system or equipment is complete, current and accurate.
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15.3.8. All changes to documents must be reviewed, dated, approved, documented and imple-
mented promptly by authorised personnel.

15.3.9. Instructional documents should not be handwritten; however, where documents 
require the entry of data, sufficient space should be provided for such entries.

15.4. Good documentation practices

15.4.1. Records must be legible and may be handwritten, transferred to another medium such 
as microfilm, or documented in a computerised system.

15.4.2. Records should be made or completed at the time each action is taken and in such a way 
that all significant activities concerning the coding, donor eligibility, procurement, pro-
cessing, preservation, storage, transport and distribution or disposal, including aspects 
relating to quality control and quality assurance of tissues and cells, are traceable.

15.4.3. For every critical activity, the materials, equipment and personnel involved must be 
identified and documented.

15.4.4. The record system must ensure continuous documentation of the procedures per-
formed from the donor to the recipient. That is, each significant step must be recorded 
in a manner that permits tissue and cells or procedure to be traced, in either direction, 
from the first step to final use/disposal.

15.4.5. Any alteration made to the entry on a document must be signed and dated; the altera-
tion should permit reading of the original information. Where appropriate, the reason 
for the alteration must be recorded. In the case of electronic records, there must be an 
audit trail, so that it is possible to trace what data have been altered, when the record 
was altered and who altered it.

15.4.6. Access to records (registers and data) must be restricted to persons authorised by the 
Responsible Person, and to the Health Authority for the purpose of inspection and 
control measures.

15.4.7. Data protection and confidentiality measures must be in place, in accordance with 
Article 14 of Directive 2004/23/EC.

15.5. Retention of documents

15.5.1. It should be clearly defined which record is related to each activity and where this 
record is located. Secure controls must be in place to ensure the integrity of the record 
throughout the retention period. These controls must be validated if appropriate.

15.5.2. Records encompassing identification, donor tests and clinical evaluation of the donor 
must be retained and must include at least the following details:

15.5.2.1. identification;

15.5.2.2. age;
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15.5.2.3. sex;

15.5.2.4. medical and behavioural history;

15.5.2.5. relevant clinical data, laboratory test results and results of any other tests;

15.5.2.6. outcome of physical examination, results of autopsy (if carried out) or preliminary verbal 
report for deceased donors;

15.5.2.7. completed haemodilution algorithm (where applicable);

15.5.2.8. consent/authorisation forms;

15.5.2.9. for HPC donors, report of donor’s suitability for intended recipient and, if donor is unre-
lated, relevant donor data to confirm suitability.

15.5.3. Donor-testing records must be accessible at the laboratory and must include date and 
time of sampling, date and time of sample receipt at the testing facility, record of test 
kits used to test donor sample and the results of donor testing, including repeat testing.

15.5.4. Records of procurement of tissues and cells must be retained. A procurement report 
should be available that includes:

15.5.4.1. identification of procurement organisation, and person responsible for procurement, 
including signature;

15.5.4.2. identification of TE receiving the tissue/cells;

15.5.4.3. donor identification data (including how and by whom the donor was identified);

15.5.4.4. donation unique number;

15.5.4.5. date, time and place of donation, and SOP used for procurement;

15.5.4.6. type of donation;

15.5.4.7. description of the procurement area, including environmental conditions;

15.5.4.8. storage conditions for deceased donors (including whether refrigeration was applied, 
and time of start and end of refrigeration);

15.5.4.9. details of materials, reagents and transport solutions;

15.5.4.10. any incidents during procurement.

15.5.5. Records of the processing of tissues and cells must be retained. A processing report 
should be available that at least includes the details of:

15.5.5.1. tissues and cells received, and evaluation of their suitability;

15.5.5.2. SOP used to process the tissues and cells;

15.5.5.3. equipment used during processing;

15.5.5.4. materials used during processing;

TC5_en.indb   487TC5_en.indb   487 14/12/2022   13:23:4814/12/2022   13:23:48



488

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

15.5.5.5. sterilisation or decontamination;

15.5.5.6. cryopreservation and freezing protocols;

15.5.5.7. environmental monitoring;

15.5.5.8. tissues and cells testing, including microbiological testing;

15.5.5.9. any incidents that occurred during processing.

15.5.6. Records of the storage and distribution of tissues and cells must be retained, and reports 
should be available that detail:

15.5.6.1. storage location (and transfer record if location is changed);

15.5.6.2. date placed in storage and date removed from storage;

15.5.6.3. storage temperature;

15.5.6.4. any incidents that occurred during storage;

15.5.6.5. name of party responsible for distribution;

15.5.6.6. identification of establishment, courier or individual who transported tissues/cells at 
any stage between procurement and end use;

15.5.6.7. packaging;

15.5.6.8. time and date of distribution and delivery;

15.5.6.9. identification of receiving establishment, clinician or ORHA;

15.5.6.10. any incidents that occurred during distribution.

15.5.6.11. identification code (in the EU, the SEC).

15.5.7. Records of the clinical application of tissues and cells should be retained by the ORHA 
and should include:

15.5.7.1. identification of supplier TE;

15.5.7.2. identification of clinician or ORHA;

15.5.7.3. type(s) of tissues and/or cells;

15.5.7.4. tissues and cells identification;

15.5.7.5. identification of the recipient;

15.5.7.6. date of clinical application;

15.5.7.7. any incidents that occurred during clinical applications;

15.5.7.8. any adverse reactions in the recipient;

15.5.7.9. health outcomes of children born following MAR.
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15.5.8. Specific retention requirements for certain documentation apply.

15.5.8.1. Records must be retained for a period complying with local, national or EU require-
ments, as appropriate.

15.5.8.2. Traceability data (that allow tracing from donor to recipient and vice versa) must be 
retained for a minimum of 30 years.

15.5.8.3. All records (including raw data) that are critical to the safety and quality of the tissues 
and cells must be kept for at least 10 years after the expiry date, clinical use or disposal.

15.5.8.4. Quality system documentation and associated records should be retained for a 
minimum of 10 years.

15.5.8.5. For other types of documentation, the retention period should be defined on the basis 
of the business activity that the documentation supports. These retention periods 
should be specified.

16. Traceability

16.1. General principles

16.1.1. A robust system must be established and maintained to trace a specific tissue/cell 
during any step from donor/donation to recipient or child conceived as a result of MAR 
treatment, and vice versa. In the EU, tissues and cells are traceable from procurement 
to human application or disposal and vice versa through documentation and the use 
of the SEC (Directive 2006/86/EC as amended by Commission Directive EU 2015/565). 
Tissues and cells used for advanced therapy medicinal products must be traceable 
under this directive at least until transferred to the Advanced Therapy Medicinal Product 
manufacturer.

16.1.2. All relevant data relating to products and materials coming into contact with tissues 
and cells must also be traceable.

16.1.3. Each organisation holding tissues or cells must have effective and accurate procedures 
to uniquely identify and label cells/tissues collected, received, processed, distributed/
disposed or used for human application. The application of an SEC does not preclude 
the additional application of other codes in accordance with member states’ national 
requirements.

16.1.4. For accurate transcription of critical identification information, electronic transfer 
should be used. If manual transcription is used, double checking of data should be 
implemented.
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16.1.5. Responsibility for traceability among the different organisations involved in procure-
ment, processing, distribution and human application of cells/tissues must be clearly 
defined. Responsibility should be defined in a written technical and legal agreement.

16.1.6. Traceability data must be kept for the long term after clinical use to allow adequate 
biovigilance and follow-up. In the EU, information related to traceability, as described in 
Annex VI of the Directive 2006/86/EC, must be retained for at least 30 years after appli-
cation or cell/tissue expiry date. Data that are critical to the safety and quality of cells/
tissues should be maintained for at least 10 years.

16.1.7. Traceability data must be stored securely in an appropriate archive. In the case of change 
of storage location, a link between the previous location and the new location should 
be established.

16.1.8. Audits of traceability from donor to recipient and vice versa should be included in the 
quality-management plan.

17. Biovigilance

17.1. General principles

17.1.1. TEs must have documented procedures in place for the reporting of serious adverse 
reactions and events (SAREs) as defined in Directive 2004/23/EC.

17.1.2. There should be systems in place to ensure that adverse events, adverse reactions and 
near misses are documented, carefully investigated and, where necessary, followed up 
by the implementation of corrective actions to prevent recurrence.

17.1.3. Surveillance systems must be in place to assure the follow-up of living donor, tissue and 
cells recipients and children conceived after MAR treatment.

17.1.4. There should be procedures in place for reporting SAREs in a timely manner to the 
Responsible Person at the TE and to the Health Authorities. Adequate resources must 
be made available for their immediate investigation, alerts and resolution, and for the 
implementation of any corrective and preventive actions.

17.1.5. There should be a biovigilance co-ordinator, who has responsibility for vigilance and 
surveillance specified in their job description.

17.1.6. Vigilance programmes should include an activity of scanning for new risks that have not 
been recognised previously or have not yet occurred. Such new risks may be related to 
donors, emerging infectious diseases, new techniques, new medical devices (including 
new ancillary products) or new reagents to which cells or tissues can be exposed during 
processing, and new inheritable pathogenic DNA variants, that MAR donors have not 
been tested for.
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17.1.7. Co-ordination between various systems of vigilance (organ and haemovigilance, mate-
rial/device vigilance, pharmacovigilance) should be in place at the local level (TE) and at 
the Health Authority level.

17.1.8. Effective and regular communication to healthcare professionals of the results of vig-
ilance systems is fundamental to ensuring that the benefits of these programmes are 
realised in practice to support continued notification of adverse reactions and events.

17.1.9. Programmes of training and awareness should be organised to encourage reporting. 
Professionals should be trained about what to communicate, when and to whom. The 
reporting system should be non-punitive and confidential.

17.1.10. TEs and clinicians should promote a culture that encourages reporting in a non- punitive 
context for the benefit of patients, children conceived after MAR treatment and donors.

17.2. Adverse reactions

17.2.1. Adverse reactions must be detected, reported, investigated and evaluated in terms of 
severity, imputability, probability and frequency of recurrence, and consequences.

17.2.2. Efficient systems for rapid quarantine and recall of unsafe tissues or cells must be in 
place, along with procedures for look-back where donors or recipients are found to 
have been exposed to a risk.

17.2.3. Important outcomes from each adverse reaction should be disseminated appropriately.

17.2.4. TEs that supply tissues and cells, including MAR, should provide organisations rep-
resenting clinical users with clear instructions on how to report adverse reactions, 
preferably using standardised documentation in accordance with national and local 
requirements.

17.2.5. If serious adverse reactions (SARs) are detected in relation to tissues or cells that have 
entered international distribution channels, appropriate international collaboration 
should ensure that all those involved (clinicians, TEs and Health Authorities) in each of 
the countries concerned are informed and participate, if necessary, in the investigation 
and follow-up.

17.2.6. The following are examples of reportable adverse reactions [with abbreviated descrip-
tions in square brackets]:

17.2.6.1. suspected harm in living donor related to procurement [donor harm];

17.2.6.2. unexpected primary infections possibly transferred from donor to recipient (e.g. viral, 
bacterial, parasitic, fungal, prion) [infection from donor]

17.2.6.3. suspected transmitted infection (viral bacterial, parasitic, fungal, prion) possibly due to 
contamination or cross-contamination by an infectious agent in the procured tissues, 
cells or associated materials, between procurement and their clinical application [infec-
tion from infected/contaminated tissues or cells];
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17.2.6.4. immunological reactions, including allergic reactions, graft-versus-host disease, rejec-
tion, haemolytic reactions or other immunological reactions [immunology];

17.2.6.5. malignant disease possibly transferred by the tissues or cells (donor-derived, process- 
associated or other) [malignancy];

17.2.6.6. unexpected delayed or absent engraftment or graft failure (including mechanical 
failure) [failure];

17.2.6.7. toxic effects on tissues and cells or associated materials [toxicity];

17.2.6.8. unexplained immunological reactions due to tissue or cell mismatch [mismatch];

17.2.6.9. aborted procedure involving unnecessary exposure to risk (e.g. wrong tissue supplied, 
discovered after patient is anaesthetised and the surgical procedure has begun) [undue 
risk];

17.2.6.10. suspected transmission of genetic disease by transplantation or gamete/embryo dona-
tion [genetic abnormality];

17.2.6.11. suspected transmission of other (non-infectious) illness [other transmission];

17.2.6.12. transfusion-associated circulatory overload in haematopoietic progenitor cell trans-
plantation [volume overload];

17.2.6.13. neurological reaction [insult];

17.2.6.14. severe febrile reaction [fever];

17.2.6.15. other [other].

17.3. Adverse events

17.3.1. Adverse events can occur at any moment from donor selection to clinical application. 
For effective detection of adverse events, all relevant parties must be aware of their 
responsibilities for identifying errors or unexpected results. This includes all staff at TEs 
and procurement organisations, those working in organisations such as testing labora-
tories that provide ‘third party’ services to TEs, and clinical users who may also detect 
errors at the point of clinical use. In EU Directive 2006/86/EC, the definition of a serious 
adverse event (SAE) includes those incidents often referred to as ‘near misses’, i.e. where 
an error or fault is detected and corrected without causing harm.

17.3.2. Non-compliances with the quality system should be documented and investigated as 
part of the internal QMS. On occasions, however, a particular non-compliance may be 
of such importance that it should be considered an SAE and reported through the vigi-
lance system.

17.3.3. Deviations from SOPs in TEs (or other adverse events) that have implications for the 
quality and safety of tissues and cells, including MAR, should result in SAE reporting to 
the Health Authority if one or more of the following criteria apply:
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17.3.3.1. inappropriate tissues or cells (including gametes, embryos or germinal tissues) have 
been distributed for clinical use, even if not used;

17.3.3.2. the event could have implications for other patients, including children conceived after 
MAR treatment, or donors because of shared practices, services, supplies or donors;

17.3.3.3. the event resulted in loss of any irreplaceable autologous tissues or cells (including 
gametes, embryos or germinal tissues) or any highly matched (i.e. recipient-specific) 
allogeneic tissues or cells;

17.3.3.4. the event resulted in the loss of a significant quantity of unmatched allogeneic tissues 
or cells, including accidental loss of gametes, embryos or germinal tissues (e.g. break-
down of incubators, accidental discard, manipulation errors), resulting in a total loss of 
chance of pregnancy for one cycle.

17.3.3.5. any type of gamete or embryo misidentification or mix-up of gametes or embryos;

17.3.3.6. the event resulted in a loss of traceability of gametes or embryos.
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Tissue and cell monographs

Introduction

In this 5th edition of the Guide to the quality and 
safety of tissues and cells for human application 

the ad hoc working group has elaborated a series of 
monographs. The role of a monograph is to provide 
information about individual preparations and clin-
ical applications that are precisely defined and have 
been shown to be safe and effective when used in pa-
tients. Each tissue and cell monograph combines two 
aspects, a consolidated process and a consolidated 
use, in a single document that is complementary to 
other sections of the Guide. Part A of the Guide de-
termines the generic requirements for donor selec-
tion, procurement, processing, storage, distribution 
(including import and export) and related matters, 
while Part B describes the specific criteria for each 
tissue and cell type.

Tissue and cell monographs complement and 
connect these parts, linking both aspects to define 
specific critical properties and quality-control re-
quirements for specific substances of human origin, 
prepared in specific ways and to be used for specific 
clinical indications.

Data collected from EU member states in 2020 
on the reporting of serious adverse reactions and 
events for tissues and cells (during 2019) indicated 
that more than 1 360 300 units of tissues and cells 
were distributed, to treat a wide range of clinical in-
dications using various processing methods. These 
processes, which include freezing, cryopreservation 
and lyophilisation, are very well-established methods 
and have been consolidated through many years of 
experience with the support of scientific results and 
publications showing the safety, the quality and the 
effectiveness of the tissues and cells prepared and 
used in these validated conditions.

A common language is necessary for tissue es-
tablishments and Health Authorities when defining 
the commonly accepted, relevant, validated quality 
criteria for each consolidated processing method 
applied to each specific substance of human origin 
type and indication. Thus, tissue and cell monographs 
are intended to provide tissue establishments and 
Health Authorities with recommendations on the 
minimum controls necessary to ensure the quality 
of the substances of human origin that are processed 
by a tissue establishment. These monographs are also 
tools that allow tissue establishments to demonstrate 
to their Health Authorities that they have fulfilled ap-
propriate quality requirements when producing their 
tissue and cell preparations. In those cases, Health 
Authorities can be confident and they need only 
check that the quality parameters for the intended 
clinical uses are being appropriately reached through 
the processes performed by the tissue establishments.

The field of tissues and cells is a dynamic one 
and approaches continually change with advances in 
the development of new processing methods and the 
emergence of new indications.

It is important that these new improvements 
are carefully evaluated by tissue establishments and 
Health Authorities, notably via the process of au-
thorisation. Chapter 18 of this guide provides generic 
guidance on good practice for the introduction of new 
or changed procedures and their subsequent authori-
sation. By reference to these monographs, both tissue 
establishments and Health Authorities will know that 
products that do not have a matching monograph 
may need more attention (more risk assessment, val-
idation, possibly clinical studies etc.) before they can 
be authorised and supplied for routine use.
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In future editions of the Guide, new processes/ 
products will eventually have their own tissue or cell 
monograph once they become consolidated by evi-

dence and there is consensus on the release criteria 
and appropriate clinical indications.
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19.1. Organ-cultured corneal donor tissue for (deep) anterior lamellar 
keratoplasty (ALK/DALK)

Tissue/cell product Human organ-cultured corneal donor tissue for (deep) anterior lamellar 
keratoplasty (ALK/DALK)

Definition Human organ-cultured corneal donor tissue to be used for anterior lamellar 
keratoplasty: cornea, full thickness (low endothelial cell density).

Established clinical indications • Stromal disease caused by keratoconus, corneal dystrophies, scars and kera-
titis, or similar diseases compromising corneal function or the integrity of the 
cornea, when the endothelium of the recipient is assumed to have normal 
function.

Critical properties • Absence of stromal opacities.
• Endothelial cell density measurement may be required for DALK if surgeon 

needs to switch to penetrating keratoplasty (PK) when anterior chamber is 
penetrated.

• No evidence of microbial growth.

Quality control requirements • Stroma is clear and without scars within a 7.50 mm diameter zone.
• If applicable, endothelial cell density measurement by microscopy (≥ 2 000 

cells/mm2 at end of organ culture storage or ≥ 2 200 cells/mm2 if only meas-
ured before organ culture).

• Not to be used if the organ-culture medium is turbid or becoming yellow, or 
if samples of medium are culture-positive for bacteria or fungi.

Storage and transport • The graft is stored in organ-culture medium with an osmotically active agent 
to keep the tissue thin (Dextran or similar component). 

• The graft must not be refrigerated but should be stored at room temperature 
(15-25 °C) or in an incubator (28-37 °C).

• The graft can be stored up to 7 days depending on the concentration and 
type of osmotic thinning agent used in the medium.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must be included in 
the accompanying documentation. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accompa-
nying documentation:
– Endothelial cell density, if applicable
– Diameter of the central clear zone
– Expiration date.

Special warnings • Not to be used for penetrating keratoplasty unless surgeon needs to switch 
to PK and the endothelial cell density is as specified in the quality control 
requirements (above).

O
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TC5_en.indb   499TC5_en.indb   499 14/12/2022   13:23:4914/12/2022   13:23:49



500

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

19.2. Cold-stored corneal tissue for (deep) anterior lamellar keratoplasty 
(ALK/DALK)

Tissue/cell product Human cold-stored corneal tissue for (deep) anterior lamellar keratoplas-
ty (ALK/DALK)

Definition Human cold-stored corneal donor tissue to be used for anterior lamellar kerato-
plasty: cornea, full thickness (low endothelial cell density).

Established clinical indications • Stromal disease caused by keratoconus, corneal dystrophies, scars and 
keratitis, or similar diseases compromising corneal function or the integrity 
of the cornea, when the endothelium of the recipient is assumed to have 
normal function.

Critical properties • Absence of stromal opacities.
• Endothelial cell density measurement may be required for DALK if surgeon 

needs to switch to penetrating keratoplasty (PK) when anterior chamber is 
penetrated.

• No evidence of microbial growth.

Quality control requirements • Stroma is clear and without scars within a 7.50 mm diameter zone.
• If applicable, endothelial cell density measurement by microscopy (≥ 2 000 

cells/mm2).
• Not to be used if the preservation medium is turbid or becoming yellow.

Storage and transport • The graft is stored in cold-storage medium.
• The graft is refrigerated (2-8 °C).
• The graft can be stored up to 14-21 days according to the manufacturer’s 

instructions (precise duration of storage depends on the type of storage 
medium).

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation: 
– Endothelial cell density, if applicable
– Diameter of the central clear zone
– Expiration date.

Special warnings • Not to be used for penetrating keratoplasty unless surgeon needs to switch 
to PK and the endothelial cell density is as specified in the quality control 
requirements (above).
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19.3. Organ-cultured corneal tissue for Descemet membrane endothelial 
keratoplasty (DMEK)

Tissue/cell product Human organ-cultured corneal tissue for Descemet membrane endotheli-
al keratoplasty (DMEK)

Definition Human organ-cultured corneal donor tissue to be used for DMEK: cornea for 
endothelial keratoplasty (precut/peeled in the tissue establishment).

Established clinical indications • Primary endothelial failure (mainly Fuchs corneal dystrophy).
• Secondary endothelial failure (mainly pseudophakic bullous keratopathy).
• Regraft for endothelial decompensation.

Critical properties • Endothelial cell density.
• No evidence of microbial growth.

Quality control requirements • Descemet membrane is manually peeled off the corneal stroma with the 
endothelium attached, either completely (free roll) or attached centrally or 
peripherally to the corneal stroma.

• Endothelial cell density measurement by microscopy after organ culture but 
before Descemet membrane peeling (preferably ≥ 2 000 cells/mm2).

• Graft diameter measurement with calliper or trephine (peeled zone 
≥ 8.00 mm).

• Tears (damage) in Descemet membrane within 8.00 mm zone must be noted 
in the accompanying documentation.

• Not to be used if the organ-culture medium is turbid or becoming yellow, or 
if samples of the medium are culture-positive for bacteria or fungi.

Storage and transport • The graft is stored in organ-culture medium with or without an osmotically 
active agent.

• The graft must not be refrigerated but should be stored at room tempera-
ture (15-25 °C) or in an incubator (28-37 °C).

• The graft can be stored up to 7 days depending on the concentration and 
type of osmotic thinning agent used in the medium.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation: 
– Donor age
– Endothelial cell density
– Expiration date
– Graft diameter and presence of tears (damage).

Special warnings • Not to be used for penetrating keratoplasty.
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19.4. Cold-stored corneal tissue for Descemet membrane endothelial 
keratoplasty (DMEK)

Tissue/cell product Human cold-stored corneal tissue for Descemet membrane endothelial 
keratoplasty (DMEK)

Definition Human cold-stored corneal donor tissue to be used for DMEK: cornea for en-
dothelial keratoplasty (precut/peeled in the tissue establishment).

Established clinical indications • Primary endothelial failure (mainly Fuchs corneal dystrophy).
• Secondary endothelial failure (mainly pseudophakic bullous keratopathy).
• Regraft for endothelial decompensation.

Critical properties • Endothelial cell density.
• No evidence of microbial growth.

Quality control requirements • Descemet membrane is manually peeled off the corneal stroma with 
attached endothelium, either completely (free roll) or attached centrally or 
peripherally to the corneal stroma.

• Endothelial cell density measurement by microscopy before Descemet 
membrane peeling (≥ 2 000 cells/mm2).

• Graft diameter measurement with calliper or trephine (peeled zone 
≥ 8.00 mm).

• Tears (damage) in Descemet membrane within 8.00 mm zone must be noted 
in accompanying documentation.

• Not to be used if the storage medium is turbid or becoming yellow.

Storage and transport • The graft is stored in cold-storage medium.
• The graft is refrigerated (2-8 °C).
• The graft can be stored up to 14-21 days according to the manufacturer’s 

instructions (precise duration of storage depends on the type of storage 
medium).

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in  the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation: 
– Donor age
– Endothelial cell density
– Expiration date
– Graft diameter and presence of tears (damage).

Special warnings • Not to be used for penetrating keratoplasty.
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19.5. Organ-cultured corneal tissue for Descemet stripping automated 
endothelial keratoplasty (DSAEK)

Tissue/cell product Human organ-cultured corneal tissue for Descemet stripping automated 
endothelial keratoplasty (DSAEK)

Definition Human organ-cultured corneal donor tissue to be used for DSAEK: cornea for 
endothelial keratoplasty (precut/peeled) in the tissue establishment.

Established clinical indications • Primary endothelial failure (mainly Fuchs corneal dystrophy).
• Secondary endothelial failure (mainly pseudophakic bullous keratopathy).
• Regraft for endothelial decompensation.

Critical properties • Endothelial cell density.
• Absence of stromal opacities.
• No evidence of microbial growth.

Quality control requirements • Endothelial cell density measurement by microscopy after organ culture but 
before pre-cutting (≥ 2 000 cells/mm2).

• Central stromal thickness measurement of the graft (ultrasound or, prefera-
bly, optical coherence tomography).

• Minimal variation in graft thickness from centre to periphery (≤ 50 % in-
crease in thickness).

• Graft diameter measurement with calliper (preferably cap diameter 
≥ 9.00 mm).

• Replaced anterior corneal cap after pre-cutting.
• Not to be used if the organ-culture medium is turbid or becoming yellow, or 

if samples of medium are culture-positive for bacteria or fungi.

Storage and transport • The graft is stored in organ-culture medium with an osmotically active agent 
to keep the tissue thin (Dextran or similar component).

• The graft must not be refrigerated but should be kept at room temperature 
(15-25 °C) or in an incubator (28-37 °C).

• The graft can be stored up to 144 hours depending on the concentration 
and type of osmotic thinning agent used in the medium.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation: 
– Endothelial cell density
– Expiration date
– Central graft thickness 
– Cap diameter.

Special warnings • Not to be used for penetrating keratoplasty.
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19.6. Cold-stored corneal tissue for Descemet stripping automated 
endothelial keratoplasty (DSAEK)

Tissue/cell product Human cold-stored corneal tissue for Descemet stripping automated 
endothelial keratoplasty (DSAEK)

Definition Human cold-stored corneal donor tissue to be used for DSAEK: cornea for en-
dothelial keratoplasty (precut/peeled) in the tissue establishment.

Established clinical indications • Primary endothelial failure (mainly Fuchs corneal dystrophy).
• Secondary endothelial failure (mainly pseudophakic bullous keratopathy).
• Regraft for endothelial decompensation.

Critical properties • Endothelial cell density.
• Absence of stromal opacities.
• No evidence of microbial growth.

Quality control requirements • Endothelial cell density measurement by microscopy before pre-cutting 
(≥ 2 000 cells/mm2).

• No stromal opacities within a 6.00 mm central zone.
• Central stromal thickness measurement of the graft (ultrasound or, prefera-

bly, optical coherence tomography).
• Minimal variation in graft thickness from centre to periphery (≤ 50 % in-

crease in thickness).
• Graft diameter measurement with calliper (preferably cap diameter 

≥ 9.00 mm).
• Replaced anterior corneal cap after pre-cutting.
• Not to be used if the storage medium is turbid or becoming yellow.

Storage and transport • The graft is stored in cold-storage medium. 
• The graft is refrigerated (2-8 °C).
• The graft can be stored up to 14-21 days according to the manufacturer’s 

instructions (precise duration of storage depends on the type of storage 
medium).

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation: 
– Endothelial cell density
– Expiration date
– Central graft thickness 
– Cap diameter.

Special warnings • Not to be used for penetrating keratoplasty.
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19.7. Organ-cultured corneal tissue for penetrating keratoplasty (PK)

Tissue/cell product Human organ-cultured corneal tissue for penetrating keratoplasty (PK)

Definition Human organ-cultured corneal donor tissue to be used for PK: cornea, full thick-
ness (high endothelial cell density).

Established clinical indications • Primary endothelial failure (mainly Fuchs corneal dystrophy).
• Secondary endothelial failure (mainly pseudophakic bullous keratopathy).
• Stromal disease (keratoconus, corneal dystrophies with stromal involvement, 

scars).
• Keratitis and similar diseases compromising corneal functions or the integri-

ty of the eye.
• Regraft.

Critical properties • Endothelial cell density.
• Absence of stromal opacities.
• No evidence of microbial growth.

Quality control requirements • Endothelial cell density measurement by microscopy (≥ 2 000 cells/mm2 at 
end of organ-culture storage).

• No stromal scars/opacities within a 7.50 mm diameter central zone.
• Not to be used if the organ-culture medium is turbid or becoming yellow, or 

if samples of medium are culture-positive for bacteria or fungi.

Storage and transport • The graft is stored in organ-culture medium with an osmotically active agent 
to keep the tissue thin (Dextran or similar component).

• The graft must not be refrigerated but should be stored at room tempera-
ture (15-25 °C) or in an incubator (28-37 °C).

• The graft can be stored up to 7 days depending on the concentration and 
type of osmotic thinning agent used in the medium.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation: 
– Endothelial cell density
– Expiration date
– Diameter of the clear zone.

Special warnings • None.

O
cu

la
r t

iss
ue

TC5_en.indb   505TC5_en.indb   505 14/12/2022   13:23:4914/12/2022   13:23:49



506

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

19.8. Cold-stored corneal tissue for penetrating keratoplasty (PK)

Tissue/cell product Human cold-stored corneal tissue for penetrating keratoplasty (PK)

Definition Human cold-stored corneal donor tissue to be used for PK: cornea, full thick-
ness (high endothelial cell density).

Established clinical indications • Primary endothelial failure (mainly Fuchs corneal dystrophy).
• Secondary endothelial failure (mainly pseudophakic bullous keratopathy).
• Stromal disease (keratoconus, corneal dystrophies with stromal involvement, 

scars)
• Keratitis and similar diseases compromising corneal functions or the integri-

ty of the eye.
• Regraft.

Critical properties • Endothelial cell density.
• Absence of stromal opacities.
• No evidence of microbial growth.

Quality control requirements • Endothelial cell density measurement by microscopy before cold storage 
(≥ 2 000 cells/mm2).

• No stromal scars or opacities within a 7.50 mm diameter central zone.
• Not to be used if the storage medium is turbid or becoming yellow.

Storage and transport • The graft is stored in cold-storage medium.
• The graft is refrigerated (2-8 °C).
• The graft can be stored up to 14-21 days according to the manufacturer’s 

instructions (precise duration of storage depends on the type of storage 
medium).

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation: 
– Endothelial cell density
– Expiration date
– Diameter of the clear zone.

Special warnings • None.
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19.9. Sclera

Tissue/cell product Sclera for use as a patch graft in scleral reinforcement or as coverage of 
synthetic ocular draining devices

Definition Human stored scleral tissue prepared in a tissue establishment.

Established clinical indications • Scleral defects needing reinforcement.
• Coverage of synthetic ocular draining devices.
• Coverage of prosthetic eye globes after enucleation. 

Critical properties • Scleral tissue devoid of intraocular contents (vitreous, lens, iris, choroidal 
and retinal tissue) and adnexa (remnants of muscles, conjunctiva).

• No evidence of microbial growth.

Quality control requirements • No signs of intraocular contents or adnexa. 
• No presence of the additional donor exclusion criteria as related to vascular-

ised tissues. 

Storage and transport • Sclera may be stored – whole, or divided into smaller, individually packaged 
pieces in ethanol (≥ 70 % v/v) or glycerol, or fixed in formalin, freeze-dried, 
deep-frozen (− 80 °C) or kept in physiological solution or medium with 
antibiotics. 

• Sclera stored in saline with antibiotics in a refrigerator should only be kept 
for short periods (≤ 7 days). 

• The shelf life for sclera stored by ethanol or glycerol, or fixed in formalin, 
freeze-dried, deep-frozen is 1-2 years.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Donor age 
– Size of the scleral graft, either whole or size of individually packaged pieces
– Expiration date.

Special warnings • None.
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20.1. Amniotic membrane sheet 
Tissue/cell product Amniotic membrane (AM) sheet 

Definition Human amniotic membrane obtained from placenta processed in a tissue es-
tablishment and preserved for use as biological dressing and substrate for cell 
growth in different clinical applications.

Established clinical indications • Ophthalmological indications (e.g. ophthalmic corneal ulcerations, per-
sistent epithelial defects, conjunctival defects, limbal stem cell deficiency, 
chemical or thermal burns, traumatic macular hole).

• Burns (as a temporary or permanent wound dressing).
• Wound healing (e.g. vascular ulcers, epidermolysis bullosa, surgical wounds).

Critical properties • Preserved structural integrity (barrier function).
• No evidence of microbial growth.
• Adequate graft size.
• For freeze-dried AM: residual moisture.

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi).
• For freeze-dried AM: residual moisture of 5-10 % (w/w) or available water 

(aW) of < 0.5 is recommended.

Storage and transport Cryopreservation 
• Cryopreserved AM grafts are stored in liquid or vapour phase of nitrogen 

at temperatures below − 140 °C. The shelf life of cryopreserved AM is up to 
5 years. Distribution should be in dry ice (solid carbon dioxide) or in a liquid 
nitrogen dry-shipper. 

Freezing
• Deep frozen AM (with or without cryoprotectant) should be stored at 

< − 60 °C and transported at a similar temperature as was used during stor-
age. Transport temperatures of cryoprotected AM above − 60 °C must be 
avoided to ensure the stability of the product and maximum safety for the 
recipient. The shelf life ranges between 1 and 2 years and should be justified 
according to the storage temperature conditions that could impact on the 
critical properties of the graft.

Lyophilisation/freeze-drying
• Lyophilised/freeze-dried AM can be stored and transported at room 

temperature (15-25 °C). Freezing and high temperatures (> 30 °C) should 
be avoided. The shelf life should be validated to allow for used packaging 
system and residual water.

Glycerolisation
• Glycerolised AM (preserved in glycerol 85 % solution) should be both stored 

and transported at 2-8 °C. For glycerolised AM the shelf life is up to 2 years.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must be included in 
the accompanying documentation

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Key specifications (e.g. graft dimensions in cm2, appropriate radiation-sen-

sitive labels)
– Instructions for appropriate rehydration or thawing according to the differ-

ent storage conditions
– Information on the composition of antibiotic decontamination cocktail or 

other residues 
– Information on the composition of cryoprotective solution when/if used
– Orientation of amnion (epithelial or stromal side on carrier material).

Special warnings • Rehydration time of freeze-dried grafts or thawing time of frozen/cryo-
preserved grafts, additionally to expiry date after preparation, should be 
defined by originating tissue bank, and rehydration or thawing should be 
performed under sterile conditions.

• For AM immersed in a storage solution, the liquid should be removed and 
the graft rinsed with sterile saline solution or equivalent. 

• Do not re-freeze thawed AM graft. 
• Information about possible residues from processing. 
• Single recipient use.
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20.2. Derivatives of the amniotic membrane

Tissue/cell product Amniotic membrane in liquid form 

Definition Human amniotic membrane derivates obtained from placental tissues, pro-
cessed in a tissue establishment and preserved for use: liquid amniotic mem-
brane suspension for drops or for injection; amniotic membrane homogenate 
and extract; injectable matrix/gel.

Established clinical indications • Orthopaedic indications (e.g. osteoarthritis, plantar fasciitis, tendinopathy, 
cartilage and bone injuries).

• Ophthalmological indications (e.g. corneal ulcerations, epithelial defects, 
chemical burns, dry eye disease).

• Wound healing (e.g. ulcers). 

Critical properties • No evidence of microbial growth.
• Suitable consistency/texture for each specific application.

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi).
• In cases of lyophilisation (freeze drying) a residual moisture of 5-10 % (w/w) 

or available water (aW) of < 0.5 is recommended.

Storage and transport Cryopreservation 
• Cryopreserved AM derivates are stored in liquid or vapour phase of nitro-

gen at temperatures below − 140 °C. Distribution should be in dry ice (solid 
carbon dioxide) or in a liquid nitrogen dry-shipper. 

Freezing 
• Deep frozen AM derivates (with or without cryoprotectant) should be stored 

at < − 60 °C and transported at a similar temperature as was used during 
storage. Transport temperatures of cryoprotected products above − 60 °C 
must be avoided to ensure the stability of the product and maximum safety 
for the recipient. The shelf life ranges between 1 and 2 years and should 
be validated according to the storage temperature conditions that could 
impact on the critical properties of the graft.

Lyophilisation/freeze-drying
• Lyophilised/freeze-dried AM derivates can be stored and transported 

at room temperature (15-25 °C). Freezing and high temperatures (> 30 °C) 
should be avoided. The shelf life should be justified according to the known 
range of ambient variables that could affect the critical properties of the 
graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Key specifications (e.g. appropriate radiation-sensitive labels)
– Instructions for dilution, reconstitution, rehydration or thawing (appropri-

ate solutions, timing) 
– Volume to use
– Instruction for injection or drop application
– Information on the composition of antibiotic decontamination cocktail or 

other residues.

Special warnings • Dried, lyophilised, frozen or cryopreserved allografts should be used within 
appropriate timing after rehydration or thawing following instructions.

• Rehydration time of freeze-dried products or thawing time of frozen 
products should be defined by originating tissue bank and rehydration or 
thawing should be performed under sterile conditions.

• Do not re-freeze thawed AM products.
• Single recipient use.
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21.1. Acellular dermal matrix (ADM)
Tissue/cell product Acellular dermal matrix (ADM)

Definition Human decellularised dermis from donor skin to be used for wound-healing 
procedures.

Established clinical indications • Burn injuries. As dermal substitute in partial- or full-thickness burns when 
donor sites are insufficient for autograft or when patient condition is critical, 
to improve scar quality and to prevent post-burn joint contracture.

• Reconstructive surgery. As a valid reconstructive tool for any surgical 
wound in general surgery (e.g. abdominal wall repair), orthopaedic (e.g. 
rotator cuff reconstruction), oncologic (e.g. breast-conserving surgery), ear 
nose and throat (ENT) surgery (e.g. myringoplasty, rhinoplasty) and bariatric 
surgery.

• Ulcers. Uninfected, chronic ulcers and diabetic foot ulcers, to accelerate the 
closure and healing rate.

• Full-thickness acute wounds. As a scaffold to support cell ingrowth and 
granulation tissue formation and to achieve durable coverage of exposed 
critical structures (bone, tendons).

• Composite graft technique. To restore the dermal component by applica-
tion of human dermis or dermal equivalents, and thin autologous grafts or 
keratinocytes.

Critical properties • Absence of donor cells (and genetic material).
• Graft thickness ranging 0.2-0.8 mm (thin), 0.8-1.2 mm (medium thickness) 

and 1.3 mm or higher (thick).
• Preserved structural integrity.
• Flexibility/pliability.
• Resistance to mechanical stress and suturability.
• No evidence of microbial growth.

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi).
• Graft thickness measurement.
• Biocompatibility test (cytotoxicity tests).
• Mechanical resistance test.
• Morpho-structure evaluation by histological staining (e.g. orcein, Masson, 

haematoxylin-eosin) or electron microscopy (EM).
• Decellularisation process by specific histological staining e.g. DAPI, Hoersch 

and DNA quantification assay (ng DNA/mg dry tissue).
• Residual water test (≤ 5 %) – for lyophilised ADM.

Storage and transport • Depending on the processing methods, most dermal matrices are stored 
and transported at room temperature (15-25 °C) – e.g. acellular glycerol-pre-
served, lyophilised and/or irradiated matrices – or refrigerated at 2-8 °C.

– Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must be included in 
the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Appropriate radiation-sensitive labels must be used for irradiated ADM
– Thickness and size
– Instructions for appropriate manipulation by end-users
– Information on the composition of antibiotic decontamination cocktail or 

other residues.

Special warnings • Do not sterilise irradiated dermal matrices.
• Rehydration of glycerol-preserved or lyophilised allografts is recommended 

before use (e.g. by washing in saline solution for 20-30 min).

Skin
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21.2. Deep-frozen skin allografts
Tissue/cell product Deep-frozen skin allografts

Definition Viable skin allografts preserved in a cryoprotective solution.

Established clinical indications • Temporary/semipermanent covering of burns.
• Temporary covering of epidermolytic diseases (e.g. toxic epidermolytic 

necrosis, staphylococcal scalded skin syndrome).
• Treatment of hard-to-heal ulcers.
• Temporary covering of wounds with exposed bone and/or tendons.
• Wound-bed preparation (promoting neovascularisation).

Critical properties • Cell viability: it is maintained by deep-frozen skin grafts to a lesser degree 
if compared to cryopreserved skin grafts; to consider a graft as viable, a 
minimum of 20 % of residual cell viability should be achieved. The mean 
percentage after 10-20 days of storage is reportedly 30-51 % (deep-frozen 
skin grafts) compared to that of the fresh skin, according to different viabil-
ity assays.

• No evidence of microbial growth.
• Preserved structural integrity (normal epidermal/dermal structure).
• Graft thickness ranging 0.2-0.8 mm.
• Mechanical resistance.
• Capable of engraftment.

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi).
• Cell viability assessment (if required, depending on the intended applica-

tion).

Storage and transport • Deep-frozen skin grafts are stored in ultra-low-temperature refrigerators, 
which generally maintain a temperature between − 60 ° and − 80 °C.

• Transport in dry ice. 

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with 
a uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Graft area in cm2
– Graft thickness
– Number of sheets
– Decontamination solution composition
– Cryoprotective solution composition
– Cell viability 
– Instructions for appropriate manipulation by end-users. 

Special warnings • Do not re-freeze thawed skin graft.
• Do not irradiate viable skin graft.
• Rinse out cryoprotectants before use.
• Rinse with an appropriate solution (saline solution or balanced salt solution).
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21.3. Glycerol-preserved skin allograft
Tissue/cell product Glycerol-preserved skin allograft

Definition Human split-thickness, glycerol-preserved, de-vitalised skin grafts, with epider-
mis and upper dermis components for the treatment of skin loss.

Established clinical indications • Temporary biological dressing:
– in partial-thickness burns,
– on meshed autografts (sandwich technique),
– on donor site,
– after application of in vitro cultured keratinocytes.

• Temporary wound coverage after excision in full-thickness burns.
• Temporary coverage in toxic epidermolytic necrolysis.
• Temporary biological dressing for difficult, non-healing wounds, to protect 

and preserve the viable granulation tissue from desiccation and necrosis 
(antalgic and antibacterial effect).

• Wound-bed preparation (promoting wound healing).

Critical properties • Graft thickness ranging 0.2-0.8 mm.
• Plain or meshed.
• No evidence of microbial growth.

Quality control requirements • Intact epidermis and upper dermis (normal morphological structure).
• Microbiological testing (aerobic and anaerobic bacteria, fungi).

Storage and transport • The graft is stored in glycerol 85 % solution to keep the tissue preserved 
before use.

• The graft is stored at refrigerator temperature (2-8 °C); storage at room 
temperature (15-25 °C) during transportation is possible.

• Maximum time: storage at 2-8 °C for 5 years.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with 
a uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Size of graft, width and length
– Graft thickness
– Plain or meshed
– Instructions for appropriate manipulation by end-users. 

Special warnings • Rinse out glycerol before use (incubation in a large volume of sterile 0.9 % 
NaCl solution for 10 min at room temperature).

• Not to be used if the storage medium is opaque.

Skin
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21.4. Cryopreserved skin allografts
Tissue/cell product Cryopreserved skin allografts

Definition Viable skin allografts preserved in a cryoprotective solution, for the treatment 
of skin loss.

Established clinical indications • Temporary/semipermanent covering of burns.
• Temporary covering of epidermolytic diseases (e.g. toxic epidermolytic 

necrosis, staphylococcal scalded skin syndrome).
• Treatment of hard-to-heal ulcers.
• Treatment of cutaneous loss due to meningococcal septicaemia and purpu-

ra fulminans. 
• Temporary covering of wounds with exposed bone and/or tendons.
• Wound-bed preparation (promoting neovascularisation and providing 

dermal template for epidermal grafts).

Critical properties • Cell viability: it is maintained by cryopreserved skin grafts; to consider 
a graft as viable, a minimum of 20 % of residual cell viability should be 
achieved. The mean percentage after 10-20 days of storage is reportedly 
20-60 % for cryopreserved skin grafts, compared to that of the fresh skin, 
according to different viability assays.

• No evidence of microbial growth.
• Preserved structural integrity (normal epidermal/dermal structure).
• Graft thickness ranging 0.2-0.8 mm.
• Mechanical resistance.
• Capable of engraftment.
• Long-term storage.

Quality control requirements • Cell viability assessment (if required, depending on the intended applica-
tion).

• Microbiological testing (aerobic and anaerobic bacteria, fungi).

Storage and transport • Cryopreserved skin grafts are stored in liquid or in the vapour phase of 
nitrogen at temperatures lower than − 140 °C.

• Transport in a nitrogen dry-shipper or in dry ice (according to the TE proce-
dures).

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with 
a uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Graft area in cm2
– Graft thickness in mm
– Number of sheets
– Decontamination solution composition
– Cryoprotective solution composition
– Cell viability
– Instructions for appropriate manipulation by end-users.

Special warnings • Do not re-freeze thawed skin graft.
• Do not irradiate viable skin graft.
• Rinse out cryoprotectants before use with an appropriate solution (saline 

solution or balanced salt solution).

Sk
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22.1. Cryopreserved aortic heart valve allograft, antibiotic 
decontamination

Tissue/cell product Cryopreserved aortic heart valve allograft, antibiotic decontamination

Definition Human aortic heart valve, including the root of the aorta and variable length of 
associated artery. Decontaminated by incubation with one or more antibiotics 
and cryopreserved using controlled rate cooling in the presence of a cryopro-
tectant.

Established clinical indications • Double output right ventricle.
• Truncus arteriosus.
• Transposition of the great vessels.
• Pulmonary valve stenosis or insufficiency.
• Congenital pulmonary or aortic valve malformation.
• Aortic valve stenosis or insufficiency.
• Aortic valve or pulmonary valve endocarditis.
• Replacement of prosthetic valve (mechanical/bioprosthetic) in aortic posi-

tion.

Critical properties • There should be no visible (or minimal) calcification or malformations pres-
ent in the valve or associated vessel.

• There must be a rim of myocardium or mitral leaflet of at least 2 mm depth 
surrounding the base of the vessel.

• The associated aortic conduit should not be cut below the level of 1-2 mm of 
the height above the commissure.

• The native biomechanical and hydrodynamic properties of the valve should 
not be altered by the decontamination and preservation protocols applied, 
as demonstrated by a functionality test.

• Post-decontamination, no viable micro-organisms detectable on the graft.
• Pre-decontamination, no pathogenic micro-organisms detectable on the 

graft.

Quality control requirements • Pathological analysis on the remnants of the heart.
• Microbiological testing (aerobic and anaerobic bacterial, fungi).
• Functionality tests (such as competency) should be within the acceptable 

criteria.

Storage and transport • Grafts should be stored at < − 140 °C for long-term storage. The shelf life at 
this temperature should be justified by reference to the critical properties.

• Grafts should be transported to the point of use using either liquid nitrogen 
cooled shippers (dry shipper) or solid carbon dioxide refrigeration (dry ice).

• If grafts are to be stored at − 80 °C (or other temperature > − 140 °C) after 
distribution, the shelf life at this temperature should be supported by vali-
dation data or a documented rationale based on maintenance of the critical 
properties of the graft.

• If graft is shipped in dry ice, it should not be returned to storage at < − 140 °C 
unless this is supported by validation data or a documented rationale based 
on maintenance of the critical properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Donor age 
– Key dimensions (annular diameter and length/diameter of associated 

vascular conduit)
– Identity of any residual processing chemicals (antibiotics and cryoprotect-

ants)
– Instructions for appropriate thawing and dilution of the cryoprotectant.

Special warnings • Use as soon as possible after thawing. The maximum permissible period be-
tween thawing and transplantation should be defined, based on validation 
data or a documented rationale.

• Do not re-freeze the thawed heart valve graft.
• Rinse with an appropriate solution (saline solution or balanced salt solution).

Cardiovascular tissue
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22.2. Cryopreserved pulmonary heart valve allograft, antibiotic 
decontamination

Tissue/cell product Cryopreserved pulmonary heart valve allograft, antibiotic decontamina-
tion

Definition Human pulmonary heart valve, including pulmonary trunk and variable 
length of associated artery. Decontaminated by incubation with one or more 
antibiotics and cryopreserved using controlled rate cooling in the presence of a 
cryoprotectant.

Established clinical indications • Tetralogy of Fallot.
• Double outlet right ventricle.
• Truncus arteriosus.
• Transposition of the great vessels.
• Pulmonary valve stenosis or insufficiency.
• Pulmonary valve atresia.
• Absent pulmonary valve syndrome.
• Ross procedure.
• Pulmonary valve endocarditis.
• Prosthetic valve degeneration in the pulmonary valve position.
• Complications of trans-catheter pulmonary valve replacement.

Critical properties • There should be no visible (or minimal) calcification or other malformations 
present in the valve or associated vessel.

• There must be a rim of myocardium of at least 2 mm depth surrounding the 
root of the pulmonary trunk.

• The associated pulmonary artery should not be cut below the level of 
1-2 mm of the height above the commissure.

• The native biomechanical and hydrodynamic properties of the valve should 
not be altered by the decontamination and preservation protocols applied, 
as demonstrated by a functionality test.

• Post-decontamination, no viable micro-organisms detectable on the graft.
• Pre-decontamination, no pathogenic micro-organisms detectable on the 

graft.

Quality control requirements • Pathological analysis on the remnants of the heart.
• Microbiological testing (aerobic and anaerobic bacterial, fungi).
• Functionality tests (such as competency) should be within the acceptable 

criteria.

Storage and transport • Grafts should be stored at < − 140 °C for long-term storage. The shelf life at 
this temperature should be justified by reference to the critical properties.

• Grafts should be transported to the point of use using either liquid nitrogen 
cooled shippers (dry shipper) or solid carbon dioxide refrigeration (dry ice).

• If grafts are to be stored at − 80 °C (or other temperature > − 140 °C) after 
distribution, the shelf life at this temperature should be supported by vali-
dation data or a documented rationale based on maintenance of the critical 
properties of the graft.

• If the graft is shipped in dry ice, it should not be returned to storage at 
< − 140 °C unless this is supported by validation data or a documented ra-
tionale based on maintenance of the critical properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation: 
– Donor age
– Key dimensions (annular diameter and length/diameter of associated 

vascular conduit)
– Identity of any residual processing chemicals (antibiotics and cryoprotect-

ants)
– Instructions for appropriate thawing and dilution of the cryoprotectant. 

Special warnings • Use as soon as possible after thawing. The maximum permissible period be-
tween thawing and transplantation should be defined, based on validation 
data or a documented rationale.

• Do not re-freeze the thawed heart valve graft.
• Rinse with an appropriate solution (saline solution or balanced salt solution).
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22.3. Cryopreserved artery allograft, antibiotic decontamination

Tissue/cell product Cryopreserved artery allograft, antibiotic decontamination

Definition Human artery, either iliac or femoral artery or descending aorta. Decontam-
inated by incubation with one or more antibiotics, and cryopreserved using 
controlled rate cooling in the presence of a cryoprotectant.

Established clinical indications • Replacement of infected prosthetic vascular allografts.
• Mycotic arterial aneurysm.
• Chronic limb ischaemia.
• Critical acute limb ischaemia.
• Vascular trauma.
• Malignant infiltration of the vascular wall.
• Vascular dissection.

Critical properties • There should be no visible (or minimal) atheroma or calcification present.
• There should be no visible stenosis or dilation present.
• Branching arteries should be 2-3 mm in length.
• There should be no cuts or significant haematomas in the vessel wall.
• Post-decontamination, no viable micro-organisms detectable on the graft.
• Pre-decontamination, no pathogenic micro-organisms detectable on the 

graft.

Quality control requirements • Pathological analysis on the remnants of the heart.
• Microbiological testing (aerobic and anaerobic bacterial, fungi).

Storage and transport • Grafts should be stored at or below − 140 °C for long-term storage. The 
shelf life at this temperature should be justified by reference to the critical 
properties.

• Grafts should be transported to the point of use using either liquid nitrogen 
cooled shippers (dry shipper) or solid carbon dioxide refrigeration (dry ice).

• If grafts are to be stored at − 80 °C (or other temperature > − 140 °C) after 
distribution, the shelf life at this temperature should be supported by vali-
dation data or a documented rationale based on maintenance of the critical 
properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• •Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Donor age 
– Key dimensions (proximal and distal annular diameter and length)
– Identity of any residual processing chemicals (antibiotics and cryoprotect-

ants)
– Instructions for appropriate thawing and dilution of the cryoprotectant.

Special warnings • Use as soon as possible after thawing. The maximum permissible period be-
tween thawing and transplantation should be defined, based on validation 
data or a documented rationale.

• Do not re-freeze the thawed artery graft.
• Rinse with an appropriate solution (saline solution or balanced salt solution).

Cardiovascular tissue
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22.4. Cryopreserved non-valved patches and conduits, antibiotic 
decontamination

Tissue/cell product Cryopreserved non-valved patches and conduits, antibiotic decontamina-
tion

Definition Human artery wall, either patches or conduits. Decontaminated by incubation 
with one or more antibiotics, and cryopreserved using controlled rate cooling 
in the presence of a cryoprotectant.

Established clinical indications • Tetralogy of Fallot.
• Double output right ventricle.
• Truncus arteriosus.
• Transposition of the great vessels.
• Ventricular septal defect.
• Pulmonary stenosis.
• Hypoplastic heart (L/R).

Critical properties • There should be no visible (or minimal) atheroma or calcification present.
• There should be no visible stenosis or dilation present.
• There should be no cuts or significant haematomas in the vessel wall.
• Post-decontamination, no viable micro-organisms detectable on the graft.
• Pre-decontamination, no pathogenic micro-organisms detectable on the 

graft.

Quality control requirements • Pathological analysis on the remnants of the heart.
• Microbiological testing (aerobic and anaerobic bacterial, fungi).

Storage and transport • Grafts should be stored at or below − 140 °C for long-term storage. The 
shelf life at this temperature should be justified by reference to the critical 
properties.

• Grafts should be transported to the point of use using either liquid nitrogen 
cooled shippers (dry shipper) or solid carbon dioxide refrigeration (dry ice).

• If grafts are to be stored at − 80 °C (or other temperature > − 140 °C) after 
distribution, the shelf life at this temperature should be supported by vali-
dation data or a documented rationale based on maintenance of the critical 
properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Donor age 
– Key dimensions (proximal and distal annular diameter and length)
– Identity of any residual processing chemicals (antibiotics and cryoprotect-

ants)
– Instructions for appropriate thawing and dilution of the cryoprotectant.

Special warnings • Use as soon as possible after thawing. The maximum permissible period be-
tween thawing and transplantation should be defined, based on validation 
data or a documented rationale.

• Do not re-freeze the thawed patch or conduit graft.
• Rinse with an appropriate solution (saline solution or balanced salt solution).
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22.5. Decellularised aortic heart valve allograft, antibiotic decontamination

Tissue/cell product Decellularised aortic heart valve allograft, antibiotic decontamination

Definition Human aortic heart valve, including the aortic root and variable length of asso-
ciated ascending aorta. Decellularised according to validated procedures and 
decontaminated by incubation with one or more antibiotics. 

Established clinical indications • Double output right ventricle.
• Truncus arteriosus.
• Transposition of the great vessels.
• Pulmonary valve stenosis or insufficiency. 
• Aortic valve stenosis or insufficiency.
• Aortic valve or pulmonary valve endocarditis.
• Congenital pulmonary or aortic valve malformation.
• Replacement of prosthetic valve (mechanical/bioprosthetic) in aortic posi-

tion.

Critical properties • There should be no visible (or minimal) calcification present in the valve or 
associated vessel.

• There must be a rim of myocardium or mitral leaflet of at least 2 mm depth 
surrounding the base of the vessel.

• The associated aortic artery should not be cut below the level of 1-2 mm of 
the height above the commissure.

• The native biomechanical and hydrodynamic properties of the valve should 
not be altered by decellularisation, decontamination and preservation pro-
tocols applied, as demonstrated by a functionality test.

• Post-decellularisation and decontamination, no viable micro-organisms 
detectable on the graft.

• Pre-decontamination, no highly virulent micro-organisms detectable on the 
graft.

Quality control requirements • Pathological analysis on the remnants of the heart.
• Microbiological testing (aerobic and anaerobic bacterial, fungi).
• Functionality tests (such as competency) should be within the acceptable 

criteria.

Storage and transport • Grafts should be stored at 2-8 °C for long-term storage. The shelf life at this 
temperature is validated to be around 1-2 years, but needs to be validated 
by the distributing TE.

• Grafts should be transported at 2-8 °C.
• The grafts are to be stored at 2-8 °C after distribution; the shelf life at this 

temperature should be supported by validation data or a documented 
rationale based on maintenance of the critical properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in the 
accompanying documentation:
– Donor age 
– Key dimensions (annular diameter and length/diameter of associated 

conduit)
– Identity of any residual processing chemicals (antibiotics and decellularisa-

tion agents)
– Instructions for appropriate handling. 

Special warnings • Use as soon as possible after removing from cold storage. The maximum 
permissible period thereafter until transplantation should be defined, based 
on validation data or a documented rationale.

• Rinse with an appropriate solution (saline solution or balanced salt solution).

Cardiovascular tissue
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22.6. Decellularised pulmonary heart valve allograft, antibiotic 
decontamination

Tissue/cell product Decellularised pulmonary heart valve allograft, antibiotic decontamina-
tion

Definition Human pulmonary heart valve, including pulmonary trunk and variable length 
of associated artery. Decellularised according to validated procedures and 
decontaminated by incubation with one or more antibiotics.

Established clinical indications • Tetralogy of Fallot.
• Double output right ventricle.
• Truncus arteriosus.
• Transposition of the great vessels.
• Pulmonary valve stenosis.
• Pulmonary valve atresia.
• Absent pulmonary valve syndrome.
• Ross procedure.
• Endocarditis of the native or prosthetic pulmonary valve.
• Prosthetic valve degeneration in the pulmonary valve position.
• Complications of trans-catheter pulmonary valve replacement.

Critical properties • There should be no visible (or minimal) calcification or leaflet malformation 
present in the valve or associated vessel.

• There must be a rim of myocardium of at least 2 mm depth surrounding the 
base of the vessel.

• The associated pulmonary artery should not be cut below the level of 
1-2 mm of the height above the commissure.

• The native biomechanical and hydrodynamic properties of the valve should 
not be altered by the decellularisation and decontamination and preserva-
tion protocols applied, as demonstrated by a functionality test.

• Post-decellularisation and decontamination, no viable micro-organisms 
detectable on the graft.

• Pre-decontamination, no highly virulent micro-organisms detectable on the 
graft.

Quality control requirements • Pathological analysis on the remnants of the heart.
• Microbiological testing (aerobic and anaerobic bacterial, fungi).
• Functionality tests (such as competency) should be within the acceptable 

criteria.

Storage and transport • Grafts should be stored at 2-8 °C for long-term storage. The shelf life at this 
temperature is validated to be around 1-2 years, but needs to be validated 
by the distributing TE.

• Grafts should be transported at 2-8 °C.
• The grafts are to be stored at 2-8 °C after distribution; the shelf life at this 

temperature should be supported by validation data or a documented 
rationale based on maintenance of the critical properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Donor age 
– Key dimensions (annular diameter and length/diameter of associated 

conduit)
– Identity of any residual processing chemicals (antibiotics and decellularisa-

tion agents)
– Instructions for appropriate handling.

Special warnings • Use as soon as possible after removing from cold storage. The maximum 
permissible period thereafter until transplantation should be defined, based 
on validation data or a documented rationale.

• Rinse with an appropriate solution (saline solution or balanced salt solution).
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22.7. Cryopreserved pericardium, antibiotic decontamination

Tissue/cell product Cryopreserved pericardium, antibiotic decontamination

Definition Human pericardium patches. Decontaminated by incubation with one or more 
antibiotics, and cryopreserved using controlled rate cooling in the presence of 
a cryoprotectant.

Established clinical indications • Vascular patch plasty or reconstruction.
• Ventricular septal defect (VSD) closure.
• Atrial septal defect (ASD) closure.
• Widening plasty during valve replacement.
• Reconstruction of ventricular aneurysms.
• Dural substitute.

Critical properties • No visible tears or cuts to be present in the patch.
• Mechanical properties should be preserved after the processing procedure 

(decontamination and cryopreservation).
• Post-decontamination, no viable micro-organisms detectable on the graft.
• Pre-decontamination, no highly virulent micro-organisms detectable on the 

graft.

Quality control requirements • Microbiological testing (aerobic and anaerobic bacterial, fungi).

Storage and transport • Grafts should be stored at or below − 140 °C for long-term storage. The 
shelf life at this temperature should be justified by reference to the critical 
properties.

• Grafts should be transported to the point of use using either liquid nitrogen 
cooled shippers (dry shipper) or solid carbon dioxide refrigeration (dry ice).

• If grafts are to be stored at − 80 °C (or other temperature > − 140 °C) after 
distribution, the shelf life at this temperature should be supported by vali-
dation data or a documented rationale based on maintenance of the critical 
properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Donor age
– Key dimensions 
– Identity of any residual processing chemicals (antibiotics and cryoprotect-

ants)
– Instructions for appropriate thawing and dilution of cryoprotectant.

Special warnings • Use as soon as possible after thawing. The maximum permissible period be-
tween thawing and transplantation should be defined, based on validation 
data or a documented rationale.

• Do not re-freeze thawed pericardium graft.
• Rinse with an appropriate solution (saline solution or balanced salt solution).

Cardiovascular tissue
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23.1. Cancellous/corticocancellous bone
Tissue/cell product Cancellous / Corticocancellous bone

Definition Cancellous bone, also referred to as trabecular bone or spongy bone, forms the 
inner part of the bone. Cancellous bone is the porous mineralised component 
of bone that has a honeycomb or sponge-like appearance. The bone matrix 
is organised into a three-dimensional lattice of bony processes (trabeculae) 
arranged along lines of stress. Cancellous bone provides an osteoconductive 
matrix for bone remodelling and healing. 
Cortical bone, also referred to as compact bone or lamellar bone, forms the 
cortex of most bones and is much denser, harder and stiffer than cancellous 
bone. It consists of multiple microscopic columns (osteons) conferring an excel-
lent structural integrity.
Cancellous and corticocancellous bone grafts include different presentations 
ranging from chips sawn or ground to various sizes (generally 1-10 mm diame-
ter/edge length); geometrical pieces (discs, wedges, blocks, dowels); custom-
ised bone grafts; particles; granules and powder.

Established clinical indications • Bony defects filling
• Bone loss in fractures
• Prosthetic replacement surgery
• Tumours
• Spinal fusion
• Malunion
• Maxillofacial and periodontal surgery

Critical properties • Cancellous bone free of muscle, periosteum and cortical bone. 
• Corticocancellous bone free of muscle. Cartilage can be preserved or re-

moved in the case of geometrical pieces if necessary (femoral head, femoral 
condyle, tibial plateau …)

• Reduction or removal of fat, blood cells and bone marrow
• Absence of microbiological growth after processing
• Adequate size and volume
• For geometrical pieces supporting load constraints: the essential native 

biomechanical properties of the bone must not be significantly altered 
(including terminal sterilisation if applied)

• Absence of cytotoxicity due to the processing protocol
• In cases of dehydration (freeze drying) a residual moisture of 1-6 % (w/w) or 

available water (aW) of < 0.5 is recommended

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi)
• In cases of lyophilisation (freeze-drying): residual moisture or available 

water
• Size and shape characterisation

Storage and transport • There are different approaches to preserving cancellous grafts. The process 
could require a lyophilisation step, or frozen step or cryopreservation step, 
each of which requires particular storage and transport conditions. 

• Final product storage and transport conditions depend on product final 
preservation method:
– Frozen grafts can be stored between −15 ºC and − 80 ºC and transported 

at a similar temperature as was used during storage. The shelf life should 
be validated according to the storage temperature conditions that could 
impact on the critical properties of the graft.

– Dehydrated/freeze-dried grafts can be stored and transported at room 
temperature (4-30 ºC). Freezing and high temperatures (> 30 ºC) should be 
avoided. The shelf life should be justified according to the known range of 
ambient variables that could affect the critical properties of the graft.

– Cryopreserved grafts can be stored between −140 and −196 ºC and trans-
ported at a similar temperature as was used during storage. The shelf life 
should be validated according to the storage temperature conditions that 
could impact on the critical properties of the graft.
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Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Key specifications (e.g. appropriate radiation-sensitive labels)
– Instructions for use, including reconstitution, rehydration or thawing (ap-

propriate solutions, timing)
– Volume, particle size, graft size if applicable
– Information on the composition of antibiotic decontamination cocktail or 

other residues if applicable.

Special warnings • Single recipient use
• Dehydrated, frozen or cryopreserved allografts should be used within 

appropriate timings after rehydration or thawing following instructions. 
Timings must be defined by originating tissue bank and rehydration/thaw-
ing operations must be performed under sterile conditions.

• Do not re-freeze thawed grafts.

M
usculosketetal tissue
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23.2. Cortical bone
Tissue/cell product Cortical bone

Definition Cortical bone, also referred to as compact bone or lamellar bone, forms the 
cortex of most bones and is much denser, harder and stiffer than cancellous 
bone. It consists of multiple microscopic columns (osteons) conferring an excel-
lent structural integrity.
Cortical bone graft is obtained from long bone shafts (usually femur, tibia, hu-
merus and fibula). It includes a range of different presentations: shaft segments; 
hemicylinders; plates; struts; particles; granules and powder.

Established clinical indications • Bony defects filling
• Bone loss in fractures
• Prosthetic replacement surgery
• Tumours
• Spinal surgery
• Malunion
• Maxillofacial and periodontal surgery

Critical properties • Free of muscle, periosteum and cancellous bone
• Reduction or removal of fat, blood cells and bone marrow
• Absence of microbiological growth after processing
• Adequate size and volume
• For grafts supporting load constraints: the essential native biomechanical 

properties of the bone must not be significantly altered
• Absence of cytotoxicity due to the processing protocol
• In cases of lyophilisation (freeze drying) a residual moisture of 1-6 % (w/w) or 

available water (aW) of < 0.5 is recommended

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi)
• In cases of dehydration (freeze drying): residual moisture or available water
• Size and shape characterisation

Storage and transport • There are different approaches to preserving cortical grafts. The process 
could require a lyophilisation step, or frozen step or cryopreservation step, 
each of which requires particular storage and transport conditions. 

• Final product storage and transport conditions depend on product final 
preservation method:
– Frozen grafts can be stored between −15 and − 80 ºC and transported at 

a similar temperature as was used during storage. The shelf life should 
be validated according to the storage temperature conditions that could 
impact on the critical properties of the graft.

– Dehydrated/freeze-dried grafts can be stored and transported at room 
temperature (4-30 ºC). Freezing and high temperatures (> 30 ºC) should be 
avoided. The shelf life should be justified according to the known range of 
ambient variables that could affect the critical properties of the graft.

– Cryopreserved grafts can be stored between −140 and −196 ºC and trans-
ported at a similar temperature as was using during storage. The shelf life 
should be validated according to the storage temperature conditions that 
could impact on the critical properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Key specifications (e.g. appropriate radiation-sensitive labels)
– Instructions for use including reconstitution, rehydration or thawing (ap-

propriate solutions, timing)
– Volume, particle size, graft size if applicable
– Information on the composition of antibiotic decontamination cocktail or 

other residues if applicable.

Special warnings • Single recipient use.
• Dehydrated, frozen or cryopreserved allografts should be used within 

appropriate timings after rehydration or thawing following instructions. 
Timings must be defined by originating tissue bank and rehydration/thaw-
ing operations must be performed under sterile conditions.

• Do not re-freeze thawed grafts.
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23.3. Structural bone
Tissue/cell product Structural bone

Definition Structural bone is a corticocancellous human graft; its main purpose is to 
replace a bone segment in the recipient.
It can be processed with or without ligament or muscular attachments, and 
with or without articular cartilage. It can be a whole bone or a part from it 
(distal, proximal, half, third).

Established clinical indications • Bone loss in fractures
• Prosthetic replacement surgery
• Tumours
• Malunion
• Maxillofacial surgery

Critical properties • Free of periosteum. Ligament and muscular attachments as well as cartilage 
can be preserved if applicable

• Absence of microbiological growth after processing
• No morphology alterations (i.e. deformities, fracture callus …)
• Absence of significant alteration of the native biomechanical properties(in-

cluding terminal sterilisation if applied)
• Absence of cytotoxicity due to the processing protocol

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi)
• Side, size and shape characterisation

Storage and transport • There are different approaches to preserving corticocancellous grafts. The 
process could require a frozen step or cryopreservation step, each of which 
requires particular storage and transport conditions. Lyophilisation is not 
recommended because it produces a significant reduction of graft biome-
chanical properties. 

• Final product storage and transport conditions depend on product final 
preservation method:
– Frozen grafts can be stored between −15 and − 80 ºC and transported at 

a similar temperature as was used during storage. The shelf life should 
be validated according to the storage temperature conditions that could 
impact on the critical properties of the graft.

– Cryopreserved grafts can be stored between −140 and −196 ºC and trans-
ported at a similar temperature as was used during storage. The shelf life 
should be validated according to the storage temperature conditions that 
could impact on the critical properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation: 
– Key specifications (e.g. appropriate radiation-sensitive labels)
– Instructions for use including thawing (appropriate solutions, timing)
– Side, size and/or shape characteristics
– Information on the composition of antibiotic decontamination cocktail or 

other residues.

Special warnings • Single recipient use
• Frozen or cryopreserved allografts should be used within an appropriate 

time after thawing, following instructions. Timings must be defined by 
originating tissue bank and operations must be performed under sterile 
conditions

• Do not re-freeze thawed grafts.
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Tissue/cell product Meniscus

Definition Meniscus is a crescent-shaped fibrocartilaginous structure located at the knee 
joint. Its main function is to provide stability to the femorotibial joint, distribute 
axial load and absorb shock.
It can be processed with or without bone block from tibia plateau. 

Established clinical indications • Meniscus replacement

Critical properties • Absence of meniscal surgery antecedent on medical history
• Absence of blood straining and degenerative or traumatic lesions
• Absence of microbiological growth after processing
• Absence of significant alteration of the native biomechanical properties of 

meniscus (including terminal sterilisation if applied)
• Processing steps should largely reduce or remove fat, blood cells and bone 

marrow from bone block if applicable
• Absence of cytotoxicity due to the processing protocol
• Donor–recipient matching: meniscus dimensions (recommended) or donor–

recipient height/weight

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi)
• Side and size characterisation (anterior-posterior diameter, medial-lateral 

diameter)

Storage and transport • There are different approaches to preserving meniscal grafts. The pro-
cess could require a frozen step or cryopreservation step, each of which 
requires particular storage and transport conditions. Lyophilisation is not 
recommended because it produces histological changes and a significant 
reduction of graft biomechanical properties. 

• Final product storage and transport conditions depend on product final 
preservation method:
– Frozen grafts can be stored between −15 and − 80 ºC and transported at 

a similar temperature as was used during storage. The shelf life should 
be validated according to the storage temperature conditions that could 
impact on the critical properties of the graft.

– Cryopreserved grafts can be stored between −140 and −196 ºC and trans-
ported at a similar temperature as was used during storage. The shelf life 
should be validated according to the storage temperature conditions that 
could impact on the critical properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– key specifications (e.g. appropriate radiation-sensitive labels)
– instructions for use, including thawing (appropriate solutions, timing)
– side and size characteristics
– information on the composition of antibiotic decontamination cocktail or 

other residues.

Special warnings • Single recipient use.
• Frozen or cryopreserved allografts should be used within appropriate 

timing after thawing, following instructions. Timings must be defined by 
originating tissue bank and operations must be performed under sterile 
conditions.

• Do not re-freeze thawed grafts.
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23.5. Tendon
Tissue/cell product Tendon

Definition Ligament is a fibrous connective tissue that connects bones. The patellar liga-
ment is considered the distal portion of the common tendon of the Quadriceps 
femoris muscle, which continues from the patella to the tibial tuberosity, and it 
is also called the patellar tendon.
Tendon is a dense fibrous connective tissue that connects muscle to bone.
Tendons can be processed with bone block (patellar ligament, Achilles tendon) 
or without it (i.e. anterior tibialis tendon, posterior tibialis tendon, peroneus 
longus tendon, semitendinosus tendon, gracilis tendon, Achilles tendon). 

Established clinical indications • Joint instability
• Injuries of the extensor mechanism of the knee 
• Bridging a gap in tendon injuries
• Repair of chronic muscle tendon ruptures
• Muscle transpositions

Critical properties • Absence of tendinous pathology antecedent on medical history
• Absence of muscle and peritendon
• Absence of blood staining, fibre separation, stiffness and degenerative or 

traumatic lesions
• Absence of microbiological growth after processing
• Absence of significant alteration of the native biomechanical properties 

(including terminal sterilisation if applied)
• Processing steps should largely reduce or remove fat, blood cells and bone 

marrow from bone block, if applicable
• Absence of cytotoxicity due to the processing protocol

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi)
• Size characterisation (length, thickness, double loop thickness if applicable)

Storage and transport • There are different approaches to preserving tendon grafts. The process 
could require a frozen step or cryopreservation step, each of which requires 
particular storage and transport conditions. Lyophilisation is not recom-
mended because it produces a significant reduction of graft biomechanical 
properties. Final product storage and transport conditions depend on 
product final preservation method:
– Frozen grafts can be stored between −15 and − 80 ºC and transported at 

a similar temperature as was used during storage. The shelf life should 
be validated according to the storage temperature conditions that could 
impact on the critical properties of the graft.

– Cryopreserved grafts can be stored between −140 and −196 ºC and trans-
ported at a similar temperature as was used during storage. The shelf life 
should be validated according to the storage temperature conditions that 
could impact on the critical properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation::
– key specifications (e.g. appropriate radiation-sensitive labels)
– instructions for use, including thawing (appropriate solutions, timing)
– side and size characteristics
– information on the composition of antibiotic decontamination cocktail or 

other residues.

Special warnings • Single recipient use.
• Frozen or cryopreserved allografts should be used within appropriate 

timings after thawing, following instructions. Timings must be defined by 
originating tissue bank and operations must be performed under sterile 
conditions.

• Do not re-freeze thawed grafts.
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Tissue/cell product Osteochondral allograft

Definition Hyaline cartilage results from a combination of a semitranslucent matrix, 
mainly composed of randomly oriented collagen fibres and some elastin, and 
chondrocytes. It is normally found on joint surfaces.
Osteochondral graft includes hyaline cartilage and subchondral bone. It is 
mainly obtained from knee (most common), ankle, shoulder or hip.

Established clinical indications • Treatment of chondral or osteochondral lesions
• Sequel of joint fractures

Critical properties • Absence of chondral pathology antecedent on medical history
• Absence of blood staining and degenerative or traumatic lesions
• Absence of microbiological growth at the time of distribution (depends on 

shelf life, which is determined by preservation method)
• Preservation of ≥ 70 % of viable chondrocytes (through validation)
• Donor–recipient matching: either graft dimensions (recommended) or 

donor–recipient height/weight

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi)
• Side and size characterisation

Storage and transport • Fresh preservation (hypothermic or organ-cultured at 37 ºC) is the best 
method to preserve chondrocyte viability. Cryopreservation is not recom-
mended because it produces a drastic decrease in chondrocyte viability. 
Final product storage and transport conditions depend on product final 
preservation method:

• Fresh hypothermic grafts can be stored between + 2 and + 8 ºC and trans-
ported at a similar temperature as was used during storage. The shelf life 
should be validated according to the storage temperature conditions that 
could impact on the critical properties of the graft.

• Fresh organ-cultured grafts can be stored between 28 and 37 ºC and trans-
ported at room temperature (15-25 ºC). The shelf life should be validated 
according to the storage temperature conditions that could impact on the 
critical properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– key specifications (e.g. storage temperature)
– instructions for use, including rinsing (appropriate solutions, timing)
– side and size characteristics
– information on the composition of antibiotic decontamination cocktail or 

other residues.

Special warnings • Single recipient use.
• Fresh allografts should be used within appropriate timings, following in-

structions. Rinsing steps and timings must be defined by originating tissue 
bank and must be performed under sterile conditions.

• Do not freeze grafts.
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23.7. Demineralised bone matrix
Tissue/cell product Demineralised bone matrix

Definition Cancellous bone, also referred to as trabecular bone or spongy bone, forms the 
inner part of the bone. Cancellous bone is the porous mineralised component 
of bone that has a honeycomb or sponge-like appearance. 
Cortical bone, also referred to as compact bone or lamellar bone, forms the 
cortex of most bones and is much denser, harder and stiffer than cancellous 
bone. It consists of multiple microscopic columns (osteons) conferring an excel-
lent structural integrity.
Demineralised bone matrix (DBM) graft can be composed of cortical bone, can-
cellous bone or a combination of both, when they are submitted to a deminer-
alisation process to reduce calcium content and activate bone morphogenetic 
proteins (BMP). This process provides the osteoinductive capability to the graft.
DBM includes different presentations, ranging from chips sawn or ground to 
particles; granules, powder, putty and paste (putty and paste require the use of 
a carrier).

Established clinical indications • Bony defects filling
• Spinal fusion
• Malunion
• Maxillofacial and periodontal surgery

Critical properties • Free of muscle, periosteum and cartilage
• Reduction or removal of fat, blood cells and bone marrow
• Absence of microbiological growth after processing
• Calcium content ≤ 5 %
• Osteoinductive capability 
• Adequate size and volume
• Absence of cytotoxicity due to the processing protocol
• Residual moisture of 1-6 % (w/w) or available water (aW) of < 0.5 is recom-

mended

Quality control requirements • Microbiological testing (aerobic and anaerobic bacteria, fungi)
• Final calcium content
• In vivo/in vitro osteoinduction test (recommended)
• In case of lyophilisation (freeze-drying): residual moisture or available water
• Volume characterisation

Storage and transport • Lyophilisation is the preservation method. Lyophilised/freeze-dried grafts 
can be stored and transported at room temperature (4-30 ºC). Freezing and 
high temperatures (> 30 ºC) should be avoided. The shelf life should be justi-
fied according to the known range of ambient variables that could affect the 
critical properties of the graft.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– key specifications (e.g. storage temperature)
– instructions for use, including reconstitution, rehydration or handling 

(appropriate solutions, timing)
– volume and/or particle size if applicable
– information on the composition of antibiotic decontamination cocktail or 

other residues if applicable.

Special warnings • Single recipient use.
• Lyophilised allografts should be used within appropriate timings after 

rehydration, following instructions. Timings must be defined by originating 
tissue bank and must be performed under sterile conditions.

• Do not freeze or heat grafts.

M
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Tissue/cell product Haematopoietic progenitor cells from bone marrow – HPC(M)

Definition HPC are found in small numbers in bone marrow. The infused HPC(M) can orig-
inate from the recipient (autologous) or from another individual (allogeneic). 
They can be used as fresh unmanipulated product or can be further processed 
(e.g. buffy-coat preparation, cell selection, cryopreservation).

Established clinical indications • Restoration of haematopoiesis after chemo- and/or radiation therapy (autol-
ogous and allogeneic transplantation).

• Establishment of donor chimerism (allogeneic transplantation).

Critical properties • Cellularity/viability
a. for autologous transplantation:

– nucleated cell dose: >1.0-2.0 × 108/kg recipient body weight,
– viable CD34+ cell dose: ≥ 2.0 × 106/kg recipient body weight;

b. for allogeneic transplantation:
– nucleated cell dose: ≥ 2.0-3.5 × 108/kg recipient body weight,
– viable CD34+ cell dose: ≥ 2.0-3.5 × 106/kg recipient body weight.

• Absence of microbial contamination (the presence of microbial contami-
nation may not preclude release but may indicate the need for antibiotic 
treatment in the recipient).

• In case of ABO incompatibility, red cell volume should limited to 0.2 to 
0.4 mL/kg or 10-30 mL

• In cases of cryopreserved HPC(M), DMSO volume should be less than 1 mL/
kg recipient body weight.

Quality control requirements • Nucleated cell count
• Enumeration of viable CD34+ cells
• Microbiological testing
• ABO Rh blood group for allogeneic products
• Measurement of residual ABO-incompatible red cell volume

Storage and transport • Fresh HPC(M) can be stored and transported up to 72 hours at room temper-
ature (15-25 °C) or refrigerated (2-8 °C) as requested by the transplant centre.

• Cryopreserved HPC(M) are stored and transported at temperatures equal to 
or below − 140 °C.

• Cryopreserved HPC(M) can be stored for up to 10 years or longer.
• Thawed HPC(M) are stored and transported refrigerated (2-8 °C).

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be included 
in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– donor name (autologous or related donors) or donor ID (unrelated donors)
– recipient name (if permitted), recipient ID (if applicable)
– nucleated cell count and viable CD34+ cell enumeration 
– ABO Rh blood group
– volume
– identity of the collection facility and/or donor registry
– identity of processing and distribution facility
– instructions for appropriate thawing, if applicable.

Special warnings (if needed) • Do not irradiate.
• Properly identify intended recipient and product.
• For use by intended recipient only.
• For autologous use only, if applicable.
• Do not use leukoreduction filters.
• Use immediately after thawing.
• If presence of microbial contamination, consider antibiotic treatment in the 

recipient.
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24.2. Haematopoietic progenitor cells from peripheral blood apheresis – 
HPC(A)

Tissue/cell product Haematopoietic progenitor cells from peripheral blood apheresis – HP-
C(A)

Definition HPC(A) are procured by apheresis from the mononuclear cell fraction of circu-
lating blood after their mobilisation from the bone marrow. The infused HPC(A) 
can originate from the recipient (autologous) or from another individual (allo-
geneic). They can be used as fresh unmanipulated product or further processed 
(e.g. cell selection, cryopreservation).

Established clinical indications • Restoration of haematopoiesis after chemo- and/or radiation therapy (autol-
ogous and allogeneic transplantation).

• Establishment of donor chimerism (allogeneic transplantation).

Critical properties • Cellularity/viability
a. for autologous transplantation:

– viable CD34+ cell dose: ≥ 2.0 × 106/kg recipient body weight;
b. for allogeneic transplantation:

– target viable CD34+ cell dose: approximately > 5.0 × 106/kg recipient body 
weight,

– minimum viable CD34+ cell dose: 1.5-3.5 × 106/kg body weight.
• Absence of microbial contamination (the presence of microbial contami-

nation may not preclude release but may indicate the need for antibiotic 
treatment in the recipient).

• In case of ABO incompatibility, red cell volume should be limited to 0.2 to 
0.4 mL/kg or 10-30 mL recipient weight. 

• In case of cryopreserved HPC(A), DMSO volume should be less than 1 mL/kg 
recipient body weight.

Quality control requirements • Nucleated cell count
• Viable CD34+ cell enumeration
• Microbiological testing
• ABO Rh blood group for allogeneic products
• Measurement of residual ABO-incompatible red cell volume

Storage and transport • Fresh HPC(A) can be stored and transported up to 72 hours at room temper-
ature (15-25 °C) or refrigerated (2-8 °C), as requested by the transplant centre.

• Fresh HPC(A) can be stored up to 72 hours without cryopreservation.
• Cryopreserved HPC(A) are stored and transported at temperatures equal to 

or below − 140 °C.
• Cryopreserved HPC(A) can be stored for up to 10 years or longer.
• Thawed HPC(A) are stored and transported refrigerated (2-8 °C).

Special labelling and accompanying 
information

• Placed in a container, and when applicable the accompanying documenta-
tion, must be appropriately labelled with a uniquely identifying code. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• If applicable: warning statements and/or biohazard label.
• Specific information not coded in the SEC that must be included in accom-

panying documentation:
– donor name (autologous or related donors) or donor ID (unrelated donors)
– recipient name (if permitted), recipient ID (if applicable)
– viable CD34+ cell enumeration
– ABO Rh blood group
– volume 
– identity of the collection facility and /or donor registry
– identity of processing and distribution facility
– instructions for appropriate thawing (if applicable).

Special warnings • Do not irradiate.
• Properly identify intended recipient and product.
• For use by intended recipient only.
• For autologous use only, if applicable.
• Do not use leukoreduction filters.
• Use immediately after thawing.
• If presence of microbial contamination, consider antibiotic treatment in the 

recipient.
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MNC(A)

Tissue/cell product Mononuclear cells from unstimulated peripheral blood apheresis – 
MNC(A)

Definition Unstimulated mononuclear cells are procured by apheresis from the circulating 
blood. The procured cells can originate from the recipient (autologous) or from 
another individual (allogeneic). Unstimulated mononuclear cells can be used 
as fresh non-manipulated products or further processed (e.g. cryopreservation, 
cell selection, starting material for ATMPs).

Established clinical indications • MNC(A) after allogeneic stem cell transplantation from the original HPC 
donor are used in cases of relapse and mixed chimerism or as relapse proph-
ylaxis to enhance the graft-versus-malignancy effect, to promote immune 
reconstitution and prevent infection complications.

• MNC(A) for generation of cellular therapies and ATMPs (e.g. NK-cell therapy, 
virus-specific T-cells, CAR-T cells).

Critical properties • Cellularity/viability
a. After allogeneic transplantation to enhance immunity and graft-versus-ma-

lignancy effect:
– escalating cell doses of CD3+ cells, depending on the clinical situation and 

the transplant setting (e.g. in case of relapse from 1.0 × 106/kg to 1.0 × 108/
kg body weight),

– CD3+ cell dose > 1.0 × 108/kg body weight per infusion should be avoided 
due to increased risk of graft-versus-host disease;

b. As starting material for generation of cellular therapy and ATMPs:
– required cell dose according to the specific protocol.

• Absence of microbial contamination (the presence of microbial contami-
nation may not preclude release but may indicate the need for antibiotic 
treatment in the recipient).

Quality control requirements • Nucleated and mononuclear cell count
• Viability
• Viable CD3+ cells enumeration
• Microbiological testing
• ABO Rh blood group for allogeneic products

Storage and transport • Fresh MNC(A) can be stored and transported up to 72 hours at room temper-
ature (15-25 °C) or refrigerated (2-8 °C) as requested by the transplant centre.

• Fresh MNC(A) can be stored up to 72 hours without cryopreservation.
• Cryopreserved MNC(A) are stored and transported at temperatures equal to 

or below − 140 °C.
• Cryopreserved MNC(A) can be stored for up to 10 years or longer.
• Thawed MNC(A) are stored and transported refrigerated (2-8 °C).

Special labelling and accompanying 
information

• Placed in a container, and when applicable the accompanying documenta-
tion, must be appropriately labelled with a uniquely identifying code. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• If applicable: warning statements and/or biohazard label.
• Specific information not coded in the SEC that must be included in accom-

panying documentation:
– donor name (autologous or related donors) or donor ID (unrelated donors)
– recipient name, recipient ID (if applicable)
– total nucleated and mononuclear cell count
– viable CD3+ cell count
– ABO Rh blood group (allogeneic products)
– volume
– identity of the collection facility and /or donor registry
– identity of processing and distribution facility
– instructions for appropriate thawing, if applicable.

Special warnings • Do not irradiate.
• Properly identify intended recipient and product.
• For use by intended recipient only.
• For autologous use only, if applicable.
• Do not use leukoreduction filters.
• Use immediately after thawing (if applicable).
• If presence of microbial contamination, consider antibiotic treatment in the 

recipient.

TC5_en.indb   531TC5_en.indb   531 14/12/2022   13:23:5114/12/2022   13:23:51



532

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

Cord blood

25.1. Haematopoietic progenitor cells from umbilical cord blood – HPC(CB)

Tissue/cell product Haematopoietic progenitor cells from umbilical cord blood – HPC(CB)

Definition HPC are found in umbilical cord blood (UCB). UCB banks collect, transport, pro-
cess and store UCB and, after validation of the UCB, transfer the data to a stem 
cell registry. Upon request, UCB units are distributed cryopreserved as whole 
blood or buffy-coat enriched.

Established clinical indications • Alternative source for haematopoietic progenitor cell transplantation when 
no sibling or family HLA-match donors are available.

Critical properties • Cellularity/viability
Cell dose will depend on clinical indication, age and patient’s body-weight. It 
is suggested to increase cell dose if there is HLA mismatch increase or if the 
patient has a non-malignant disorder. 
Minimum recommended cell dose for a single UCB transplantation:
TNC > 3E7/kg
CD34 > 1.5E5/kg
• Absence of microbial contamination (the presence of microbial contam-

ination will not preclude release but may indicate the need for antibiotic 
treatment in the recipient).

• In case of ABO incompatibility, red cell volume should be less than 1 mL/
kg recipient body weight. If not, a washing step is recommended before 
infusion.

Quality control requirements • Total nucleated cell count
• Viable CD34+ cell enumeration
• Viability of CD45+ and CD34+ cells
• Maternal IDM
• Microbiological testing
• ABO Rh blood group and verification HLA typing
• Measurement of residual ABO incompatible red cell volume
• CFU or other validated potency assay

Storage and transport • Cryopreserved HPC(CB) are stored and transported at temperatures equal 
to or below − 140 °C.

• Cryopreserved HPC(CB) can be stored for more than 10 years.
• Fresh and thawed HPC(CB) are stored and transported refrigerated (2-8 °C).

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable.

• If applicable: warning statements and/or biohazard label.
• Specific information not coded in the SEC that must be included in accom-

panying documentation:
– donor name (autologous or related donors) or donor ID (unrelated donors)
– recipient name, recipient ID (if applicable)
– nucleated cell count and viable CD34+ cell enumeration
– result of a potency assay
– ABO Rh blood group
– volume
– identity of the collection facility and/or donor registry
– identity of processing and distribution facility
– instructions for appropriate thawing and washing if units have not been 

red cell reduced prior to cryopreservation
– information brochure (including: handling instructions for the use of cellu-

lar therapy products, with indications, contraindications, side-effects and 
hazards, dosage and infusion recommendations).

Special warnings • Do not irradiate.
• Properly identify intended recipient and product.
• For use by intended recipient only.
• For autologous use only, if applicable.
• Do not use leukoreduction filters.
• Use immediately after thawing.
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n29.1. Vitrified oocytes for non-partner donation
Tissue/cell product Vitrified oocytes for non-partner donation

Definition Vitrified human oocytes obtained after controlled ovarian hyperstimulation, 
to be used for non-partner oocyte donation in medically assisted reproduc-
tion (MAR). Vitrification is an ultra-rapid cooling method consisting of a very 
fast temperature drop (4 000-6 000 °C/s up to > 10 000 °C/s depending on 
the volume and device used) of the solution in which the specimen is cryo-
preserved without formation of ice crystals and where the potential toxicity 
of cryoprotectants is minimised due to shorter exposure in comparison with 
other cryopreservation approaches.

Established clinical indications Women needing a non-partner oocyte donation to achieve a pregnancy. The 
most common indications are:
• Premature ovarian failure, either primary or secondary, including surgi-

cal oophorectomy, irreversible gonadal damage after chemotherapy or 
radiotherapy, Turner syndrome and other chromosomal disorders causing 
gonadal dysgenesis.

• Ovaries inaccessible, or inaccessible for oocyte retrieval.
• Start of natural menopause, or other age-related infertility.
• Carriers of genetic diseases that cannot be treated by pre-implantation 

genetic diagnosis for monogenic/single gene defects (PGT-M).
• Carriers of structural abnormalities that cannot be treated by pre- implanta-

tion genetic diagnosis for chromosomal structural re arrangements (PGT-SR).
• Carriers of mitochondrial diseases.

Critical properties • Maturation status of the oocytes is metaphase II (MII).
• Absence of giant oocytes.

Quality control requirements • Oocytes should be vitrified within 2 hours after procurement. 
• Morphological assessment of oocyte size and maturation status.

Storage and transport • Temperature below − 140 °C.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with 
a uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– number of shipped samples
– type of medium used for storage, including batch information
– type of storage device
– number of oocytes per storage device
– instructions for warming.

• In cases when the vitrification device is too small to include the donation 
identification sequence (DIS) on the label, the DIS must be included in the 
accompanying documentation, permitting traceability between the sample 
code and the DIS.

Special warnings • Any registered events and reactions in the donor file that may have implica-
tions for usage.
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29.2. Vitrified oocytes for fertility preservation and/or partner donation
Tissue/cell product Vitrified oocytes for fertility preservation and/or partner donation

Definition Vitrified human oocytes obtained after controlled ovarian hyperstimulation, to 
be used for fertility preservation and/or partner oocyte donation in medically 
assisted reproduction (MAR). Vitrification is an ultra-rapid cooling method 
consisting of a very fast temperature drop (4 000-6 000 °C/s up to > 10 000 °C/s 
depending on the volume and device used) of the solution in which the speci-
men is cryopreserved without formation of ice crystals and where the potential 
toxicity of cryoprotectants is minimised due to shorter exposure in comparison 
with other cryopreservation approaches.

Established clinical indications Women using their own cryopreserved oocytes to achieve a pregnancy. The 
most common indications are:
• Wish to defer childbearing years for social (non-medical) reasons (social egg 

freezing).
• Fertility preservation (e.g. single women, transgender men).
• Avoidance of surplus embryos in culture for legal/ethical reasons.
• Oocyte accumulation for cycle optimisation.

Critical properties • Maturation status of the oocytes is metaphase II (MII).
• Absence of giant oocytes.

Quality control requirements • Oocytes should be vitrified within 2 hours after procurement.
• Morphological assessment of oocyte size and maturation status.

Storage and transport • Temperature below − 140 °C.

Special labelling and accompanying 
information

• Placed in a container, and when applicable the accompanying documenta-
tion, must be appropriately labelled with a uniquely identifying code. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– number of shipped samples
– type of medium used for storage, including batch information
– type of storage device
– number of oocytes per storage device
– instructions for warming.

• In cases when the vitrification device is too small to include the donation 
identification sequence (DIS) on the label, the DIS must be included in the 
accompanying documentation, permitting traceability between the sample 
code and the DIS.

Special warnings • Any registered events and reactions in the donor file that may have implica-
tions for usage.
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n29.3. Cryopreserved sperm for non-partner donation
Tissue/cell product Cryopreserved sperm for non- partner donation

Definition Cryopreserved human spermatozoa obtained by ejaculation, to be used 
in non-partner sperm donation for medically assisted reproduction (MAR). 
Processed by equilibrating the sperm sample with cryoprotectants (with or 
without previous washing) followed by controlled cooling rate down to a tem-
perature of approximately − 100 °C and thereafter transferred to liquid nitrogen.

Established clinical indications Couples or individuals in need of a non-partner sperm donation to achieve a 
pregnancy, either by intra-uterine insemination or by in vitro fertilisation of 
oocytes. The most common indications are:
• Azoospermia.
• Recurrent fertilisation failure.
• Single women.
• Carriers of genetic diseases that cannot be treated by pre-implantation 

genetic diagnosis for monogenic/single gene defects (PGT-M).
• Carriers of structural abnormalities that cannot be treated by pre-implan-

tation genetic diagnosis for chromosomal structural re-arrangements 
(PGT-SR).

Critical properties • Presence of post-thaw viable and motile sperm.

Quality control requirements • The number of motile spermatozoa after test thawing must be adequate for 
the intended use: intra-uterine insemination (IUI), routine in vitro fertilisa-
tion (IVF) or microinjection (ICSI).

Storage and transport • Cryopreserved sperm can be shipped in liquid nitrogen or on carbon diox-
ide ice.

Special labelling and accompanying 
information

• Placed in a container, and when applicable the accompanying documenta-
tion, must be appropriately labelled with a uniquely identifying code. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– number of shipped samples
– pre-cryopreservation sperm concentration and motility
– number of motile spermatozoa per device
– type of medium used for storage, including batch information
– type of storage device
– instructions for thawing.

• In cases when the cryopreservation device is too small to include the do-
nation identification sequence (DIS) on the label, the DIS must be included 
in the accompanying documentation, permitting traceability between the 
sample code and the DIS.

Special warnings • Any registered event and reactions in the donor file that may have implica-
tions for usage.
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29.4. Cryopreserved sperm for partner donation
Tissue/cell product Cryopreserved sperm for partner donation

Definition Cryopreserved human spermatozoa obtained by ejaculation or lavage, to be 
used in partner sperm donation for intra-uterine insemination (IUI), in vitro 
fertilisation (IVF) or microinjection (ICSI). Processed by equilibrating the sperm 
sample with cryoprotectants (with or without previous washing) followed by 
controlled cooling rate down to a temperature of approximately − 100 °C and 
thereafter transferred to liquid nitrogen.

Established clinical indications Couples or individuals in need of their own cryopreserved sperm to achieve a 
pregnancy, either by intra-uterine insemination, IVF or ICSI. The most common 
indications are:
• Retrograde ejaculation.
• Erectile dysfunction.
• Regular absence of the male partner from the location of treatment.
• Collection by electro-ejaculation.
• Fertility preservation for transgender women.

Critical properties • Presence of post-thaw viable and motile sperm.

Quality control requirements • The number of motile spermatozoa after test thawing must be adequate for 
the intended use: IUI, IVF or ICSI.

Storage and transport • Cryopreserved sperm can be shipped in liquid nitrogen or on carbon diox-
ide ice.

Special labelling and accompanying 
information

• Placed in a container, and when applicable the accompanying documenta-
tion, must be appropriately labelled with a uniquely identifying code. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– number of shipped samples
– pre-cryopreservation sperm concentration and motility
– number of motile spermatozoa per device
– type of medium used for storage, including batch information
– type of storage device
– instructions for thawing.

• In cases when the cryopreservation device is too small to include the do-
nation identification sequence (DIS) on the label, the DIS must be included 
in the accompanying documentation, permitting traceability between the 
sample code and the DIS.

Special warnings • Any registered event and reactions in the donor file that may have implica-
tions for usage.
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n29.5. Vitrified embryos for fertility preservation, partner and/or non-
partner donation

Tissue/cell product Vitrified embryos for fertility preservation, partner and/or non-partner 
donation

Definition Vitrification of human embryos obtained after in vitro fertilisation (IVF) or 
microinjection (ICSI), to be used for fertility preservation, partner and/or 
non-partner embryo donation. Vitrification is an ultra-rapid cooling method 
consisting of a very fast temperature drop (4 000-6 000 °C/s up to > 10 000 °C/s 
depending on the volume and device used) of the solution in which the speci-
men is cryopreserved without formation of ice crystals and where the potential 
toxicity of cryoprotectants is minimised due to shorter exposure in comparison 
with other cryopreservation approaches.

Established clinical indications Women undergoing fertility preservation or needing partner or non-partner 
embryo donation to achieve a pregnancy. The most common indications are:
• Women in existing relationships facing gonadotoxic treatment. 
• Freeze-all strategy in case of suboptimal endometrium.
• Storage of supernumerary embryos for later usage.
• PGT-cases of blastocyst biopsy.
• Embryo donation.

Critical properties • Embryo viability (e.g. 50 % intact cells at cleavage stage) and stage- 
appropriate development.

Quality control requirements • Morphological and/or morphokinetical assessment of embryos.

Storage and transport • Temperature below − 140 °C.

Special labelling and accompanying 
information

• Placed in a container, and when applicable the accompanying documenta-
tion, must be appropriately labelled with a uniquely identifying code. 

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– number of shipped samples
– type of medium used for storage, including batch information
– type of storage device
– number of oocytes per storage device
– instructions for warming.

• In cases when the vitrification device is too small to include the donation 
identification sequence (DIS) on the label, the DIS must be included in the 
accompanying documentation, permitting traceability between the sample 
code and the DIS.

Special warnings • Any registered events and reactions in the donor file that may have implica-
tions for usage.
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30.1. Cryopreserved ovarian tissue for autologous transplantation

Tissue/cell product Cryopreserved ovarian tissue for autologous transplantation 

Definition Fragments of ovarian cortical tissue preserved in a cryoprotective solution. 
An entire ovary, a semi-ovary or ovarian cortical biopsies can be procured. In 
cases of using the whole ovary, it will be bisected and the medulla discarded. 
Cortical pieces are cryopreserved in the presence of cryoprotectants, fol-
lowed by controlled slow freezing down to a temperature of approximately 

− 100 °C and thereafter transferred to liquid nitrogen.

Established clinical indications • Fertility preservation for pubertal patients and women in need of urgent 
gonadotoxic treatments like chemotherapy where ovarian stimulation and 
subsequent oocyte cryopreservation is not possible.

• Fertility preservation for prepubertal and peripubertal girls in need of 
gonadotoxic treatments like chemotherapy. 

Critical properties • Cellularity/viability:
– Presence of primordial follicles
– Cortical thickness on average 1-2 mm, free of residual medulla.

Quality control requirements • Primordial follicle count. 
• Microbiological testing on the preparation medium and freezing solution.
• Testing for presence of malignant cells by standard haematoxylin-eosin 

staining. 
• Intact ovarian cortex free of signs of tissue necrosis.
• Adequate size of the pieces (on average 5 mm × 5 mm). 
• After transplantation: the resumption of oestrogen production (within 2-4 

months after transplantation).

Storage and transport • The procured ovary is best processed immediately after procurement, but 
successful transplantations have been published with cooling and trans-
port of the organ up to  20 h. Cryopreserved cortical pieces are stored and 
transported at temperatures ≤ − 140 °C.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation.

• In the EU, when grafts are distributed for human application, they must be 
labelled with the Single European Code (SEC) as applicable. 

• Specific information not coded in the SEC that must be included in accom-
panying documentation:
– Number of shipped vials
– Results of the follicle count 
– Results of the microbiological testing
– Results of the testing for presence of malignant cells
– Number of cortical pieces per vial
– Type of medium used for storage, including batch information
– Type of storage device
– Instructions for thawing
– Any remarks concerning abnormalities of the ovary and/or characteris-

tics of the cortex while preparing the tissue, not limited to the tightness 
or fragility of the cortex. 

• In cases when the container is too small to include the donation identifica-
tion sequence (DIS) on the label, the DIS must be included in the accompa-
nying documentation, permitting traceability between the sample code 
and the DIS.

Special warnings • Do not irradiate.
• Properly identify intended recipient and product.
• For use by intended recipient only.
• For autologous use only.
• Use immediately after thawing.
• If presence of microbial contamination is detected, consider prophylactic 

antibiotic treatment in the recipient.
• Risk of metastases despite tissue sampling for search to find malignant 

cells.
• Any registered event and reactions in the donor file that may have implica-

tions for usage.
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31.1. Frozen pasteurised donor human milk
Tissue/cell product Frozen pasteurised donor human milk 

Definition Human milk expressed by a donor mother, stored frozen and processed in a 
human milk bank, following specific recommendations, for use by a recipient 
that is not the mother’s own infant. 

Established clinical indications • First feeding option when mother’s own milk is not available. 
• Prevention of necrotising enterocolitis in premature infants. 
• Prevention of bronchopulmonary dysplasia in premature infants. 
• Prevention of feeding intolerance. 

Critical properties • Microbiological safety: no bacterial growth should be present 

Quality control requirements • Microbiological testing pre-pasteurisation (recommended) and post-pas-
teurisation (mandatory)

• Macronutrient analysis (recommended)

Storage and transport • Storage between − 18 °C and − 20 °C for a maximum duration of 3 to 6 
months; and at − 80 °C for a maximum of 12 months.

• Donor human milk should be transported frozen to the site of utilisation.

Special labelling and accompanying 
information

• Pasteurised human milk for nutritional use, clearly stated.
• To be placed in a container, which must be appropriately labelled with a 

uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation. Specific information that must 
be included in the accompanying documentation or on the label: volume, 
storage temperature, nutritional information (if available), instructions for 
appropriate thawing and date of expiry.

Special warnings • After thawing it should be kept at 4 °C and administered within 24 hours.
• Do not refreeze.
• Do not heat with microwave oven.
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31.2.  Frozen raw donor human milk
Tissue/cell product Frozen raw donor human milk 

Definition Human milk, expressed by a CMV-negative donor mother, that has been stored 
frozen in a human milk bank, following specific recommendations, for use by a 
recipient that is not the mother’s own infant. 

Established clinical indications • First feeding option when mother’s own milk is not available. 
• Prevention of necrotising enterocolitis in premature infants. 
• Prevention of bronchopulmonary dysplasia in premature infants. 
• Prevention of feeding intolerance. 

Critical properties • Microbiological safety: < 103 CFU/mL and no bacterial growth of potential 
pathogens allowed.

Quality control requirements • Microbiological testing (mandatory)
• Macronutrient analysis (recommended)

Storage and transport • Storage between − 18 °C and − 20 °C for a maximum duration of 3 to 6 
months; and at − 80 °C for a maximum of 12 months.

• Donor human milk should be transported frozen to the site of utilisation.

Special labelling and accompanying 
information

• Raw human milk for nutritional use, clearly stated.
• To be placed in a container, which must be appropriately labelled with a 

uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation.

• Specific information that must be included in the accompanying documen-
tation or on the label: volume, storage temperature, nutritional information 
(if available), instructions for appropriate thawing and date of expiry.

Special warnings • After thawing it should be kept at 4 °C and administered within 24 hours.
• Do not refreeze.
• Do not heat with microwave oven.
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Tissue/cell product Cryopreserved donor faeces capsules 

Definition Glycerol-preserved and encapsulated, minimally processed human faeces from 
a single healthy donor, prepared in a tissue establishment to be used for faecal 
microbiota transplantation (FMT). 

Established clinical indications • Recurrent infection with Clostridioides difficile following standard antibiotics 
therapy

• Refractory or fulminant infection with Clostridioides difficile

Critical properties • Minimally processed and encapsulated donor faeces
• Capsules

Quality control requirements • Cryopreservation is to be documented according to standard protocols in 
the tissue establishment.

Storage and transport • Storage at − 80 °C for up to 24 months
• Storage at − 20 °C for up to 4 weeks
• Storage at 2-8 °C for up to 24 hours
• Storage at ambient temperature for up to 6 hours
• Thawing may be done overnight at 2 °C to 8 °C or at ambient temperature 

for up to 6 hours. Thawing time from − 20 °C at ambient temperature is 
usually 15 minutes.

Special labelling and accompanying 
information

• To be placed in a container, which must be appropriately labelled with a 
uniquely identifying code. When applicable, this code must also be includ-
ed in the accompanying documentation.

Special warnings • Do only apply capsules to patients who do not have swallowing difficulties.
• Capsules should be visually inspected before application, and all capsules 

should have intact shape. Capsules that have visible cracks should be dis-
carded. In case of damaged packaging, capsules should not be used. 

• Do not refreeze thawed donor faeces capsules.
• Capsules should not be administered to patients with a history of anaphy-

lactic reaction secondary to food allergy.
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32.2. Cryopreserved donor faeces suspension
Tissue/cell product Cryopreserved donor faeces suspension 

Definition Liquid suspension of minimally processed human faeces from a single healthy 
donor, prepared in a tissue establishment to be used for faecal microbiota 
transplantation (FMT).

Established clinical indications • Recurrent infection with Clostridioides difficile following standard antibiotics 
therapy

• Refractory or fulminant infection with Clostridioides difficile

Critical properties • Minimally processed donor faeces
• Cryobag or syringes with connection to enteral feeding tube, endoscopy 

flushing channel or rectal catheter

Quality control requirements • Cryopreservation is to be documented according to standard protocols in 
the tissue establishment.

Storage and transport • Storage at − 80 °C for up to 24 months
• Storage at − 20 °C for up to 4 weeks
• Storage at 2-8 °C for up to 24 hours
• Storage at ambient temperature for up to 6 hours
• Thawing may be done overnight at 2 °C to 8 °C or at ambient temperature 

for up to 6 hours

Special labelling and accompanying 
information

• To be placed in a container (cryobag or syringes), which must be appropri-
ately labelled with a uniquely identifying code. When applicable, this code 
must also be included in the accompanying documentation.

Special warnings • Connector for infusion must NOT be compatible with Luer Lock.
• Do not refreeze thawed donor faeces suspensions.
• Donor faeces should not be administered to patients with a history of ana-

phylactic reaction secondary to food allergy.
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Appendix 2. Acronyms and other abbreviations

3D three-dimensional

AAS ascending aorta

AATB American Association of Tissue Banks

AAV adeno-associated virus

Ab antibodies

ACI autologous chondrocyte implanta-
tion

AFC antral follicle count

AIDS acquired immunodeficiency syn-
drome

ALK anterior lamellar keratoplasty

AMH anti-Müllerian hormone

Anti-CMV antibody to Cytomegalovirus

Anti-EBV antibody to Epstein–Barr virus

Anti-HBc antibody to hepatitis B core antigen

Anti-HCV antibody to hepatitis C virus

Anti-HIV-1 antibody to HIV-1

Anti-HIV-2 antibody to HIV-2

ARE adverse reactions and events

ART assisted reproductive technology

ARTHIQS Assisted Reproductive Technologies 
and Haematopoietic stem cells 
for transplantation Improvements 
for Quality and Safety throughout 
Europe [joint action]

ATMP advanced therapy medicinal product

aW available water

BET bacterial endotoxin test

BFU-E burst-forming units erythroblast

BM bone marrow

BMDW Bone Marrow Donors Worldwide 
[organisation: now part of WMDA]

BMP bone morphogenetic proteins

BMSC bone marrow stromal cells

BRCA BReast CAncer gene 

BSS balanced salt solution

CAPA corrective and preventive action

CAR chimeric antigen receptor

CAT Committee for Advanced Therapies

CBC complete blood count

CD cluster of differentiation

CDC Centers for Disease Control and 
Prevention

CDI Clostridioides difficile infection

CD-P-TO European Committee (Partial Agree-
ment) on Organ Transplantation of 
the Council of Europe

CE (marked) Conformité Européenne

CEA cultured epithelial autografts

CFU colony-forming units

CFU-GM colony-forming units-granulocyte/
monocyte

CHAPS 3-[(3-cholamidopropyl)dimethyl-am-
monio]-1-propanesulfonate

CJD Creutzfeldt–Jakob disease

CLET cultivated limbal epithelial transplan-
tation

CMV Cytomegalovirus

CNS central nervous system

CNT Centro Nazionale Trapianti (Italy)

CNV copy number variation

COC cumulus enclosed oocyte

COD cause of death

COH controlled ovarian hyperstimulation

COMET cultivated oral mucosal epithelial 
transplantation

DALK deep anterior lamellar keratoplasty

DBD deceased by brain death

DBM demineralised bone matrix
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DBO Department of Biological Standardi-
sation, OMCL Network & HealthCare 
(at the European Directorate for the 
Quality of Medicines & HealthCare)

DC dendritic cells

DCD deceased by circulatory death

DH-BIO Committee on Bioethics of the Coun-
cil of Europe

DLI donor lymphocyte infusions

DM Diabetes mellitus

DMEK Descemet membrane endothelial 
keratoplasty

DMSO dimethyl sulfoxide

DQ design qualification

DSAEK Descemet stripping automated 
endothelial keratoplasty

DVT deep-vein thrombosis

EATCB European Association of Tissue and 
Cell Banks

EBMT European Society for Blood and 
Marrow Transplantation

EBV Epstein–Barr virus

EC European Commission

ECCTR European Cornea and Cell Transplant 
Registry

ECDC European Centre for Disease Preven-
tion and Control

ECM extracellular matrix

ECVAM European Centre for the Validation of 
Alternative Methods

EDQM European Directorate for the Quality 
of Medicines & HealthCare

EDTA ethylenediamine tetra-acetic acid

EEBA European Eye Bank Association

EGF endothelial growth factor

EGTA ethylene glycol tetra-acetic acid

EIA enzyme immunoassay

EK endothelial keratoplasty

ELISA enzyme-linked immunosorbent 
assay

EMA European Medicines Agency

EQSTB European Union project ‘European 
Quality System for Tissue Banking’

ESBL extended-spectrum beta lactamases

ESC embryonic stem cell

ESHRE European Society for Human Repro-
duction and Embryology

EU European Union not endotoxin units 
(see IU)

EUROCET European Registry for Organs, Tis-
sues and Cells

Eurocode IBLS Eurocode International Blood Label-
ling Systems

EuroGTP Euro Good Tissue Practices [EU 
project]

EuroGTP-II Good [Tissue] Practices for demon-
strating safety and quality through 
recipient follow-up [EU project]

Eustite European Standards and Training in 
the Inspection of Tissue Establish-
ments [EU project] 

EUTC European Code for Tissues and Cells

FACS fluorescence-activated cell sorting

FACT Foundation for the Accreditation of 
Cellular Therapy

FDA Food and Drug Administration (USA)

FED Fuchs endothelial dystrophy

FET frozen embryo transfer

FIPS fingerprints

FMEA failure mode and effects analysis

FMECA failure mode, effects and criticality 
analysis

FMT faecal microbiota transplantation

FNHTR febrile non-haemolytic reactions

FOS fastidious organism supplement

FSH follicle-stimulating hormone

GAG glycosaminoglycans

G-CSF granulocyte-colony stimulating 
factor

GEMM granulocyte-erythrocyte- 
macrophage-megakaryocyte

GF growth factors

GM granulocytes and macrophages

GM-CSF granulocyte macrophage-colony 
stimulating factor

GMP Good manufacturing practice [EU 
document]

GPA glycerol-preserved allografts

GTP good tissue practice

GV germinal vesicle

GvHD graft-versus-host disease

GvT graft-versus-tumour

HACCP hazard analysis and critical control 
points

hAM human amniotic membrane

HAV hepatitis A virus

HBc hepatitis B core antigen

HBsAg hepatitis B surface antigen

HBV hepatitis B virus

HCV hepatitis C virus

HEPA high-efficiency particulate air

HES hydroxyethyl starch

HHV human Herpes virus

HIV human immunodeficiency virus

HLA human leukocyte antigen

hMG human menopausal gonadotrophin

HPC haematopoietic progenitor cells

HPV human papilloma virus

HRV human rotavirus

HSC haematopoietic stem cells

HSG hysterosalpingography

HSV Herpes simplex virus

HTLV human T-lymphotrophic virus
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HVAC heating, ventilating, and air condi-
tioning

HyCoSy hysterosalpingo-contrast sonogra-
phy

IATA International Air Transport Associa-
tion

ICCBBA International Council for Commonali-
ty in Blood Banking Automation

ICMART International Committee Monitoring 
Assisted Reproductive Technologies

ICSI intracytoplasmic sperm injection

ICU intensive care unit

IDM infectious disease marker

IEC Independent Ethics Committee

IFN interferon

Ig immunoglobulin

IL interleukin

iPSC induced pluripotent stem cell

IQ installation qualification

ISCT International Society for Cellular 
Therapy

ISN International Society for Nephrology

ISO International Organization for Stand-
ardization

ISPE International Society for Pharmaceu-
tical Engineering

ISSCR International Society for Stem Cell 
Research

IT information technology

IU international unit (for endotoxins)

IUI intra-uterine insemination

IVF in vitro fertilisation

IVM in vitro maturation

JACIE Joint Accreditation Committee–ISCT 
& EBMT

KIR killer immunoglobulin-like receptors

KLAL keratolimbal allograft

KPI key performance indicator

LAL limulus amoebocyte lysate

LH luteinising hormone

LSC limbal stem cells

MCM metastatic cutaneous melanoma

MESA microsurgical epididymal sperm 
aspiration

MII metaphase II

MNC mononuclear cells

MPHO medical products of human origin

MRA marrow re-populating ability

MRSA methicillin-resistant Staphylococcus 
aureus

MRT mitochondrial replacement therapy

MSC mesenchymal stromal (stem) cells

mtDNA mitochondrial DNA

MTT tetrazolium salt assay

NAC nipple–areola complex

NAT nucleic acid amplification technique/
nucleic acid test

NEC necrotising enterocolitis

NICE National Institute of Health and Clini-
cal Excellence [UK]

niPGT non-invasive pre-implantation ge-
netic testing

NK natural killer

NPC non-valved pulmonary conduit

NRT neutral red test

NtPSC nuclear-transfer pluripotent stem 
cells

OA osteoarthritis

OECD Organisation for Economic 
Co- operation and Development

OHSS ovarian hyperstimulation syndrome

ONT Organización Nacional de Trasplant-
es [Spain]

OQ operational qualification

ORHA organisation responsible for human 
application

Parvo-B19 Parvovirus B19

PBK pseudophakic bullous keratopathy

PBSC peripheral blood stem cells

PCR polymerase chain reaction

PESA percutaneous epididymal sperm 
aspiration

PGD pre-implantation genetic diagnosis, 
see PGT

PGS pre-implantation genetic screening, 
see PGT

PGT pre-implantation genetic testing 
(formerly known as PGD and PGS, see 
above) 

PGT-A pre-implantation genetic testing for 
aneuploidies

PGT-M pre-implantation genetic testing for 
monogenic/single gene defects

PGT-SR pre-implantation genetic testing for 
chromosomal structural re¬arrange-
ments

Ph. Eur. European Pharmacopoeia, 10th edn, 
Strasbourg: Council of Europe 2022

PIC/S Pharmaceutical Inspection 
Co- operation Scheme

PK penetrating keratoplasty

PN ProNucleus

PO procurement organisation

POI premature ovarian insufficiency

POSEIDON Promoting Optimisation, Safety, 
Experience sharing and quality 
Implementation for Donation organ-
isation and networking in unrelated 
haematopoietic stem cell transplan-
tation in Europe [EU project] 

PPA preparation process authorisation

PQ performance qualification

PRF platelet-rich fibrin
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PRIVILEGED Privacy in Law, Ethics and Genetic 
Data [EU project] 

PROH 1,3-propanedial

PRP platelet-rich plasma

PVP PolyVinylPyrrolidone

QC quality control

QM quality manager

QMS quality management system

QRM quality risk management

RABS Restricted Access Barrier System

RANTES regulated on activation, normal T-cell 
expressed and secreted

RATC rapid alerts for tissues and cells

RBC red blood cell

RCT randomised control trial

RhD Rhesus D antigen

rhG-CSF recombinant granulocyte-colony 
stimulating factor

RP Responsible Person

RPN risk priority number

SAE serious adverse event

SAL sterility assurance level

SAR serious adverse reaction

SARE severe adverse reactions and events

SDS sodium dodecyl sulfate

SEC Single European Code

SIG special interest group

SLA service-level agreement

SNV single nucleotide variation

SoHO V&S Vigilance and Surveillance of Sub-
stances of Human Origin

SOP standard operating procedure

SP-CTO Council of Europe Committee of 
Experts on the Organisational 
Aspects of Co-operation in Organ 
Transplantation

S(P)EAR serious (product) events and reac-
tions

SSC spermatogonial stem cell

SVF stromal vascular fraction

T1DM Type-1 Diabetes mellitus

TAMC total aerobic microbial count

TBV total blood volume

TCR T-cell receptor

TESA testicular sperm aspiration

TESE testicular sperm extraction

TGF tumour growth factor/transforming 
growth factor

TLT time-lapse technology

TNC total nucleated cells

TNF tumour necrosis factor

TPV total plasma volume

TRALI transfusion-related acute lung injury

TSB tryptic soy broth

TSE transmissible spongiform encepha-
lopathy

TTS The Transplantation Society

TYMC total combined yeasts/moulds count

UCB umbilical cord blood

UPS uninterrupted power supply

V&S vigilance and surveillance

vCJD variant Creutzfeldt–Jakob disease

VEGF vascular endothelial growth factor

VISTART Vigilance and Inspection for the 
Safety of Transfusion, Assisted Repro-
duction and Transplantation [joint 
action]

VMP validation master plan

VOC volatile organic compound

VRE Vancomycin-resistant enterococci

WHO World Health Organization

WMDA World Marrow Donor Association

WNV West Nile virus
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Acceptance criteria Requirements needed to meet the 
relevant quality and safety standards 
in order to ensure an acceptable final 
product for human application.

Adipose tissue Loose connective tissue, composed 
of adipocytes and stromal vascular 
fraction, which serves as energy 
storage and endocrine organ.

Advanced therapy 
medicinal product

A medicinal product that can be a 
gene therapy medicinal product, 
a somatic cell therapy medicinal 
product, a tissue-engineered 
product or a combined advanced 
therapy medicinal product (which is 
a medicinal product incorporating 
cells and medical devices or actively 
implantable medical devices).

Adverse event Any untoward occurrence associated 
with the procurement, testing, 
processing, storage or distribution 
of tissues and cells. See also: Serious 
adverse event.

Adverse reaction Any unintended response, including 
a communicable disease, in the 
donor or the recipient that is associ-
ated with the procurement or human 
application of tissues and cells. See 
also: Serious adverse reaction.

Agarose gel electro-
phoresis

Diagnostic tool to visualise DNA 
fragments.

Allogeneic Refers to tissues and cells removed 
from one individual and applied to 
another of the same species.

Allograft Tissues or cells transplanted between 
two genetically different individuals 
of the same species. The term is 
synonymous with ‘homograft’.

Ambient temper-
ature

The temperature of the surrounding 
environment. In temperature- 
controlled facilities, ambient temper-
ature is usually 17-21 °C for thermal 
comfort. Referred to as ‘room tem-
perature’ in this Guide.

Amniotic mem-
brane

The innermost layer of the placental 
membrane; it surrounds the fetus 
during pregnancy.

Angiogenesis Physiological process by which new 
blood vessels form from pre-existing 
vessels.

Antibiogram See: Resistogram.

Antibiotic/anti-
microbial

An agent that inhibits the growth of, 
or destroys, micro-organisms.

Apheresis A medical technique in which pe-
ripheral blood of a donor or patient 
is passed through an apparatus that 
separates one particular constituent 
and returns the remaining constitu-
ents to the donor or patient.

Aseptic techniques Procedures designed to prevent con-
tamination from micro-organisms 
and spread of infection.

Assisted reproduc-
tive technology

All interventions that include in vitro 
handling of both human oocytes 
and sperm, or of embryos, for the 
purpose of reproduction. This 
includes, but is not limited to, in 
vitro fertilisation (IVF), embryo 
transfer (ET), intracytoplasmic sperm 
injection (ICSI), embryo biopsy, 
preimplantation genetic testing 
(PGT), assisted hatching, gamete 
intrafallopian transfer (GIFT), zygote 
intrafallopian transfer, gamete and 
embryo cryopreservation, semen, 
oocyte or embryo donation and 
gestational carrier cycles. Thus, ART 
does not, and ART-only registries do 
not, include assisted insemination 
using sperm from a woman’s partner 
or a sperm donor. See also: Medically 
assisted reproduction.
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Audit Periodic, independent and docu-
mented examination and verification 
of activities, records, processes and 
other elements of a quality system 
to determine their conformity with 
specific internal or external require-
ments. They may be conducted by 
professional peers, internal quality 
system auditors or auditors from 
certification or accreditation bodies.

Autologous Refers to tissues or cells removed 
from and applied in the same indi-
vidual.

Azoospermia Absence of spermatozoa in the 
ejaculate. 

Bacteraemia The presence of viable bacteria in the 
circulating blood.

Banking Processing, preservation, storage 
and distribution of tissues and cells 
for human application or other 
purposes, including research and 
training.

Barcode An optical machine-readable rep-
resentation of data relating to the 
object to which it is attached.

Batch A defined quantity of starting mate-
rial, packaging material or product 
processed in one process (or series 
of processes) so that it can be consid-
ered to be homogeneous.

Bioactivity The effect of a substance upon a 
living organism.

Biobank A collection of biological material 
and the associated data and infor-
mation stored for research purposes. 
Also known as a bio-repository.

Bioburden Total number of viable micro- 
organisms or total microbial count 
present, on or in tissues or cells or in 
the environment, usually measured 
before the application of a decon-
tamination or sterilisation process.

Biochemical cue Chemical signal that occurs in a 
biological organism and causes a 
biological response.

Biocompatibility Property of a material being compat-
ible with living tissue. Biocompatible 
materials do not produce a toxic or 
immunological response when ex-
posed to the body or body fluids.

Biodegradability Disintegration of materials by biolog-
ical processes.

Biomechanical cue Mechanical signal that occurs in a 
biological organism and causes a 
biological response.

Bionics Biologically inspired engineering is 
the application of biological meth-
ods and systems found in nature to 
the study and design of engineering 
systems and modern technology.

Biophysical cue Physical signal that occurs in a 
biological organism and causes a 
biological response.

Bioprinting Combination of cells, growth factors 
and biomaterials using layer-by-layer 
deposition to fabricate biomedical 
parts that maximally imitate natural 
tissue characteristics, including struc-
tures that are later used in medical 
and tissue engineering fields.

Bisbenzimidine Organic compound used as a fluo-
rescent stain for DNA in molecular 
biology applications.

Blastocyst An embryo, around 5-6 days after 
fertilisation, with an inner cell mass, 
an outer layer of trophectoderm and 
a fluid-filled blastocoele cavity.

Blastomere A cell in a cleavage-stage embryo.

Blood groups ABO or AB0. Both forms are widely 
used, but this Guide uses O. The O is 
from German ohne (‘without’) and 
means the same as 0 (‘zero’): these 
are red blood cells without A or B 
antigens on the cell surface.

Bone The hard, rigid, mineralised form of 
connective tissue constituting most 
of the skeleton of vertebrates and 
composed primarily of calcium salts. 
There are two types of osseous tissue 
that form bones: cortical bone (the 
compact bone of the shaft of a bone 
that surrounds the marrow cavity) 
and cancellous or trabecular bone 
(typically occurs at the ends of long 
bones, proximal to joints and within 
the interior of vertebrae). Cancellous 
bone is highly vascular and frequent-
ly contains bone marrow.

Bone marrow Tissue at the centre of large bones. It 
is the place where new blood cells 
are produced. Bone marrow contains 
two types of stem cell: haematopoi-
etic (which can produce blood cells) 
and stromal (which can produce fat, 
cartilage and bone).

Calibration Operation that, under specified con-
ditions, in a first step, establishes a 
relation between the quantity values 
with measurement uncertainties 
provided by measurement standards 
and corresponding indications with 
associated measurement uncertain-
ties; and, in a second step, uses this 
information to establish a relation for 
obtaining a measurement result from 
an indication.

Cell The smallest transplantable and 
functional unit of life.

Cell culture Growth of cells in a nutrient medium 
in vitro.

Cell migration Movement of cells in particular di-
rections, often in response to specific 
external signals, including chemical 
signals and mechanical signals.

Circulation Transfer of tissues or cells from a 
tissue establishment to another 
operator for further processing.
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Clean area, clean 
environment, clean-
room

An area with defined environmental 
control of particulate and microbial 
contamination, and constructed and 
used in such a way as to reduce the 
introduction, generation and reten-
tion of contaminants within the area.

Cleavage-stage 
embryo

Embryo, beginning with the 2-cell 
stage and up to, but not including, 
the morula stage.

Clinical evaluation Clinical follow-up studies for moni-
toring predefined clinical outcome 
indicators to evaluate quality, safety 
and effectiveness/efficacy of tissue or 
cell product for a defined number of 
patients.

Closed system A system that employs a physical 
barrier that completely separates 
the internal environment from the 
external environment, and allows 
contact between them only through 
irreversible measures.

Coding A system for unique identification of 
tissues and cells for human applica-
tion, comprising a donation identifier 
and product identifier for the specific 
type of tissue or cell. 

Collagen Main structural protein.

Colonisation The natural, biological presence or 
spread of micro-organisms.

Compatibility 
testing

Testing for the presence or absence 
of recipient antibodies to HLA and to 
blood group antigens present on the 
tissues or cells for transplantation.

Competent author-
ity

See: Health Authority.

Computerised 
system

A system including the input of data, 
electronic processing and the output 
of information, to be used either for 
reporting or for automatic control. 

Consent to dona-
tion

Lawful permission or authorisation 
for removal of human cells, tissues 
and organs for transplantation. 
See also: Opt-in donation; Opt-out 
donation.

Contained laborato-
ry, contained area

According to EU GMP, an area 
constructed and operated in such 
a manner (and equipped with ap-
propriate air handling and filtration) 
as to prevent contamination of the 
external environment by biological 
agents from within the area.

Contamination Accidental inclusion or growth of 
harmful micro-organisms, such as 
bacteria, yeast, mould, fungi, virus, 
prions, protozoa or their toxins 
and by-products. Contamination is 
different from colonisation, which is 
the natural, biological presence of 
micro-organisms.

Controlled ovarian 
stimulation

Pharmacological treatment in which 
women are stimulated to induce the 
development of multiple ovarian 
follicles to obtain multiple oocytes.

Cord blood Blood collected from placental ves-
sels and umbilical cord blood vessels 
after the umbilical cord is clamped 
and/or severed as a source of hae-
matopoietic progenitor cells.

Cord blood bank A specific type of tissue establish-
ment in which haematopoietic pro-
genitor cells collected from placental 
and umbilical cord blood vessels are 
processed, cryopreserved and stored. 
It may also be responsible for collec-
tion, testing or distribution.

Cornea The transparent anterior part of 
the outer fibrous coat of the eye. A 
collagenous tissue bounded by an 
outer stratified epithelium and an 
inner monolayer of endothelial cells. 
The major refractive component of 
the eye.

Critical Potentially having an effect on the 
quality and/or safety of (or having 
contact with) tissues and cells.

Cross- 
contamination

Unintentional transfer of micro or-
ganisms and/or other material from 
one donation or processing batch to 
another.

Cryopreservation Preservation and storage at sub-zero 
temperature of viable tissues and 
cells (including gametes and embry-
os) using a cryoprotectant to pre-
serve viability, either by controlled 
slow freezing or by vitrification.

Cryoprotectant A chemical compound that is used 
to protect cells and tissues against 
freezing injury. 

Cumulus cell The multi-layered mass of granulosa 
cells surrounding the oocyte.

Cycle The process (including medication or 
not) that leads to an unique collec-
tion of gametes (for donation or own 
use), to the single (at a unique time) 
use of gametes or to the transfer 
of one or more embryos in a single 
procedure.

Cytotoxicity Quality of being toxic to cells.

DAPI 4',6-diamidino-2-phenylindole, a 
fluorescent stain that binds strongly 
to adenine–thymine-rich regions in 
DNA.

Deceased donor A person declared to be dead 
according to established medical 
criteria and from whom cells, tissues 
or organs have been procured for the 
purpose of human application. See 
also: Donor after brain death; Donor 
after circulatory death.

Decontamination The process of removing or neutralis-
ing contaminants.

De-epidermisation Process by which epidermis is re-
moved from skin.

Delivery rate Number of deliveries of neonates 
expressed per 100 initiated cycles, 
aspiration cycles or embryo-transfer 
cycles. It includes deliveries that 
resulted in the birth of one or more 
live and/or stillborn babies. 
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Denudation The removal or stripping of the cu-
mulus cells from the oocyte.

Design qualification The first step in the qualification of 
new equipment or facilities.

Deviation Departure from an approved instruc-
tion/protocol or established standard.

Differentiation Process by which a less specialised 
cell becomes a more specialised cell 
type.

Diminished ovarian 
reserve

A term generally used to indicate 
a reduced number and/or reduced 
quality of oocytes, such that the abili-
ty to reproduce is decreased.

Direct use Any procedure in which tissues and 
cells are donated and used without 
banking or storage.

Discontinuous gra-
dient centrifugation

Sperm-preparation technique based 
on sedimentation of sperm at differ-
ent rates depending on density.

Disinfection A process that reduces the number 
of viable micro-organisms, but does 
not necessarily destroy all microbial 
forms, such as spores and viruses. 

Disposal (of tissues/
cells)

The act or means of discarding tis-
sues and/or cells.

Distribution Transportation and delivery of cells 
or tissues intended for human appli-
cation. 

Donor An individual, living or deceased, 
who is a source of tissues or cells 
for human application and for other 
purposes including research. 

Donor after brain 
death

A donor who is declared dead based 
on the irreversible loss of neuro-
logical functions. Also known as 
deceased heart-beating donor.

Donor after circula-
tory death

A donor who is declared dead based 
on circulatory criteria. Also known as 
deceased non-heart-beating donor.

Donor evaluation The procedure for determining the 
suitability of an individual, living 
or deceased, as a donor of cells or 
tissues.

Donor human milk The human milk expressed by a 
breastfeeding mother and donated 
voluntarily and freely to a Human 
Milk Bank.

Donor selection See: Donor evaluation. 

Double embryo 
transfer

Transfer of two embryos.

Effectiveness Presence of functionality proven by 
in vitro analytics (e.g. potency assays) 
depending on the mode of action of 
the tissue or cell product.

Efficacy Presence of desired clinical effects/
patient outcome depending on the 
mode of action of the tissue or cell 
product.

Elastin Highly elastic protein in connective 
tissue that allows many tissues in 
the body to resume their shape after 
stretching or contracting.

Electron beam 
irradiation

Use of beta irradiation, usually of 
high energy under elevated tem-
peratures and nitrogen atmosphere, 
for sterilisation or cross-linking of 
polymers.

Embryo The result of continued development 
of the zygote to 8 completed weeks 
after fertilisation, equivalent to 10 
weeks of gestational age.

Embryo biopsy The removal of cells (blastomeres 
or trophectoderm cells) from the 
embryo for the purpose of genetic 
analysis.

Embryo donation Transfer of an embryo resulting from 
gametes (spermatozoa and oocytes) 
that did not originate from the recipi-
ent and her partner.

Embryo transfer Procedure in which one or more 
embryos are placed in the uterus or 
Fallopian tube.

Emerging disease A disease that has recently appeared 
in a population for the first time, or 
that may have existed previously but 
is rapidly increasing in incidence or 
geographic range.

End user A healthcare practitioner who under-
takes human application procedures. 

Endotoxins Large molecules consisting of a 
lipid and a polysaccharide, which 
are found in the outer membrane of 
Gram-negative bacteria.

Error A mistake or failure to carry out a 
planned action as intended, or appli-
cation of an incorrect plan that may 
or may not cause harm to patients.

Escharectomy Surgical procedure based on re-
moval of necrotic skin tissue from a 
full-thickness burn.

Ethylene oxide Organic compound and toxic gas, 
being a surface disinfectant widely 
used in hospitals and the medical 
equipment industry for sterilisation.

Exceptional release The distribution for clinical use of a 
unit of tissues and/or cells that does 
not fully comply with the defined 
safety and quality criteria for release. 
The release is justified by a specific 
clinical need in which the benefit 
outweighs the risk associated with 
the non-compliance
 See also: Negative-to-date release.

Expert Individual with the appropriate 
qualifications and experience to 
provide technical advice to a Health 
Authority inspector. 

Expiry date The date after which tissues or cells 
are no longer suitable for use. Also 
known as ‘expiration date’.

Export Act of transporting a tissue or cell 
intended for human application to 
another country where it is to be 
processed further or used directly. In 
the EU, ‘export’ refers to transport to 
a third country (i.e. outside the EU).

Facility A physical building or part of a 
building.
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Faecal microbiota 
transplantation

Transfer of minimally processed 
donor faeces from one donor to a 
patient.

Fallopian tube A long duct in the female abdomen 
that transports the oocytes that have 
been released from the ovary to the 
uterus.

Fascia A layer of fibrous connective tissue 
that surrounds muscles, groups of 
muscles, blood vessels and nerves; 
it binds some structures together 
while permitting others to slide 
smoothly over each other.

Fertilisation Entry of the oocyte by a spermatozo-
on followed by combination of their 
genetic material, resulting in the 
formation of a zygote.

Fertility The capacity to establish a clinical 
pregnancy.

Fertility preserva-
tion

Cryopreservation of reproductive 
tissues or cells to preserve reproduc-
tive capacity.

Fibronectin High-molecular glycoprotein of the 
extra-cellular matrix (ECM) that plays 
a major role in cell adhesion, growth, 
migration and differentiation.

Final product Any tissue or cell preparation intend-
ed to be transplanted or adminis-
tered after the final release step.

Follow-up Subsequent evaluation of the health 
of a patient, living donor or recipient, 
for the purpose of monitoring the 
results of the donation or human 
application, maintaining care 
and initiating post-donation or 
post-application interventions.

Freeze drying See: Lyophilisation.

Freezing As used in this guide, it means stor-
age of tissues at sub-zero tempera-
tures, with or without cryoprotectant.

Full-thickness grafts 
(FTSG)

Graft composed of epidermis and 
full-thickness dermis (with adnexal 
structure).

Fungaemia The presence of fungi in the circulat-
ing blood.

Gamma irradiation Penetrating electromagnetic radi-
ation arising from the radioactive 
decay of atomic nuclei. It is used for 
medical equipment sterilisation.

Gestational carrier A woman who carries a pregnancy 
with an agreement that she will 
give the offspring to the intended 
parent(s). Gametes can originate 
from the intended parent(s) and/or a 
third party (or parties).

Glycosaminogly-
cans (GAG)

Long unbranched polysaccharides 
that are highly polar and thus attract 
water; useful as a lubricant or shock 
absorber.

Good laboratory 
practice

Set of principles that provides a 
framework within which studies 
are planned, carried out, monitored, 
recorded, reported and archived by 
laboratories conducting testing of 
all kinds.

Good Manufactur-
ing Practice (GMP)

An EU standard applied interna-
tionally for the safe manufacture of 
medicinal products. Although the 
processing of tissues and cells is not 
normally regulated under medicinal 
manufacturing legislation, many of 
the principles of GMP can be applied 
usefully to tissues and cells for 
human application. 

Good practice A method or technique that has 
consistently 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 
transplanted in the same or another 
person to replace a damaged part or 
to compensate for a defect. 

Grafting See: Transplantation.

Haematopoietic 
progenitor cells

Primitive haematopoietic cells capa-
ble of self-renewal as well as matura-
tion into any of the haematopoietic 
lineages, including committed and 
lineage-restricted progenitor cells, 
unless otherwise specified and re-
gardless of tissue source. Also known 
as ‘haematopoietic stem cells’.

Haematoxylin-Eosin Histology staining used in medical 
diagnosis.

Haemodilution In reference to blood samples from 
a donor, a decrease in the concentra-
tion of the donor’s plasma proteins, 
circulating antigens or antibodies 
and any infectious agent present, 
resulting from the transfusion of 
blood or blood components and/
or infusion of fluids, e.g., colloid(s) 
and/or crystalloid(s). Also known as 

‘plasma dilution’.

Haemolysis Damage to red cells resulting in the 
release of haemoglobin into serum/
plasma.

Health Authority In the context of this Guide, the 
body which has been delegated with 
the responsibility for ensuring that 
tissue and cell donation, banking and 
human application are appropriately 
promoted, regulated and monitored 
in the interests of donor and patient 
safety and public transparency on 
a national or regional basis by their 
government. Other terms, such as 

‘regulatory authority’, ‘regulatory 
agency’ or, in the EU, ‘competent 
authority’, are equivalent to it.

Heart valve One of the four structures within the 
heart that prevent the backflow of 
blood by opening and closing with 
each heartbeat. They include two 
semilunar valves (aortic and pulmo-
nary), the mitral (or bicuspid) valve 
and the tricuspid valve. They permit 
blood flow in only one direction. 

Homograft See: Allograft.

Human application Use of tissues or cells on or in a 
human recipient.
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Human error A mistake made by a person rather 
than being caused by a poorly 
designed process or by the mal-
functioning of a machine such as a 
computer.

Human Milk Bank A facility established with the pur-
pose of selecting, collecting, process-
ing, storing and distributing human 
milk donated by lactating mothers 
who are not biologically related to 
the recipient infant, to meet the spe-
cific needs of individuals for whom 
donor human milk is prescribed by 
health care providers.

Human tissues and 
cells for human 
application

Material containing or consisting of 
human tissues and/or cells intended 
for implantation, transplantation, 
infusion or transfer into or onto a 
human recipient. 

Hybrid scaffold Scaffold obtained using different 
types of materials.

Hydroxiproline 
quantification

Hydroxiproline is a non-essential 
amino acid (proline derivative) which 
results from collagen acid hydrolysis.

Identification of 
tissues and cells

The labelling of tissues and cells to 
uniquely designate their origin, use 
or destination. See also: Labelling.

Immune-privileged 
niche

A certain site of the human body 
able to tolerate the introduction of 
antigens without eliciting an inflam-
matory immune response. 

Implantation (in the 
context of assisted 
reproductive tech-
nologies)

Attachment and subsequent pene-
tration by the zona-free blastocyst 
(usually in the endometrium) that 
starts 5-7 days after fertilisation. See 
also: Transplantation.

Import In this context, the act of bringing 
tissues or cells into one country from 
another for the purpose of human 
application or further processing. 

Importing tissue 
establishment

A tissue bank or a unit of a hospital or 
another body established within the 
EU which is a party to a contractual 
agreement with a third-country 
supplier for the import into the EU of 
tissues and cells coming from a third 
country and intended for human 
application.

Imputability Assessment of the probability that a 
reaction in a donor or recipient may 
be attributable to the process of 
donation or clinical application or to 
an aspect of the safety or quality of 
the tissues or cells applied.

In-process control Checks undertaken during process-
ing to monitor and, if necessary, to 
adjust the process to ensure that a 
product conforms to its specification. 
Control of the environment or equip-
ment may also be regarded as a part 
of in-process control.

In vitro fertilisation Assisted reproductive technology 
procedure that involves extracorpor-
eal fertilisation. It includes conven-
tional in vitro insemination and ICSI, 
for which see Intracytoplasmic sperm 
injection.

In vitro maturation The maturation of oocytes recovered 
from non-preovulatory follicles 
that have been primed or not with 
exogenous gonadotrophins. Also, 
the in vitro process of maturation 
from immature dendritic cells (DC) to 
mature DC.

Incident A generic term for an adverse reac-
tion or adverse event.

Incident reporting 
(adverse event 
reporting, serious/
critical incident 
reporting)

A system in a healthcare organisation 
for collecting, reporting and docu-
menting adverse occurrences that 
affect patients and are inconsistent 
with planned care (e.g. medication 
errors, equipment failures, violations).

Informed consent A person’s voluntary agreement, 
based upon adequate knowledge 
and understanding of relevant infor-
mation, to donate, to participate in 
research or to undergo a diagnostic, 
therapeutic or preventive procedure. 

Inner cell mass A group of cells in the blastocyst that 
give rise to the embryonic structures: 
the fetus, the yolk sac, the allantois 
and the amnion.

Inspection On-site assessment of compliance 
with local/national regulations on 
tissues and cells, carried out by offi-
cials of the relevant Health Authority.

Installation qualifi-
cation

The performance and documenta-
tion of tests to ensure that equip-
ment (such as equipment, premises) 
used in a procurement or production 
process is appropriately selected, 
correctly installed and works in 
accordance with established specifi-
cations.

Intracytoplasmic 
sperm injection

A procedure in which a single sper-
matozoon is injected into the oocyte 
cytoplasm.

Intra-uterine insem-
ination

Procedure in which processed sperm 
cells are transferred transcervically 
into the uterine cavity.

Keratoplasty Corneal transplantation.

Key performance 
indicator

A quantifiable measure or a set of 
quantifiable measures used to trace 
performance over time.

Labelling Includes steps taken to identify 
packaged material by attaching 
the appropriate information to the 
container or package so it is clearly 
visible on or through the immediate 
carton, receptacle or packaging. See 
also: Identification of tissues and cells.

Laminine High-molecular-weight protein 
of the extracellular matrix with 
important roles in cell differentiation, 
migration and adhesion.

Laparoscopy A surgical procedure in which a small 
incision is made through which 
a viewing tube (laparoscope) is 
inserted.

Limbal stem cells The population of stem cells residing 
in the basal epithelium of the limbus, 
giving rise to the corneal epithelium.
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Limbal tissue Tissue bridging the junction be-
tween the cornea and sclera. Site 
of the limbal stem cells that renew 
the corneal epithelium. Limbal stem 
cell deficiency causes ocular surface 
disease.

Limbus The area bridging the junction be-
tween the cornea and sclera.

Live birth rate Delivery of one or more infants with 
any signs of life expressed per 100 
initiated cycles, aspiration cycles or 
embryo-transfer cycles.

Living donor A living person from whom cells or 
tissues have been removed for the 
purpose of human application. 

Lyophilisation A controlled freezing and dehydra-
tion process through the sublimation 
of water under vacuum from ice 
directly to vapour to a residual water 
content of < 5 %. Typically used to 
preserve a non-viable perishable ma-
terial or to make the material more 
convenient for transport. Also known 
as freeze drying.

Malignancy Presence of cancerous cells or 
tumours with a tendency to metasta-
sise, potentially resulting in death.

Manipulation Preparation of retrieved tissues 
or cells to make them suitable for 
human application. In the context 
of processing of haematopoietic 
progenitor cells, this is a laboratory 
procedure that selectively removes, 
enriches, expands or functionally 
alters the cells. 

Masson trichrome Staining protocol used in histology 
for distinguishing cells from the 
surrounding connective tissue.

Measurement 
accuracy

Closeness of agreement between a 
measured quantity value and a true 
quantity value of a measurand. The 
concept ‘measurement accuracy’ is 
not a quantity and is not given a 
numerical quantity value. A meas-
urement is said to be more accurate 
when it offers a smaller measure-
ment error.

Measurement un-
certainty

Non-negative parameter character-
ising the dispersion of the quantity 
values being attributed to a measur-
and, based on the information used.

Medically assisted 
reproduction (MAR)

Reproduction brought about 
through various interventions, pro-
cedures, surgeries and technologies 
to treat different forms of fertility 
impairment and infertility. These 
include ovulation induction, ovarian 
stimulation, ovulation triggering, all 
ART procedures, uterine transplanta-
tion and intra-uterine, intracervical 
and intravaginal insemination with 
semen of husband/partner or donor. 
See also: Assisted reproductive tech-
nology (ART).

Medicinal product Any substance or combination of 
substances presented as having 
properties for treating or preventing 
disease in human beings, or which 
may be used in or administered to 
human beings with a view to either 
making a medical diagnosis, or 
restoring, correcting or modifying 
physiological functions by exerting a 
pharmacological, immunological or 
metabolic action.

Meiotic spindle Spindle apparatus composed of 
microtubules that support and seg-
regate chromosomes during meiotic 
division.

Metaphase II oocyte Mature oocyte at the metaphase of 
the second meiotic division.

MHC II antigen Class of major histocompatibility 
complex (MHC) molecules normally 
found only on antigen-presenting 
cells such as dendritic cells, mononu-
clear phagocytes, some endothelial 
cells, thymic epithelial cells and B 
cells.

Micromanipulation 
in ART

Technology that allows micro- 
operative procedures to be done on 
the spermatozoon, oocyte, zygote or 
pre-implantation embryo.

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide is a 
colourimetric assay for assessing cell 
metabolic activity.

Musculoskeletal Tissues that are part of the skeleton 
and muscular system, including 
muscles, bones, cartilage, tendons 
and ligaments, which function in the 
support and movement of the body.

Negative-to-date 
release

The release of tissues or cells for 
human application before comple-
tion of testing for bacterial or fungal 
cultures. The cultures are negative at 
the time of release.

Next of kin A person’s closest living blood rela-
tive or relatives.

Non-compliance Failure to comply with accepted 
standards, requirements, rules or 
laws.

Non-partner dona-
tion

Donation of reproductive cells be-
tween individuals who do not have 
an intimate physical relationship; also 
called ‘third-party donation’.

Novelty Any new tissue and cell preparation 
or change that could significantly 
affect the quality and/or safety of 
tissues and cells and/or the safety of 
recipients.

Oligozoospermia Total concentration of spermatozoa 
< 15 × 106/mL.
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One-off import Import of any specific type of tissue 
or cell that is for the personal use of 
an intended recipient or recipients 
known to both the importing tissue 
establishment and the third-country 
supplier before the importation 
occurs. Such an import of any specific 
type of tissue or cell must not nor-
mally occur more than once for any 
given recipient. In the EU imports 
from the same third-country supplier 
taking place on a regular or repeated 
basis must not be considered to be 

‘one-off imports’ (Directive 2015/566/
EC).

Oocyte The female gamete (egg).

Oocyte cumulus 
complex

Oocyte surrounded by the granulosa 
and corona radiate cells.

Oocyte sharing Refers to a female partner who 
enters ART treatment and decides 
to donate a specified number of her 
retrieved oocytes. Also known as egg 
sharing.

Operational qualifi-
cation

Documented verification that the 
system or sub-system performs as 
intended throughout all anticipated 
operating ranges.

Opt-in donation System for determining voluntary 
consent to donate where consent has 
been given by an individual during 
their lifetime or by an individual’s 
family after their death. Also known 
as explicit or express consent.

Opt-out donation System for determining voluntary 
consent to donate where donation 
may proceed unless an individual has 
expressed an objection during their 
lifetime. Also known as presumed or 
deemed consent.

Organ Differentiated and vital part of the 
human body, formed by different 
tissues, that maintains its structure, 
vascularisation and capacity to de-
velop physiological functions with a 
significant level of autonomy.

Organ culture Culture of the whole or parts of an 
organ in medium in vitro to preserve 
cell–cell and cell–matrix interactions 
and to maintain structure and 
function.

Organisation re-
sponsible for human 
application 

A healthcare establishment or unit of 
a hospital or another body that car-
ries out human application of human 
tissues or cells.

Ovarian hyperstimu-
lation syndrome

An exaggerated systemic response 
to ovarian stimulation characterised 
by a wide spectrum of clinical and 
laboratory manifestations. It is clas-
sified as ‘mild’, ‘moderate’ or ‘severe’ 
according to the degree of abdomi-
nal distension, ovarian enlargement 
and respiratory, haemodynamic and 
metabolic complications.

Package insert A document included in the pack-
aging of a distributed tissue or cell 
product that includes important 
information for the end users on 
handling, storage, traceability and 
adverse outcome reporting and, in 
some cases, on the product’s proper-
ties or characteristics.

Packaging Packaging, including primary and 
secondary packaging, aims to pro-
tect tissues and cells and to present 
them to the operator (initial or 
in-process packaging) or to the clini-
cal user (final packaging) in a suitable 
manner. Also refers to containers. See 
also: Primary packaging; Secondary 
packaging.

Packaging material Any material employed in the pack-
aging of tissues or cells, excluding 
any outer packaging used for trans-
portation or shipment. Packaging 
materials are referred to as ‘primary’ 
or ‘secondary’ according to whether 
or not they are intended to be in 
direct contact with the product. Also 
refers to containers.

Paracetic acid Organic compound used for the 
disinfection of medical supplies to 
prevent biofilm formation.

Partner donation Donation of reproductive cells 
between a couple who declare 
that they have an intimate physical 
relationship.

Percutaneous 
epididymal sperm 
aspiration

Sperm aspiration by percutaneous 
puncture of the epididymis by a 
fine-needle technique.

Performance quali-
fication

Documented verification that the 
integrated system functions as 
intended, in its normal operating 
environment; processes may be 
proven also by documented verifica-
tion through appropriate testing that 
the finished product produced by a 
specified process meets all release 
requirements.

Pericardium A double-walled sac that contains 
the heart and the roots of the great 
vessels.

PicoGreen assay Selective dsDNA quantification of as 
little as 25 pg/mL.

Placenta An organ that connects the develop-
ing fetus to the uterine wall to allow 
nutrient uptake, waste elimination 
and gas exchange via the mother’s 
blood supply.

Plasma dilution See: Haemodilution.

Polar body A haploid cell with very little cyto-
plasm that is formed and is separated 
from the oocyte during meiosis and 
that contains a nucleus produced in 
the first or second meiotic division.

Pooling Physical contact between, or 
any process that could result in 
cross-contamination between, 
tissues or cells from more than one 
procurement from the same donor, 
or from two or more donors.
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Posthumous dona-
tion

The donation of tissue or cells after 
the donor’s death with prior written 
consent of the donor.

Pre-implantation 
genetic testing

A test performed to analyse the DNA 
from oocytes (polar bodies) or em-
bryos (cleavage stage or blastocyst) 
for HLA-typing or for determining 
genetic abnormalities. These include: 
PGT for aneuploidies (PGT-A); PGT 
for monogenic/single gene defects 
(PGT-M); and PGT for chromosomal 
structural rearrangements (PGT-SR).

Preservation Use of chemical agents, alterations 
in environmental conditions or other 
means during processing to prevent 
or retard biological or physical dete-
rioration of tissues or cells.

Primary packaging Any material employed in the 
packaging of tissues and cells that 
is intended to be in direct contact 
with the graft, excluding any outer 
packaging used for transportation or 
shipment. Also refers to containers.

Procedures Description of all the tasks, oper-
ations and processes to be carried 
out, the precautions to be taken and 
measures to be applied to ensure the 
quality and safety of tissues and cells 
from procurement through process-
ing, testing and storage to human 
application. 

Processing All operations involved in the prepa-
ration, manipulation, preservation, 
storage and packaging of tissues or 
cells intended for human application. 

Procurement A process by which tissues or cells 
are made available for banking or 
human application. This process 
includes donor identification, evalua-
tion, obtaining consent for donation, 
donor maintenance and retrieval of 
tissues, cells or organs. 

Procurement organ-
isation

A healthcare establishment or a 
unit of a hospital or another body 
that undertakes the procurement of 
human tissues or cells.

Proliferation Rapid reproduction of a cell.

Pronucleus The nucleus of the sperm or the 
oocytes during the process of fertil-
isation, after the sperm has entered 
the oocytes but before they fuse.

Prophase I oocyte Immature oocyte at the prophase of 
the first meiotic division.

Propidium iodide Fluorescent intercalating agent used 
to evaluate cell viability or DNA con-
tent in cell cycle analysis.

Pyrogenic Producing or produced by heat or 
fever.

Pyrogens Substance, typically produced by 
a bacterium, which produces fever 
when introduced or released into the 
blood.

Qualification According to EU GMP, the action of 
proving that any equipment works 
correctly and actually leads to the 
expected results. More generally, 
qualification is applied to the inputs 
to a process, i.e. equipment, facilities, 
materials and software (and their 
suppliers), as well as to operators and 
the relevant written procedures. 

Quality Fulfilment of a specific set of stand-
ards, characteristics and require-
ments.

Quality assurance The actions planned and performed 
to provide confidence that all sys-
tems and elements that influence the 
quality of the product are working 
as expected, both individually and 
collectively.

Quality control The part of quality management 
focused on fulfilling quality require-
ments. In terms of preparation, it 
concerns sampling specifications and 
testing; for an organisation, it relates 
to documentation and release pro-
cedures, which together ensure that 
the necessary and relevant tests have 
actually been carried out and that 
materials have not been released 
for use until their quality has been 
judged to be satisfactory. 

Quality improve-
ment

The actions planned and performed 
to develop a system to review and 
improve the quality of a product or 
process. 

Quality manage-
ment system

The organisational structure, with 
defined responsibilities, procedures, 
processes and resources, for im-
plementing quality management, 
including all activities that contribute 
to quality, directly or indirectly.

Quarantine The initial status of procured tissues 
or cells while awaiting a decision 
on their acceptance or rejection, or 
tissues or cells isolated physically or 
by other effective means from other 
donated material for other reasons 
until their suitability for use is estab-
lished.

Randomised control 
trial

A study in which samples or subjects 
are allocated at random into groups, 
called the ‘study’ and ‘control’ groups, 
to receive or not receive an experi-
mental therapeutic intervention.

Rapid alert An urgent communication to rele-
vant individuals/organisations to 
ensure the protection of donors or 
recipients when an unexpected risk 
has been identified.

Recall Removal from use of specific stored 
or distributed tissues and cells 
that are suspected or known to be 
potentially harmful. See also: Return; 
Withdrawal.

Recipient Person to whom human tissues, cells 
or reproductive cells and embryos 
are applied.

Recovery See: Procurement.
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Registry A repository of data collected on 
tissue, cell and organ donors and/or 
recipients for the purpose of audit, 
clinical outcome assessment, quality 
assurance, validation, healthcare 
organisation and planning, research 
and surveillance.

Regulatory author-
ity

See: Health Authority.

Release The act of certifying compliance of 
a specific tissue or cells of batch of 
tissues or cells with the requirements 
and specifications.

Remodelling Change of the micrometric structure.

Reproductive cells Oocytes and spermatozoa – in this 
Guide, oocytes and spermatozoa 
collected to be used for the purpose 
of assisted reproduction or fertility 
preservation.

Resazurin Indicator of cell viability based on 
oxidation-reduction reactions.

Resistogram The result of a test for the sensitivity 
of an isolated bacterial strain to 
different antibiotics. Also known as 
an antibiogram.

Retrieval See: Procurement.

Return Sending back recalled tissues or cells 
to the tissue establishment that sup-
plied them for human application. 

Risk assessment Identification of potential hazards 
with an estimation of the likelihood 
that they will cause harm and of the 
severity of the harm should it occur.

Risk mapping Risk mapping is a way of represent-
ing and prioritising the risks of an 
organisation. It enables a diagnosis 
of the vulnerabilities of a system, 
an organisation or a process (major 
risks) to be established and to objec-
tively assist in decision-making by 
ranking the risks according to their 
criticality. Finally, it enables the im-
plementation of actions to manage 
the risk.

Root cause analysis A structured approach to investigat-
ing and identifying the factors that 
resulted in the nature, magnitude, 
location and timing of a harmful or 
potentially harmful outcome.

Roughness Quality or state of having an uneven 
or irregular surface.

Scaffold A structure made using scaffolding.

Sclera Fibrous white outer coat of the eye.

Secondary pack-
aging

Any material employed in the pack-
aging of tissues and cells that is not 
intended to be in direct contact with 
the graft, and excluding any outer 
packaging used for transportation or 
shipment. Also refers to containers.

Semen analysis A description of the ejaculate to 
assess function of the male reproduc-
tive tract. Characteristic parameters 
may include volume and pH, the 
concentration, motility, vitality and 
morphology of spermatozoa, and 
the presence of other cells.

Septicaemia A systemic disease caused by 
the spread of pathogenic micro- 
organisms or their toxins via the 
circulating blood.

Serious adverse 
event 

Any untoward occurrence associated 
with the procurement, testing, pro-
cessing, storage or distribution of tis-
sues and cells that might lead to the 
transmission of a communicable dis-
ease, to death or to life- threatening, 
disabling or incapacitating condi-
tions for a patient, or which might 
result in, or prolong, hospitalisation 
or morbidity (Directive 2004/23/EC). 

Serious adverse 
reaction 

An unintended response, including 
a communicable disease, in the 
donor or in the recipient, associated 
with the procurement or human 
application of tissues and cells that 
is fatal, life-threatening, disabling or 
incapacitating or which results in, or 
prolongs, hospitalisation or morbidi-
ty (Directive 2004/23/EC).

Shipment A type of transport where the 
transfer of tissues or cells from the 
distributing to the receiving facilities 
is carried out by means of a contract 
with a third party, usually a special-
ised logistics company.

Skin Thin layer of tissue forming the 
natural outer covering of the human 
body. Skin is composed of two 
primary layers: the epidermis and 
dermis. These layers are separated by 
a thin sheet of fibres, the basement 
membrane. Keratinocytes constitute 
95 % of the epidermis. The dermis 
provides tensile strength and elastici-
ty to the skin through an extracellular 
matrix composed of collagen fibrils, 
microfibrils and elastic fibres, embed-
ded in proteoglycans.

Somatic cells Any cell of a living organism other 
than the reproductive.

Spermatozoon The mature male reproductive cell.

Split-thickness skin 
graft (STSG)

Graft composed of epidermis and 
partial-thickness dermis.

Sporicidal Refers to a substance, agent or prod-
uct used for killing bacterial spores.

Standard operating 
procedure 

Written instructions describing the 
steps in a specific process, including 
the materials and methods to be 
used and the expected result. See 
also: procedures.

Starting material Any procured human cell or tissue 
that will constitute an integral part 
of an advanced therapy medicinal 
product active substance.
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Sterilisation Any process that eliminates or inacti-
vates transmissible infectious agents 
(pathogens) containing nucleic acids, 
e.g. vegetative and spore forms of 
bacteria and fungi, parasites or virus-
es, present on a surface, in a fluid, in 
medication or in a compound such 
as biological culture media. Sterilisa-
tion can be achieved by applying the 
proper combinations or conditions 
of heat, chemicals, irradiation, high 
pressure and filtration.

Sterility assurance 
level

Represents the expected probability 
of a micro-organism surviving on an 
individual unit of product after expo-
sure to a sterilisation process. SAL 10−6 
has been established as the standard 
for allografts and indicates a proba-
bility of one chance in a million that 
one unit of product will be contami-
nated with a single organism after a 
sterilisation process. If the product 
meets or exceeds this standard, it is 
then considered sterile.

Storage Maintenance of a product under 
appropriate controlled conditions 
until distribution. 

Storage tempera-
ture

Temperature at which tissues and 
cells must be stored to maintain their 
required properties.

Supercritical carbon 
dioxide

Fluid state of carbon dioxide where 
it is held at or above its critical tem-
perature and critical pressure. It is an 
alternative for terminal sterilisation 
of biological materials and medical 
devices in combination with peracet-
ic acid.

Supernumerary 
embryos

Excess embryos after embryo trans-
fer.

Surveillance Systematic collection, collation and 
analysis of data for public health 
purposes and the timely dissemi-
nation of public health information 
for assessment and public health 
responses, as necessary. 

Swim up A preparation technique based on 
the ability of spermatozoa to swim in 
the culture medium.

Tendon A tough band of fibrous connective 
tissue that usually connects muscle 
to bone and which can withstand 
tension.

Terminal sterilisa-
tion

A method for achieving the sterility 
of a product in its sealed container 
and with a sterility assurance level of 
10−6 or better.

Testicular sperm 
extraction/aspira-
tion

A surgical procedure involving tes-
ticular biopsies or needle aspirations 
to obtain sperm for use in IVF and/
or ICSI.

Third countries Term used within the EU to refer to 
countries that are not members of 
the EU.

Third party Any organisation that provides a ser-
vice to a procurement organisation 
or tissue establishment on the basis 
of a contract or written agreement.

Time-lapse imaging The photographic recording of 
microscope image sequences. In this 
Guide, used for documentation of 
gametes, zygotes, cleavage-stage 
embryos or blastocysts at regular 
intervals.

Tissue An aggregate of cells joined together 
by, for example, connective struc-
tures and performing a particular 
function.

Tissue bank See: Tissue establishment.

Tissue establish-
ment

A facility or a unit of a hospital or 
another organisation where the 
activities of processing, preservation, 
storage or distribution of human 
tissues and cells for human applica-
tion are undertaken. It may also be 
responsible for procurement and/or 
testing of tissues and cells.

Toxicity Degree to which a substance can 
damage an organism. 

Traceability Ability to locate and identify a spe-
cific tissue/cell during any step from 
procurement, through processing, 
testing and storage, to distribution to 
the recipient or disposal. This implies 
the ability to identify: the donor; the 
tissue establishment or processing 
facility that receives, processes or 
stores the tissue and cells; and the 
recipient(s) at the medical facility/
facilities applying the tissues and 
cells to the recipient(s). Traceability 
also covers the ability to locate and 
identify all relevant data relating to 
products and materials coming into 
contact with those tissues and cells.

Transmissible 
disease

Comprises all clinically evident 
illnesses (i.e. characteristic medical 
signs and/or symptoms of disease) 
resulting from the infection, pres-
ence and growth of micro-organisms 
in an individual or the transmission 
of genetic conditions to the offspring. 
In the context of transplantation, ma-
lignancies and autoimmune diseases 
may also be transmitted from donor 
to recipient.

Transplantation, 
implantation or 
grafting

Transfer (engraftment) of human 
tissues or cells from a donor to a 
recipient with the aim of restoring 
function(s) in the body. See also: Im-
plantation (in the context of assisted 
reproductive technologies).

Transport The act of transferring a tissue or cel-
lular product between distributing or 
receiving facilities under the control 
of trained personnel.

Trophectoderm Outer layer of cells in a blastocyst 
(composed of trophectoderm and 
inner cell mass cells). A group of cells 
in the blastocyst that do not produce 
any embryonic structures but give 
rise to the chorion, the embryonic 
portion of the placenta.
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Unique identifica-
tion code 

A code that unambiguously identifies 
a particular donor and donation (e.g. 
a unique donation + tissue product 
code). See also: Coding.

Validation Documented evidence giving a high 
degree of assurance that a specific 
process or system, including pieces 
of equipment or the environmental 
conditions, will perform consistently 
to deliver a product meeting its 
pre-determined specifications and 
quality attributes, based on intended 
use (EU Directive 2006/86/EC).
or
Confirmation, through the provision 
of objective evidence, that the 
requirements for a specific intended 
use or application have been fulfilled 
(ISO9000:2015).

Vas deferens, vasa 
deferentia

Tube(s) that transport(s) sperm from 
the epididymis to the ejaculatory 
ducts.

Verification Preferred term for the validation or 
qualification of IT systems/software.
or
Confirmation, through the provision 
of objective evidence, that specified 
requirements have been fulfilled 
(ISO9000:2015).

Vigilance Alertness to and/or awareness of se-
rious adverse events, serious adverse 
reactions or complications related to 
donation and human application of 
tissues, cells and organs, involving 
an established process for reporting 
at local, regional, national or interna-
tional level. See also: Surveillance.

Viraemia The presence of viruses in the blood.

Vitrification Method of ice-free cryopreservation 
achieved through an extreme eleva-
tion in solution viscosity sufficient to 
suppress the crystallisation of water. 
Requires rapid cooling and/or high 
concentrations of solutes, such as 
the conventional cryoprotectants, to 
reach the glass transition tempera-
ture without ice formation.

Wettability Tendency of one fluid to spread on, 
or adhere to, a solid surface in the 
presence of other immiscible fluids. 
Wettability refers to the interaction 
between fluid and solid phases.

Window period Period of time before infection can 
be detected by a specific testing 
method.

Withdrawal Process instigated by a tissue estab-
lishment to recall tissues or cells that 
have been distributed.

Xenograft Graft of tissue taken from a donor of 
one species and grafted into a recipi-
ent of another species.

Xenotransplanta-
tion

Any procedure that involves the 
transplantation, implantation or infu-
sion into a human recipient of either 
(a) live tissues, cells or organs from 
a non-human animal source, or (b) 
human body fluids, tissues, cells or 
organs that have had ex vivo contact 
with live non-human animal cells, 
tissues or organs.

Zygote A diploid cell resulting from the 
fertilisation of an oocyte by a sper-
matozoon, before completion of the 
first mitotic division.
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Appendix 4. Example of cleanroom qualification

Short description of equipment or process being validated.

Qualification of cleanrooms for use in regulated environments.

Details of equipment used in the validation.

An active Environmental Monitoring System (EMS)

Settle plates

Contact/air sampling plates

Particle counter

Active air sampler

Details of testing levels and methods used in validation.

Eudralex Volume 4, “The rules governing medicinal products in the European Union”, Annex 1: Manufacture of sterile 
medicinal products

SOP254 – Environmental monitoring using contact plates

SOP975 – Environmental monitoring using the active air sampling

SOP978 – Environmental monitoring using settle plates

SOP2382 – Environmental monitoring equipment

SOP4007 – SCI cleanroom cleaning

ISO14644 – BSEN14644 and EU GMP cleanroom standards
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Installation qualification

No. Description Acceptance criteria Results Pass/
Fail

Comments Signature 
and date

1. Cleanroom designed in 
accordance with required 
operating specifications.

Appropriate specifica-
tions available and clean-
room designed to meet 
specifications.

Current drawings for 
cleanroom layout and 
air handling unit(s) are 
available.

2. Cleanroom layout, 
fixtures and finishes are 
installed according to 
the current drawings and 
are of an appropriate 
standard.

Cleanroom finishes are 
smooth, impervious, 
non-shedding and also 
crack- and crevice-free.

Floor to wall, wall to 
wall and wall to ceiling 
junctions are coved and 
finished in vinyl and are 
defect-free.

All wall and ceiling pen-
etrations are fully sealed 
with silicone sealant and 
are defect-free.

Light fittings and filter 
housings are surface- 
mounted, are fully sealed 
with silicone sealant and 
are defect-free.

There are no uncleanable 
recesses and minimal 
projecting ledges, shelves, 
cupboards and equip-
ment.

Fixtures, fittings and 
cleanroom furniture are 
all present, secure and 
free of rust and defects.

Cleanroom entry/exit 
doors and pass-through 
hatch doors are inter-
locked or otherwise 
controlled to prevent 
both doors being opened 
simultaneously.

3. Confirm access to the EMS 
system data is available.

Records must be accessi-
ble during the validation 
process.

4. Confirm that particle 
counters and differential 
pressure monitoring sys-
tems are calibrated and 
available.

In-date calibration certif-
icates must be available 
and equipment free for 
use during the entire 
validation period.

5. Ensure cleanroom and 
associated air handling 
unit(s) is registered as an 
asset in QPulse.

QPulse asset number 
must be generated.
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Operational qualification

No. Description Acceptance criteria Results Pass/
Fail

Comments Signature 
and date

1. Particle Challenge Leak 
Test for testing of each 
installed HEPA filter using 
dispersed oil particulate 
(DOP).

External contractor to 
perform DOP testing of 
facilities in accordance 
with ISO 14644-3. Aerosol 
concentrations must be 
≤ 0.01 % of the upstream 
concentration.

 

2. Air exchange rate testing. 
Tested in accordance with 
BSEN 14644-3-2005.

External contractor to 
measure airflow volume 
or airflow velocity. Air 
change rate in compli-
ance with design specifi-
cation and should achieve 
> 20 air changes per hour.

 

3. Particle Counting for 
classification of the clean-
room.

External contractor to 
perform particle counting 
in cleanroom to meet 
EU GMP Annex 1 “at rest” 
limits for particulates 
(working to ISO 14644-1).

 

4. Air flow distribution 
testing using smoke 
visualisation.

External contractor to 
perform smoke visualis-
ation test in accordance 
with ISO 14644-3 demon-
strating:
• flow distribution is 

satisfactory within 
each room;

• any dead spots within 
each room have been 
identified;

• no areas of excessive 
turbulence below 
working height exist 
(that could lead to 
particulate contami-
nation).

5. Perform a weekly clean 
of the cleanroom as per 
SOP 4007.

Cleanroom cleaning must 
be easy to facilitate and 
unobstructed.

 

6. Perform weekly at rest 
environmental monitor-
ing as per SOP 254, SOP 
975 and SOP 978.

Full set of plates must 
be exposed and results 
shown to not exceed EU 
GMP Annex 1 limits for 
microbial contamination.

7. Perform routine weekly 
at rest particle counting 
monitoring as per SOP 
2382.

Full set of counts must be 
obtained in accordance 
with SOP 2382, and 
checked for compliance 
with EU GMP Annex 1 “at 
rest” limits.
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No. Description Acceptance criteria Results Pass/
Fail

Comments Signature 
and date

8. Record the differential 
pressures for cleanroom 
facilities during “at rest” 
monitoring.

Daily records must be 
obtained for differential 
pressures, and compli-
ance with the design 
specification and EU GMP 
confirmed (10-15 Pa be-
tween adjacent rooms of 
different grades at rest).

9. Perform simulated opera-
tion environmental moni-
toring as per SOP 254, SOP 
975 and SOP 978.

Full set of plates must 
be exposed while non- 
clinical cleanroom work 
is performed, and results 
shown not to exceed EU 
GMP Annex 1 limits for 
microbial contamination.

10. Perform simulated oper-
ation particle counting 
monitoring.

Full set of counts must 
be obtained while non- 
clinical cleanroom work is 
performed and checked 
to ensure compliance 
with EU GMP Annex 1 “in 
operation” limits.

11. Record the differential 
pressures for cleanroom 
facilities “simulated oper-
ation” monitoring.

Records must be ob-
tained for differential 
pressures, and compli-
ance with the design 
specification and EU 
GMP confirmed (10-15 Pa 
between adjacent rooms 
of different grades during 
working).

12. Review at rest and sim-
ulated operation results 
and data.

Results should not 
highlight any problems 
or trends. All results must 
not exceed the upper 
limits for the relevant 
grades of room, in 
compliance with EU GMP 
Annex 1.

13. Particulate clean-up rate 
within stipulated limits.

Particulate air recovery/
clean-up rate must 
be achieved within 20 
minutes in the “at rest” 
state and after operators/
workers have left the 
room (and after simulated 
operation tests).
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Performance qualification

No. Description Acceptance criteria Results Pass/Fail Comments Signature 
and date

1. Perform a weekly clean 
of the cleanroom as per 
SOP 4007 for a minimum 
of an 8-week period.

Cleanroom cleaning must 
be easy to facilitate and 
unobstructed.

2. Perform environmental 
monitoring as per 
SOP 254, SOP 975 and 
SOP 978 for a minimum of 
8 consecutive weeks.

Full set of plates must be 
exposed at least weekly 
(in either the at rest or 
in use state) and results 
shown not to exceed EU 
GMP Annex 1 limits.

3. Perform particle counting 
monitoring for a mini-
mum of 8 consecutive 
weeks.

Full set of counts must be 
obtained at least once per 
week and in accordance 
with SOP 2382, and 
checked for compliance 
with EU GMP Annex 1 
limits (at rest or in oper-
ation, as appropriate for 
time of monitoring).

4. Record the differential 
pressures for cleanroom 
facilities for a minimum 
of 8 weeks of continued 
monitoring.

Records must be ob-
tained for differential 
pressures for each day 
that environmental mon-
itoring is performed, and 
checked for compliance 
with the design specifica-
tion and EU GMP (10-15 Pa 
between adjacent rooms 
of different grades).

5. Review results and data. 
Identify any issues and 
trends.

Results should not 
highlight any problems 
or trends. All results must 
not exceed the action 
limits for the relevant 
grades of room, in com-
pliance with EU GMP 
Annex 1.

Note: Each Validation Phase must be signed off before commencing the next phase of testing and before go-live.

Deviations and adverse events

QPulse No. Details Date raised Date closed

Further testing details (if applicable)

____________________________________________ Source: National Health Service (NHS), United Kingdom.
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Appendix 5. Example of incubator qualification

Short description of equipment or process being validated.

Cleanroom incubators are used within processing to incubate samples at a set temperature for culture. Temperature of 
each incubator needs to be assessed prior to use in order to evaluate suitability of incubator for use and position of the 
temperature monitoring system probe.

Details of equipment used in the validation.

Calibrated temperature monitoring devices.

Supplier:    ____________________________________

Model:  _____________________________________

Serial No.  ___________________________________

Details of testing levels and methods used in validation.

See IQ, OQ, PQ description and acceptance criteria.

Temperature mapping carried out as per SOP XXX

Recorded on FRM XXX
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Installation qualification

No. Description Acceptance criteria Results Pass/Fail Comments Signature 
and date

1. Site incubator Undamaged on deliv-
ery and fits designat-
ed area satisfactorily. 

2. Ensure that clean-
room air flow is not 
affected

Air flow is satisfactory

3. Instruction manual Manual present

4. Certificate of conform-
ance

Certificate of conform-
ance

5. Register warranty Register warranty

6. Add to asset register Add to asset register

7. Cleaning instructions 
provided by supplier

Instructions supplied

Operational qualification

No. Description Acceptance criteria Results Pass/Fail Comments Signature 
and date

1. Incubator functions Switches on  

2. Ensure shelves fitted 
correctly

Shelves fitted cor-
rectly

 

3. Create SOP and FRM 
for incubator use, 
cleaning and mainte-
nance.

FRM and SOP created  

4. Clean incubator as per 
instructions provided

Batch numbers/expiry 
of cleaning products 
recorded

 

5. Swab each shelf onto 
TSA and SABC agar 
plates and send for 
incubation

Swab results clear and 
appended

 

6. Set temperature to 
required level

Set temperature to 
required setting.

Temper-
ature 
setting: 

__ °C

7. Set CO2 % level to 
required level

CO2 level set to re-
quired setting

CO2 level 
setting: 

__ %

TC5_en.indb   571TC5_en.indb   571 14/12/2022   13:23:5614/12/2022   13:23:56



572

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

Performance qualification

No. Description Acceptance criteria Results Pass/Fail Comments Signature 
and date

1. Perform initial tem-
perature mapping 
(EMPTY)

Satisfactory as per 
SOP XXX

2. Site temperature 
mapping probe

As informed by step 1

3. Connected to Envi-
ronmental monitoring 
system (EMS) and 
ensure temperature 
alarms are set

Connected for both 
high and low alarms

Low alarm limit:

High alarm limit:

Delay time: 

EMS alarm 
name:

Low alarm 
limit:

High alarm 
limit:

Append 
EMS 
record

4. Set CO2 levels on Envi-
ronmental monitoring 
system (EMS)

Connected for both 
high and low alarms.

Delay time for alarms 
calculated by com-
paring readings on 
incubator with EMS.

Low Alarm Limit:

High Alarm limit:

Delay Time:

EMS alarm 
name:

Low alarm 
limit:

High alarm 
limit:

Delay 
time:

Append 
EMS 
record

5. Perform empty but 
humidified tempera-
ture mapping

Satisfactory as per 
SOP XXX

6. Perform simulated/
full load, humidified 
temperature mapping 

Satisfactory as per 
SOP XXX

Simulated 
load 
details re-
corded in 
mapping 
record

7. Enable EMS EMS alarms enabled

Note: Each Validation Phase must be signed off before commencing the next phase of testing and before go-live.

Deviations and adverse events

QPulse No. Details Date raised Date closed

Further testing details (if applicable)

____________________________________________ Source: National Health Service (NHS), United Kingdom.
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Appendix 6. Example of process validation – tissue 
transportation

The example of a process validation outlined 
below describes a process that will be common 

to most, if not all, tissue establishments. That is, the 
need to transport tissues from one place to another 
(for example, from the site of procurement to the 
processing facility or from the tissue bank to the end 
user). Control of the conditions of transportation 
is critical for ensuring tissue quality. The example 
provided below refers specifically to the transporta-
tion of skin allografts from the procurement site to 
a tissue establishment at refrigerated temperatures. 
However, the principles are identical for all types of 
transportation.

The first stage was to define the process in 
detail. This was achieved by addressing the following 
questions:

• Which type of tissue and what maximum 
volume will be transported?

• How is the tissue contained? What is the nature, 
volume and temperature of any transport solu-
tion to be used? Which type of packaging has 
been used?

• Which refrigerant has been used and what is its 
specification and volume?

• What are the specifications of the transport 
container (i.e.  dimensions, insulation, etc.)?

• What are the most extreme transportation 
conditions allowable in terms of transport time 
and ambient temperature?

Once the process had been defined, the accept-
ance criteria needed to be defined. In our example, 
they were that the:

• Temperature of the skin allograft must remain 
at 0-10 °C for the duration of the transit.

• Integrity of the tissue packaging must be main-
tained during transit.

• Integrity of the transport container must be 
maintained during transit.

• pH of the transportation fluid must be 7.0-7.5 at 
the end of the transportation.

For some tissues, it may be advisable to go 
further and validate the quality of the tissue after 
transit (e.g. by assessment of its viability or histolog-
ical structure).

It was determined that the maximum amount 
of skin that would be transported would be 6 000 cm2, 
immersed in a minimum volume of 300 mL of trans-
port fluid. Specifications of the packaging, transport 
container, and refrigerant were also documented. The 
most extreme acceptable transportation conditions 
were defined as an ambient temperature of 40 °C (e.g. 
a hot summer day in a vehicle) for a maximum of 12 h, 
with the minimum volume of refrigerant and trans-
port solution, and the maximum volume of tissue.

A protocol was written and a model prepared 
using skin obtained from donors unsuitable for clin-
ical donation. This protocol was based on the defined 
transport solution, refrigerant, packaging and con-
tainer specifications. A calibrated data-logging ther-
mometer was used to record the temperature on the 
external surface of the tissue packaging. The con-
tainer was placed into a shaking incubator, set at an 
ambient temperature of 40 °C. A shaking incubator 
was used to model the agitation of the container 
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during vehicular transit (the model should approxi-
mate real-life conditions as closely as possible).

The study was repeated in triplicate. Acceptable 
results were obtained on each occasion. All results 
were well within the pre-defined acceptance criteria, 
so the process was accepted based on the results of 
the three replicates.

Note, however, that it may be necessary to find 
a compromise between an ‘ideal’ validation and some 
operational practicalities that cannot be avoided. For 
example, it may not be possible or ethical to obtain 
and sacrifice large amounts of tissue for validation 
studies. In these cases, an acceptable compromise 
should be reached using risk-assessment principles 
(e.g. use of animal tissue as a substitute).

Application of sufficiently robust process vali-
dations (e.g. by challenging a transport process with 
extremes of time and temperature) obviates the need 
for routine temperature monitoring of the process. 
Thus, if the physical conditions identified by the 
validation study are complied with (e.g. the correct 
container, containing at least the minimum amount  
of refrigerant, in transit for less than the maximum 
modelled time), then it can be reliably concluded 
that the process itself has been carried out correctly. 
Therefore, to demonstrate compliance with the val-
idated process, all that the operatives need to do is 
confirm that they have complied with the relevant 
standard operating procedures.
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Appendix 7. Example of method validation – oocyte 
vitrification

Preservation of tissues and cells is used where cell 
viability must be maintained for a long period 

of time. However, the survival rate after thawing 
represents a critical step affecting the success of the 
treatment. The following example refers to the valida-
tion of a new method of cryopreservation in human 
oocytes. For prospective validation, a randomised 
clinical study with specific endpoints (primary and 
secondary) and acceptance criteria should be per-
formed. See Figure A7.1.

As an alternative approach, the validation 
can be performed in parallel by comparing the new 
method with the established one, as follows. See 
Figure A7.2.

If and when a validation is performed in a ran-
domised clinical study with defined endpoints (see 
Figure A7.1), usually a multicentre study is needed 
and the endpoints (primary and secondary) should 
be defined and agreed upon between the ART centres.

Figure A7.1. Validation of a new oocyte vitrification 
method in a multicentre study

Figure A7.2. Validation of a new oocyte vitrification 
method in a single centre

Control group
(fresh oocytes)

Study group
(oocyte vitrication)

Comparison of primary  endpoints:
1. Live birth  rate per intention to treat patients
2. Live birth rate per egg retrieval
3. Live birth per  embryo transfer

Patients are randomised

Comparison of secondary endpoints:
1. Pregnancy rates 
2. Implantation rates
3. Fertilisation rates
4. Embryo quality rates

Control group
(fresh oocytes)

Study group
(oocyte vitrication)

Comparison of primary  endpoints:
1. Fertilisation rates per utilised oocyte
2. Embryo quality rates per utilised oocyte

Oocytes (from the same 
patient) are randomised

Comparison of secondary endpoints:
1. Implantation rates
2. Pregnancy rates 
3. Live birth rates
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Appendix 8. Example of root cause analysis: 5 whys – receipt 
of tissue

Tissue was not receipted in the tissue bank.

The reconciliation procedure was not followed.

There was no prompt to follow the reconciliation process on the 
morning of the incident.

1. The computer system used for tracking tissue does not provide a 
prompt.

2. There is no other system in place to prompt for the reconciliation.

1. It is used for audit purposes and not as a control.
2. Because failure to reconcile has not occurred before.

2. Staff have always remembered.
1. That is how the system was designed and intended to be used.

There is a reliance on staff to reconcile.
There is no system in place to prompt for reconciliation to take place.

Problem

Why?

Why?

Why?

Why?

Why?

Root
cause
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Appendix 9. Example of root cause analysis: fishbone 
diagram – receipt of tissue

Databases used inadequate

Computer system does not ag 
if reconciliation does not occur

Contracted courier used

Database used to track tissue

 

 

Tissue sent as per SOP

Tissue not received as per SOP

All staff trained

All staff deemed competent

Courier booked as per SOP

Porters stored tissue in receipt 
room

Reconciliation SOP in place

Reconciliation SOP validated

Reconciliation SOP reviewed 
and accurate

 

 

 

 

 

 

Receipt room secure access

Room temperature monitored

Tissue receipt room available 

 

 

 

No damage to consignment

Single occurrence

Donation lost as out of time for 
processing

Failure to 
reconcile 
donated 
tissue in 

the tissue 
bank

Problem
statement

Plant People Procedure

Premises Product
Root causes
1. Reconciliation procedure not followed by tissue bank staff following the receipt and storage of tissue by the porters.
2. Computer system does not alert if reconciliation is not completed.
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Appendix 10. Example of root cause analysis: fishbone 
diagram – medically assisted reproduction

Adequate training programme?

Time changed between 
ovulation triggering and 

ovum pick-up?

Medication?

Laboratory SOP for 
denudation and ICSI 

overridden?

Denudation pipettes?

Culture media?

ICSI pipettes?

Increase in workload?

KPI different between 
trainee embryologists?

Working conditions 
changed?

Air quality changed?

New warming stages?

New injectors?

New incubators?

Equipment?

Materials?

Risk assessment 
performed?

QC and monitoring? Is there any incident in the lab? Validation planning 
implemented?

Equipment Environment Management

Is there any new consumable in 
the lab?

Have doctors changed the 
strategies of ovarian stimulation?

Materials Procedure People

Increase 
in oocyte 

degeneration 
after ICSI

Cause Effect
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Appendix 11. Example of consent form: female (NHS, UK)
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Version 4, 1 July 2022 

 

For clinic use only 

Record of information provided before obtaining consent – female or egg provider
 
We recommend you use this form to record the information you have given to egg providers, female 
patients or female donors giving consent. There is also a version of this form for sperm providers, male 
patients or male donors. It is designed to help you demonstrate that you have met the requirements of the 
Human Fertilisation and Embryology Act (1990 (as amended) and 2008) before asking people to give 
consent. A completed copy of this form should be retained in the relevant medical records. 
 
What information should be recorded? 
 
First record the personal details of the person giving consent. You should then tick the relevant consent 
forms that this person will need to complete and add notes about any verbal information that was given 
before obtaining their consent. If information was provided in any other way (eg, at an information evening 
or through information leaflets) then it is a good idea to note this too. 

 
Personal details
First name(s)    

 
Surname     
  
Date of birth    

 

Other patient identifiers (optional)  

 

 

Name of consent form Tick 
 

What relevant information was provided in relation to 
each consent and how? 

Treatment and storage:   
 
WT 
Your consent to your eggs and 
embryos created using your 
eggs being used in treatment 
(IVF and ICSI) or stored 
 

  

Continues on next page
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APPENDIX 11. EXAMPLE OF CONSENT FORM: FEMALE (NHS, UK)

 

 
 
                 
 

Record of information provided before obtaining consent – female or egg provider 
Version 4, 1 July 2022 

Page 2 of 8 
 

Name of consent form Tick 
 

What relevant information was provided in relation to 
each consent and how? 

 
WPT 
Your consent to providing eggs 
or embryos created with your 
eggs for your partner’s treatment 
 

  
 
 
 
 
 
  

WGI 
Your consent to the use of your 
eggs in GIFT 

 

 

 

 

 
Date information was provided: 

 
By whom: 

 
Storage only:   

 
GS 
Your consent to the storage of 
your eggs or sperm 

 

 

  

 
Date information was provided: 

 
By whom: 

 

Renewal:   

 
RE 
Renewal of consent to storage of 
your embryos for treatment 

 

 

  

Continues on next page
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Record of information provided before obtaining consent – female or egg provider 
Version 4, 1 July 2022 

Page 3 of 8 
 

Name of consent form Tick 
 

What relevant information was provided in relation to each 
consent and how? 

 
RG 
Renewal of consent to 
storage of your eggs or 
sperm for treatment 

 

 

  

 
Date information was provided: 

 
By whom: 

 

Donation:   

 
WD 
Your consent to donating 
your eggs 
 

  

 
ED 
Your consent to donating 
embryos 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Date information was provided: 

 
By whom: 

 

Continues on next page
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APPENDIX 11. EXAMPLE OF CONSENT FORM: FEMALE (NHS, UK)

 

             
 
 

Record of information provided before obtaining consent – female or egg provider 
Version 4, 1 July 2022 

Page 4 of 8 
 

Name of consent form Tick 
 

What relevant information was provided in relation to each 
consent and how? 

Disclosure of information:   

 

CD 
Your consent to disclosing 

identifying information 

(State if only ‘part one – 
general purposes’ or ‘part 
two – research purposes’ 
was provided instead of the 
full version) 

  

 
Date information was provided: 

 
By whom: 

 

Name of consent form Tick  
Parenthood:   

 
PBR 
Your consent to being 
registered as the legal 
parent in the event of your 
death 
 

  

 
PP or PP (gender neutral) 
Your consent to being the 
legal parent 

 

 

 
WP or WP (gender 
neutral) 
Your consent to your 
partner being the legal 
parent 

 

 

 

 
Date information was provided: 

 
By whom: 

 

Continues on next page 

TC5_en.indb   583TC5_en.indb   583 14/12/2022   13:24:0214/12/2022   13:24:02



584

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

 

                 
 

Record of information provided before obtaining consent – female or egg provider 
Version 4, 1 July 2022 

Page 5 of 8 
 

Name of consent form Tick 
 

What relevant information was provided in relation to each 
consent and how? 

Surrogacy:   
 
WSG 
Your consent to the use and 
storage of eggs or embryos 
for surrogacy  

 

  

 
SPP or SPP (gender 
neutral) 
Your consent to being the 
legal parent in surrogacy  

 

 

 
SWP or SWP (gender 
neutral) 
Your consent (as a 
surrogate) nominating an 
intended parent to be the 
legal parent 

 

 
Date information was provided: 

 
By whom: 

 

Withdrawal:   

 
WCS 
Withdrawing your consent 
to the storage of your own 
eggs, sperm and embryos 

 

  

 

 

 
WSU 
Withdrawing your consent 
to use of your eggs, sperm 
or embryos in someone 
else’s treatment 

 

Continues on next page
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APPENDIX 11. EXAMPLE OF CONSENT FORM: FEMALE (NHS, UK)

 

           
Record of information provided before obtaining consent – female or egg provider 

Version 4, 1 July 2022 
Page 6 of 8 

 

Name of consent form Tick 
 

What relevant information was provided in relation to each 
consent and how? 

 
WCP 
Withdrawing your consent 
to legal parenthood 

 

  

 
LC 
Stating your spouse or civil 
partner’s lack of consent 

 

 

 

 
Date information was provided: 

 
By whom: 

 

Mitochondrial donation:   
 
WDM 
Mitochondrial donation: 
consent to donating your 
eggs 

 

  

 

 

 

 

 

 

 

 

 

 
WMT 
Mitochondrial donation: 
consent to use your eggs in 
treatment and storage  

 

 

 
Date information was provided: 

 
By whom: 

 

Continues on next page
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Record of information provided before obtaining consent – female or egg provider 

Version 4, 1 July 2022 
Page 7 of 8 

 

Name of consent form Tick 
 

What relevant information was provided in relation to each 
consent and how? 

Statutory notices:   
RNG 
Request to renew consent 
to storage of eggs or sperm 
within the renewal period 
 

  

RNE 
Request to renew consent 
to storage of embryos within 
the renewal period 
 

  

 
NDG 
Notification that eggs or 
sperm will be removed from 
storage and disposed of if 
the patient does not renew 
consent to storage before 
the end of the renewal 
period 

 

 
NDE 
Notification that embryo(s) 
may be removed from 
storage and disposed of if 
patients do not renew their 
consent to storage before 
the end of the renewal 
period 

 

 
NWC 
Notification to each person 
whose eggs or sperm were 
used to create embryo(s) 
that consent to storage has 
been withdrawn 

 

 
Date information was provided: 

 
By whom: 

 

Continues on next page
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APPENDIX 11. EXAMPLE OF CONSENT FORM: FEMALE (NHS, UK)

 

           
Record of information provided before obtaining consent – female or egg provider 

Version 4, 1 July 2022 
Page 8 of 8 

 

 

 

Has counselling been offered?    Yes       No  

Date(s) counselling was offered Who offered counselling? 

 

 

 

Additional information (eg, the type of counselling and the person’s response to the offer) 

 

 

Record of the offer of counselling 

Source: Human Fertilisation and Embryology Authority (HFEA), United Kingdom.

TC5_en.indb   587TC5_en.indb   587 14/12/2022   13:24:0314/12/2022   13:24:03



TC5_en.indb   588TC5_en.indb   588 14/12/2022   13:24:0314/12/2022   13:24:03



589

Appendix 12. Example of consent form: female (CNPMA, 
Portugal)
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Informed Consent 14  
Page 1 

 

CRYOPRESERVATION OF OOCYTES AND/OR OVARIAN TISSUE 

Informed Consent 
 

Oocytes are female reproductive cells that, in their immature form, are already present in the ovaries of the newborn. From 
puberty onwards, during each normal menstrual cycle, groups of oocytes will undergo maturation that will culminate in the 
release by the ovary of a mature oocyte that can be fertilised. 

In certain clinical situations – for example, when required therapies may compromise the survival of reproductive cells - 
cryopreservation of oocytes and/or ovarian tissue has been proposed in an attempt to preserve future fertility 

Cryopreservation of oocytes may also be considered whenever a woman considers carrying out a reproductive project at 
an advanced reproductive age, when oocyte production/viability will likely be very low or absent. 

A number of key points should be highlighted: 

 Cryopreservation of oocytes does not guarantee a pregnancy; it only ensures a stock of female reproductive cells that 
may be used in the future through In Vitro Fertilization (IVF) or Intracytoplasmic Sperm Injection (ICSI). 

 IVF and ICSI include stimulating the development and maturation of ovarian follicles containing the oocytes through the 
use of injectable drugs; the response of the ovaries to these drugs varies from woman to woman and will be monitored 
with blood tests and/or ultrasound at intervals to be defined on a case-by-case basis. 

 Puncture of the ovaries for collection (aspiration) of oocytes is performed vaginally, under local anesthesia and/or 
sedation. 

 For various reasons, most often a deficient response of the ovaries to the medication, the treatment cycle may need to 
be cancelled before the puncture to obtain the oocytes 

 In rare situations, stimulation of the ovaries may trigger an excessive response, giving rise to the so-called “ovarian 
hyperstimulation syndrome”, which, in certain circumstances, will require specific treatment in an inpatient setting; in 
truly exceptional circumstances, ovarian hyperstimulation syndrome can be life-threatening. 

 The administration of drugs for sedation or anesthesia may cause unexpected individual reactions, allergic or otherwise. 

 As the collection of oocytes is a surgical procedure, in very rare cases, complications (for example, bleeding or infection) 
may require hospital admission; in truly exceptional circumstances, these complications can be life-threatening. 

 The rate of pregnancy achieved with in vitro fertilisation (IVF) or intracytoplasmic sperm injection (ICSI) of 
cryopreserved oocytes varies and will depend on the clinical situation of the patient to be treated 

 Although no increase in foetal abnormalities has been reported, a possible increased risk of foetal abnormalities 
or regarding children development cannot be excluded at this time.   

 Cryopreservation of oocytes does not entail any obligation on this centre concerning the future use of those cells, nor 
does it grant the person from whom they originated any type of preferential treatment; clinical criteria will determine the 
appropriate clinical conduct at all times. 

 The collection of ovarian tissue for cryopreservation and its possible subsequent transplantation require surgical 
procedures with the inherent risks of the respective procedures. 

 Unforeseen accidents, such as fires or calamities of other types, may, despite the safety precautions taken, lead to loss 
or destruction of the cryopreserved oocytes.  
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APPENDIX 12. EXAMPLE OF CONSENT FORM: FEMALE (CNPMA, PORTUGAL)

 

Informed Consent 14  
Page 2 

 

CONSENT 
I, the undersigned, declare that: 

 I have read and understood this document and the additional information provided. 

 The queries and questions I have raised have been answered. 

 I recognise that this text cannot describe exhaustively all situations that can occur in the future. 

 I understand and accept that oocytes and/or ovarian tissue will be cryopreserved for a maximum period of five years 
and that I may revoke this authorisation at any time during this period. 

 I understand and accept the conditions, risks and limitations of these techniques, namely that no guarantee can be 
given as far as the development and outcome of a pregnancy achieved with in vitro fertilization (IVF) or intracytoplasmic 
sperm injection (ICSI). 

 I am aware that I alone have the right to use these frozen oocytes and/or ovarian tissue. 

 I understand that, under the current legislation, until the end of this five-year period, I will have to sign a consent form in 
the centre for this cryostorage to continue. In the absence of a signed declaration requesting a further period of 
cryopreservation, I declare that I have been clearly informed that the oocytes and/or ovarian tissue will be thawed and 
destroyed, unless I have granted express authorisation for their use for scientific purposes. In these circumstances 
(write Yes or No): 

- I consent to the use of my oocytes in scientific research projects    

- I consent to the donation of my oocytes to other patients I fully understand and accept the conditions, risks and 
limitations enumerated above. 

 

I declare that in case of donation to other patients, people born from one of these oocytes may obtain from the competent 
health services information regarding their genetic nature, and from CNPMA the civil identification of the donor, as from the 
age of 18. 

Therefore, having been fully informed, I freely acknowledge the obligations implied in this agreement and give my consent 
for the use of these techniques for the preservation of my oocytes/ovarian tissue. 

 

 

NAME  

SIGNATURE  

CIVIL ID/PASSPORT NO.  

 

 

 
Medical Doctor: _________________________________________________________          ____ /____ / ______ 
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Informed Consent 14  
Page 3 

 

 

 

 

PROTECTION OF PERSONAL DATA 

CNPMA is responsible for the processing of personal data collected within the scope of the treatment for which consent is 

expressed through this document. These data will be processed within the scope of the CNPMA's attributions to regulate, 

supervise and monitor the practice of Medically Assisted Reproduction in Portugal, established by Law No. 32/2006, of 26 July, in 

its current wording. Your personal data will be treated securely, subject to technical and organizational measures aimed at 

safeguarding its confidentiality, integrity and availability. The data will be kept in compliance with the applicable legal retention 

period. The CNPMA guarantees data subjects the exercise of legally enshrined rights. To exercise these rights or to clarify doubts 

regarding the processing of your personal data, you must submit a written request to the CNPMA, namely by email to 

dpo.cnpma@ar.parlamento.pt or by mail to the National Council for Medical Assisted Reproduction, Assembleia da República, 

Palácio de São Bento, 1249-068 Lisboa. 

 
 
 
 

Source: Cryopreservation of oocytes and/or ovarian tissue, Por-
tugal (CNPMA).

TC5_en.indb   592TC5_en.indb   592 14/12/2022   13:24:0414/12/2022   13:24:04



593

Appendix 13. Example of consent form: male (NHS, UK)
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Version 4, 1 July 2022 

 

 

For clinic use only 

Record of information provided before obtaining consent – male or sperm provider
 
We recommend you use this form to record the information you have given to sperm providers, male 
patients or male donors giving consent. There is also a version of this form for egg providers, female 
patients or female donors. It is designed to help you demonstrate that you have met the requirements of 
the Human Fertilisation and Embryology Act (1990 (as amended) and 2008) before asking people to give 
consent. A completed copy of this form should be retained in the relevant medical records 
 
What information should be recorded? 
 
First record the personal details of the person giving consent. You should then tick the relevant consent 
forms that this person will need to complete and add notes about any verbal information that was given 
before obtaining their consent. If information was provided in any other way (eg, at an information evening 
or through information leaflets) then it is a good idea to note this too. 

 
Personal details
First name(s)    

 
Surname     
  
Date of birth    

 

Other patient identifiers (optional)  

 

 

Name of consent form Tick 
 

What relevant information was provided in relation to 
each consent and how? 

Treatment and storage:   
 
MT 
Your consent to your sperm and 
embryos created outside the 
body using your sperm being 
used in treatment (IVF and ICSI) 
or stored 
 

  

Continues on next page
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APPENDIX 13. EXAMPLE OF CONSENT FORM: MALE (NHS, UK)

 

 
 
                

Record of information provided before obtaining consent – male or sperm provider 
Version 4, 1 July 2022 

Page 2 of 7 
 

Name of consent form Tick 
 

What relevant information was provided in relation to 
each consent and how? 

 
MGI 
Your consent to the use of your 
sperm in artificial insemination 

 

  

 
Date information was provided: 

 
By whom: 

 
Storage only:   

 
GS 
Your consent to the storage of 
your eggs or sperm 

 

 

  

 
Date information was provided: 

 
By whom: 

 

Renewal:   

 
RE 
Renewal of consent to storage of 
your embryos for treatment 

 

  

 
RG 
Renewal of consent to storage of 
your eggs or sperm for treatment 

 

  

 
Date information was provided: 

 
By whom: 

Continues on next page
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Record of information provided before obtaining consent – male or sperm provider 
Version 4, 1 July 2022 

Page 3 of 7 
 

Name of consent form Tick 
 

What relevant information was provided in relation to each 
consent and how? 

Donation:   

 
MD 
Your consent to donating 
your sperm 
 

  

 
ED 
Your consent to donating 
embryos 

 

 

 
Date information was provided: 

 
By whom: 

 

Disclosure of information:   

CD 
Your consent to disclosing 

identifying information 
(State if only ‘part one – 
general purposes’ or ‘part 
two – research purposes’ 
was provided instead of the 
full version) 

 

 
 

Date information was provided: 
 

By whom: 
 

Parenthood:   

 
PBR 
Your consent to being 
registered as the legal 
parent in the event of your 
death 

  

Continues on next page
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APPENDIX 13. EXAMPLE OF CONSENT FORM: MALE (NHS, UK)

 

                
 

Record of information provided before obtaining consent – male or sperm provider 
Version 4, 1 July 2022 

Page 4 of 7 
 

Name of consent form Tick 
 

What relevant information was provided in relation to each 
consent and how? 

 
PP or PP (gender neutral) 
Your consent to being the 
legal parent 

 

 

  

 
Date information was provided: 

 
By whom: 

 

Surrogacy:   

 
MSG 
Your consent to the use and 
storage of sperm or 
embryos for surrogacy 

  

 
SPP or SPP (gender 
neutral) 
Your consent to being the 
legal parent in surrogacy  

 

 

 
Date information was provided: 

 
By whom: 

 

Withdrawal:   
 
WCS 
Withdrawing your consent 
to the storage of your own 
eggs, sperm and embryos 

  

 

 

 
WSU 
Withdrawing your consent 
to use of your eggs, sperm 
or embryos in someone 
else’s treatment 

  
 

Continues on next page
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Record of information provided before obtaining consent – male or sperm provider 
Version 4, 1 July 2022 

Page 5 of 7 
 

Name of consent form Tick 
 

What relevant information was provided in relation to each 
consent and how? 

 
WCP 
Withdrawing your consent 
to legal parenthood 

 

  

 
LC 
Stating your spouse or civil 
partner’s lack of consent 

 

 

 

 
Date information was provided: 

 
By whom: 

 

Mitochondrial donation:   
 
MD (including PNT) 
Consent to donating your 
sperm (including for use in 
pronuclear transfer) 

  

 

 

 

 

 

 

 

 

 
 

 
MMT 
Mitochondrial donation: 
consent to use your sperm 
in treatment and storage 

 

 
MD (PNT only) 
Mitochondrial donation: 
consent to sperm donation 
(PNT only) 

 

Date information was provided: 
 

By whom: 

Continues on next page
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APPENDIX 13. EXAMPLE OF CONSENT FORM: MALE (NHS, UK)

 

           
Record of information provided before obtaining consent – male or sperm provider 

Version 4, 1 July 2022 
Page 6 of 7 

 

Name of consent form Tick 
 

What relevant information was provided in relation to each 
consent and how? 

Statutory notices:   

RNG 
Request to renew consent 
to storage of eggs or sperm 
within the renewal period 

  

RNE 
Request to renew consent 
to storage of embryos within 
the renewal period 

 

 
NDG 
Notification that eggs or 
sperm will be removed from 
storage and disposed of if 
the patient does not renew 
consent to storage before 
the end of the renewal 
period 

 

 
NDE 
Notification that embryo(s) 
may be removed from 
storage and disposed of if 
patients do not renew their 
consent to storage before 
the end of the renewal 
period 

 

 

 
NWC 
Notification to each person 
whose eggs or sperm were 
used to create embryo(s) 
that consent to storage has 
been withdrawn 

 

Date information was provided: 
 

By whom 

Continues on next page

TC5_en.indb   599TC5_en.indb   599 14/12/2022   13:24:0514/12/2022   13:24:05



600

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

 

           
Record of information provided before obtaining consent – male or sperm provider 

Version 4, 1 July 2022 
Page 7 of 7 

 

 

 

Has counselling been offered?    Yes       No  

Date(s) counselling was offered Who offered counselling? 

 

 

 

Additional information (eg, the type of counselling and the person’s response to the offer) 

 

 

Record of the offer of counselling 

Source: Human Fertilisation and Embryology Authority (HFEA), United Kingdom.
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Appendix 14. Medical and social history questionnaire 
(NHS, UK)
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GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 1 of 12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Medical and Social 
History 
Questionnaire 

Directions for completion 
 

1. This form must be completed in black or dark 
blue ink by the Specialist Requestor 
(SR)/Specialist Nurse – Organ Donation 
(SNOD)/Specialist Nurse – Tissue Donation 
(SNTD)/Tissue Donor Co-ordinator (TDC) and 
signed where required. 
 

2. The original copy should be retained by the 
SR/SNOD/SNTD/TDC for the donor f ile. 
 

3. In the event of  organ and tissue donation, a 
legible copy should be sent to the relevant 
Tissue Establishment, where required. 

 
NOTE: The term patient is used throughout the form to 
refer to the potential donor. 

The term relative is used throughout the form to refer to the 

relationship between the patient and the interviewee.  
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APPENDIX 14. MEDICAL AND SOCIAL HISTORY QUESTIONNAIRE (NHS, UK)

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 2 of 12 

 

 

 
 

PATIENT INFORMATION 

 
Patient’s Forename(s)        Patient’s Surname  

Donating Hospital 
 
 
 
 
NHS/CHI Number 
 
 

  
 
 
 
     Cause of Death 

 

Hospital Number   

Date of Birth 
(dd/mm/yyyy) 

      Occupation  

Country of Birth       Country of residence  

INTERVIEWEE INFORMATION 

Information discussed with 

Name  Relationship  

 

For patients under the age of 18 months, or those who have been breast-fed or fed breast milk by a donor in the last 12 months, the mother is 
required to answer these questions with regard to her own and her child’s health. 

For children: has your child been breast-fed in the past 12 months? N/A  No  Yes  Unknown  

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. 

For ALL female patients between 12 and 55 years of age*: Is there a  
possibility that your relative could be pregnant? 
*DonorPath currently displays age range 13-53 years. This does not reflect current clinical guidance of 12-55 years 
documented in MPD891 

N/A  No  Yes  Unknown  

 
 
 
 
 
  

In order to ensure the safety of organs and tissue for transplant I will need to ask you some questions about 
(name of patient) medical and lifestyle history. Some of the questions are of a sensitive and personal nature. 

They are similar questions to those asked when someone donates blood. I will read and discuss each 
question with you and ask that you answer to the best of your knowledge with either a “Yes” or “No.” 

 

Please Print Please Print 

 

  

 

 

  

Please Print Please Print 
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GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 3 of 12 

 
 

GENERAL HEALTH INFORMATION 

1) Did your relative visit a general practitioner in the last two years?   No  Yes  Unknown  

 

2) Was your relative currently seeing or waiting to see a general practitioner or any 

other healthcare professional? 

  No  Yes  Unknown  

 

3) Did your relative ever take regular medication?   No  Yes  Unknown  

 

4a) Did your relative have a history of allergies to medication, food or other 

substances 

  No  Yes  Unknown  

 

4b) Did your relative have any health problems due to exposure to toxic substances  
such as pesticides, lead, mercury, gold, asbestos, cyanide, agent orange etc? 
 

  No  Yes  Unknown  

 

5a) Was your relative a diabetic?   No  Yes  Unknown  

 If YES, were they on insulin? N/A  No  Yes  Unknown  

5b) Is there a family history of diabetes?   No  Yes  Unknown  

 If YES, is it insulin-dependent diabetes? N/A  No  Yes  Unknown  

6. Did your relative suffer from any chronic or autoimmune illness or disease of 

unknown cause? 

  No  Yes  Unknown  

 

7. Did your relative ever suffer from any bone, joint, skin or heart disease?   No  Yes  Unknown  

 

   

   

   

   

   

   

    

   

    

   

   

If YES, give details 

If YES, give details 

If YES, give details of any current or previous medication including any medication for acne, prostate or psoriasis 
 

If YES, please provide details of the substance they were allergic to and describe the reaction 
 

If YES, please provide details of the toxic substance and treatment 
 

If YES, give details including hospital name and dates of treatment if possible 
 

If YES, specify which and give details 
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APPENDIX 14. MEDICAL AND SOCIAL HISTORY QUESTIONNAIRE (NHS, UK)

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 4 of 12 

8) Did your relative ever have hepatitis, jaundice or liver disease?   No  Yes  Unknown  

 

9) Did your relative recently suffer from significant unplanned weight loss?   No  Yes  Unknown  

 

10) Did your relative ever undergo any investigations for cancer or were they ever 

diagnosed with cancer? 

  No  Yes  Unknown  

 

11) Did your relative have a history of eye disease, receive any medications for eye 

problems (e.g. eye drops), or undergo eye surgery or laser treatment? 

  No  Yes  Unknown  

 

12) Did your relative ever have any operations?  If NO go to question 15   No  Yes  Unknown  

 

13) Did your relative ever have any surgery on the brain or spine? N/A  No  Yes  Unknown  

 

14) Did your relative ever have an organ or tissue transplant? N/A  No  Yes  Unknown  

 

15) Was your relative ever told not to donate blood?   No  Yes  Unknown  

 

16) Did your relative receive a transfusion of blood or blood product(s) at any time?   No  Yes  Unknown  

 

 

 

   

   

   

   

   

    

    

   

   

If YES, give dates, diagnosis, treatment and hospital /clinic name if known 
 

If YES, give details 

If YES, give details including hospital name and dates of treatment, if possible 
 

If YES, give details including hospital name and dates of treatment, if possible 
 

If YES, give details including hospital name and dates of treatment, if possible 
 

If YES, give details including hospital name and dates of treatment if possible. Surgery before 1993 is particularly significant 
 

If YES, give details including hospital name and dates of treatment if known  
 

If YES, give details of where, when and the reason 
 

If YES, give details including country, hospital name, dates and reason for transfusion 
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GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 5 of 12 

17) Did your relative suffer from any type of brain disease such as Parkinson or 

Alzheimer disease or dementia? 

  No  Yes  Unknown  

 

18) Did your relative suffer from any one or more of the following problems:    

memory problems or confusion, change in personality or behaviour, or were they 

unsteady on their feet? If NO go to Question 19, if YES 

  No  Yes  Unknown  

18a) When did these symptoms start?         

 

18b) Did they worsen noticeably over time?   No  Yes  Unknown  

 

18c) Was your relative able to live independently?   No  Yes  Unknown  

 

18d) Were you aware of a condition causing these symptoms?   No  Yes  Unknown  

 

19) Did your relative have a family history of prion disease, such as CJD, or were 

they ever told that they were at risk of prion disease? 

  No  Yes  Unknown  

 

20) Did your relative ever receive human pituitary extracts, e.g. growth hormones 

or fertility treatment or test injections for hormone imbalance? 

  No  Yes  Unknown  

 

21) Did your relative ever have any significant infection?   No  Yes  Unknown  

 

  

   

   

   

   

   

   

   

   

If YES, give details including hospital name and dates of treatment if possible 
 

Please give details 
 

Please give details 
 

Please give details 
 

If YES, please specify condition  
 

If YES, give details 

If YES, give details including dates and hospital/clinic name if known  
 

If YES, give details, and any treatment received and hospital/clinic name if known 
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APPENDIX 14. MEDICAL AND SOCIAL HISTORY QUESTIONNAIRE (NHS, UK)

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 6 of 12 

RECENT HISTORY 

22) Did your relative come into contact with an individual with an infectious disease 

within the last month? 

  No  Yes  Unknown  

 

23) Did your relative have any signs of infection, e.g. colds, flu, fever, night sweats, 

swollen glands, diarrhoea, vomiting or skin rash within the last month? 

  No  Yes  Unknown  

 

24) Did your relative have any immunisations within the last 2 months?   No  Yes  Unknown  

 

25) Did your relative have tattooing, body piercing, botox injections, acupuncture, 

colonic irrigation, faecal transplantation, or any other cosmetic treatments or 

injuries that involve piercing the skin in the last 3 months? 

  No  Yes  Unknown  

 

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? 

  No  Yes  Unknown  

 

  

   

   

   

   

   

If YES, please specify details, dates, symptoms, diagnosis, and treatment 
 

If YES, please specify dates, symptoms, diagnosis, and treatment 
 

If YES, give details including travel vaccinations and flu vaccination or flu nasal spray 
 

If YES, give details including where and when including unlicensed clinics in UK or abroad  
 

If YES, give details of incident, circumstances, animal, place, dates and treatment 
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GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 7 of 12 

TRAVEL HISTORY 

27) Did your relative ever travel or live outside the UK (including business trips)? 

If NO go to question 33 

  No  Yes  Unknown  

28) In the last 12 months did your relative go outside the UK 
 (including business trips)? 

N/A  No  Yes  Unknown  

 

29) Did your relative ever have malaria or an unexplained fever which they could 

have picked up whilst abroad? 

N/A  No  Yes  Unknown  

 

30) Was your relative ever unwell whilst abroad or in the first month of their return to 
the UK? 

N/A  No  Yes  Unknown  

 

31) Did your relative ever live or travel outside the UK for a continuous period of 6 

months or more? 

N/A  No  Yes  Unknown  

 

32) Did your relative ever go to Central America, Mexico or South America for a 
continuous period of 1 month or more? 

N/A  No  Yes  Unknown  

 

33) Was your relative’s mother born in Central America, Mexico or South America? N/A  No  Yes  Unknown  

 

 

 

  

   

    

    

    

    

    

    

Give details of dates and destinations visited  
 

If YES, give date of fever/illness, places visited, duration and dates 
 

If YES, give details 

If YES, give details of dates and destinations 
 

If YES, give details of dates, places (remote/rural/urban areas), nature of visit  
 

If YES, give details (including date) 
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APPENDIX 14. MEDICAL AND SOCIAL HISTORY QUESTIONNAIRE (NHS, UK)

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 8 of 12 

BEHAVIOURAL RISK ASSESSMENT 

34) Did your relative         

 a) Consume alcohol?   No  Yes  Unknown  

 

 b) Smoke tobacco or any other substance?   No  Yes  Unknown  

 

 c) Take any recreational drugs?   No  Yes  Unknown  

 

35) Is it possible that any of the following apply to your relative?         

 a) Was, or may have been infected with HIV, hepatitis or HTLV?   No  Yes  Unknown  

 b) Within the last 12 months have they injected, or been injected, with non-

prescription drugs, including performance enhancing drugs or injectable 

tanning agents? 

  No  Yes  Unknown  

 c) Been in prison or a juvenile detention centre for more than 3 consecutive days 
in the last 12 months? 

  No  Yes  Unknown  

 d) Taken medication to prevent HIV infection e.g. (PrEP Pre/Post exposure 
prophylaxis)? 

  No  Yes  Unknown  

 

36) Has your relative ever had sex – consensual or otherwise?  
 

If NO, go to question 38. 

N/A  No  Yes  Unknown  

 If YES, is it possible that your relative:         

 a) Was given payment for sex with money or drugs in the last 3 months?  
 

N/A  No  Yes  Unknown  

 b) Ever had a sexually transmitted disease? N/A  No  Yes  Unknown  

 c) Ever had sex with anyone who was diagnosed with a Viral Haemorrhagic 

Fever 

N/A  No  Yes  Unknown  

 

   

   

   

   

   

   

   

If YES, give details of substance, frequency, history of smoking time and time elapsed since giving up. 

 

If YES to any of the above questions a-d, give details, including dates. 
 

   

    

    

If YES, give details (including type and amount) 

 

If YES, give details including route of administration and dates 
 

 

If YES, to any of the above, give details, including dates and where appropriate hospital/clinics, treatments. 
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GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 9 of 12 

37) Did your relative have sex, consensual or otherwise in the last 3 months?   N/A  No  Yes  Unknown  

 If no, go to question 38.  
If yes, is it possible that in the last 3 months your relative had sex with 

        

 a) (for male patients only) another man? N/A  No  Yes  Unknown  

 b) (for female patients only) a man who has ever had sex with another man?  
 

N/A  No  Yes  Unknown  

 c) Anyone who is HIV or HTLV positive? N/A  No  Yes  Unknown  

 d) Anyone who has hepatitis? N/A  No  Yes  Unknown  

 e) Anyone who had a sexually transmitted disease? N/A  No  Yes  Unknown  

 f) Anyone who has ever been given payment for sex with money or drugs? N/A  No  Yes  Unknown  

 g) Anyone who in the last 12 months has injected or been injected with non-

prescription drugs including performance enhancing drugs or injectable 

tanning agents? 

N/A  No  Yes  Unknown  

 h) Anyone who could have had sex, in any part of the world, where AIDS/HIV 

is very common (this includes most countries in Africa)? 

N/A  No  Yes  Unknown  

 i) Anyone who has developed an illness related to travel such as Zika? N/A  No  Yes  Unknown  

 

38) Having answered all the previous questions, is there anyone else who you think 
may provide more information? 

N/A  No  Yes  Unknown  

 

 

  

    

    

    

    

    

    

    

    

    

    

    

If YES, give details 

If YES, please specify 
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APPENDIX 14. MEDICAL AND SOCIAL HISTORY QUESTIONNAIRE (NHS, UK)

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 10 of 12 

Question 
number 

Relevant additional information. If any questions have been answered as unknown, give an explanation 

  
 

 

Signature of healthcare 
professional obtaining 
information 

 

  

Designation of healthcare 
professional obtaining 
information 

 

  

Date of interview  

 
 Time of Interview 

  

   

 
Please Print Name 

 

Source: National Health Service, United Kingdom.
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GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 11 of 12 

  

CALCULATION FOR PLASMA DILUTION: 

Record ALL fluid administered in the 48 hours prior to taking sample for microbiology screening 

 Fluid given. (Please give name, not just colloid or crystalloid) Date and time administered Vol. in millilitres 
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APPENDIX 14. MEDICAL AND SOCIAL HISTORY QUESTIONNAIRE (NHS, UK)

FRM4211/5.1 – Medical and Social History Questionnaire  
  Effective date: 18/03/2021 
 
 
Tissue Donor Number   ODT Donor Number  
 

 
Controlled if copy number stated on document and issued by QA 
Template Version 03/02/2020) 

Cross Referenced in Primary Document: Stand-alone document Page 12 of 12 

 

Does a haemodilution calculation need to be carried out?   
 

Yes  No  Reason  

A haemodilution calculation must be performed if the patient has: 

1. Been transfused with blood or blood products. 

2. Received infusions of synthetic colloids and/or crystalloids following blood loss*. 
 
A - If the donor has received blood products/components, a pre-transfusion sample must be sought irrespective of volume of blood or blood 
product. This sample must be submitted for microbiological characterisation of the donor. 
 
B - If haemodilution calculation is ≥50%, a pre-dilution sample must be sought. 
If pre-transfusion or pre-dilution samples cannot be found, the Microbiology laboratory and all recipient centres/ tissue establishments must be informed 
and this documented.  
* Decision on significance of blood loss should be discussed with clinical ITU team and made on a case by case basis.  
 

CALCULATION FOR PLASMA DILUTION: 

CRYSTALLOID INFUSED: 

INTERVAL PRIOR TO SAMPLING VOLUME INFUSED (ml) % RETAINED VOLUME RETAINED (ml) 

>24 HOURS  0 None 

2-24 HOURS  25  

1-2 HOURS  50  

<1 HOUR  75  

TOTAL CRYSTALLOID RETAINED :  

BLOOD / COLLOID INFUSED: 

INTERVAL PRIOR TO SAMPLING VOLUME INFUSED (ml) % RETAINED VOLUME RETAINED (ml) 

24-48 HOURS  100 (Blood)  
50 (Colloid) 

0-24 HOURS  100  

TOTAL BLOOD / COLLOID RETAINED:  

 

Patient’s weight: ____________________ 

ESTIMATED TOTAL BLOOD VOLUME: 

 
 

% HAEMODILUTION 

70ml per kilogram of body weight 
50ml per kilogram of body weight in ICU 

 

(CRYSTALLOID RETAINED+ BLOOD/COLLOID RETAINED) X 100 
BLOOD VOLUME 

ACCEPT (<49%)/REJECT (≥50%) 

 

Signature of healthcare 
professional obtaining 
information 

 

  

Date of interview  

 
 Time of Interview 

 

   

 
Please Print Name 

Source: National Health Service, United Kingdom.
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Appendix 15. Physical assessment form (Dutch Transplant 
Foundation)

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 
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APPENDIX 15. PHYSICAL ASSESSMENT FORM (DUTCH TRANSPLANT FOUNDATION)

(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

(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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Appendix 16. Evaluation of pigmented skin lesions

A careful physical examination of the donor should 
be conducted, paying particular attention to the 

skin, looking for potential neoplasms or scars of pre-
vious surgical procedures (see Chapter 5).

The ‘ABCDE rule’ is an easy guide to detecting 
usual signs that may be indicative of melanoma [1-3].

A. Asymmetry

If one half is not identical 
to the other half, suspect 
melanoma.

B. Border irregularity

Notched, scalloped, rag-
ged or poorly defined 
borders should lead us to 
suspect melanoma.

C. Colour

Naevi usually have a uni-
form 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 mela noma. Small 
lesions with some of the 
previous characteristics 
should also lead us to sus-
pect 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 evolu-
tion or change in appear-
ance of a lesion, suspect 
melanoma. Any change 
– in size, shape, colour, 
ele vation or another trait, or any new symptom such as 
bleeding, itching or crusting – points to danger.

Source of the images: www.skincancer.org/skin-cancer-information/melanoma/melanoma-warning-signs-and-images/#abcde.

Other warning signs are:
• Naevi are the most powerful predictor of risk 

of melanoma. An individual with more than 
100 common naevi or more than two atyp-

ical naevi has a 5- to 20-fold increased risk of 
melanoma.

• People with a first-degree relative with mel-
anoma are at increased risk of developing 
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melanoma; and 5-10 % of individuals with mel-
anoma have a family history of melanoma. If 
there is a suspicious lesion and there is family 
history of melanoma, suspect melanoma.
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Appendix 17. Evaluation of malignancies for risk assessment 
in tissue and cell donors

Table A17.1 Grading of selected central nervous system tumours
Table A17.2 Recommendations on the use of organs from donors with CNS tumours
Table A17.3 Recommendations on the use of organs from donors with non-CNS cancers
Table A17.4 Carcinoma in situ denomination depends on the location
Table A17.5 Risk assessment in the case of a donor’s heart for heart valves with diagnosed CNS tumour in the donor
Table A17.6 Four steps to risk assessment

Table A17.1. Grading of selected central nervous system tumours*

Diffuse astrocytic and oligodendro glial tumours 1 2 3 4
Astrocytoma, IDH-mutant   

Diffuse astrocytoma, MYB- or MYBL1- altered 

Anaplastic astrocytoma, IDH-mutant 

Glioblastoma, IDH-wildtype 

Glioblastoma, IDH-mutant 

Diffuse midline glioma, H3K27M-mutant 

Oligodendroglioma, IDH-mutant and 1p/19q-codeleted  

Anaplastic oligodendroglioma, IDH- mutant and 1p/19q- 
codeleted



Other astrocytic tumours 1 2 3 4
Pilocytic astrocytoma 

Subependymal giant cell astrocytoma 

Pleomorphic xanthoastrocytoma 

Anaplastic pleomorphic xanthoastrocytoma 

* Source: adapted from: Louis DN, Ohgaki H, Wiestler OD et al� (2016) World Health Organization histological classification of 
tumours of the central nervous system. Geneva: WHO Press/Lyon: International Agency for Research on Cancer; and Louis 
DN, Wesseling P, Brat DJ et al� The 2021 WHO classification of tumors of the Central Nervous System: a summary. Neuro- 
Oncology 2021;23(8):1231-51.
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Ependymal tumours 1 2 3 4
Supratentorial ependymoma  

Posterior fossa ependymoma  

Myxopapillary ependymoma 

Ependymoma, RELA fusion-positive  

Anaplastic ependymoma 

Other gliomas 1 2 3 4
Angiocentric glioma 

Chordoid glioma of third ventricle 

Choroid plexus tumours 1 2 3 4
Choroid plexus papilloma 

Atypical choroid plexus papilloma 

Choroid plexus carcinoma 

Tumours of the pineal region 1 2 3 4
Pineocytoma 

Pineal parenchymal tumour of intermediate differentiation  

Pineoblastoma 

Papillary tumour of the pineal region  

Meningiomas 1 2 3 4
Meningioma   

Atypical meningioma 

Anaplastic (malignant) meningioma 

Embryonal tumours 1 2 3 4
Medulloblastoma (all subtypes) 

Embryonal tumour with multi-layered rosettes, C19MC-altered 

Medulloepithelioma 

CNS embryonal tumour, NOS 

Atypical teratoid/rhabdoid tumour 

CNS embryonal tumour with rhabdoid features 

Neuronal and mixed neuronal-glial tumours 1 2 3 4
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 1 2 3 4
Schwannoma 

Neurofibroma 

Perineurioma 

Malignant peripheral nerve sheath tumour (MPNST)   
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Mesenchymal, non-meningothelial tumours 1 2 3 4
Solitary fibrous tumour/haemangiopericytoma   

Haemangioblastoma 

Tumours of the sellar region 1 2 3 4
Craniopharyngioma 

Granular cell tumour 

Pituicytoma 

Spindle cell oncocytoma 

Table A17.2. Recommendations on the use of organs from donors with CNS tumours*

Absolute contraindications
• Primary cerebral lymphoma

• All secondary intracranial tumours
• Any cancer with metastasic spread

Intracranial tumours with an intermediate risk of cancer transmission

(2.2 % with an upper 95 % CI of 6.4 %) include WHO grade 4 tumours and equivalents:

• Glioblastoma (IDH wild type and IDH mutant)

• Giant cell glioblastoma

• Gliosarcoma

• Pineoblastoma

• Medulloblastoma (all subtypes)

• Medulloepithelioma

• Atypical teratoid/rhabdoid tumour

• Malignant peripheral nerve sheath tumour (MPNST) – grade 4

• Embryonal tumour (all subtypes)

• Choriocarcinoma

• Diffuse midline glioma, H3K27 M-mutant

Intracranial tumours with a low risk of transmission

(< 2 %) include WHO Grade 3 and equivalents:

• Anaplastic astrocytoma, IDH mutant

• Anaplastic oligodendroglioma, IDH mutant and 1p/19q deleted

• Ependymoma, RELA fusion-positive

• Choroid plexus carcinoma

• Anaplastic ganglioglioma

• Pineal parenchymal tumour of intermediate differentiation

• Papillary tumour of the pineal region

• Malignant peripheral sheath tumour grade 3

• Anaplastic/malignant meningioma

• Papillary tumour of the pineal region

• Haemangiopericytoma/ solitary fibrous tumour

• Anasplastic ependymoma

• Anaplastic pleomorphic xanthoastrocytoma

* Source: Advisory Committee on the Safety of Blood Tissues and Organs (SaBTO). Transplantation of organs from deceased 
donors with cancer or a history of cancer. London: Department of Health and Social Care, December 2020.
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Table A17.3. Recommendations on the use of organs from donors with non-CNS cancers*

Absolute contraindications
• Active cancer with spread outside the organ

• Active haematological malignancy

High risk (> 10 % risk of transmission)
• Melanoma: without spread (except as below)

• Breast: cancer other than those identified below

• Colon: cancer other than those identified below

• Kidney: renal cell cancer > 7 cm or stages 2-4

• Sarcoma: > 5 years previously and resected

• Small cell cancer: lung/neuroendocrine

• Lung cancer: stage 1

Intermediate risk (2-10 % risk of transmission)
Kidney: renal cell carcinoma stage 1b (pT1b) (4-7 cm, Fuhrman/nucleolar grade 1 or 2) with curative surgery and cancer-free 
period of > 5 years

Breast: stage 1A (pT1, N0; < 20 mm tumour size) with curative surgery and cancer-free period of between 5 and 10 years

Low risk (0.1-2 % risk of transmission)
• Melanoma: superficial spreading type, non-ulcerated, with tumour thickness < 0.8 mm with curative surgery and can-

cer-free period of > 5 years

• Breast: stage 1A (pT1 N0; < 20 mm tumour size), with curative surgery and cancer-free period of > 10 years

• Colon: stage 1A (pT1 or pT2, N0) adenocarcinoma with curative surgery and cancer-free period of > 5 years

• Thyroid: solitary papillary carcinoma 0.5-2.0 cm

• Thyroid: minimally invasive follicular carcinoma 1.0-2.0 cm

• Kidney: resected solitary renal cell carcinoma > 1.0cm and < 4 cm and Fuhrman (nucleolar) grade 1 or 2 with curative treat-
ment and cancer free > 3 years

• Prostate: Gleason =7, with curative treatment and cancer free > 5 years

• Treated gastrointestinal stromal cancers: < 2 cm, < 5 % mitotic count, in stomach or duodenum

Minimal risk (< 0.1 % risk of transmission)
• Skin: basal cell carcinoma

• Skin: squamous cell carcinoma with no metastases

• Skin: non-melanoma skin cancer in situ

• Uterine cervix: in situ cancer

• Thyroid: solitary papillary carcinoma (< 0.5 cm)

• Thyroid: minimally invasive follicular carcinoma (< 1.0 cm)

• Bladder: superficial non-invasive papillary carcinoma (pTa, G1/G2)

• Kidney: resected solitary renal cell carcinoma < 1.0 cm and Fuhrman (nucleolar) grade 1/2

• Prostate: Gleason < 6, or < 7 with curative treatment and cancer free > 5 years

Note. Only those cancers where evidence is available for analysis have been classified. Cancers not included in this guidance must be 
considered on a case-by-case basis following appropriate professional consultation.

* Source: Advisory Committee on the Safety of Blood Tissues and Organs (SaBTO). Transplantation of organs from deceased 
donors with cancer or a history of cancer. London: Department of Health and Social Care, December 2020.
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Table A17.4. Carcinoma in situ denomination depends on the location*

Organ Type of tumour Carcinoma in situ
Oesophagus High-grade dysplasia, defined as malignant cells confined to the epitheli-

um by the basement membrane

Small intestine High-grade dysplasia/carcinoma in situ

Appendix Carcinoma Intramucosal carcinoma, invasion of the lamina propria into but not 
through the muscularis mucosa

(LAMN) • Low-grade appendiceal mucinous neoplasm confined by the muscu-
laris propria

• Acellular mucin or mucinous epithelium may invade into the muscu-
laris propia

Anus High-grade squamous intraepithelial lesion (previously termed carcino-
ma in situ, Bowen disease, anal intraepithelial neoplasia II-III, high-grade 
intraepithelial neoplasia)

Exocrine pancreas • High-grade intraepithelial neoplasia (Panin-3)
• Intraductal papillary mucinous neoplasm with high-grade dysplasia
• Intraductal tubulopapillary neoplasm with high-grade dysplasia
• Mucinous cystic neoplasm with high grade dysplasia

Lung • Squamous cell carcinoma in situ (SCIS)
• Adenocarcinoma in situ (AIS): adenocarcinoma with pure lepidic pat-

tern, ≤ 3 cm in greatest dimension

Breast LCIS Lobular carcinoma in situ is considered a benign entity

DCIS Ductal carcinoma in situ

Paget Paget disease of the nipple not associated with carcinoma or DCIS in the 
underlying breast parenchyma. Carcinomas in the breast parenchyma 
associated with Paget disease are categorised based on the size and 
characteristics of the parenchymal disease, although the presence of 
Paget disease should still be noted

Penis Tis Carcinoma in situ (penile intraepithelial neoplasia PeIN)

Ta Non-invasive located squamous cell carcinoma

Renal pelvis and ureter/uri-
nary bladder/urethra/pros-
tatic urethra

Ta Papillary non-invasive carcinoma

Tis Urothelial carcinoma in situ “flat tumour”

Parathyroid Atypical parathyroid neoplasm (neoplasm of uncertain malignancy)

* Source: American Joint Committee on Cancer. AJCC Cancer Staging Manuals, 8th edition, 2016. Last update 5 June 2018. See 
www.cancerstaging.org. Last accessed 5 April 2022.

Table A17.5. Risk assessment in the case of a donor’s heart for heart valves with diagnosed CNS tumour in the donor
See Figure 5.1 (Chapter 5) Decision tree algorithm; for non-haematological and non-CNS tumour in deceased tissue donors.

In general, the tissues that can be procured from 
deceased donors are corneas, heart valves, ar-

teries, musculoskeletal and skin. A previous history 
or a presence of malignancy requires a careful donor 
evaluation to avoid any risk to recipients.

Due to the special characteristics of corneas, 
they are excluded from this risk assessment, but see 
Chapter 19 for more information.

Because haematological malignancies are a 
general contraindication for the acceptance of these 
tissues, the focus here is on non-haematological ma-
lignancies and specifically those that are not carci-
noma in situ.

For this risk assessment, it is important to 
know in detail the exact histology of the tumour 
entity, its stage and grade, its previous treatment and 

the cancer-free period. Another point that could in-
fluence the final decision is whether there is a scarcity 
of the donated tissue that could increase the benefit 
to the recipient, putting this benefit in front of the 
risk of waiting more time for the next available tissue.

When there is a tumour with dissemination 
(metastasis) it is considered an absolute contrain-
dication for tissue donation. In the case of Central 
Nervous System (CNS) tumours, those grade 3 or 4 
tumours (such as glioblastoma multiform) have low 
or intermediate risk in the case of organ transplan-
tation. In the past, the general idea discussed among 
the scientific community has been that CNS tumours 
did not produce metastasis outside the brain. At 
present, although metastasis is a rare phenomenon, it 
has been documented from different brain tumours 
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and numerous paediatric brain tumours in different 
locations [1].

Therefore, the next question would be: In the 
case of a tissue donor with any CNS tumour, could 
the heart be donated for heart valves? Is there a risk of 
finding metastases in the heart from a CNS tumour?

Several aspects should be taken into considera-
tion during this risk assessment:

• Metastases to the heart from other primary 
tumours are 30 times more common than 
primary cardiac tumours [2].

• In patients with known malignancies, the fre-
quency of cardiac metastases in the general 
population in autopsy is 0.7 %-3.5 % and up to 
9.1 % [3].

• Cardiac metastases mostly appear in patients 
with a disseminated tumour, and isolated me-
tastases to the heart are very rare [4].

• The dissemination routes are: haematogenous 
spread; lymphatic spread; transvenous exten-
sion and direct extension [3].

• Two thirds of all cardiac metastases affect the 
pericardium, one third affect the epicardium 
or the myocardium and only 5 % affect the en-
docardium [5].

• The most frequent metastases come from ma-
lignant melanoma, mesothelioma, malignant 
germ cell tumours, lung cancer, undifferen-
tiated carcinoma, breast carcinoma, ovarian 
carcinoma, lymphoproliferative neoplasm 
(lymphoma, leukaemia), gastric carcinomas, 

renal carcinomas, pancreatic carcinoma and 
oesophageal cancer [2][3][4][5][6][7][8][9].

• Malignant cells can be identified in the majority 
of malignant pericardial effusions drained by 
pericardiocentesis, and the cytology of ma-
lignant cells has an extraordinary correlation 
with the primary histological diagnosis [3][5].

• Tumour nodules may be found within the 
myocardium and on the endocardial surface. 
Individual masses may range from 1-2 mm to 
> 2 cm [7].

• In all previous references, there is no case of 
CNS tumour metastases to the heart; in some 
publications, this issue is remarked upon [10]
[11].

• In paediatric donors, the epidemiology of 
cardiac metastases is very similar to that in 
adults. Although it is not a CNS tumour, one 
case of cardiac metastases with neuroblastoma 
has been described [12].

• Cardiac or pericardial metastases should be 
considered whenever a patient with a known 
malignancy develops cardiovascular symp-
toms [4].

Using this information, a risk assessment will 
proceed. The first question to answer is: 

• Is there any risk of tumour transmission 
through the use of heart valves from a donor 
with CNS tumours (including glioblastoma 
multiforme)? See  Table A17.6 Four steps to 
risk assessment.

Table A17.6. Four steps to risk assessment

The first step is to assess the 
probability of this situation 
happening.

With the previous information 
the score is: 1.
In the case of paediatric donors 
with neuroblastoma, the score 
could be 2.

Probability score Description Criteria

1 improbable unlikely but possible

2 remote unlikely but can be reasonably expected to occur

3 occasional will occur from time to time

4 probable occurs often

5 frequent continually experienced

The second step is to assess 
severity.

In the case that there are 
unknown malignant cells in 
the heart valves and a tumour 
transmission has occurred, 
what is the severity of this in 
the recipient?
If the transmission occurred, 
the score could be 3 or 4.

Severity score Impact Criteria
1 negligible temporary discomfort or inconvenience to user or 

patient

2 minor temporary injury to patient or user (e.g. minor 
temporary irritation) not requiring medical inter-
vention

3 serious significant injury or side effect requiring unantici-
pated medical intervention

4 critical permanent impairment, life-threatening injury

5 catastrophic death
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The next step is the classifica-
tion of the risk.

With a probability of 1 and se-
verity of 3 or 4, the risk is low.
In the case of a paediatric 
patient with neuroblastoma, 
probability of 2 and severity 3 or 
4, the risk is medium.

Severity 1 Severity 2 Severity 3 Severity 4 Severity 5
Probability 1 1

Low
2

Low
3

Low
4

Low
5

Medium

Probability 2 2
Low

4
Low

6
Medium

8
Medium

10
High

Probability 3 3
Low

6
Medium

9
Medium

12
High

15
Very high

Probability 4 4
Low

8
Medium

12
High

16
Very high

20
Extreme

Probability 5 5
Medium

10
High

15
Very high

20
Extreme

25
Extreme

The risk management action by 
risk category is shown on the 
right.

Risk category Action

Low Acceptable if there is no cost-effective option to reduce further the risks

Medium Make efforts to reduce risks within defined timescales

High/Very 
High

Unacceptable, unless huge benefit and no safer and equally effective 
option is available. Must take all measures to decrease risk if activity is to 
proceed

Extreme Stop activity or do not start

To calculate the Priority Risk Number (PRN) in the FMECA mode we need detectability:
• Obvious
• Easy to detect
• Difficult to detect
• Very difficult to detect 
• Impossible to detect

If only a macroscopic examination is performed, small metastases cannot be appreciated. In that case, 
the detectability could be 4. The PRN would be:

Probability of 1 × severity of 4 × detectability 4 = 16

If we examine the pericardium liquid and a pathologist does a whole heart examination, the detecta-
bility could be 2. The PRN would be:

Probability of 1 × severity of 4 × detectability 2 = 8

Applying the same criteria with children, with only macroscopic examination, the PRN would be:

Probability of 2 × severity of 4 × detectability 4 = 32

With macroscopic examination, the PRN would be:

Probability of 2 × severity of 4 × detectability 2 = 16

In conclusion, after performing the risk assessment explained above, accepting any donor with a CNS 
tumour has a low risk for tumour transmission when considering the heart valves, and the donation can be 
accepted but, to reduce the risk, a whole examination by a pathologist is recommended.
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Appendix 18. Sample haemodilution algorithm

This sample haemodilution algorithm is based on 
the US Food and Drug Administration Guid-

ance document cited below. Note: This guidance 
gives ‘colloid’ a different definition from that used in 
Europe; note particularly point 2 (2) below.

The following definitions, as used in this 
sample haemodilution algorithm, are adapted from 
the US FDA Guidance, Chapter V, p. 31.
1. Blood component means a product containing 

a part of human blood separated by physical or 
mechanical means (§1271.3i).

2. Colloid means: (1) a protein or polysaccharide 
solution, such as albumin, dextran or hetastarch, 
that can be used to increase or maintain 
osmotic (oncotic) pressure in the intravascular 
compartment; or (2) blood components such as 
plasma and platelets (§1271.3j).

3. Crystalloid means an isotonic salt and/or glucose 
solution used for electrolyte replacement or to 
increase intravascular volume, such as saline 
solution, Ringer’s lactate solution, 5 % dextrose 
in water (§1271.3k), or total parenteral nutrition.

4. Plasma dilution means a decrease in the 
concentration of the donor’s plasma proteins 
and circulating antigens or antibodies resulting 
from the transfusion of blood or blood 
components and/or infusion of fluids (§1271.3p).

DONOR ID # _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

Date and Time of Specimen Collection  _ _ _ _ _ _ _ 

Donor’s weight in kg _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

A =  Total volume of blood transfused in the 48 hours be-
fore death or sample collection, whichever comes first

B =  Total volume of colloid infused in the 48 hours before 
death or sample collection, whichever comes first

C =  Total volume of crystalloid infused in the 1 hour be-
fore death or sample collection, whichever comes first

BV = donor’s blood volume

Calculated blood volume = donor’s weight (kg)/0.015 or 
donor’s weight (kg) × 70 mL/kg

PV = donor’s plasma volume

Calculated plasma volume = donor’s weight (kg)/0.025 or 
donor’s weight (kg) × 40 mL/kg

Calculate both:

1. Is B + C > PV?

2. Is A + B + C > BV?

[Enter a zero if a category (A, B, or C) was not transfused/
infused.]
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Determination of sample acceptability for 
infectious disease tests

• If the answers to both 1 and 2 are NO, the 
post-transfusion/infusion sample is acceptable.

• If the answer to either 1 or 2 is YES, the 
post-transfusion/infusion sample is not accept-
able; use a pre-transfusion/infusion sample or 
reject the donor.

When calculating haemodilution of donors that 
have received plasma, the end result might 

differ according to the definition used:
For example: a donor 70 kg:
Donor plasma volume (PV): 2 800 mL

Donor blood volume (BV): 4 667 mL
Total volume of blood transfused (48 h): 600 mL = A
Total volume of plasma transfused (48h): 600 mL
Total volume of colloid transfused (48h): 1500 mL
Total volume of crystalloid infused (1h): 1000 mL =C

FDA guidance
1. (600 + 1 500) + 1 000 mL = 3 100 mL > PV
2. 600 + (600 + 1 500) + 1 000 mL = 3 700 mL < BV

European interpretation
1. 1 500 + 1 000 mL = 2 500 mL < PV
2. (600 + 600) + 1 500 + 1 000 mL = 3 700 mL < BV

Source: US Food and Drug Administration. Guidance for industry: eligibility determination for donors of 
human cells, tissues, and cellular and tissue-based products (HCT/Ps), August 2007, Appendix 2 at www.
fda.gov/downloads/biologicsbloodvaccines/guidancecomplianceregulatoryinformation/guidances/tissue/
ucm091345.pdf, accessed 6 April 2022.
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Appendix 19. Example of validation of screening: infectious 
disease assays of blood from deceased donors

The reliability of the results of screening for infec-
tious diseases in blood samples from deceased 

individuals is critical and can be enhanced sub-
stantially if appropriately validated assays are used. 
Assays for infectious diseases specifically labelled for 
use in screening blood donors are considered suitable 
for use in screening living donors of tissues and/or 
cells. However, few of these assays have been vali-
dated specifically for use with blood collected after 
the donor’s heart has stopped beating. If an assay’s 
manufacturer has not validated the assay for use with 
blood samples from deceased donors, no claims are 
made in regard to the performance or reliability of 
the test results generated with such samples. Conse-
quently, screening laboratories are expected to specif-
ically validate these assays with such blood samples 
to support performance of deceased donor screening 
in their laboratory.

Before any validation work, potential issues as-
sociated with screening blood from deceased individ-
uals must be understood. There are three key issues:
a� occurrence of post mortem degradation, or 

fall in detectable level, of a screening target (a 
marker of infectious disease such as an antigen 
or antibody related to the infectious agent);

b� inhibition of the assay by substances accumu-
lating from post mortem changes in blood;

c� the potential for a blood sample from a de-
ceased donor to be haemodiluted.
In all three cases there is a possibility for a 

false-negative test result. Although sensitivity and 
specificity are important for any screening assay, 
whether samples from living or deceased individuals 

are tested, sensitivity is the more important of the 
two because a false-negative result is the major threat 
to the safety of the tissue or cell transplant. In general, 
specificity is not as important because algorithms 
can be employed to effectively discriminate between 
non-specific and specific reactivities in screening 
assays.

To validate assay performance when using 
blood samples from deceased donors, the following 
recommendations apply:
a� the collection times for blood samples from de-

ceased donors used for assay validation must 
be representative of the full range of time 
points typically encountered during tissue pro-
curement, specifically from immediately after 
death up to 24 h after death (see §6.3.1.1);

b� all information about storage and handling 
conditions for blood tubes from time of blood 
collection to time of testing must be docu-
mented and meet any assay sample-handling 
requirements stated;

c� each blood sample from a deceased donor used 
for validation must be evaluated for haemodi-
lution using an approved algorithm;

d� use a dilution series prepared in deceased 
donor material; or use spiked specimens in-
oculated with the relevant infectious-disease 
marker at a potency near the assay’s cutoff and 
vary sources used for spiking. In both cases, 
test in parallel with the same material diluted 
in serum or plasma from a living individual;

e� test a sufficient number of samples from dif-
ferent deceased donors (≥ 20);
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f� include haemolysed samples;
g� the sample storage methods (e.g. refrigerated, 

frozen) used for validation should mimic the 
method of storage that is routine for that lab-
oratory.
Assay evaluation is undertaken to determine 

the overall performance of an assay, specifically in-
cluding its core sensitivity and specificity.

Validation is done to determine the suitability 
of an already evaluated assay for use for a specific 
purpose in a laboratory; for example, for use with a 
blood specimen type (in this case, from a deceased 
donor) not specifically stated as known to be accept-
able by the manufacturer. Evaluations are undertaken 
using panels of provenanced samples of known status, 
and importantly include seroconversion panels (i.e. 
sets of sequential samples from infected individuals 
following the course of infection from pre-exposure 
to late infection). However, such samples are almost 
all obtained from living patients. Suitable compa-
rable ‘positive’ specimens in a series from deceased 
individuals are not available, making this specific 
type of evaluation not possible. An alternative, less 
realistic approach but one that has been accepted by 
licensing authorities is to spike non-reactive blood 
specimens from deceased donors with known and 
varying levels of virus to attempt to mimic a ‘true’ 
positive specimen [1, 2, 3].

Nonetheless, before using assays with blood 
specimens from deceased individuals, the perfor-
mance of the assays must be assessed in some way 
to make attempts to demonstrate there is no loss of, 
or other change in, the expected performance of the 
assay.

Validation of assays for use with blood from 
deceased individuals is critical, both for serological 
assays that detect antigens or antibodies and for mo-
lecular assays that detect viral nucleic acid. However, 
simultaneously, this is problematic due to the key 
issues stated above and a lack of suitable blood 
samples from deceased individuals to support such 
work. The issue of the degradation of any screening 
target that may be present is the hardest to deal with, 
due to lack of suitable published studies. However, 
if the timeframe for sample collection post mortem 
is limited by those carrying out tissue procurement, 

it can be theorised that it would be unlikely for any 
markers of a previously unidentified and relevant in-
fection to have been degraded to a level that is unde-
tectable using the high-quality assays available from 
major inter national diagnostics manufacturers. 

If this aspect is controlled, the next issue to be 
considered is the potential ‘inhibitory effect’ of the 
sample as a result of any post mortem changes. To 
some degree the same argument applies in regard 
to degradation of the screening target post mortem 
because specimen collection within a suitable time-
frame minimises the extent of any post mortem 
changes, whatever they are (e.g. red cell haemolysis, 
precipitants/byproducts of cell death, etc.). There are 
ways in which an inhibitory effect can be examined 
in serological and molecular assays. Known posi-
tive serum/plasma samples can be diluted in serum 
plasma from living individuals in parallel with 
serum/plasma from deceased individuals and from 
living individuals, either to a fixed point or to ex-
tinction, and the outcomes compared. In this aspect, 
validation of molecular assays is slightly easier than 
that of serological assays because the inclusion of an 
internal control in molecular assays validates each 
test result with respect to the presence of any ‘inhib-
itory substance’ that may be present in a sample. If 
the internal control is not amplified, the test result 
for the sample is deemed to be invalid. Therefore, al-
though not definitive, such approaches would iden-
tify any gross effects, which would most likely result 
in false-negative results.

To meet donor/donation screening expecta-
tions, validation of infectious-disease assays for use 
with blood from deceased individuals must be un-
dertaken. If the assays have been evaluated appro-
priately by the testing laboratory, then there is clear 
understanding of the baseline performance of each 
assay, and this can be used as the basis of additional 
assay validation work for use with blood samples 
from deceased donors. Lack of suitable samples to 
mirror evaluation panels is a particular problem, 
leaving comparative dilutional studies and/or spiked 
sample studies as feasible approaches to determine 
any problems associated with testing blood from de-
ceased individuals.
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Validation scheme

Flowchart courtesy of Alan Kitchen with 
input from Susan Best.

Closed or open systems Selection of assays to be 
used

Infectious diseases and 
speci�c screening target

Full sensitivity evaluation 
of each assay

Seroconversion panels, 
known positive specimens 
from  deceased individualsAssay evaluation

procedure

Assay validation
process

Assays/testing
Include all relevant assays

for use with samples from 
deceased individuals

Blood specimens
Test parallel dilutions of 

known positive samples in 
normal and deceased 
serum/plasma; or test 

negative deceased donor 
samples spiked to level 

near the cut-off
of the assay (if used, vary 
spiking sources); include 

haemolysed samples; 
samples should be 
evaluated per usual 

protocol for assessment of 
haemodilution specimen; 

collection times should 
represent spectrum 

(immediately after death 
up to 24 h after death). 

Test ≥ 20 specimens from 
different deceased donors.
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Appendix 20. Treponema pallidum testing

The algorithms that are recommended for the se-
rological diagnosis of syphilis are challenging 

due to the inherent complexity of these methods. 
Thus, these tests are subdivided into treponemal 
and non-treponemal tests and the interpretation of 
the results obtained is often particularly difficult, 
hence the need for further confirmatory testing (see 
Table A20.1). See also the website of the European 
Centre for Disease Prevention and Control at www.
ecdc.europa.eu.

Non-treponemal tests

Non-treponemal tests are tests that search for 
IgG and IgM directed against the lipids that 

are released from the damaged human cells during 
an early stage of the disease. The goal of these tests 
is therefore to search for antibodies to antigens that 
are not specific to an infection with species of the 
genus Treponema, as reflected in the term reaginic 
antibodies. The non-specific nature of this category 
of serological tests is also reflected in the fact that 
many other causes, such as advanced age, pregnancy, 
various types of malignant tumours, autoimmune 
diseases and other unrelated infections may result in 
the formation of anti-lipoid antibodies, thus gener-
ating false-positive results.

Consequently, a positive result obtained 
with a non-treponemal test should always be con-
firmed by means of a treponemal test. Moreover, 
non-  treponemal tests usually display a low sensitivity 
in the detection of early syphilis, and the first positive 
results are not obtained until some 4-8 weeks after 
infection. The tests belonging to this category have 
mainly a diagnostic purpose as part of the therapeutic 

follow-up of patients with syphilis. Thus, a declining 
titre over a certain period of time is indicative of a fa-
vourable response to treatment. As a rule, successful 
treatment leads to negative results for these tests. The 
Venereal Diseases Research Laboratory (VDRL) test 
and Rapid Plasma Reagin (RPR) test belong to this 
group of non-treponemal tests used for serological 
syphilis screening.

Treponemal tests

Treponemal tests are serological screening 
tests that search for specific antibodies di-

rected against species of the genus Treponema. 
No distinction can be made between the different 
treponematoses due to immunological cross-reac-
tions. These tests usually remain positive after the 
initial infection, which means that they cannot be 
used to monitor the response to treatment or di-
agnose reinfections. Treponemal serological tests 
include the T� pallidum haemagglutination (TPHA) 
test, the T� pallidum particle agglutination (TPPA) 
test, treponemal enzyme immunoassays (EIA), 
chemiluminescence immunoassays (CLIA) and 
immunoblotting.

Algorithms in use

New developments, especially in the optimisation 
of treponemal immunoassays, offer new pos-

sibilities due to the earlier detection of syphilis and 
the shorter diagnostic window, but do not necessarily 
simplify the assessment of the overall serological 
picture. According to recent international recom-
mendations the following screening algorithms can 
be used for serological syphilis screening.
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Only the treponemal screening test
This screening strategy is commonly used in 

European blood banks and laboratories due to its 
potential for large-scale automation. This algorithm 
identifies both individuals in whom syphilis has been 
treated successfully as well as those who have not 
received any treatment. It is better suited to detect 
the early stages of infection than the sole use of a 
non-treponemal test. Given the fact that this strategy 
is mainly used for populations with a low prevalence 
of syphilis, it suffers from a considerable number of 
false-positive results.

Only the non-treponemal screening test

Ideally, a non-treponemal test carried out for 
screening purposes should be quantitative in nature 
in order to rule out the prozone effect when using 
undiluted blood samples. (This concerns < 2 % of 
samples, usually during the secondary phase of 
syphilis. These patients display extremely high titres 
of antibodies that interfere with the formation of 
antigen–antibody complexes, which are necessary 
to visualise flocculation when interpreting the non- 
treponemal test.) This algorithm can only detect 
active (infectious) syphilis, which means that it can 
miss the early stage of syphilis.

Treponemal and non-treponemal tests
This algorithm is especially useful to screen 

high-risk populations as well as to screen for the early 
stages of syphilis.

In the serological diagnosis of syphilis and 
independently of the screening algorithm used, a 
confirmatory test will always need to be carried out, 
regardless of which of the screening tests turned out 
positive.
a� If the initial screening test only included a tre-

ponemal test, the results should be confirmed 
by means of a second treponemal test based on 
a different analytical method as well as a quan-
titative non-treponemal test if this second tre-
ponemal test also turns out positive.

b� If the initial screening test only included a 
non-treponemal test, the positive result needs 
to be confirmed by means of a treponemal test, 
whereas the non-treponemal test should be 
performed in a quantitative manner if this was 
not initially the case.

c� If the initial screening was performed using a 
treponemal test as well as a non-treponemal 
test, the non-treponemal test should be per-
formed in a quantitative manner. A second tre-
ponemal test based on a different analytical 
method may be used to rule out a false-positive 
result for the initial treponemal test only if the 
non-treponemal test is negative.

Table A20.1. Interpretation of the results of biological screening tests for syphilis

Treponemal test Non-treponemal 
test

Interpretation Consequence for 
the donation

Further manage-
ment

positive positive1 active infection reject contact the attending 
physician

positive negative treated (past) infection 
or early stage of infec-
tion or false-positive2 

reject contact the attending 
physician2

negative not carried out or 
negative

no infection release possible no further action

negative positive false-positive result for 
the non-treponemal 
test or false-negative 
result for the trepone-
mal test

release potentially 
possible3 

no further action

1 Given the fact that in the vast majority of cases in which the non-treponemal test yielded false-positive results the titres were 
≤ ¼, a ‘positive treponemal test’ is considered to be with a titre ≥ ⅛.

2 In such a case (positive treponemal, negative non-treponemal) a confirmatory treponemal test needs to be carried out. If this 
confirmatory treponemal test yields a negative result, the initially positive result of the treponemal test is not confirmed and 
therefore looked upon as false-positive, which justifies releasing of tissues and cells intended for donation and requires no 
contact with the attending physician concerned.

3 The TE administrator can still accept the tissues and cells after having consulted the clinical biologist, possibly after carrying 
out additional tests, and having received the informed consent of the recipient and the medical transplant team.
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Appendix 21. Algorithm for HIV testing

Release for clinical use* No release for clinical use

Retests not 
negative

Ab/Ag negative Ab/Ag reactive Ab negative/
RNA negative

Ab reactive/
RNA negative

Ab reactive/
RNA positive or 

Ab negative/
RNA positive

Anti-HIV 1/2 Ab/p24 Ag 
(4th or 5th generation)

Anti-HIV Ab (3rd generation) plus 
HIV-RNA (lod ≤ 50 IU/mL)

OR

Weak or borderline reactive: retest in duplicate (same assay)
Reactive: retest in an alternative assay 

with comparable performance

Retests negative

* Please note that when HIV NAT is done as mandatory 
test, it must also be negative in anti-HIV/p24Ag negative 
donors, to release tissues for clinical use.
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Appendix 22. Algorithm for HCV testing

* Record of two negative HCV RNA results six months 
apart as evidence for a finished successful HCV treatment 
under medical supervision.

Release for clinical use No release for clinical use

Only after successful 
treatment*

Ab negative/ 
RNA negative

Ab reactive/
RNA negative

Ab negative/
RNA positive

Ab reactive/
RNA positive

Anti-HIV Ab plus HCV RNA (lod ≤ 50 IU/mL)

Negative lb: 
unspecific Ab

No infection Acute infection  
(pre-seroconversion)

Acute or chronic 
infectionImmunoblot (lb)

Positive lb: 
past infection
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Appendix 23. Algorithm for HBV testing

* Please note that when HBV NAT is done as mandatory 
test, it must also be negative in HBsAg/anti-HBc negative 
donors, to release tissues for clinical use.

Release for clinical use No release for clinical use

DNA positive

HBsAg negative/ 
anti-HBc negative*

HBsAg negative/ 
anti-HBc positive

HBsAg positive/anti-HBc positive 
HBsAg positive/anti-HBc negative

Single HBV-DNA (assay lod ≤ 30 IU/mL) 
beware: haemodilution

DNA negative

HBsAg 
+ 

anti-HBc
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Appendix 24. Sample form to assess working environment 
(NHS, UK)
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Effective: 16/12/13
 

Tissue Services Tissue Donation From Deceased Donors 
 

 (Template Version 07/10/08) 

Cross-Referenced in Primary Document: MPD557  
 

 

Venue: Donation Number and Donor Number: 

The intent of the below is to assess the suitability of the working environment for safety to both 
staff and tissue.  
 

Minimum Requirements: 
 Yes No Comments 
Are there a minimum 2 authorised people present?
 
Is there good lighting and a sink with running water 
available? 
Do you know the evacuation procedure? 
 
Is there suitable access to minimise carrying and 
handling e.g. parking.   
Is the support equipment working and used where 
applicable? e.g. trolleys, control panels, ‘in use’ signs 
etc. 
Can unauthorised people view the donation? e.g. doors 
open, blinds open, clear glassed windows 
Is there unauthorised filming / photography equipment 
in use? 
 

Site Assessment: 
 Yes No Comments / Action 
Are the floors wet? 
 
Do any surfaces appear dirty / contaminated?
 
Are there any sharp objects/dangerous 
equipment/clutter around i.e. hazards to avoid/move? 
Is the donation area a clean environment (if necessary 
clean with detergent prior to use)? 
Is a post mortem being carried out at the same time as 
the donation? 
Do you believe that tissue can be retrieved with minimal 
or no environmental contamination? 
Are there specific donor related risks and actions taken 
to mitigate these risks e.g. large donor? 
 

 Yes No Comments / Action 
Was the Donors face protected prior to moving to 
donation area? 

If No, explain. 
 
 

Person Responsible for moving donor to / from donation 
area: 
 

Delete as applicable:
 
Porters   /   APTs   /   TS Staff   /   Others 
 
Others please specify: 

 

Authorisation to proceed: 
Are you satisfied that this is a safe / clean working environment?         Yes / No
 
If No, contact the Duty Manager ASAP 
 
Name of Manager contacted: 

Source: National Health Service (NHS), United Kingdom.
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Appendix 25. Sample donor-identification form (NHS, UK)
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FORM Effective: 16/12/13
 

Tissue Services Tissue Donation From Deceased Donors 
 

 (Template Version 07/10/08) 

Cross-Referenced in Primary Document: MPD557  
 

Donation Number: 
 
 
 
Confirm correct donor by transcribing identification details directly from identity band/label. You must have 3 
points of matched ID (e.g. name, dob, hospital number, address, or (exceptionally) circumstances of death). 
 
Method of ID: Toe tag/Identity band/Mortuary label/Other…………………………………. 
 
 
                                                                                                                      COPY TAG 
    
 
 
 
 
 
 
  
Identification and Examination performed 
by (PRINT NAME) 
 

Sign: Date: 
 

Identification Double checked by (PRINT 
NAME) 
 

Sign: Date: 

 
Check Authorisation. Do you have 3 points of matched ID that correspond with the referral 
information and donor identification?     

 
Yes / No 

Print name: Sign: Date: 
 
 

If No, can you justify your rationale for proceeding with the donation below?          Yes / No / NA 

If No, contact Duty Manager ASAP 
Name of Manager contacted: 

 
   

 
ADDITIONAL INFORMATION SIGNATURE AND 

DATE 
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

Source: National Health Service, United Kingdom.
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Appendix 26. Checklist for revision of computerised systems

Establishment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Date  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Signature of person responsible for the revision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1. Identification of the system and function Comments

Name of the system

Version

Supplier

Platform

Function

Connected with other 
computerised systems
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2. Organisation Comments

  Is the organisation for function and maintenance described in the QM system (system 
owner, system manager, person responsible)?

  Are these functions placed in an organisation scheme?

  Is the responsibility of the supplier described in QM system and in written agreements?

  Is it clear that the user is responsible for validation when data are transferred between dif-
ferent systems?

  Have the responsible persons (functions) received enough and documented training in 
case of malfunction of the system?

  Is the computerised system included in the scheme for internal revision?

3. Written agreements Comments

  Are responsibilities for support (software and hardware) clearly defined?

  Are functions/responsibilities of subcontractors included? 

  Are instructions for documentation of unexpected events included?

  Is time-limit for corrective actions by responsible support defined?

If data are transferred between different computerised systems:

 Are platforms and protocols described?

  Are obligations to inform each other about changes and events that may influence informa-
tion transfer included?

 Are responsibilities for the different parts in the chain between the systems clearly defined?

4. Documentation of the system Comments

  Is complete and updated documentation of the system accessible?

  Does the documentation contain measures for managing malfunctions and fallbacks?

Is a user guide with version number accessible:

  in paper copy?

  as electronic ‘help-function’?

5. Maintenance Comments

  Are standard operating procedures available for measures in case of malfunction/total 
downtime?

  Back-up system?

  Reset of data?

  Are back-up system and read-back functions tested? 

6. Changes Comments

  Is a test environment available?

  Are validation procedures defined and performed before updates, changes, new versions 
in the system?
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7. Information security Comments

  Is access to the computers protected by locked doors (physical data protection)?

  Is a virus protection system active (if applicable)?

Is access to the computerised system protected by personal login?

  Single-level login

  Double-level login

  Is access to the system (and login) associated with a certificate of authorisation?

  Who decides on, and keep records of, access to the system?

  Are records for access to the system updated (i.e. access removed when no longer needed)?

  Does the system provide traceability of the user?

  Does the system provide traceability of changes in manually added data/text (with the 
original text still readable)?

If data are manually inserted/transferred from another system:

How is correctness of the data verified:

  by data insert of two individuals independently?

  by saving the original (paper) result?

  by signature(s) of the individual(s) inserting the data?

If data are automatically transferred from another computerised system:

  Are ‘check points’ to verify the correctness of data transfer available in the system or as 
standard operating procedures?

Adapted from SWEDAC DOC 10:5, 2010 Guidance for information security managers (available from www.isaca.org/Knowledge-Center/
Research/ResearchDeliverables/Pages/Information-Security-Governance-Guidance-for-Information-Security-Managers.aspx) with 
interpretation of ISO/IEC 17025, ‘General requirements for the competence of testing and calibration laboratories’ (available from www.
iso.org/iso/catalogue_detail?csnumber=39883) and ISO/IEC 27007:2011 (available from www.iso.org/obp/ui/#iso:std:iso-iec:27007:ed-
1:v1:en).
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Appendix 27. Serious adverse reaction or event: impact 
assessment form

This impact assessment tool assists practitioners 
and regulators in planning their response to 

a given serious adverse reaction or event (SARE), 
taking into account the broader consequences 
beyond the individual patient affected or potentially 

affected. The assessment should be based on available 
data, past experience and scientific expertise.

Although the assessment is common to all 
types of tissues and cells, it can be divided into 
non-reproductive and reproductive.

Assessment for non-reproductive tissues and cells

Step 1: Assessment of the likelihood of occurrence/recurrence of the SARE

1 Rare Difficult to believe it could happen again

2 Unlikely Not expected to happen again

3 Possible May occur occasionally

4 Likely Expected to happen again, but not per-
sistently

5 Proba-
ble

Expected to happen again on many occa-
sions

Step 2: Assessment of the impact/consequences of the SARE should it recur

Impact level On individual(s) On the system On tissue/cell supply
0 Insignificant Nil OR No effect OR Insignificant

1 Minor Non-serious OR Minor damage OR Some applications postponed

2 Moderate Serious OR Damage for short period OR Many cancellations or postponements

3 Major Life-threatening OR Major damage to system – significant 
delay to repair

OR Significant cancellations – importation 
required

4 Catastrophic 
or extreme

Death OR System destroyed – need to rebuild OR All allogeneic applications cancelled
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Step 3: Application of the impact matrix

Likelihood of recurrence 
1 Rare 2 Unlikely 3 Possible 4 Likely 5 Certain/ 

almost certainImpact of recurrence 
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

Step 4

The response of a tissue establishment or health 
authority to a specific SARE should be proportionate 
to the potential impact, as assessed by the matrix 
shown in Step 3 above and described below.

White  The tissue establishment is to manage 
the corrective and preventive actions; the Health Au-
thority is to file the report and keep a ‘watching brief ’.

Pale shading  Requires interaction between the tissue 
establishment and the Health Authority, which may 
request an inspection that focuses on the SARE and 
the corrective and preventive actions to be followed 
up, including evidence of effective recall, where 
necessary. Written communication to professionals 
working in the field might be appropriate.

Dark shading  The Health Authority will, in general, 
designate representatives to participate in developing 
or approving the corrective and preventive action 
plan (possibly a task force to address broader impli-
cations). Inspection, follow-up and written commu-
nication should be done as at the previous level; and 
possibly notification of health authorities in other 
countries where relevant.

Effectiveness of the response can be assessed 
by re-applying the impact matrix following imple-
mentation of corrective and preventive actions. The 
impact can be reduced by:
• reducing the probability of recurrence through 

preventive measures;
• increasing the detectability of the risk; or
• reducing the severity of the consequences, if it 

should recur.
Source: Adapted from SoHO V&S Guidance for Competent 
Authorities.

Assessment for reproductive tissues and cells

Step 1: Assessment of the likelihood of occurrence/recurrence of the SARE

1 Rare Difficult to believe it could happen again

2 Unlikely Not expected to happen again

3 Possible May occur occasionally

4 Likely Expected to happen again, but not per-
sistently

5 Proba-
ble

Expected to happen again on many occa-
sions

Step 2: Assessment of the impact/consequences of the SARE should it recur

Impact level On individual(s) On the system On tissue/cell supply
0 Insignificant Nil OR No effect OR Insignificant

1 Minor Non-serious OR Minor damage or some procedures 
postponed

OR Partial loss of gametes/embryos for 
one couple

2 Moderate Serious OR Damage for short period.  Many pro-
cedures cancelled or postponed

OR Partial loss of gametes/embryos for 
one couple

3 Major Life-threatening OR Major damage to system – significant 
delay to repair. Significant numbers 
of procedures cancelled

OR Partial loss of gametes/embryos for 
one couple

4 Catastrophic 
or extreme

Death OR System destroyed – need to rebuild. 
All procedures cancelled

OR Total loss of gametes/embryos for all 
couples
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Step 3: Application of the impact matrix

Likelihood of recurrence 
1 Rare 2 Unlikely 3 Possible 4 Likely 5 Certain/ 

almost certainImpact of recurrence 
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

Step 4

The response of a tissue establishment or health 
authority to a specific SARE should be proportionate 
to the potential impact, as assessed by the matrix 
shown in Step 3 above and described below.

White  The tissue establishment is to manage 
the corrective and preventive actions; the Health Au-
thority is to file the report and keep a ‘watching brief ’.

Pale shading  Requires interaction between the tissue 
establishment and the Health Authority, which may 
request an inspection that focuses on the SARE and 
the corrective and preventive actions to be followed 
up, including evidence of effective recall, where 
necessary. Written communication to professionals 
working in the field might be appropriate.

Dark shading  The Health Authority will, in general, 
designate representatives to participate in developing 
or approving the corrective and preventive action 
plan (possibly a task force to address broader impli-
cations). Inspection, follow-up and written commu-
nication should be done as at the previous level; and 
possibly notification of health authorities in other 
countries where relevant.

Effectiveness of the response can be assessed 
by re-applying the impact matrix following imple-
mentation of corrective and preventive actions. The 
impact can be reduced by:
• reducing the probability of recurrence through 

preventive measures;
• increasing the detectability of the risk; or
• reducing the severity of the consequences, if it 

should recur.
Source: Adapted from SoHO V&S Deliverables 5 and 8.
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Appendix 28. Example of serious adverse reaction (SAR) for 
non-reproductive tissues and cells

Vigilance notification to the tissue establishment (TE)

An orthopaedic surgeon calls the TE because the 
recipient of a peroneal longus tendon has an in-

fection in the surgical site. The culture of the surgical 
site is positive for Staphilococcus epidermidis sensible 
to oxacilin, ceftaroline, amikacyn, clindamicyn, ri-
fampicyn, quinupristin-Dalfoprostin. The ortho-
paedic surgeon suspects that the infection originates 
from the graft because the recipient had no previous 
infection or risk factors to develop an infection.

The recipient is receiving antibiotic treatment: 
theicoplanin 800 mg 1c/24 h and ceftazidime 2gc/8 h.

After 3 days the infection required wound de-
bridement and graft removal.

The TE sends the notification of the adverse re-
action to the biovigilance officer and starts the inves-
tigation as a potential SAR.

History of donor

A 55-year-old tissue donor. Admitted at the hospital 
due to myocardial infarction and died of cardiac 

arrest 48 hours after admission. Medical antecedents: 

high blood pressure and smoker. Family accepted 
tissue donation (corneas, musculoskeletal and skin). 
Procurement took place 8 hours after asystole.

Immediate actions and investigation

Immediately after receiving the notification, the TE 
puts into quarantine all the tissues still available in 

the tissue bank from the same donor.

The TE investigation/review

1. Assessment of information about the donor 
and procurement.

• The medical records of the donor: two blood 
cultures obtained at the procurement time 
negative.

• Musculoskeletal procurement: 12 cultures were 
negative.

• Skin procurement: 2 positive cultures 
(non- pathogenic sp.) out of 6 at the time of 
procurement.
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• Microbiological and quality control of the 
clean room during the processing of the mus-
culoskeletal tissue: no deviation found.

• Swab culture of the graft at the moment of 
implant performed by the orthopaedic surgeon 
in the hospital laboratory: negative.

2. Assessment of the outcome of other transplan-
tations with tissues from the same donor.

• Check the clinical outcome of the transplanta-
tion procedure in other recipients that received 

tissues from the same donor (6 tissues and 5 
recipients):

– two cornea recipients: no incident, in par-
ticular no infectious complications;

– two tendons to one recipient: tissue culture 
negative at the moment of transplant and the 
recipient without signs of infection; 

– two femoral heads to two recipients: tissue cul-
tures negative at the moment of transplant and 
both recipients without signs of infection. 

Conclusions

After investigation the case is considered a serious 
adverse reaction (SAR). The rationale used for 

the analysis of this SAR has been performed based 
on the information provided in section 17.4.3 and Ap-
pendix 27:

• Imputability: was judged as 1 (possible) because 
the evidence is indeterminate. There are no 

clear alternative causes (0. Excluded) but 
neither is there evidence in favour of attrib-
uting the reaction to the tissue (2. Probable); 
see Table 17.2.

• The probability of the likelihood of occurrence/
recurrence was judged as 3 (possible), i.e. may 
occur occasionally. 

Step 1: Assessment of the likelihood of occurrence/recurrence of the SARE

1 Rare Difficult to believe it could happen again

2 Unlikely Not expected to happen again

3 Possible May occur occasionally

4 Likely Expected to happen again, but not per-
sistently

5 Proba-
ble

Expected to happen again on many occa-
sions

The impact or the consequence was judged as 
follows:

• On the individual level the impact was 3 (major) 
for the recipient/individual (the graft had to be 
removed). 

• On the system level the impact was 1 (minor), 
based on the follow-up of other recipients of a 
graft from this donor.

• On tissues and cell supply level, the impact was 
2 (moderate) because this event had a negative 
impact on tissues availability and assignment 
because the tissues of this donor were in quar-
antine for a period of time while investigation 
was ongoing.

Step 2: Assessment of the impact/consequences of the SARE should it recur

Impact level On individual(s) On the system On tissue/cell supply
0 Insignificant Nil OR No effect OR Insignificant

1 Minor Non-serious OR Minor damage OR Some applications post-
poned

2 Moderate Serious OR Damage for short 
period

OR Many cancellations or 
postponements

3 Major Life-threatening OR Major damage to 
system – significant 
delay to repair

OR Significant cancellations – 
importation required

4 Catastrophic or extreme Death OR System destroyed – 
need to rebuild

OR All allogeneic applications 
cancelled

Using the impact matrix gave a total score of 
6, resulting in classification of this reaction in the 

pale shading on the table. This meant that the TE 
and Health Authority had to interact and analyse 
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potential corrective and preventive measures. Also 
required was a written communication of the investi-
gation to the orthopaedic surgeon who instigated the 

notification (please see Appendix 27 for more detailed 
information).

Step 3: Application of the impact matrix

Likelihood of recurrence 
1 Rare 2 Unlikely 3 Possible 4 Likely 5 Certain/ 

almost certainImpact of recurrence 
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

Preventive measures and corrective measures implemented

• Initially tissues were quarantined as a preven-
tive measure.

• Once investigation was finished, the TE decided 
to unblock the tissue still in the TE.

• The TE will reinforce the need to notify any 
incident or reaction among final users and au-
thorised centres.

• The TE has not been able to establish a correc-
tive measure because there were no findings of 
protocol deviations or uncontrolled risk during 
the donation process.
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Appendix 29. Example of serious adverse reaction (SAR) for 
reproductive tissues and cells

Vigilance notification to the tissue establishment (TE)

A few months after birth, Leigh Syndrome (au-
tosomal recessive/Ndufv1 mutation) was de-

tected in a baby born following a double non-partner 
gamete donation with ICSI. 

The paediatrician who diagnosed the genetic 
abnormality considered that it might be linked to the 

donors. Reporting this case might prevent further 
distribution of gametes/embryos from that donor 
and the transmission of this genetic disease to other 
potential children born by using the gametes. The in-
vestigation started and the case was also communi-
cated to the Health Authority.

History of donor

• The oocyte donor was 28 years of age. She had 
a normal karyotype and was asymptomatic. A 
total of five healthy babies were born from pre-
vious donations to other couples.

• The sperm donor was 27 years of age. He had 
a normal karyotype. A total of three healthy 
babies were born from his previous donations.

Investigation and immediate actions

It was the first time that this particular combination 
of oocyte donor and sperm donor was used.

The specific Ndufv1 gene mutation was not 
included in the expanded carrier genetic test at that 
time.

Analysis of the incidence of the SAR

The respective tissue banks were informed about 
the potential SAR, and advised to hold the re-

maining sperm cells and oocytes in quarantine 
pending investigation. 

There was no remaining sperm nor oocytes 
stored, but there were three embryos that had been 
created with the donated gametes. 

A repeated analysis of germline DNA of both 
donors for this specific gene mutation showed that 
both donors were carrier of the Ndufv1 gene muta-
tion c.248 C> T, Ser 83 Leu.
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Conclusions

After investigation and confirmation of the genetic 
link to the donated gametes, the case was consid-

ered a serious adverse reaction (SAR). The rationale 
used for the analysis of this SAR was based on the 
information provided in section 17.4.3 of Chapter 17 
and Appendix 27:

• Imputability: Definitive/certain (3), as the ex-
panded genetic test confirms that the transmis-
sion is linked to the donors, see Table 17.2. 

• The probability of the likelihood of occurrence/
recurrence was judged as 2 (unlikely).

Step 1: Assessment of the likelihood of occurrence/recurrence of the SARE

1 Rare Difficult to believe it could happen again

2 Unlikely Not expected to happen again

3 Possible May occur occasionally

4 Likely Expected to happen again, but not per-
sistently

5 Proba-
ble

Expected to happen again on many occa-
sions

• The impact of the consequences: a recent 
multi centre study on Leigh syndrome survival 
shows that the mean age before death occurs 
is 2.4 years, and only 20 % survived, with a 
maximum age of 20 years old. Thus, the impact 
was judged as 4 (catastrophic or extreme).

Step 2: Assessment of the impact/consequences of the SARE should it recur

Impact level On individual(s) On the system On tissue/cell supply
0 Insignificant Nil OR No effect OR Insignificant

1 Minor Non-serious OR Minor damage or some 
procedures postponed

OR Partial loss of gametes/
embryos for one couple

2 Moderate Serious OR Damage for short 
period.  Many pro-
cedures cancelled or 
postponed

OR Partial loss of gametes/
embryos for one couple

3 Major Life-threatening OR Major damage to 
system – significant 
delay to repair. Signifi-
cant numbers of proce-
dures cancelled

OR Partial loss of gametes/
embryos for one couple

4 Catastrophic or extreme Death OR System destroyed – 
need to rebuild. All 
procedures cancelled

OR Total loss of gametes/
embryos for all couples

Note for the reader: This first approach was 
confirmed after the investigation as the child died at 
2 years of age.

The impact matrix shows that a total score of 
8 (2 × 4) locates this SAR in the pale shading of the 

table. This means that interaction between the TE 
and the Health Authority would be required (please 
see Appendix 27 for more detailed information).

Step 3: Application of the impact matrix

Likelihood of recurrence 
1 Rare 2 Unlikely 3 Possible 4 Likely 5 Certain/ 

almost certainImpact of recurrence 
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
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Preventive measures and corrective measures implemented

• All the donations were performed within the 
same tissue establishment, so there was no 
need to alert other centres involved.

• Despite very low incidence of this recessive 
genetic disorder, the tissue establishment 
decided to expand the carrier genetic screening 
tests to include Ndufv1 gene mutation.

• Donors were informed about the new gene 
carrier condition.

• These gamete donors would be eligible for do-
nation only under the following premises:

– Only one of the donors tested positive.
– Both donors are positive; but, in that case, the 

already existing supernumerary cryopreserved 
embryos must be tested for Ndufv1 gene muta-
tion using PGT-M technique. 

• The case was closed.
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Appendix 30. Example of serious adverse event (SAE) for 
non-reproductive tissues and cells

Vigilance notification

A surgical team asks for a left humerus for a 
planned surgery.

The tissue prescribed is sent to the hospital by 
the TE.

During the surgical operation, the surgeon dis-
covers that the humerus received is a right humerus.

Immediate action

The incident was considered a potential SAE. The 
surgery was cancelled, the incident was seen 

during the preparation of the surgery room, before 
patient anaesthesia.

Investigation

First step: History of the organ/tissue removals
Organs and tissues were removed simulta-

neously from two donors in two different surgery 
rooms, in the same institution during the same night. 
Two nurses were in charge of these procurements.

• In the first surgery room, organs and tissues, 
including a right humerus, were removed 
(donor 1, nurse 1).

• In the second surgery room, organs and tissues, 
including a left tibia with extensor items, were 
removed (donor 2, nurse 2).

Second step: Context of the organ/tissue removals 
The organ and tissue removals happened in a 

busy summer weekend during which 5 organ and 
tissue donors were managed in 4 days. During this 
period it was necessary to increase the duty staff.

Third step: Details of the organ/tissue removals 
management

Room 1: The organ and tissue removal process 
was finished before the removal process in room 2 
was finished.

Nurse 1 (from room 1) offered to help her col-
league nurse 2 (room 2) and performed the condi-
tioning and packaging of all tissues from both room 1 
(donor 1) and room 2 (donor 2).

Four containers were prepared following these 
two different donor retrievals:

• a container with the heart for valves collection 
from donor 1;

• a container with the heart for valves collection 
from donor 2;

• a container with corneas from donor 1 and 
corneas from donor 2;
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• a container with the bones from donor 1 (right 
humerus) and from donor 2 (left tibia with ex-
tensor items) together.

(Not enough containers were available at that 
moment for multiple tissue removals.)

Only one file from each donor, including 
medical history, and clinical and biological param-
eters, was sent with all the containers. Normally, 
one file is sent with each container with tissues and 
organs retrieved from one donor. (The packaging of 
organs or tissue of different donors in one container 
is unusual.)

Moreover, a specific sheet explaining the details 
of the tissues removals was also sent with each tissue 
retrieved and put in the container with the tissues 
concerned. No sheet was not included in the various 
containers.

All tissues were labelled with the unique donor 
number for traceability. The laterality was also men-
tioned for the tibia, but the laterality of the humerus 
was not mentioned.

At the end of the tissue packaging steps, the 
nurses’ services were finished and the nurses were re-
placed by a new one (nurse 3).

Fourth step: at the TE
A technician received the various containers, 

and mistakenly believed that both the left tibia 

and right humerus had come from the same donor 
(donor 2). As the laterality of the humerus was not 
mentioned, he called the duty nurse (nurse 3). She 
was busy on a new organs and tissues retrieval from 
another donor and she answered that the humerus 
was a left humerus.

The conversation was by phone, and no written 
document was sent to confirm this information.

Fifth step: discovery of the incident
Seven months later, a left humerus was re-

quested from the TE by a surgeon for planned surgery.
In the surgery room, the surgeon noticed 

that the donor humerus sent by the TE was a right 
humerus instead of a left humerus (as was requested).

He contacted the TE, which subsequently con-
tacted the procurement team, and confirmed that no 
humerus was retrieved from donor 2 and that a right 
humerus was retrieved from donor 1.

Following the confirmation of the incident, a 
biovigilance notification for an SAE was sent to the 
Health Authority (HA) by the TE.

Sixth step: analysis and conclusions
The incident is considered an SAE. The ra-

tionale used for the analysis of this SAE has been per-
formed based on the information provided in section 
17.5.3 and Appendix 27.

Root causes analysis

Immediate causes (human factors)
• work overload, 
• tiredness,
• difference in practice for tissues packaging and 

labelling between the two nurses on the same 
organs and tissues procurement site,

• no adherence to protocol?

Root causes (organisational factors)
• absence of accurate standard operational pro-

cedures for simultaneous organ and tissue 
removals, 

• no organisation defined when two nurses are 
together on organ and tissue removals and 
packaging/labelling;

• no common practices on the conditioning and 
labelling of tissues sent to the TE; 

• not enough containers available for multiple 
tissue removals.

The probability or likelihood of occurrence/
recurrence is considered as 3. Possibly, because cor-
rective measures have been put in place. However, 
all human factors that led to this incident cannot be 
totally avoided, notably work overload and tiredness.

Step 1: Assessment of the likelihood of occurrence/
recurrence of the SARE

1 Rare Difficult to believe it could happen again

2 Unlikely Not expected to happen again

3 Possible May occur occasionally

4 Likely Expected to happen again, but not per-
sistently

5 Proba-
ble

Expected to happen again on many occa-
sions

The worst impact consequences expected could 
be: 1. Minor damage because the surgery was post-
poned until a new adapted bone was provided by the 
tissues bank.
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Step 2: Assessment of the impact/consequences of the SARE should it recur

Impact level On individual(s) On the system On tissue/cell supply
0 Insignificant Nil OR No effect OR Insignificant

1 Minor Non-serious OR Minor damage OR Some applications post-
poned

2 Moderate Serious OR Damage for short 
period

OR Many cancellations or 
postponements

3 Major Life-threatening OR Major damage to 
system – significant 
delay to repair

OR Significant cancellations – 
importation required

4 Catastrophic or extreme Death OR System destroyed – 
need to rebuild

OR All allogeneic applications 
cancelled

The impact matrix gave a total score of 3 (3 × 1) 
locating the incident in the blank area.

This means that an interaction was not required 
between TE and the HA (please see Appendix 27 for 
more detailed information).

Step 3: Application of the impact matrix

Likelihood of recurrence 
1 Rare 2 Unlikely 3 Possible 4 Likely 5 Certain/ 

almost certainImpact of recurrence 
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

Preventive and corrective measures implemented

• Communication with all healthcare teams im-
plicated in organs and tissues removals, about 
the new practices,

• Update of tissues removals procedures,
• Creation of labels for each tissue removed,
• Purchase of containers,

• Use of label sheets of different colour when 
tissues from different donors are simultane-
ously removed.
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Appendix 31. Example of serious adverse event (SAE) for 
reproductive tissues and cells

Vigilance notification

At inspection on day 1 post-fertilisation, the staff 
of the laboratory noticed that all the oocytes 

of three women undergoing ART treatment on 

sequential days showed no signs of fertilisation. 
Hence, the full treatment cycle was lost because no 
embryos were obtained.

Immediate action

• The incident was considered a potential SAE 
and the laboratory informed the head practi-
tioner, who in turn informed the patients about 
the case. 

• The laboratory initiated an internal investiga-
tion to analyse this case and its potential causes 
and informed the Health Authority.

Investigation

• The laboratory investigated fertilisation rates 
of the oocytes that were ICSI-ed on the same 
microscope on the days before the incident. 
The percentage of fertilisation was within the 
normal range on the days before the incident. 
This is considered a look-back procedure to 
identify potential other patients that may have 
suffered from a possible technical failure of the 
heating device.

• They reviewed the temperature records of the 
heating device on the ICSI stations, and the re-
corded temperatures were as defined previously. 

• The maintenance and verification records of 
the heating device were reviewed and showed 
no abnormalities. 

• Because oocytes of different women were af-
fected, the problem could potentially originate 
from a step common to all patients. One of the 
problems described widely in the literature is 
that fertilisation rate is affected by temperature.

• Although verification suggested that the 
heating device had worked correctly, the TE 
checked the heating device with a calibrated 
temperature probe to verify if there were dis-
crepancies. The second device recorded on 
average a temperature that was 4 °C higher, 
implying that the temperature recorded by the 
initial heating device was not correct due to a 
malfunction of the temperature sensor.
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Conclusions

The incident was considered a serious adverse 
event (SAE). The rationale used for the analysis 

of this SAE was based on the information provided 
in section 17.5.3 and Appendix 27:

• In the situation of an SAE, it is not possible to 
assess “imputability”.

• The probability or likelihood of occurrence/
recurrence: the decision is considered as 2 
(unlikely).

Step 1: Assessment of the likelihood of occurrence/
recurrence of the SARE

1 Rare Difficult to believe it could happen again

2 Unlikely Not expected to happen again

3 Possible May occur occasionally

4 Likely Expected to happen again, but not per-
sistently

5 Proba-
ble

Expected to happen again on many occa-
sions

• The worst impact consequences appeared on 
the system level, because the malfunction of 
one of the heating devices resulted in damage 
for a short period of time, which results in a 
score of  2 (moderate).

Step 2: Assessment of the impact/consequences of the SARE should it recur

Impact level On individual(s) On the system On tissue/cell supply
0 Insignificant Nil OR No effect OR Insignificant

1 Minor Non-serious OR Minor damage or some 
procedures postponed

OR Partial loss of gametes/
embryos for one couple

2 Moderate Serious OR Damage for short 
period.  Many pro-
cedures cancelled or 
postponed

OR Partial loss of gametes/
embryos for one couple

3 Major Life-threatening OR Major damage to 
system – significant 
delay to repair. Signifi-
cant numbers of proce-
dures cancelled

OR Partial loss of gametes/
embryos for one couple

4 Catastrophic or extreme Death OR System destroyed – 
need to rebuild. All 
procedures cancelled

OR Total loss of gametes/
embryos for all couples

The impact matrix gave a total score of 4 (2 × 2), 
locating the incident in the pale shading area of the 
table. 

This means that interaction between the 
tissue establishment and the Health Authority is 
required (please see Appendix 27 for more detailed 
information).

Step 3: Application of the impact matrix

Likelihood of recurrence 
1 Rare 2 Unlikely 3 Possible 4 Likely 5 Certain/ 

almost certainImpact of recurrence 
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
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Preventive and corrective measures implemented

• Update the information to the head practi-
tioner with the results of the investigation.

• Take the heating device out of service. 
• Replacement of faulty sensor and new imple-

mentation validation of heating device before 
taking it back into service.

• Safety check of the three similar heating 
devices that were in use in the lab (nothing ab-
normal detected).

• Update of the heating device maintenance SOP, 
increasing the frequency of quality control.

• Contact the manufacturer to inform them 
about the defect in the heating device.

• Send out warning about technical problem 
with heating device to the other IVF centres in 
the country through the national embryology 
society.
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Appendix 32. Serious adverse reaction: notification form – 
for ocular tissues (Agence de la Biomédecine, 
France)

Notification form for SAR on ocular tissues

SEC Recipient code Date of birth 
(dd/mm/yyyy)

Date of transplant 
(dd/mm/yyyy)

Sex   M 
  F

Eye involved   Right 
  Left

Type of graft  DALK  DSAEK  DMEK  PK

SAR

1. Short term (pre-graft until 1 month post-graft)

  Primary graft failure (endothelial decompensation)

  Ocular infection (from bacterial, fungal, parasitic or viral origin including endophthalmitis)

  Irreversible rejection (specific immunologic response)

  Systemic infection (compatible with a donor-recipient transmission)

  Persistent ulceration or corneal perforation

2. Mid- to long term 1 month 
to 1 year

 > 1 year

  Any ocular pathology that could suggest transmission from the donor (for example: 
tumoral pathologies of the anterior segment)

  Any systemic pathology that could suggest transmission from the donor (transmissible 
viral diseases (rabies, hepatitis, etc.), malignant diseases, prion disease …)

  Unrecognised donor corneal diseases (history of refractive surgery, corneal dystrophy 
including FUCHS, keratoconus, scars …)

  Endothelial cell decompensation including cornea guttata

  Chronic endophthalmitis

  Late-onset local infection including bacterial, fungal, viral, or parasitic keratitis or 
kerato-endotheliitis
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  Failure (leading to re-graft). Specify  
 

  Persistence of complicated epithelial defects (epithelial ulcerations) (visual decline, 
infection, rejection, stromal ulceration, perforation …) or development of epithelial 
tumour, dysplasia or epithelial hyperplasia

  Defect of corneal transparency (corneal opacification, calcifications, corneal transpar-
ency delay, inflammatory infiltrate …)

  Astigmatism induced by the graft or giant astigmatism (> 8 D) linked or likely to be 
linked to recurrence or appearance of keratoconus on the graft

  Loss of eyeball (anatomical or functional)

  Death of patient linked to the ocular graft 

Risk factors

  No risk factor identified

Risk factor identified (tick the one concerned)

  Neovascularisation – History of 
autoimmune disease (scarring 
pemphigoid)
  Graft size outside the range of 8.5 

diameter
  Hypertonia/glaucoma
  Ocular inflammation/uveitis

  Neurotrophic history
  Palpebral alterations (statics/kinet-

ics)
  Emergency cornea grafting or 

therapeutic keratoplasty
  History of rejection on either ipsi 

or contralateral eye

  Atopic ground
  Paediatric patient or less than 16 

years old
  Re-graft – how many? 
  Herpes virus infection (HSV, VZV)
  Dry eye syndrome
  Chemical burn

  Other – give details  
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Appendix 33. Serious adverse reaction or event: notification 
form – for ocular tissues (NHS, UK)
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FRM4159/4.2 – Ocular Tissue Transplantation - 
Serious Adverse Reactions/Events  

Effective date: 30/04/2020 
 

 
 

 

 

Controlled if copy number stated on document and issued by QA  
(Template Version 03/02/2020) 

Page 1 of 2 

Cross-Referenced in Primary Document: SOP5464 

CONTROLLED 

Part A – NOTIFICATION OF ADVERSE REACTIONS AND EVENTS 
(See reverse side of this page for important additional information) 

Please complete this Part A form to notify NHSBT of an Adverse Reaction/Event:  
• Contact Tissue and Eye Services Customer Care on Tel: 0845 607 6820  
• Send one copy of  this form to Tissue and Eye Services Customer Care either by e-mail to 

tscustserv@nhsbt.nhs.uk, or by post to Tissue and Eye Services Customer Care Dept., NHSBT, 14 
Estuary Banks, Speke, Liverpool L248RB;  

• Retain original in the patient’s notes  
• Please return this form as soon as possible, but within 24 hours of the incident being identified 

or confirmed. 
 

TISSUE REFERENCE No: (eg G170...)……………………………………………………………………….……….LEFT / RIGHT 

DATE OF TRANSPLANT:  ……………………...RECIPIENT HOSPITAL:………………………………………………................. 

DATE OF EVENT: ……………………………….CONSULTANT (please print):……………………………………………………... 

DATE OF REPORTING:…………………………CONTACT DETAILS: Email…………………………..Tel:…………….….……..  

 
TRANSPLANT TYPE (please tick):   □ PK    □ DALK    □ SALK   □ DMEK   □ DS(A)EK   □ KLAL   □ Other 
INDICATION/URGENCY OF TRANSPLANT (please tick):   □ Urgent   □ Elective         
 
EYE BANK SUPPLYING THE TISSUE please tick) 

□  NHSBT Filton        □ NHSBT TES       □ Moorf ields       □ East Grinstead      
 
TYPE OF TISSUE OR CELLS (please tick)  
 □ Cornea (Whole)  □ Cornea (Pre-Cut)  □ Sclera           □ Cornea in Ethanol      □ Limbal  
 □ Other - please specify…………………………………………………………………… 
 

ADVERSE EVENT ADVERSE REACTION 
Wrong material supplied YES / NO Primary graft failure (corneal 

transplant never cleared) YES / NO 

Tissue supplied is out of 
date 

YES / NO Endophthalmitis or other 
serious ophthalmic infection YES / NO 

Tissue supplied is damaged, 
scarred or has evidence of 
previous donor eye surgery. 
(Please indicate on Diagram) 

 
    
   YES / NO 

Graft failure due to donor 
tissue which was out of date, 
scarred or had evidence of 
previous surgery. 

YES / NO 

Other, please Specify: Malignancy likely to be 
attributable to the 
transplanted tissue 

YES / NO 

Had the patient already been 
anaesthetised? 

YES / NO 
Systemic infection possibly 
attributable to the 
transplanted tissue 

YES / NO 

Any other adverse impact on 
the patient (If yes please 
specify)  

YES / NO 

Other, please specify (e.g. surgical complications): 
 

 

Was the Tissue Used  YES / NO 

PLEASE CONTACT TES CUSTOMER CARE TO ARRANGE FOR RETURN OF ALL UNUSED TISSUE IN 
THE ORIGINAL CONTAINER TO THE ISSUING EYE BANK FOR INVESTIGATION.  
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APPENDIX 33. SERIOUS ADVERSE REACTION OR EVENT: NOTIFICATION FORM – FOR OCULAR TISSUES (NHS, UK)

 

FRM4159/4.2 – Ocular Tissue Transplantation - 
Serious Adverse Reactions/Events  

Effective date: 30/04/2020 
 

 
 

 

 

Controlled if copy number stated on document and issued by QA  
(Template Version 03/02/2020) 

Page 2 of 2 

Cross-Referenced in Primary Document: SOP5464 

CONTROLLED 

Ocular Tissue Transplantation - Adverse Reactions/Events 

NHSBT SERIOUS ADVERSE REACTIONS/EVENTS REPORTING MECHANISM  
Part A (i.e., this form) – To be completed by the person notifying NHSBT of an Adverse 
Reaction/Event  
Serious Adverse Reactions/Events will be reviewed by NHSBT and OTAG1 
 
DEFINITIONS2 
‘Serious adverse reaction’– means an unintended response, including a communicable disease, in the donor 
or in the recipient associated with the procurement or human application of  tissues and cells that is fatal, life -
threatening,  
disabling, incapacitating or which results in, or prolongs, hospitalisation or morbidity  
 
‘Serious adverse event’– means any untoward occurrence associated with the procurement, testing, 
processing, storage and distribution of  tissues and cells that might lead to the transmission of  a communicable 
disease, to death or life-threatening, disabling or incapacitating conditions for patients or which might result in, 
or prolong, hospitalisation or morbidity.  
 
Serious Adverse Reactions 
Corneal Transplantation  
 1. Primary graf t failure (graf t never cleared)  
 2. Endophthalmitis or other serious ophthalmic infection likely to be attributable to the transplanted tissue3 
 3. Graf t failure due to donor tissue which was out of  date, damaged, scarred or had evidence of  previous 

surgery  
 4. Malignancy likely to be attributable to the transplanted tissue  
 5. Systemic infection likely to be attributable to the transplant tissue  
 6. Other4 
Ocular Tissue Stem Cell Graft  
 1. Endophthalmitis or other serious ophthalmic inf ection likely to be attributable to the transplanted 

tissue/cells3 
 2. Graf t failure due to donor tissue/cells that were out of  date or damaged  
 3. Malignancy likely to be attributable to the transplanted tissue/cells  
 4. Systemic infection likely to be attributable to the transplanted tissue/cells  
 5. Other4 
Scleral Grafts  
 1. Endophthalmitis or other serious ophthalmic infection likely to be attributable to the transplanted tissue 
 2. Graf t failure due to donor tissue which was out of  date or damaged  
 3. Malignancy likely to be attributable to the transplanted tissue  
 4. Systemic infection likely to be attributable to the transplanted tissue  
 5. Other 
 
Serious Adverse Events  
There are potentially numerous serious adverse events. Specif ic serious ad verse events that are peculiar to 
ophthalmology include  
 1. Wrong material supplied  
 2. Tissue supplied is out of  date  
 3. Tissue supplied is damaged, scarred or has evidence of  previous donor eye surgery  
 4. Other5 
 
Notes:  
1. OTAG Adverse Reactions and Events Reporting subgroup  
2. EU Tissues and Cells Directive 2004/23/EC  
3. This relates to the development of a severe infection likely to be attributable to the transplanted tissue.  It does not include for example 

the occurrence of a microbial keratitis related to a suture abscess.  
4. Other refers to any unexpected adverse reaction which is considered by the surgeon to be serious and possibly attributable to the 

transplanted tissue  
5. Other refers to any adverse event which is considered to be serious and could potentially lead to a serious adverse reaction if the tissue 

is used in a patient. 
 

Source: National Health Service, United Kingdom.
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Appendix 34. Decellularisation

Several procedures can be applied to decellularise 
human material for clinical application, but the 

chosen method should take into account the final spe-
cific clinical use of the scaffold and the specific prop-
erties needed for this application, since the preserved 
properties may differ, depending on the method used 
[1, 2]. Clinical-grade extra-cellular matrix (ECM) 
may be used to preserve the intrinsic structural and 
biological properties of the substances of human 
origin (SoHO) while removing cells, cellular debris 
and alloantigen (to minimise immunogenicity). It is 
also important to achieve the elimination of toxins. 
However, it is clear that any decellularisation process 
brings some ECM denaturation.

Decellularisation agents

As ECM properties vary between tissues and 
organs, the main properties to safeguard must be 

clearly identified and determined in order to choose 
the correct decellularisation protocol. There are 
three general methods used to decellularise tissues or 
organs: physical, biological (enzymatic) and chemical 

[3, 4]. Each of these methods has a different mode of 
action and effects on the ECM [1, 5] (see Table A34.1), 
which can be critical for the functionality of the final 
decellularised ECM. These methods are usually com-
bined to ensure complete decellularisation and can be 
also combined with different techniques to improve 
their effectiveness (see Table A34.2).

Aside from the selected decellularisation agents, 
the efficiency of tissues or organs decellularisation 
will depend on the intrinsic tissue properties, such as 
the specific cell density, thickness, compaction and 
lipid content. The maintenance of each scaffold’s me-
chanical properties is directly related to the mainte-
nance of one or more ECM components. For example, 
structural 3D maintenance is related to structural 
molecules such as collagens, elasticity depends on 
elastic fibres [6-9] and tensile strength is associated 
with structural proteins and chondroitin sulphate, 
while the ability to resist compressions is also associ-
ated with structural proteins conformation and hya-
luronic acid [10].

Table A34.1. Techniques used to apply decellularisation agents

Technique Advantages Disadvantages

Perfusion Facilitates chemical exposure and 
removal of cellular material

Pressure associated with perfusion can 
disrupt ECM

Pressure gradient across tissue Facilitates chemical exposure and 
removal of cellular material

Pressure gradient can disrupt ECM

Supercritical fluid Pressure can burst cells – facilitates 
chemical exposure and removal of 
cellular material

Pressure necessary for supercritical 
phase can disrupt ECM

Agitation Can lyse cells – facilitates chemical expo-
sure and removal of cellular material

Aggressive agitation or sonication can 
disrupt ECM
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Table A34.2. Modes of action and the effect of different decellularisation agents

Physical

Method Mode of action Effects on ECM
Snap freezing Intracellular ice crystals disrupt cell 

membranes
Rapid freezing can disrupt or fracture 
ECM

Mechanical force Pressure can burst cells, and tissue 
removal eliminates cells

Mechanical force can damage the ECM

Mechanical agitation Cell membrane lysis; facilitates chemical 
exposure and removal of cellular mate-
rial

Aggressive agitation or sonication can 
disrupt ECM

Non-thermal irreversible electropora-
tion 

Selective damage on cell membrane 
while sparing the other tissue compo-
nents.

ECM preservation and produces a func-
tional recellularisable scaffold.

Biological (enzymatic)

Method Mode of action Effects on ECM
Trypsin Cleaves peptide bonds on the C-side of 

Arg and Lys
Prolonged exposure can disrupt ECM 
structure; removes laminin, fibronectin, 
elastin and glycosaminoglycans (GAG)

Endonucleases Catalyse the hydrolysis of the interior 
bonds of ribonucleotide and deoxyribo-
nucleotide chains 

Difficult to remove from the tissue and 
could invoke an immune response

Exonucleases Catalyse the hydrolysis of the terminal 
bonds of ribonucleotide and deoxyribo-
nucleotide chains 

Difficult to remove from the tissue and 
could invoke an immune response

Chemical

Method Mode of action Effects on ECM
Alkaline/acid Solubilises cytoplasmic components of 

cells; disrupts nucleic acids
Removes GAG

Hypo/hyperosmotic solutions Cell lysis by osmotic shock Efficient for cell lysis, but does not effec-
tively remove cellular remnants

Alcohols Dehydrate and lyse cells. Lipid removal Fixative properties, protein precipitation 
and ECM ultrastructure damage.

Other solvents (acetone) Lipid removal Fixative properties and ECM ultrastruc-
ture damage

EDTA/EGTA Chelating agents that bind divalent 
metallic ions, thereby disrupting cell 
adhesion to ECM

Typically used with enzymatic methods 

Non-ionic 
detergents

Triton X-100 Disrupt lipid–lipid and lipid–protein 
interactions, while leaving protein– 
protein interactions intact

Mixed results; efficiency dependent on 
tissues; removes GAG

Ionic detergents Sodium dodecyl 
sulfate (SDS)

Solubilise cytoplasmic and nuclear 
cellular membranes; tend to denature 
proteins

Removes nuclear remnants and 
cytoplasmic proteins; tends to disrupt 
native tissue structure, remove GAG and 
damage collagen

Sodium deoxyco-
late

More disruptive to tissue structure than 
SDS and GAG removal

Triton X-200 Achieves efficient cell removal when 
used with zwitterionic detergents

Zwitterionic 
detergents

3-[(3-chola-
midopropyl)
dimethylammo-
nio]-1-propanesul-
fonate (CHAPS)

Exhibit properties of non-ionic and ionic 
detergents

Efficient cell removal with ECM disrup-
tion similar to that of Triton X-100

Sulfobetaine-10 
and -16

Achieves cell removal and mild ECM 
disruption with Triton X-200

Tri(n-butyl)phos-
phate

Organic solvent that disrupts protein–
protein interactions

Variable cell removal; loss of collagen 
content, although effect on mechanical 
properties is minimal
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Physical methods (such as agitation, pressure, 
freeze/thaw steps, sonication etc.) can be applied but 
have limited efficacy and should be carefully evalu-
ated to assess any possible damage to the ECM.

Usually, they are combined with chemical and 
enzymatic methods. For the maintenance of ECM 
structure, ionic detergents could be the optimal 
choice, and enzymatic or alkaline/acid methods 
should be avoided, because the damage to the col-
lagen can be limited with time and temperature 
using an ionic detergent; but the disruption provoked 
by enzymatic or alkaline/acid methods is highly ag-
gressive. This consideration is valid for the preserva-
tion of any protein. 

On the other hand, osmotic buffers are a 
milder method to obtain decellularised ECM but 
they are slower and cannot penetrate into thicker, 
compact organs. For dense tissues or intact organs, 
detergents can help buffers to penetrate, but they will 
affect the protein ultra-structure due to disruption of 
protein–protein interactions. Furthermore, any re-
sidual detergents can have cytotoxic effects and it is 
imperative to assure their elimination. 

With the aim of removing specific proteins, en-
zymatic treatment should be used. However, it may 
cause the unspecific digestion of desired constituents 
and may not be sufficient for complete decellularisa-
tion of the whole tissue. Alcohols and other solvents 
can remove lipids very efficiently, but in the process 
they also crosslink proteins and modify the ECM ul-
trastructure. A compromise between lipid removal 
and crosslinking should be achieved to decide time 
and temperature of the treatment with these solvents.

In conclusion, specific combinations of mild 
physical, biological and chemical methods, along 
with the type of administration, should be tested, 
validated and controlled to obtain the best results for 
each tissue or organ with the aim to obtain a scaffold 
which presents the desired characteristics needed 
for a specific clinical application. Moreover, if the 

scaffold is a future starting material for a medicinal 
product, the manufacturer should refer to pharma-
ceutical guidelines for the development, validation 
and controls of its products.
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Pulmonary Heart Valve Information 
 
 

GRAFT INFORMATION 
 

Heart Valve Bank: 
 

Donor Number: 

ODT Number(if applicable): 
 

Valve Number: 

Date Dissected: 
 

Date Cryopreserved: 

Expiry Date  of Valve: 
 

Photograph Available on request:   Y / N  

 
L                      R                                   R                              L 
               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

                                                                                                    
STERILITY REPORT 

Hepatitis B:                         HCV PCR:                  
Hepatitis B Core Antibody: HIV PCR:                      
Hepatitis C:                          HBC PCR :                   
HIV I and II:                        Microbiology Culture:    
Syphillis:                              Mycobacteria:                    
HTLV :                           Other :                   
 

DONOR INFORMATION 
Age: Sex: 
Date of Death: Cause of Death: 
 
Information Entered By: 
 
 

Date: Signature: 
 
 

 

Key (please annotate the diagram above) 
Atheroma    =  ……… 

Fenestration =  000 

Fibrosis    =  XXXX 

Other: 
Condition:    Excellent   /     Good     / Fair 

Comments: 
 
 

Pulmonary Inner Annular  
Diameter 

mm Left artery inner annular 
diameter 

mm 

Length of Vessel 
 

mm Left artery length mm 

Length of muscle skirt  (Min 
/ max) 

mm Right artery inner annular 
diameter 

mm                   

Total Length mm Right artery length mm 

Pathology noted on 
cusps:       
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Aortic Heart Valve Information 
 

GRAFT INFORMATION 
 

Heart Valve Bank: 
 

Donor Number: 

ODT Number (if applicable): 
 

Valve Number: 

Date Dissected: 
 

Date Cryopreserved: 

Expiry Date of Valve: 
 

Photograph available on request:   Y / N  

                              
R                        L                  L                      R 
 
 
 
 
 
 
 
 
 
 
 

 

                                                                                                   
SEROLOGY / BACTERIOLOGY STATUS 

Hepatitis B:                    Hepatitis B Core Antibody:      Hepatitis C:                    
 

HIV I and II:                   HIV PCR:       HCV PCR: 
 

HBC PCR:      Syphilis:                        
 

HTLV:                            

Mycobacteria:     
 

Microbiology Culture: 
 

ABO Blood group (if known): Other: 
 

 
DONOR INFORMATION 

Age 
 

Sex: 

Date of Death: 
 

Cause of Death 

 

Information Entered By: Date Signature 
 
 

 
 

Key (annotate diagram above) 
Atheroma    =  
……… LCC = Left Coronary Cusp 

Fenestration =  000 RCC = Right Coronary Cusp 

Fibrosis    =  XXXX NCC = Non Coronary Cusp 
Other: 
 

 

Aorta Inner Annular  Diameter mm 

Length of Aorta 
 

mm 

Length of muscle skirt  (Min / max) 
 

mm 

Total Length 
 

mm 

   
Condition:    Excellent   /     Good     / Fair   
Comments: 
 
 

Pathology noted on cusps:       
   
                     NCC            
LCC             RCC                 
                                         

            
    

 

Source: National Health Service, United Kingdom.
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Appendix 36. Donor search through registries 
for haematopoietic progenitor cell 
transplantation

Donor
organisation

National
registry

National
registry

Transplant
centre

Collection
centre

Donor
centre

Cord blood
bank

International
registry

Transplant
centre

Collection
centre

Donor
centre

Cord blood
bank

Search, match
(and connect)

National level International level

WMDA: World Marrow Donation Association.
JACIE: Joint Accreditation Committee ISCT-Europe & European Society for Blood and Marrow Transplantation.
FACT: Foundation for the Accreditation of Cellular Therapy. 
Search, Match & Connect Service: global database of unrelated donors, operated by WMDA.

A national registry is usually the organisation 
responsible for national co-ordination of the search 
for haematopoietic progenitor cells (HPC) (including 
cord blood) from donors unrelated to the potential 
recipient. The transplant centres, through the na-
tional registry, can activate a search for their patients. 
The registry, depending on the national organisation, 
can rely on donor centres, collection centres and 
cord blood banks for donor recruitment, consenting, 

testing, management and collection of HPC. The 
worldwide registries share their donors and cord 
blood units data in the Search, Match & Connect 
Service, the global database operated by WMDA, 
in order to facilitate the worldwide unrelated donor 
(UD) search. 

The majority of registries are also reciprocally 
connected to exchange information on donors and to 
activate further test and selection steps.
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Appendix 37. Informed consent form for cord blood donors

TC5_en.indb   671TC5_en.indb   671 14/12/2022   13:24:1914/12/2022   13:24:19



672

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

 
UHC Zagreb 

 
CORD BLOOD BANK ANA RUKAVINA 

OZ-BAR/14 
Version: 2 

TST 
 

Informed Consent Form for Cord Blood 
Donors 

1/4 

 

 
 
 

 

 
 

Dear Madam, 
 
We asked you to donate cord blood, which is rich in haematopoietic stem cells. Haematopoietic stem 
cells are used to treat patients with leukaemia, bone marrow diseases and some rare inherited 
diseases (e.g. inherent immune system, metabolism and enzyme disorders). Before you agree to 
donate cord blood, you should understand the purpose of donation and what is expected of you. 
 
This is an informed consent form listing all the details of the process of cord blood collection and 
storage. If you decide to donate cord blood after reading this information and speaking to your doctor, 
please sign this document. The informed consent form for cord blood donation shall be signed in three 
copies; one remains with you, the second is permanently stored in the “Ana Rukavina” Cord Blood 
Bank and the third is filed in your patient history in the maternity ward. 
 
Purpose 
 
Haematopoietic stem cells are procured from bone marrow, peripheral blood and cord blood. They 
have been successfully used for transplantation in the treatment of various diseases for years. Bone 
marrow is the most frequent source of allogeneic (from another person) haematopoietic stem cells. In 
peripheral blood, haematopoietic stem cells can be found in larger numbers only after stimulating bone 
marrow cells with certain medication. Only then can they be collected in a quantity sufficient for 
transplantation. Unlike collecting haematopoietic stem cells from cord blood, the collection of bone 
marrow and the collection of haematopoietic stem cells from peripheral blood are procedures that 
carry a certain risk for healthy donors. 
 
After delivery, blood containing a large number of haematopoietic cells similar to the cells from bone 
marrow remains in the blood vessels of the placenta and umbilical cord. These cells can generate all 
types of blood cells (red blood cells, leukocytes, platelets). Since they can regenerate bone marrow, 
these cells can be transplanted instead of bone marrow cells to treat haematological diseases and 
severe immune system deficiencies. The placenta is destroyed after delivery. Due to its biological 
capacity, the blood remaining in the placenta started to be procured and stored on a long-term basis 
on very low temperatures. Up until today, over 800,000 cord blood units have been stored worldwide 
in public banks, with numbers growing each day. Thanks to that, over 55,000 haematopoietic cord 
blood stem cell transplantations have been performed. 
 
The “Ana Rukavina” Cord Blood Bank is a public bank that collects cord blood on the basis of 
voluntary, anonymous and free donations. If for some reason the collected blood does not meet the 
criteria for clinical use, it can be used for laboratory research limited to the improvement of the 
methods of storing haematopoietic stem cells and treatment with cord blood transplantation and 
cellular therapy. 
 
The process of cord blood collection 
 
Cord blood is collected after an uncomplicated birth (vaginal or caesarean section) using a simple 
process, which is not harmful to the newborn or the mother. The collection process does not require 
the doctor and midwife to change the regular procedure of delivery management. 
As rare as it may be, complications can arise during birth, which will make it necessary to abandon the 
process of cord blood collection. Your health and the health of your child come first to the doctor in 
charge of your delivery. Collection will only be performed if the doctor assesses that it will not 
endanger your safety or the safety of your child. 
 

TC5_en.indb   672TC5_en.indb   672 14/12/2022   13:24:1914/12/2022   13:24:19



673

APPENDIX 37. INFORMED CONSENT FORM FOR CORD BLOOD DONORS

 
UHC Zagreb 

 
CORD BLOOD BANK ANA RUKAVINA 

OZ-BAR/14 
Version: 2 

TST 
 

Informed Consent Form for Cord Blood 
Donors 

2/4 

 

 
 
 

 
Your participation 
 
By signing this document, you agree to the following: 
 

1. You consent to the collection, processing, testing, freezing and storage of the blood remaining 
in the umbilical cord and placenta after birth. If the product meets the requirements for clinical 
use, the blood shall be stored until it becomes necessary for the treatment of a patient, or as 
long as it is suitable for storage. 

 
If tests determine that the cord blood does not meet the quality requirements necessary for clinical 
use, you consent to it being used for research in the area of haematopoietic stem cell transplantation 
and cellular therapy, which has been approved by the ethical committee according to legislation in 
force in the Republic of Croatia. If the cord blood is used for research, the information on you and your 
child shall be protected. 
The cord blood will under no circumstances be used for cloning or commercial purposes. 
 

2. You consent to the determination of human leukocyte antigens (HLA antigens) in a blood 
sample. HLA typing shall be determined by DNA based typing. This is necessary in order to 
determine compatibility between the cells from your child's cord blood and the patient's cells. 

 
3. You consent to the storage of a sample of the cord blood and, should it be chosen for 

transplantation, it being additionally tested for inherited diseases, such as Gaucher disease, 
adrenoleukodystrophy (ALD) and haemoglobinopathy. These tests are performed in order to 
prevent the transplantation of haematopoietic stem cells with an inherited disease. 

 
All test results are confidential. The tests are performed to protect the patients who could be treated 
with the donated blood. We shall notify you on all confirmed positive test results that could affect your 
health or the health of your child. If you wish, we shall organize a counselling session with a doctor 
who is an expert in the specific area. If you do not want to be notified on test results, you should not 
sign this consent form or donate cord blood. 
 

4. You consent to us taking a sample of your blood for testing for blood borne diseases after 
delivery (+/- 48 hours). The blood shall be tested for hepatitis B and C viruses, HIV 1/2 (the 
virus causing AIDS), cytomegalovirus (CMV), human T-lymphotropic virus type 1 and 2 (HTLV 
1 and 2) and syphilis. If any of the tests are positive, the cord blood shall not be stored in the 
bank. Testing can also include tissue antigen determination. Part of the blood shall be frozen 
and stored for future testing for currently unknown diseases.  

 
According to the legislation of the Republic of Croatia on the identity of persons with positive 
communicable disease test results, including HIV, hepatitis and syphilis, we must notify competent 
public health institutions. If test results are confirmed to be positive, these institutions may contact you 
in order to protect your health and the health of your family. 
 

5. Truthfully fill in the medical questionnaire inquiring about your health status and that of your 
immediate family, including questions on your pregnancy, any medication you may be taking, 
health issues in your family and the family of the child's father. A part of the questions refers to 
your current and previous lifestyles and includes questions on your sexual activity and drug 
abuse. These questions are similar to those posed to voluntary blood donors. The answers 
are confidential and used to assess the quality of the cord blood for the Bank. 

 
6. You consent to the doctors of the Bank having access to your medical history and the medical 

history of your child, if they assess it to be necessary, to obtain additional information on the 
course of the pregnancy and delivery and the tests done at the maternity ward. 

 
7. You consent to us contacting you in case it is required (six months to a year after your child 

was born) to see if any changes occurred in your health and the health of your child which 
could affect the quality of the cord blood donated for haematopoietic stem cell transplantation. 
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GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

 
UHC Zagreb 

 
CORD BLOOD BANK ANA RUKAVINA 

OZ-BAR/14 
Version: 2 

TST 
 

Informed Consent Form for Cord Blood 
Donors 

3/4 

 

 
 
 

We may ask for your consent to contact your paediatrician or family doctor for additional 
notifications.  

 
Possible risks and discomfort 
 
Taking blood samples necessary for performing tests can lead to common side effects of drawing 
blood: discomfort, pain and hematomas or, very rarely, infection and loss of consciousness. We will 
take all necessary measures to prevent this. 
 
Expected benefit for you and your child 
 
Donating cord blood will not bring direct benefit to you or your child. The main benefit comes from the 
knowledge that this act can save the lives of people suffering from serious diseases. 
 
However, it can happen that the tests reveal an infection or genetic disease that affects you and your 
child, which would otherwise remain undetected. An early detection of these diseases can lead to 
timely treatment and a better outcome. 
 
If your child or a member of your family will need treatment with haematopoietic stem cell 
transplantation in the future and your child's cord blood is stored and available, it could be used for 
their treatment. Still, you should be aware of the fact that if your child's cord blood was used to treat 
another patient, it will no longer be available for your child or family. 
 
Expected social benefit 
 
There is currently a large number of patients worldwide who need a haematopoietic stem cell 
transplantation, but cannot find a matching donor. The cord blood stored in the “Ana Rukavina” Cord 
Blood Bank increases the chance of finding grafts that can save the lives of those patients. 
 
Other possibilities of storing cord blood 
 
Some banks collect, process and store cord blood for personal, family needs. This service is charged. 
If you decide to store cord blood for the needs of your family, it cannot be donated to the “Ana 
Rukavina” Bank. 
 
Financial obligations 
 
Donation is voluntary and your signature on this document binds you not to ask financial 
compensation from UHC Zagreb. UHC Zagreb will not charge you or your health insurance provider 
for the costs of collection, processing, testing and storing cord blood. 
 
Privacy and confidentiality 
 
Information on your identity and the identity of your child shall not be revealed to anyone except in 
cases of legal obligation to do so, or your request for the supply of information. We shall do everything 
necessary to protect your privacy and the privacy of your child. 
 
Giving up on donation 
 
If you decide not to donate cord blood, your and your child's right to health protection in health 
institutions will not be affected. 
You are free to give up on donation at any time without consequences for the quality of future medical 
care in health institutions.  
Still, if the donated blood has already been processed, tested and stored for use in unrelated 
haematopoietic stem cell transplantation, giving up on donation will no longer be possible. This 
especially refers to the situation in which your child's cord blood has already been used in a 
transplantation to treat a patient. 
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APPENDIX 37. INFORMED CONSENT FORM FOR CORD BLOOD DONORS

 
UHC Zagreb 

 
CORD BLOOD BANK ANA RUKAVINA 

OZ-BAR/14 
Version: 2 

TST 
 

Informed Consent Form for Cord Blood 
Donors 

4/4 

 

 
 
 

Collection and storage of donated blood 
 
It is possible that your child's cord blood will not be collected and stored. This could happen due to 
several reasons. 
 
We shall not collect the blood if the medical collection team is not available or if complications arise 
during delivery, making collection impossible. 
 
Cord blood shall not be stored if the collected volume is too small, if the blood contains a small 
number of cells, if an infection is present or if technical problems occur during processing and 
freezing. 
 
There is also the possibility of unforeseen events preventing the collection and storing of cord blood. 
 
If after donating cord blood you or your child develop a serious disease, which could 
affect the quality of the donated cord blood for haematopoietic stem cell 
transplantation, please notify the “Ana Rukavina” Cord Blood Bank of this. 
 
If you have additional questions on donating cord blood, please feel free to contact the “Ana 
Rukavina” Cord Blood Bank, Clinical Department of Transfusion Medicine and Transplantation 
Biology, UHC Zagreb, via phone (01-2388-708) or e-mail (banka.ana.rukavina@kbc-zagreb.hr). 
 
The mother's consent  
 
I have read and understood the information from the informed consent form. I had the opportunity to 
ask questions and get satisfactory answers. I received a copy of the informed consent form. 
 
By signing this form, I give my consent for the collection, processing and testing of my child's cord 
blood after delivery and its storage into the “Ana Rukavina” Cord Blood Bank. 
 

 
Signature of the person who notified the mother 
 
I have explained the process of cord blood donation and storage to the mother and answered all of her 
questions. I believe that she understood the information from this document and that she willingly 
agrees to donate cord blood. 
 

Full name of person notifying the mother Signature of person notifying the mother Date 

 

Mother's full name 
 

Mother's date of birth 
 

Mother's signature Date 
 

Source: Ana Rukavina Cord Blood Bank, Clinical Department of Transfusion Medicine and Transplantation Biology, UHC Zagreb.
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Appendix 38. Cord blood donor medical history 
questionnaire

1. Are you currently taking antibiotics?  Yes  No

Specify: Why?

2. Are you currently taking any other medication?  Yes  No

Specify Why?

3. Within the past few days have you …

a. … had  fever,  cold,  cough,  diarrhoea,  vomiting,  abscess,  dental proce-
dure,  dental extraction,  open wounds,  any other sickness or infection? 

Specify

b. … taken antibiotics?  Yes  No

Specify Why?

c. … taken any other medication?  Yes  No

Specify Why?

4. In the past 2 months have you …

a. … received any shots or vaccinations?  Yes  No

Specify 

b. … been in contact with a person vaccinated for smallpox?  Yes  No

5. In the past 6 months have you had …

 an unexplained weight loss?  an unexplained fever?  frequent diarrhoea?  swollen lymph nodes?

6. Have you had any of the following diseases?

a.  rheumatic fever,  malaria,  tuberculosis

b.  diabetes,  renal disease,  heart disease  liver disease

c.  inflammatory bowel disease,  ulcerative colitis,  Chron’s disease

d.  autoimmune disease Specify

e.  blood clotting problems
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APPENDIX 38. CORD BLOOD DONOR MEDICAL HISTORY QUESTIONNAIRE

f.  epileptic seizures

g.  tumour  carcinoma Specify

h.  contagious jaundice  hepatititis A  hepatititis B  hepatititis C

i.  psychiatric disorder  neurologic disease

7. Are there any hereditary diseases in your family?

a.  enzymatic/metabolic disorders

b.  immune system disorders

c.  blood clotting problems/coagulopathy

d.  haematological disorders

e.  any other serious disease

Please specify who has it and which disease.

8. Have you ever had any serious disease or sugery?  Yes  No

Specify what exactly and when. 

9. In the past 12 months have you …

a.  …  received a blood transfusion  had acupuncture  had a tattoo  had a piercing?

Specify when:

b.  …  had a medical needle stick incident  had contact with someone else’s blood?

Specify when:

c. … been in contact with:  a person who has hepatitis  a person who had received a 
hepatitis B hyperimmune globulin?

Please specify:  household member  your 
sexual partner  professional exposure  other:

d.  … used retinoids:  Tegison  Soriatane  Accutane?

10. Have you ever …

a. … had a positive blood test for  HIV/AIDS virus  hepatitis B virus  hepatitis C 
virus?

b. … been rejected as a blood donor?  Yes  No

Why?  low body weight  anaemia  risk 
behaviour   other:

c. … been treated with blood clotting factors concentrate?

Which?

When?

d. … received a transplant:   tissue  organ?
Specify which and when.

e. … received a dura mater transplant? When?

f. … (or members of your household) had a transplant or a medical procedure that involves 
exposure to animal cells, organs or tissues?

 Yes  No

Specify who and which procedure:

11. Have you …

a. … stayed in the United Kingdom between 1986 and 1997 for a period longer than 
6 months?

 Yes  No

b. … stayed in an area with HIV subtype O virus (West and Central Africa)?  Yes  No

c. … or your partner stayed in an area endemic for the HTLV virus (Japan, Caribbean, South 
America, West and Central Africa)?

 Yes  No

TC5_en.indb   677TC5_en.indb   677 14/12/2022   13:24:2114/12/2022   13:24:21



678

GUIDE TO THE QUALITY AND SAFETY OF TISSUES AND CELLS FOR HUMAN APPLICATION

d. … in the past 12 months stayed in an area where you could have contracted West Nile 
Virus (North America, Italy, Austria, Hungary, Serbia, Romania)?

 Yes  No

… in the past 12 months travelled outside of Croatia?  Yes  No

If yes, when and where?

12. Do you belong in any of the risk-behaviour groups listed below?

a. Addiction to alcohol or drugs  Yes  No

b. Consumer of intravenous drugs  Yes  No

c. Persons who frequently change sexual partners  Yes  No

d. Persons who take drugs or money in exchange for sex  Yes  No

e. Sexual partners of persons from risk behaviour groups  Yes  No

f. Sexual intercourse with a man who has had sex with another man  Yes  No

g. Sexual intercourse with a person who has taken intravenous drugs  Yes  No

h. Sexual intercourse with a person who has haemophilia and has received human derived clotting 
factor concentrates

 Yes  No

i. Person who has syphilis or has been treated for syphilis  Yes  No

j. Sexual intercourse with an HIV-positive person  Yes  No

k. persons who have been in jail longer than 72 hours  Yes  No

If you answered yes to any of questions 12.a-k, please give additional explanations:

13. Does the child’s father belong to any of the risk-behaviour 
groups?

Specify:

14. Has anyone in your family had Creutzfeldt–Jakob disease?
Who? When?

15. Has anyone in the child’s immediate family 
(  mother,  father,  brothers,  sisters) 
had a:  chromosome disorder,  genetic disease?

Specify:

16. Has anyone in the child’s immediate family  
(  mother,  father,  brothers,  sisters) 
had:  cancer,  leukaemia,  haematological disorder?

17. Has anyone in the child’s extended family 
(  mother,  father,  brothers,  sisters  grandparents) had …

a. …  any genetic disease that can influence the lymphatic or haematopoietic system: 
 spherocytosis  thalassaemia  sickle cell anaemia  elliptocytosis  Fanco-

ni anaemia  Diamond-Blackfan sy.  SCID  leukodystrophy  chronic granu-
lomatosis  DiGeorge sy.  Wiskott-Aldrich  Nezelhof sy.  hereditary 
thrombocytopaenia  Glanzmann Alport  Tay-Sachs  Ataxia-Telangiectasia 

 Gaucher  Hurler  Hunter?

b. …   autoimmune diseases,  muscular dystrophy,  multiple sclerosis or 
 other severe hereditary skin disease (e.g. neurofibromatosis)?

18. Is the child´s father your blood relative?  Yes  No

19. Are you the child’s biological mother?  Yes  No

20. Have you had previous pregnancies?  Yes  No

Number of: Caesarean sections Vaginal births
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APPENDIX 38. CORD BLOOD DONOR MEDICAL HISTORY QUESTIONNAIRE

a. Have you had any complications in previous pregnancies?
Specify:

b. Have you had preterm deliveries?
Which week?

c. Have you had a positive blood test in this pregnancy?
 HIV/AIDS virus,  hepatitis B virus,  hepatitis C virus,  syphilis

I have understood the questions and responded to the best of my knowledge. My answers are truthful.

Mother’s full 
name

Mother’s 
signature

Date:

Health question-
naire checked by

Signature Date:

Source: Ana Rukavina Cord Blood Bank, Clinical Department of Transfusion Medicine and Transplantation Biology, UHC Zagreb.
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Appendix 39. Covid-19 infection risk assessment

a. Have you ever been tested for SARS-CoV-2? (If yes, please provide test results.)  Yes  No

b. In the past 28 days, have you had any clinical signs or symptoms of COVID-19? (If yes, which?)  Yes  No

 Fever > 37 °C  Runny nose  Diarrhoea

 Shortness of breath/diffi-
culty breathing

 Tiredness/excessive drows-
iness

 Sore throat

 Dry cough  Headache  Pneumonia

 Dry cough with mucus production/coughing up mucus  Muscle or body aches

 Chest pain  Loss of smell and taste

c. In the past 28 days, have you been in close contact* with a person with known or suspected 
Covid-19?

 Yes  No

If yes, when?

d. In the past 28 days, have you been in close contact* with a person experiencing symptoms of 
upper respiratory tract infection or fever?

 Yes  No

If yes, when?

Type of contact:   joint household,   working place,   hospital,    other.

e. In the past 14 days, have you been told to self-isolate due to possible Covid-19 infection?  Yes  No

If yes, since when?

f. In the past 14 days, have you had any close contact with a person in self-isolation who had 
symptoms of Covid-19 but tested negative for SARS-CoV-2?

 Yes  No

If yes, when was your last contact?

g. In the last 28 days, have you or a member of your family travelled/stayed† in high-risk areas 
for COVID-19   in Croatia   abroad?

Where?

* Close contact includes the following (source www.hzjz.hr): direct physical contact with an infected person; spending more 
than 15 minutes within 2 m of an infected person; exposure in a health institution, including direct care for Covid-19 patients, 
work with health professionals infected with the new coronavirus, visiting patients or spending time in close proximity to a 
person with Covid-19 without personal protective equipment; working in close proximity to or sharing a closed space (such 
as classrooms, offices, waiting rooms, conference rooms and other closed spaces) with a person with Covid-19 for more 
than 15 minutes; travelling with a person with Covid-19 in any means of transport; sharing a household with a person with 
Covid-19.

† Including flight changes
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APPENDIX 39. COVID-19 INFECTION RISK ASSESSMENT

Return date

Were you tested upon return?  Yes  No

What were you tested for?

h. Have you ever received a dose of COVID-19 vaccine?  Yes  No

If yes, when? 1st dose

2nd dose

Vaccine produced by technology: 
  mRNA (Pfizer/BioNTech, Moderna, CureVac) 
  viral vector-based vaccines (AstraZeneca/Oxford, Johnson&Johnson/Jansen, Sputnik V) 
  attenuated vaccine (Chinese vaccine Sinopharm and Sinovac)

Maternal donor name and surname

Date of birth

Signature Date

I have understood the questions and responded to the best of my knowledge. My answers are truthful.

Source: Ana Rukavina Cord Blood Bank, Clinical Department of Transfusion Medicine and Transplantation Biology, UHC Zagreb.
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Appendix 40. Informed legal consent for cryopreserving and 
storing semen from a minor
as a precautionary measure under medical circumstances with a risk of reduction of 
fertility

Informed consent declaration (Spanish Fertility Society – SEF) model

Date dd mm yyyy History no.

Mr Name and surname of father

ID/Passport no. Age

Resident at

Date dd mm yyyy History no.

Mrs Name and surname of mother

ID/Passport no. Age

Resident at

Date dd mm yyyy History no.

Mr Name and surname of child

ID/Passport no. Age

Resident at
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APPENDIX 40. INFORMED LEGAL CONSENT FOR CRYOPRESERVING AND STORING SEMEN FROM A MINOR

Due to the present circumstances of the 
 under-age patient (illness, intervention or medical 
treatment that may cause sterility, and/or the advis-
ability of preserving a sample of his semen for use 
in an assisted reproduction treatment), we wish to 
cryopreserve (freeze) a sample of his semen, which, 
through this act, we put at the disposal of the clinic 
so that it may be used at a later date.

For these purposes, we, and in particular the 
minor, who is intellectually and emotionally capable 
of understanding the scope of the circumstances, 
have been informed of the following dispositions: 
Law 14/2006 of 26 May on Assisted Reproduction 
Techniques and Law 41/2002 of 14 November, gov-
erning the independence of the patient and the 
rights and obligations to clinical information and 
documentation.

The cryopreserved semen may be kept in au-
thorised gamete banks during the lifetime of the 
male to whom it belongs.

The present commitment to preserve the 
cryopreserved semen is agreed upon for a period of 

 years, during which Instituto Valenciano de 
Infertilidad (IVI) is committed to adequately main-
taining the samples. On expiry of the period agreed 
upon, we agree to pay the annual amount that we 
have been informed of through the corresponding 
financial information, in order to cover maintenance 
and preservation costs.

Should we be interested in possessing the cryo-
preserved samples, we are committed to contacting 
IVI to inform them of our intentions. If we do not 
inform them of our desire to maintain the samples 
longer, IVI will understand that we are no longer in-
terested in maintaining them, the cryopreservation 
and storage commitment, as well as all the other ob-
ligations that IVI has assumed, then being automati-
cally dissolved, so resulting in the destruction of the 
sample.

Furthermore, we are committed to informing 
IVI of any change of address that we, or the minor, 
may make in the future for the appropriate purposes.

Finally, we have been informed of the absence 
of risk to the gametes, resulting from their cryo-
preservation (with the exception of catastrophe or 
other justified causes outside the control of this 
centre) and of the economic cost of their cryopreser-
vation and storage.

We (and in particular the minor) have under-
stood the explanations that have been provided to 
us in clear and simple language and the physician 
who has attended to us has allowed us to ask as many 
questions as we like and has clarified all the doubts 
that we have expressed.

The information has been provided to us in suf-
ficient time for us to think it over calmly and to reach 
a decision freely and responsibly, and it has been 
communicated to us 24 hours before the standard 
procedure.

We have been informed that pursuant to Royal 
Decree 9/2014, following blood collection, serum 
shall be stored for a specific period of time as pro-
vided in the applicable regulations.

We also understand that at any moment and 
without the need for any explanation, we may revoke 
the consent which we are now presenting.

We, therefore, declare ourselves to be satisfied 
with the information received and that we under-
stand the scope and risks of the treatment.

Authorisation

We authorise the Reproduction Unit staff to 
cryopreserve the semen sample that, through this 
act, we put at the disposal of the clinic, from our 
son Mr ,  
years of age, ID no.  for the 
purposes referred to and during the maximum time 
stated.

Signed at  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Date  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Parents’ signatures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
 
 .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 

Patient’s signature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Laboratory director’s signature .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
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This consent form must be signed by the pa-
tients on all pages and on both sides.

Consent revocation

For the exercise of patients’ rights and for the 
revocation of this consent, patients may fill in a form 

requiring the enforcement of such rights at any time 
during the procedure. This fact will be reflected in 
the medical history.

Source: Reproducción humana asistida, protocolos de consentimiento informado de la Sociedad española de fer tilidad, Editorial 
Comares año 2002. (Human assisted reproduction – informed consent models, Spanish Fertility Society Model, 2002.)
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Appendix 41. Legal framework for the development of 
advanced therapy medicinal products in the 
European Union

To provide a common framework for the mar-
keting of ATMPs in the EU, Regulation No. 

1394/2007/EC of the European Parliament and of the 
Council on advanced therapy medicinal products 
(hereafter ‘the ATMP Regulation’) was adopted in 
2007. Specifically, cells used in human application 
that have been subject to substantial manipulation, 
and/or cells that are used for an essential function or 
functions in the recipient different from their func-
tion in the donor, are regulated as medicinal prod-
ucts in the EU.

According to Article 1 (a) of the ATMP Regu-
lation, an ATMP is any of the following medicinal 
products for human use:
a� a gene therapy medicinal product;
b� a somatic cell therapy medicinal product;
c� a tissue-engineered product.

A gene therapy medicinal product is a bi-
ological medicinal product that fulfils these two 
characteristics:
a� it contains an active substance that contains or 

consists of a recombinant nucleic acid used in 
or administered to human beings with a view 
to regulating, repairing, replacing, adding or 
deleting a genetic sequence;

b� its therapeutic, prophylactic or diagnostic effect 
relates directly to the recombinant nucleic 
acid sequence it contains, or to the product of 
genetic expression of this sequence.

Gene therapy medicinal products must not 
include vaccines against infectious diseases.

A somatic cell therapy medicinal product 
is a biological medicinal product that has two 
characteristics:
a� it contains or consists of tissues or cells that 

have been subject to substantial manipulation, 
or tissues or cells that are not intended to be 
used for the same essential function(s) in the 
recipient and the donor;

b� it  is presented as having properties for (or is 
used in humans with a view to) treating, pre-
venting or diagnosing a disease through the 
pharmacological, immunological or metabolic 
action of its tissues or cells.

For the purposes of point (a), the manipula-
tions listed in Annex I to Regulation 1394/2007/EC 
are not considered as substantial: cutting, grinding, 
shaping, centrifugation, soaking in antibiotic or anti-
microbial solutions, sterilisation, irradiation, cell 
separation, concentration or purification, filtering, 
lyophilisation, freezing, cryopreservation and vitrifi-
cation. Note that this list is non-exhaustive and that 
other processes may also fall outside the scope of Reg-
ulation 1394/2007/EC. Thus, based on scientific con-
siderations, other manipulations may also be judged 

‘non-substantial’ (e.g. manipulations that have been 
used in clinical practice in a hospital setting over 
many years).
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A tissue-engineered product is a product that:
a� contains or consists of tissues or cells that have 

been subject to substantial manipulation, or 
tissues or cells that are not intended to be used 
for the same essential function(s) in the recip-
ient and the donor;

b� is presented as having properties for (or it is 
used in humans with a view to) regenerating, 
repairing or replacing human tissue.

A tissue-engineered product may contain cells 
or tissues of human or animal origin, or both. The 
cells or tissues may be viable or non-viable. It may 
also contain additional substances, such as cellular 
products, bio-molecules, biomaterials, chemical sub-
stances, scaffolds or matrices. Products containing or 
consisting exclusively of non-viable human or animal 
cells and/or tissues, which do not contain any viable 
cells or tissues and which do not act principally by 
pharmacological, immunological or metabolic action, 
are excluded from this definition.

A combined advanced therapy medicinal 
product means an ATMP product that fulfils the fol-
lowing conditions:
a� It must incorporate, as an integral part of the 

product, one or more medical devices within 
the meaning of Article 1(2)(a) of Directive 
93/42/EEC or one or more active implantable 
medical devices within the meaning of the 
Article 1(2)(c) of Directive 90/385/EEC, and

b� Its cellular or tissue part must contain viable 
cells or tissues, or

c� Its cellular or tissue part containing non-viable 
cells or tissues must be liable to act upon the 
human body with action that can be consid-
ered as primary to that of the devices referred 
to.

Marketing authorisation for ATMP can only 
be granted if, after a scientific assessment of the 
product’s quality, efficacy and safety profile, it is 
demonstrated that the benefits outweigh the risks. 
The Committee for Advanced Therapies (CAT) is a 
specialised and multidisciplinary committee at the 
European Medicines Agency (EMA) responsible for 
assessing the quality, safety and efficacy of ATMPs 
that follow the centralised procedure for marketing 
authorisation and it assists in the preparation of any 
documents related to fulfilment of the objectives of 
Regulation 1394/2007, where relevant. The applica-
tion for a marketing authorisation must be submitted 
to the EMA and the final decision is taken by the Eu-
ropean Commission.

Developers of products based on genes, tissues 
or cells can seek advice from the CAT on whether a 
specific product is an ATMP. The procedure is in-
tended as an incentive for developers, who can ascer-
tain at an early stage of development if their product 
must comply with the requirements that apply to 
ATMPs [1].

Where ATMPs contain human cells or tissues, 
Directive 2004/23/EC applies to the donation, pro-
curement and testing of the tissues and cells.

The ATMP Regulation gives member states the 
power to authorise the use of custom-made ATMPs 
prepared on a non-routine basis in the absence of a 
centralised marketing authorisation, provided that 
the product is used for individual patients in a hos-
pital and under the professional responsibility of a 
medical practitioner. This ‘hospital exemption’ re-
quires the application of national requirements on 
quality, traceability and pharmacovigilance equiv-
alent to those required for authorised medicinal 
products.

It is important to stress that, in the EU, ATMPs 
are medicinal products. It follows that the overall reg-
ulatory framework governing medicines (including, 
but not limited to, rules on manufacture, distribution, 
packaging, labelling, evaluation of risks and benefits, 
determination of the data needed to demonstrate ef-
ficacy and safety, pharmacovigilance and advertising 
of medicines) apply to ATMPs. Furthermore, use of 
ATMPs in an investigational setting is also subject to 
EU rules on clinical trials.

However, flexibility in the development of 
ATMPs is important to anticipate the rapid evolution 
of science and technology in the field. To facilitate the 
process, the EU introduced the risk-based approach 
[2], which is based on the identification of various 
risks associated with the clinical use of an ATMP 
and risk factors inherent to the ATMP with respect 
to quality, safety and efficacy.

Additional information about the EU regula-
tory framework for ATMPs can be found at the EMA 
and EC Internet websites [3].

This guidance is not intended to affect the 
scope of the EU rules on medicines, and any oper-
ator who intends to process, store, distribute or use 
cells in humans should first seek advice from na-
tional authorities on the appropriate, applicable legal 
framework.

National competent authorities

In EU member states, human cells for human ap-
plication can be subject to different regulatory 

frameworks (depending on the intended use, mode 
of action and degree of manipulation). Advice on the 

TC5_en.indb   686TC5_en.indb   686 14/12/2022   13:24:2314/12/2022   13:24:23



687

APPENDIX 41. LEGAL FRAMEWORK FOR THE DEVELOPMENT OF ATMPS IN THE EU

classification of a specific cell therapy can be sought 
from the national competent authorities or from the 
CAT [4]. In some countries, the regulatory body is 
the same for all cell therapy products whereas, in 
others, those classified as ATMP are regulated by a 
different body/agency from those classified as cells 
for transplantation.

The ethical and legal position on the use of 
human stem cells or progenitor cells, as well as the 
regulatory oversight, differs in countries around the 
world [5]. In the EU, each member state is able to 
make decisions on the use of progenitor stem cells 
for basic research. However, they must be compliant 
with the requirements stated in the ATMP Regu-
lation if they are to be used for the manufacture of 
ATMP for treating patients.

Some countries have national legislation on 
paediatric donors that should be taken into account 
when cells from children are considered.

Independent ethics committees

Local/regional/national independent ethics com-
mittees (IECs) are important bodies designated 

to approve and review biomedical and behavioural 
research involving humans, including the scientific 
rationale for the clinical application of a new therapy. 
For the latter, IECs should consider the irreversible 
nature of some gene/cell therapies and address the 
acceptability of exposing a donor to a research pro-
tocol for the benefit of the recipient, in particular 
where the donor is a relative of the subject, especially 
a parent or a sibling, to be included in the trial. IECs 
should also check appropriate traceability and guar-
antees regarding subject data protection and confi-
dentiality. Written informed consent for receiving a 
cellular therapy is considered a prerequisite, as in any 
clinical trial.

The International Society for Stem Cell Re-
search (ISSCR) guidelines recommend that special 
emphasis be placed on the risks of stem cell-based 
clinical research during the informed consent process. 
The risks include tumour formation, immunological 
reactions, unexpected behaviour of cells, unknown 
long-term health effects and sensitivities around the 
source of cellular products [6].

Considerations on conduct of clinical 
research

Clinical research, including trials of experimental 
interventions, is essential in translating cell-

based applications and it requires the participation 
of human subjects, whose rights and welfare must be 
protected [3]. All people involved, including sponsors, 
investigators, oversight bodies and regulators, must 

be responsible for ensuring the ethical conduct of 
clinical trials. As with all clinical research, clinical 
trials must follow internationally accepted principles 
governing the ethical design and conduct of clinical 
research and the protection of human subjects [7, 8]. 
In the EU, a specific directive regulates clinical trials 
[9]. The EMA published a guideline in order to help 
professionals. This guideline is currently under revi-
sion [10]. The EU published GCP on Good Clinical 
Practice specific to Advanced Therapy Medicinal 
Products [11].
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