
Transfusion
Fourth Edition

EDITED BY

Marcela Contreras, DBE
Royal Free & University College Hospitals Medical School

London, UK

and 

Blood Transfusion International

Contreras_FM.indd   iContreras_FM.indd   i 12/18/2008   1:33:34 Shobha12/18/2008   1:33:34 Shobha



Contreras_FM.indd   Sec2:viiiContreras_FM.indd   Sec2:viii 12/18/2008   1:33:35 Shobha12/18/2008   1:33:35 Shobha



Transfusion
Fourth Edition

EDITED BY

Marcela Contreras, DBE
Royal Free & University College Hospitals Medical School

London, UK

and 

Blood Transfusion International

Contreras_FM.indd   iContreras_FM.indd   i 12/18/2008   1:33:34 Shobha12/18/2008   1:33:34 Shobha



This edition fi rst published 2009, © 2009 by Blackwell Publishing Ltd

Blackwell Publishing was acquired by John Wiley & Sons in February 2007. Blackwell's publishing program has been merged with 
Wiley's global Scientifi c, Technical and Medical business to form Wiley-Blackwell.

Registered offi ce: John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

Editorial offi ces:   9600 Garsington Road, Oxford, OX4 2DQ, UK
The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK
111 River Street, Hoboken, NJ 07030–5774, USA

For details of our global editorial offi ces, for customer services and for information about how to apply for permission to reuse the 
copyright material in this book please see our website at www.wiley.com/wiley-blackwell

The right of the author to be identifi ed as the author of this work has been asserted in accordance with the Copyright, Designs and 
Patents Act 1988.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any 
means, electronic, mechanical, photocopying, recording or otherwise, except as permitted by the UK Copyright, Designs and Patents 
Act 1988, without the prior permission of the publisher.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be available 
in electronic books.

Designations used by companies to distinguish their products are often claimed as trademarks. All brand names and product 
names used in this book are trade names, service marks, trademarks or registered trademarks of their respective owners. 
The publisher is not associated with any product or vendor mentioned in this book. This publication is designed to provide 
accurate and authoritative information in regard to the subject matter covered. It is sold on the understanding that the publisher 
is not engaged in rendering professional services. If professional advice or other expert assistance is required, the services of 
a competent professional should be sought.

The contents of this work are intended to further general scientifi c research, understanding, and discussion only and are not intended 
and should not be relied upon as recommending or promoting a specifi c method, diagnosis, or treatment by physicians for any 
particular patient. The publisher and the author make no representations or warranties with respect to the accuracy or completeness 
of the contents of this work and specifi cally disclaim all warranties, including without limitation any implied warranties of fi tness for a 
particular purpose. In view of ongoing research, equipment modifi cations, changes in governmental regulations, and the constant fl ow 
of information relating to the use of medicines, equipment, and devices, the reader is urged to review and evaluate the information 
provided in the package insert or instructions for each medicine, equipment, or device for, among other things, any changes in the 
instructions or indication of usage and for added warnings and precautions. Readers should consult with a specialist where appropriate. 
The fact that an organization or Website is referred to in this work as a citation and/or a potential source of further information does not 
mean that the author or the publisher endorses the information the organization or Website may provide or recommendations it may 
make. Further, readers should be aware that Internet Websites listed in this work may have changed or disappeared between when this 
work was written and when it is read. No warranty may be created or extended by any promotional statements for this work. Neither the 
publisher nor the author shall be liable for any damages arising herefrom.

Library of Congress Cataloging-in-Publication Data

ABC of transfusion / edited by Marcela Contreras. -- 4th ed.
  p. ; cm. -- (ABC series)
 Includes index.
 ISBN: 978-1-4051-5646-2 (alk. paper)
 1. Blood--Transfusion. I. Contreras, Marcela. II. Series: ABC series (Malden, Mass.)
 [DNLM: 1. Blood Transfusion. WB 356 A134 2008]
 RM171.A23 2008
 615.39--dc22
        2007048168

A catalogue record for this book is available from the British Library.

Set in 9.25/12 pt Minion by Newgen Imaging Systems Pvt. Ltd, Chennai, India
Printed in Singapore by Ho Printing Singapore Pte Ltd

1 2009

Contreras_FM.indd   iiContreras_FM.indd   ii 12/18/2008   1:33:35 Shobha12/18/2008   1:33:35 Shobha



Contents

Contributors, v

Introduction, vii

The Blood Donor: Demographics, Donor Selection and Tests on Donor Blood, 11 
Liz Caffrey, Patricia Hewitt and John Barbara 

Supply and Demand for Blood and Blood Components and Stock Management, 62 
Judith Chapman, Peter Garwood and Sue Knowles

Compatibility Testing Before Transfusion; Blood Ordering and Administration, 103 
Marcela Contreras and Aleksandar Mijovic

Red Cell Transfusion, 154 
Mike Murphy and Jonathan Wallis

Platelet and Granulocyte Transfusions, 225 
Modupe Elebute, Simon Stanworth and Cristina Navarrete

Haemolytic Disease of the Newborn and its Prevention, 276 
Fiona Regan, Sailesh Kumar and Marcela Contreras

Fetal and Neonatal Transfusion, 337 
Helen V. New and Sailesh Kumar

Plasma Products and Indications for Their Use, 408 
Hannah Cohen and Trevor Baglin

Human Albumin Solutions and the Controversy of Crystalloids Versus Colloids , 489 
Neil Soni

Treatment of Massive Haemorrhage in Surgery and Trauma, 5410 
Tim Walsh 

Immunological Complications of Blood Transfusion, 6111 
Marcela Contreras and Cristina Navarrete

Infectious Complications of Blood Transfusion: Bacteria and Parasites, 6912 
John Barbara and Marcela Contreras

Infectious Complications of Blood Transfusion: Viruses, 7413 
John Barbara and Marcela Contreras

Variant Creutzfeldt–Jakob Disease and its Impact on the UK Blood Supply, 7914 
Patricia Hewitt, James Ironside and Marcela Contreras

Risks of Transfusion in the Context of Haemovigilance: SHOT – the UK Haemovigilance System, 8315 
Dorothy Stainsby, Hannah Cohen and Brian McClelland

Alternatives to Allogeneic Blood Transfusion, 8916 
Dafydd Thomas and Beverley Hunt 

iii

Contreras_FM.indd   Sec1:iiiContreras_FM.indd   Sec1:iii 12/18/2008   1:33:35 Shobha12/18/2008   1:33:35 Shobha



iv Contents

Blood Substitutes and Oxygen Therapeutics, 9517 
Kenneth C. Lowe

Appropriate Use of Blood and Better Blood Transfusion, 9918 
Mike Murphy

Stem Cell Transplantation and Cellular Therapies, 10419 
Aleksandar Mijovic, Derwood Pamphilon and Suzanne Watt

Blood Transfusion in a Regulatory Environment and the EU Directives, 11020 
Shubha Allard, Clare Taylor and Angela Robinson

Index, 117

Contreras_FM.indd   Sec1:ivContreras_FM.indd   Sec1:iv 12/18/2008   1:33:35 Shobha12/18/2008   1:33:35 Shobha



Shubha Allard
Consultant Haematologist
Royal London Hospital
National Blood Service
London, UK

Trevor Baglin
Consultant Haematologist
Addenbrooke’s NHS Trust
Cambridge, UK

John Barbara
Emeritus Microbiology Consultant to the NHSBT
Colindale Centre, London
and
Visiting Professor in Transfusion Microbiology at 
the University of West of England
Bristol, UK

Liz Caffrey
Clinical Director – Donors
National Blood Service
Cambridge, UK

Judith Chapman 
Manager
Blood Stocks Management Scheme
London, UK

Hannah Cohen 
Consultant Haematologist
University College London Hospitals NHS Foundation Trust
London, UK

Marcela Contreras
Chairman of Blood Transfusion International
Professor of Transfusion Medicine
Royal Free and University College Hospitals Medical School
and retired
National Director of Diagnostics
Development and Research
National Blood Service
London, UK

Modupe Elebute 
Consultant Haematologist
St George’s Hospital
London, UK

Peter Garwood
Managing Director
National Blood Service
Brentwood, UK

Patricia Hewitt
Consultant Specialist in Transfusion Microbiology
National Blood Service
Elstree Gate, UK

Beverley Hunt
Professor of Thrombosis and Haemostasis
King’s College
London, UK
and
Departments of Haematology, Pathology and Rheumatology
Guy’s and St Thomas’ Foundation Trust
London, UK

James Ironside
Professor of Clinical Neuropathology
Western General Hospital
Edinburgh, UK

Sue Knowles
Consultant Haematologist
Epsom and St Helier University Hospitals NHS Trust
Carshalton, UK

Sailesh Kumar
Consultant Obstetrician and Gynaecologist
Queen Charlotte’s and Chelsea Hospital
London, UK

Kenneth C. Lowe
Associate Professor and Reader in Biotechnology
School of Biology Sciences
University of Nottingham
Nottingham, UK

Brian McClelland
Scottish National Blood Transfusion Service
Edinburgh, UK

Aleksandar Mijovic
Consultant in Transfusion Medicine
King’s College Hospital
London, UK

v

Contributors

Contreras_FM.indd   Sec2:vContreras_FM.indd   Sec2:v 12/18/2008   1:33:35 Shobha12/18/2008   1:33:35 Shobha



vi Contributors

Mike Murphy 
Professor of Blood Transfusion Medicine
Consultant Haematologist
National Blood Service
John Radcliffe Hospital
Oxford, UK

Cristina Navarrete
Head of Histocompatibility and Immunogenetics
National Blood Service
London, UK

Helen V. New
Consultant in Paediatric Haematology and Transfusion Medicine
St Mary’s Hospital
London, UK

Derwood Pamphilon 
Consultant Haematologist and Honorary Clinical Reader
National Blood Service
Bristol, UK

Fiona Regan
Consultant Haematologist/Transfusion Medicine Specialist
Hammersmith Hospital and National Blood Services
London, UK

Angela Robinson
Retired Medical Director
NHSBT
Watford, UK

Neil Soni
Consultant in Intensive Care
Chelsea and Westminster Hospital
London, UK

Dorothy Stainsby
Consultant in Transfusion Medicine and SHOT National Medical 
Coordinator
National Blood Service
Newcastle, UK

Simon Stanworth
Consultant Haematologist
National Blood Service
John Radcliffe Hospital
Oxford, UK

Clare Taylor
Consultant Haematologist
Medical Director, SHOT
London, UK

Dafydd Thomas 
Consultant in Anaesthesia and Intensive Therapy
Morriston Hospital
Swansea, UK

Tim Walsh
Consultant Anaesthetist and Honorary Professor
Royal Infi rmary of Edinburgh
Edinburgh, UK

Jonathan Wallis
Consultant Haematologist
Freeman Hospital
Newcastle, UK

Suzanne Watt
Head of Stem Cells and Immunotherapy
National Blood Service
Oxford, UK

Contreras_FM.indd   Sec2:viContreras_FM.indd   Sec2:vi 12/18/2008   1:33:35 Shobha12/18/2008   1:33:35 Shobha



Introduction

vii

In this era of super-specialization, it is diffi cult to fi nd experts 
writing clearly about the basics of their specialties, making their 
subjects accessible to other doctors and healthcare workers. I feel 
that my collaborators have covered the fundamentals of transfusion 
medicine in an admirable, easy-to-read, comprehensible way.

This fourth edition of ABC of Transfusion has been expanded, 
with changes to previous chapters and four additional chapters to 
cover topics which are now established in transfusion medicine, 
such as haemovigilance, variant CJD, blood stocks management, 
appropriate use of blood and alternatives to allogeneic trans-
fusion, as well as the increasing involvement of the regulatory 
environment. The wider breadth of the subject shows that this is not 
an area devoted exclusively to  haematologists, but to all those 
colleagues collecting, processing and screening blood, prescrib-
ing blood components, preparing compatible safe blood for 
transfusion and administering it.

During my visits abroad in the last ten years, it has been reward-
ing to learn about the many colleagues worldwide who have 

encountered transfusion medicine for the fi rst time when read-
ing previous editions of ABC of Transfusion. Some of them have 
become leaders in the fi eld as medical doctors, scientists, medical 
technologists, nurses, managers and marketers.

Blood transfusion continues to be life-saving in special situa-
tions, such as massive surgical haemorrhage, post-partum haemor-
rhage and severe malarial anaemia in young children. In addition, 
the safety of the blood supply and transfusion medicine have pro-
gressed considerably in the last few years. However, as the message 
from this book shows,  we should only transfuse when the ben-
efi ts outweigh the risks, yet we are still lacking evidence that blood 
transfusion works, or that it is the best therapy in a number of the 
clinical situations in which it is used.

I am grateful to the many colleagues who have contributed to this 
updated edition of ABC of Transfusion; they have patiently awaited 
its long gestation.  I have no doubt that they, as well as the readers, 
will be satisfi ed with the outcome.

Professor Dame Marcela Contreras
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1

CHAPTER 1

The Blood Donor: Demographics, Donor 
Selection and Tests on Donor Blood

Liz Caffrey, Patricia Hewitt and John Barbara

ABC of Transfusion, 4th edition, 2009. Edited by Marcela Contreras. © 2009 

Blackwell Publishing, ISBN: 978-1-4051-5646-2.

Demographics

In the UK all cellular and fresh frozen blood components are 
sourced from donations made by voluntary unpaid blood 
donors. A suffi cient supply of components for transfusion to 
patients is therefore reliant upon these altruistic donors continu-
ing to donate. Between 4% and 6% of the eligible adult popula-
tion donate blood and, in 2005, 1.2 million English donors gave 
2.1 million donations. The age range for regular whole blood 
donation is from 17 to 70 years. New donors are accepted up to 
their 66th birthday (Figure 1.1).

Donors come from all walks of life but are more commonly from 
social groups with stable, established lifestyles. Family tradition, 
peer pressure and personal or professional experience of transfu-
sion are strong motivators.

In recent years it has become more diffi cult to maintain donor 
attendance at adequate levels to meet hospital demand. Donor 
numbers are falling despite heavy investment in recruitment and 
marketing activity. There are many reasons for this, but the pace 
of modern living and loss of community spirit are major factors. 

Others include lack of time, inadequate opportunities to donate, 
inconvenient venues and/or opening times, fear of needles and 
simple apathy. Lack of general awareness of the constant need for 
blood to support routine medical and surgical treatments is another 
factor. Volunteers fl ock to donate at times of ‘emergency’ but tend 
not to continue once the perceived need is over.

Donor selection

The possibility that donations might present a risk from transfusion 
transmissible infections or other conditions is minimized through 
two essential, complementary steps:

Robust donor selection procedures to prevent unsuitable 1 
donations from being collected.
Routine testing of all donations for markers of infection.2 

Decisions about donor acceptability and screening tests must take 
into account the characteristics of the donor population and the 
prevalence of infections transmissible by blood, the susceptibility 
of the recipient population, and any emerging risks. Two recent 
examples of the latter are variant Creutzfeldt–Jakob disease (vCJD) 
and West Nile virus.

Donor selection has two purposes: to protect the donor from 
harm and the recipient from any ill effects of transfusion. Potential 
donors should be provided with suffi cient information to allow 

OVERVIEW

A safe and suffi cient blood supply depends upon the •           
recruitment and retention of volunteers who have a low 
risk of infection with blood-borne viruses and have the 
committment to make regular blood donations.

Most blood services world-wide are faced with a challenge in •           
maintaining adequate numbers of safe donors.

Donor selection is designed to select donors who present a low •           
risk of blood-borne infections and to detect any condition which 
might make donation hazardous to the volunteer.

Modern donation screening tests assure a high degree of safety •           
for blood transfusion recipients, but cannot detect all infected 
donors.

Increasingly stringent donor selection and donation testing lead •           
to a loss of donors and donations. Figure 1.1 Age profi le of English donors, January 2005. 
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2 ABC of Transfusion 

them to exclude themselves; they are required to read essential 
material before each donation (Figure 1.2).

It is not practical to carry out a full medical examination on 
every volunteer. Therefore reliance is placed on simple visual assess-
ment and answers to questions about general health, medical his-
tory and medication. These are administered using a questionnaire 
(Figure 1.3) and face-to-face structured interview with a trained 
member of staff. Confi dentiality throughout this process is key to 
encouraging donors to provide truthful answers. All donors must 
give informed consent to donation and are required to sign to 
confi rm this before every donation (Box 1.1).

Donor selection criteria
These have been developed and agreed throughout the UK for over 
15 years. In November 2005, many selection criteria (particularly 
with respect to recipient safety) became legal requirements when 
the EU Blood Directive (2004/33/EC) was incorporated into UK 
statute (The Blood Safety and Quality Regulations 2005).

Donor safety
Donors must be in good health, within the permitted age range, 
and meet the minimum requirements for weight, donation volume, 
haemoglobin and donation frequency (Box 1.2).

Figure 1.2 National Blood Service blood safety leafl et. (Reproduced by kind 
permission of the National Blood Service.)

The weight and donation volume limits protect the donor 
from giving more than 13% of their circulating blood volume, to 
minimize the risk of vasovagal reactions. The minimum haemo-
globin levels ensure that: (i) the recipient receives an adequate 
amount of haemoglobin (minimum 40 g per unit transfused); 
and (ii) the donor is not rendered anaemic. Before each dona-
tion the haemoglobin level is assessed, usually by a simple, 
semiquantitative, gravimetric method using a drop of capillary 
blood introduced into a solution of copper sulphate of known 
specifi c gravity. This may be supplemented or replaced by the use 
of portable haemoglobinometers.

Where the potential donor’s medical history or medication indi-
cate that the donor is not in good health or that their own health 
may be adversely affected as a result of donating, they are deferred 
either permanently (e.g. in cardiovascular disease) or temporarily 
(e.g. in pregnancy, anaemia or unexplained symptoms awaiting 
diagnosis).

Medications are rarely a cause per se to prevent donation but 
may indicate underlying pathology that requires the donor to be 
deferred.

Adverse effects of donation
Most donors suffer no ill effects. The most commonly reported prob-
lem is bruising and/or a painful arm. The overwhelming majority 
of these donors require only reassurance and simple fi rst aid, unless 
complicated by infection or nerve injury. Approximately one in 
75 donors feels faint during or shortly after donation and 15% of 
these suffer syncope (rarely serious unless associated with physical 
injury or slow recovery). These vasovagal symptoms are more com-
mon in younger, fi rst time and female donors. Some donors report 
fatigue in the days following donation. Iron depletion may also 
occur and blood donation should be considered in the differential 
diagnosis of unexplained iron defi ciency in regular donors.

Recipient safety
The most important consideration in the selection of donors is 
to avoid the transmission of infectious agents. The voluntary, 
unpaid status of UK donors contributes to patient safety as there 
is no fi nancial incentive to conceal relevant details of medical or 
personal history. In addition, the fact that most UK blood donors 
are regular donors is an added safety factor.

Donors whose activities are known to be associated with an 
increased risk of acquiring infections are deferred temporar-
ily for a period that exceeds the incubation period of the infec-
tion or, if there is a screening test which is routinely performed, 
that exceeds the window period for detection by routine screen-
ing tests. Deferral is permanent if the activities are ongoing or the 
infection is chronic, i.e. the volunteer is a carrier of a blood-borne 
agent. It is very important to exclude individuals whose behav-
iours are associated with a high risk of acquiring human immuno-
defi ciency virus (HIV), hepatitis B or hepatitis C, and all donors are 
asked about these sensitive, personal issues each time they donate 
(Figure 1.4).

In addition, selection criteria take account of other known 
infectious risks as well as the small (theoretical) risk that may be 
posed by diseases of unknown aetiology (Box 1.3).
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 The Blood Donor 3

Figure 1.3 National Blood Service donor health check questionnaire, 2006. (Reproduced by kind permission of the National Blood Service.)

Box 1.1 Donor consent: National Blood Service wording, 2006

Donor consent should be signed in the presence of a member of 
National Blood Service staff:

I have today read and understood the blood safety and blood 1 
donation leafl ets. I have been given the opportunity to ask 
questions and they have been answered.
To the best of my knowledge I am not at risk of infection or of 2 
transmitting the infections listed in the blood safety leafl et.
I agree that my blood donation will be tested for HIV and other 3 
conditions listed in the blood donation leafl et. I understand that if 
my donation gives a positive result for any of these tests I will be 
informed and asked to attend for further confi rmatory tests and 
advice.
I understand the nature of the donation process and the possible 4 
risks involved as explained in the blood donation leafl et.
I agree to the National Blood Service holding information about 5 
me, my health, my attendances and donations, and using it for 
the purposes explained in the blood donation leafl et.
I give my blood to the National Blood Service to be used for the 6 
benefi t of patients. This may be by direct transfusion to a patient 
or indirectly as explained in the blood donation leafl et.

Donor signature:
Date:

Box 1.2 Donor safety: selection requirements

Weight more than 50 kg
Age 17th to 70th birthday (regular donor)
 17th to 66th birthday (new donor)
Haemoglobin >124 g/L (females)
 >134 g/L (males)
Donation frequency normally 16 weeks (minimum 12 weeks)
Donation volume 405–495 ml (target 470 ml)

Donation testing for markers of infection

Most of the infections that are transmissible by blood transfusion 
and present a risk to recipients in the UK are characterized by unap-
parent, chronic or persistent infection. A blood donor therefore 
presents as healthy, but is capable of passing on infection through 
the blood. Examples include hepatitis B and C viruses (HBV and 
HCV, respectively), HIV and human T cell lymphotropic virus 
(HTLV). These infections are all characterized by the existence of 
a persistent viraemia, and can be detected by appropriate screening 
tests.
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