
��������������������� �
�����������������

�����������������������������

�����������������������������

�������������������������

��������������������������������������������������������������������������������������
�����
�����������������	���������������������������������������������������������

�����������������������������������������������������������������������������•���•�
�����������������������������������������������������������������������������������
�����������	�������������������������•�����������•���������������••��������������
��������������������������������•�	�������������•�•���������������������������

���������������������������������������������������������������������������������������
�••���•��������•��
��������������������������

�����
	��������������

��������������������������������������



BLOOD  
TRANSFUSION IN  

CLINICAL PRACTICE 
 

�����]�š���������Ç Puneet Kaur Kochhar��
 
� 1 � 1



BLOOD  
TRANSFUSION IN  

CLINICAL PRACTICE 
 

�����]�š���������Ç Puneet Kaur Kochhar��
 
� 1 � 1



Blood Transfusion in Clinical Practice
http://dx.doi.org/10.5772/1868
Edited by Puneet Kaur Kochhar

Contributors

Puneet Kochhar, Pranay Ghosh, Rupinder Kochhar, Pankaj Abrol, Harbans Lal, Nathaniel Isonguyo Usoro, Jose Otavio 
Auler Jr., Denise Otsuki, Denise Fantoni, Changku Jia, Joao Manoel Silva Jr., Alberto Ferreira, Pei Shan Lim, Nur Azurah 
Abd Ghani, Mohd Nasir Shafiee, Aqmar Suraya Dato’ Sulaiman, Nor Azlin Mohamed Ismail, Mohd Hashim Omar, 
Muhd Abdul Jamil Muhd Yassin, Choon Yee Lee, Nirmala Kampan, A Alwin Prem Anand, Subbiah Gowri Sankar, Ruud 
H.G.P. Erve, Van, Alex Wiekenkamp, Ebrahim Mikaniki, Saqeb Mirza, Sukhmeet Panesar, Douglas Dunlop, Subhayu 
Bandyopadhyay, A.W.M.M. Koopman-van Gemert, Fumiichiro Yamamoto, Emili Cid, Miyako Yamamoto, Sandra De La 
�)�X�H�Q�W�H�����0�L�O�R�����%�R�K�R�Q�Þ�N�����0�D�U�L�Q�D���0�D�U�W�L�Q�V

© The Editor(s) and the Author(s) 2012
The moral rights of the and the author(s) have been asserted.
All rights to the book as a whole are reserved by INTECH. The book as a whole (compilation) cannot be reproduced, 
distributed or used for commercial or non-commercial purposes without INTECH’s written permission.  
Enquiries concerning the use of the book should be directed to INTECH rights and permissions department 
(permissions@intechopen.com).
Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons Attribution 3.0 
Unported License which permits commercial use, distribution and reproduction of the individual chapters, provided 
the original author(s) and source publication are appropriately acknowledged. If so indicated, certain images may not 
be included under the Creative Commons license. In such cases users will need to obtain permission from the license 
holder to reproduce the material. More details and guidelines concerning content reuse and adaptation can be 
foundat http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not necessarily those 
of the editors or publisher. No responsibility is accepted for the accuracy of information contained in the published 
chapters. The publisher assumes no responsibility for any damage or injury to persons or property arising out of the 
use of any materials, instructions, methods or ideas contained in the book.

First published in Croatia, 2012 by INTECH d.o.o.
eBook (PDF) Published by  IN TECH d.o.o.
Place and year of publication of eBook (PDF): Rijeka, 2019.
IntechOpen is the global imprint of IN TECH d.o.o.
Printed in Croatia

Legal deposit, Croatia: National and University Library in Zagreb

Additional hard and PDF copies can be obtained from orders@intechopen.com

Blood Transfusion in Clinical Practice
Edited by Puneet Kaur Kochhar

p. cm.

ISBN 978-953-51-0343-1

eBook (PDF) ISBN 978-953-51-6918-5



Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

4,000+ 
Open access books available

151
Countries delivered to

12.2%
Contributors from top 500 universities

Our authors are among the

Top 1%
most cited scientists

116,000+
International  authors and editors

120M+ 
Downloads

We are IntechOpen,
the world’s leading publisher of 

Open Access books
Built by scientists, for scientists

 





Meet the editor

Dr Puneet Kaur Kochhar, MBBS, MD, DNB (India), MRCOG (UK) ob -
tained her fellowship and diploma in minimal access surgery, and diplo -
ma in reproductive medicine and embryology (University of Kiel, Germa-
ny). She is currently working as consultant obstetrician, gynecologist and 
IVF specialist, at Bourn Hall Clinic, Cambridge, UK. Dr. Kochhar has pre-
viously worked as Assistant Professor, at Lady Hardinge Medical College 
and Smt. S. K. Hospital, New Delhi, India. She is a well-read author, with 
over 20 publications in international and national journals, and has con-
tributed several chapters in various textbooks. Dr. Kochhar has presented 
numerous papers of scientific merit and guest lectures at various national 
and international conferences, and has several awards to her credit. 



 
��

 

�
�

�
�
���������
 

�������� ���

������  ��������������������
�	���������� ��

���������  ����������������������
�	������������
�����
� ��
��������������������������������

�	�������������������������������������

������  ��
�	���������������
��������
��������� ���

���������  ��
�	����������	����•������
•����•��•������������������� �•�
�����
������������������������•�����
�����•��••����������

��������•  ��
�	������������������������
��•������•��
����������� �•�
�•�•� •�
�������������•�•������������
€��‚����ƒ•�€������

��������„  	����������•�
�������������•�
�����������  ��
…����†•ƒ•••�����������������‡�������•�ˆ����������

��������‰  ��•������
�	����������������������� €��
�•��	�� ���	�����	�	�

��������Š  ‚�����������ƒ�������„� �������������� …†�
•�������‹����
�������Œ�������Ž������
Œ����������������‚��‘��������•�������	������������
Œ����������•����ƒ������Œ�������
�������’��������
����������‹����
����†������“���������

���������•����������
���������������

��������”  ‡�����������
�	�����������
��•����•����������„�������� ��…�
�•������
���������
��������
�������������
�����†���������������









�  �������  
 

I am thankful to my colleagues who have contributed to this book and to the 
publishing process manager, Ms. Irena Voric, who has worked for the compilation of 
this book with utmost dedication.  

�1
���›�ï�1���ž�—�Ž�Ž�•�1��Š�ž�›�1��˜�Œ�‘�‘�Š�›�1

Department of Obstetrics and Gynecology, 
Lok Nayak Hospital, New Delhi, 

India 

��  

��



�  �������  
 

I am thankful to my colleagues who have contributed to this book and to the 
publishing process manager, Ms. Irena Voric, who has worked for the compilation of 
this book with utmost dedication.  

�1
���›�ï�1���ž�—�Ž�Ž�•�1��Š�ž�›�1��˜�Œ�‘�‘�Š�›�1

Department of Obstetrics and Gynecology, 
Lok Nayak Hospital, New Delhi, 

India 

��  

��



Part 1 

ABO in the Context Blood Transfusion 



Part 1 

ABO in the Context Blood Transfusion 



 1 

ABO in the Context of  
Blood Transfusion and Beyond 

Emili Cid, Sandra de la Fuente,  
Miyako Yamamoto and Fumiichiro Yamamoto 

Institut de Medicina Predictiva i  
Personalitzada del Càncer (IMPPC), Badalona, Barcelona,  

Spain 

1. Introduction 

ABO histo-blood group system is widely acknowledged as one of the antigenic systems 
most relevant to blood transfusion, but also cells, tissues and organs transplantation. This 
chapter will illustrate a series of subjects related to blood transfusion but will also give an 
overview of ABO related topics such as its genetics, biochemistry and its association to 
human disease as well as a historical section. We decided not to include much detail about 
the related Lewis oligosaccharide antigens which have been reviewed extensively elsewhere 
(Soejima & Koda 2005) in order to focus on ABO and allow the inclusion of novel and 
exciting developments. 

ABO group 
A/B antigens on 
red blood cells 

Anti-A/-B in serum Genotype 

O None Anti-A and Anti-B O/O 
A A Anti-B A/A or A/O 
B B Anti-A B/B or B/O 

AB A and B None A/B 

Table 1. Simple classification of ABO phenotypes and their corresponding genotypes. 

As its simplest, the ABO system is dictated by a polymorphic gene (ABO) whose different 
alleles encode for a glycosyltransferase (A or B) that adds a monosaccharide (N-acetyl-D-
galactosamine or D-galactose, respectively) to a specific glycan chain, except for the protein 
O which is not active. The 3 main alleles: A, B and O are inherited in a classical codominant 
Mendelian fashion (with O being recessive) and produce, when a pair of them are combined 
in a diploid cell, the very well known four phen otypic groups (see Table 1). Being one of the 
first known and easily detectable polymorphic traits in humans, it has been extensively 
studied as a historical background illustrates. 

2. History 

Various advancements in both blood storage and serology have contributed to the 
development of safe blood transfusion. One of the key events that brought transfusion 
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medicine forward was the discovery of the ABO blood group system. The first successful 
attempts of human to human blood transfusion already started in the 18th century, but it 
was an unsafe process in which some patients died. It was not until 1900 when the Austrian 
pathologist, Karl Landsteine r discovered the ABO blood grou p system, which opened the 
door for performing safe blood transfusions (Landsteiner, 1900). 

Landsteiner separated the cell components and the sera of blood samples from different 
individuals, including his own blood, and mixed them in various combinations. He observed 
that in some combinations red blood cells (RBCs) agglutinated. According to these 
agglutination patterns, Landsteiner classified th e individuals in three different groups. These 
blood groups were called A, B and C (later called the blood group O). One year later, Decastello 
and Sturli described one new group, the AB blood group (von Decastello & Sturli, 1902). 

Landsteiner theorized that the RBCs possessed two different markers (antigens A and B) 
able to react with the corresponding sera antibodies (anti-A and anti-B), and as opposite to 
many other blood group systems such as the Rh system, the presence of the antibodies 
against A or B occurs naturally in individual s that do not express the antigens. The serum 
from an individual with A type RBCs present antibodies against the B antigen, so it is able to 
agglutinate B and AB type RBCs, but not his own type. The serum from B type individuals 
agglutinates A and AB type RBCs. Finally, the serum from O group can agglutinate A, B and 
AB RBCs because it contains both anti-A and anti-B antibodies while the serum of AB group 
do not have reactivity towards none of these antigens. This phenomenon was later known as 
Landsteiner’s Law. 

From that first discovery of the ABO system, new developments took place relatively fast 
during the following years. On  1908, Epstein and Ottenberg suggested that the blood groups 
could be an inherited character (Epstein & Ottenberg, 1908). That was confirmed in 1910 by 
von Dungern and Hirszfeld who showed that inheritance of the A and B antigens obeyed 
Mendel’s laws (von Dungern & Hirszfeld, 1910) . In fact, ABO was one of the first genetic 
markers to be used in paternity testing and forensic medicine. 

To explain the mode of inheritance, Berstein proposed, in 1924, the one gene locus-three alleles 
model. He assumed that the A, B and O genes were alleles at the same ABO genetic locus and 
that the A and B alleles were co-dominant against the recessive O allele (Crow, 1993). 

Already by 1926, it was shown that A and B anti gens were not restricted to the surface of 
erythrocytes. They were also found in semen and saliva, and four years later, Putkonen and 
Lehrs discovered that the ability to secrete these antigens was genetically independent from 
the ABO gene and inheritable in a classical dominant Mendelian manner (Putkonen, 1930).  

In 1950s, two research groups, one led by Kabat and another group led by Watkins and 
Morgan elucidated the chemical nature of ABH substances (H antigens were found 
abundantly in individuals with blood group type O) (Kabat, 1956; Morgan, 1960; Watkins, 
1981). They determined that they were oligosaccharide antigens and also pointed out the 
biochemical difference between A (with a terminal N-acetylgalactosamine) and B (with 
galactose instead) substances. Moreover, they demonstrated that the ABO blood group 
system antigens were not the primary gene products (i. e. protein antigens), but were the 
result of enzymatic reactions producing carboh ydrate chains. In the following years various 
works established the tissue distribution of  these antigens and their changes during 
embryonic development (Ravn & Dabelsteen, 2000). 
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Between 1970 and 1980, the metabolic pathways leading to the biosynthesis of ABH antigens 
were established (Watkins, 1981) and in 1976, the ABO locus was localized and assigned to 
chromosome 9q34 (Ferguson-Smith et al., 1976). 

In 1990, after the purification of the soluble form of human A transferase by Clausen and 
collaborators (Clausen et al., 1990), Yamamoto and his group were able to clone the cDNAs 
for A glycosyltransferase first (Yamamoto et al., 1990b) and afterwards those for the B 
glycosyltransferase and the O protein and elucidated the molecular basis for the synthesis of 
A and B antigens (Yamamoto et al., 1990a). Since the original description of the main alleles 
(A1, B, O) many others have been described by them and other groups and they have been 
annotated and included in public databases. 

Together with the amino acid substitutions between A and B transferases, as well as the 
mutations causing a decrease or ablation of the enzymatic activity in A/B weak subgroup 
alleles and O alleles, the determination of their 3-D structure has facilitated a better 
understanding of the structure-functional relati onship of these transferases (Patenaude et 
al., 2002).  

3. Biochemistry and structure 

A and B antigens share the same structure except for a terminal sugar bound by an �Â1-3 
glycosidic linkage to galactose (see Fig. 1). In the case of A antigen the last sugar is N-
acetylgalactosamine (GalNAc) while in the case of B antigen the last sugar is galactose (Gal). 

If these two terminal sugars are eliminated from the common struct ure the corresponding 
antibodies lose their reactivity. Therefore these sugars are immunodominant within the 
epitope. The H antigen is the natural precursor of A and B antigen and its fucose residue is 
required for A and B glycosyltransferases to recognize it as the acceptor and transfer GalNAc 
or Gal to its terminal Gal. In the case of O individuals it rests without further elongation.  

 
Fig. 1. ABH antigens of Type 2 core structure are schematically drawn showing their 
chemical composition and the nature of their glycosidic bonds. GalNAc, Gal, GlcNAc and 
Fuc stand for N-acetylgalactosamine, galactose, N-acetylglucosamine and fucose 
respectively. R represents the reducing end of the carbohydrate chain. 
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These antigens reside at the end of carbohydrate structures of variable length. Depending on 
the disaccharide precursor core chain on which ABH determinants are synthesized, they can 
be further divided into different types: 

Type 1: Gal�Ã1->3GlcNAc�Ã1-> R 

Type 2: Gal�Ã1->4GlcNAc�Ã1-> R 

Type 3: Gal�Ã1->3GalNAc�Â1-> R 

Type 4: Gal�Ã1->3GalNAc�Ã1-> R 

Type 5: Gal�Ã1->3Gal�Ã1-> R 

Type 6: Gal�Ã1->4Glc�Ã1-> R 

The internal reducing end of these precursors is bound to carrier molecules (R) of diverse 
nature: oligosaccharides, glycolipids or glycoproteins (Cla usen & Hakomori, 1989). Types 1 
through 4 are found on RBCs although Type 2 is the most common on those cells, while 
Type 6 is present in free oligosaccharides and some tissues (renal vein, intestinal cells) (Björk 
et al., 1987; Holgersson et al., 1990). Finally Type 5 is synthetic and it was utilized in the 
characterization of monoclonal antibodies against ABH (Oriol et al., 1990). In turn, these 
antigens can be present on the cell membrane bound to embedded glycoproteins or 
glycolipids or also forming part of these glycoconjugates but suspended in fluids as plasma 
or exocrine secretions and finally as free oligosaccharides without any protein or  
lipid carrier.  

3.1 Carrier molecules 

ABH substances are present on glycoproteins as terminal structures of two main types of 
protein modifying glycans: N-glycans and O-glycans. N-glycans are highly branched 
oligosaccharides attached to the amide nitrogen of asparagine through an N-
acetylglucosamine residue while O-glycans, which could be simple or complex structures, 
are attached to the hydroxyl oxygen atom of serine or threonine residues through N-
acetylgalactosamine sugar. 

On RBCs, ABH antigens are present as terminal modifications of N-glycans. The most 
abundant glycoproteins carrying these ABH de terminants are the anion exchange protein 
band 3, and the glucose transport protein band 4.5, as well as the urea transporter and the 
water channel AQP1 (aquaporin-1), which are the carrier of blood groups Kidd and Colton, 
respectively (Fukuda & Fukuda, 1981; Smith et al., 1994; Lucien et al., 2002). The other most 
abundant red cell glycoprotein, glycophorin A, on which the MNS blood group resides, 
does not appear to carry any ABH antigen. 

Apart from glycoproteins, ABH antigens are also found as terminal modifications of 
glycolipids. Before 1980, it was generally considered that most of ABH determinants on 
RBCs were actually carried on glycosphingolipids but after that year several studies 
demonstrated that glycoproteins were the main carriers (Finne et al., 1980). ABH antigens on 
lipids are carried predominantly by glycosph ingolipids. These molecules consist of a 
carbohydrate chain attached to ceramide, and according to the nature of the internal 
carbohydrate chain they are classified into six different series:  
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Lacto series:   Gal�Ã1->3GlcNAc�Ã1->3Gal�Ã1->4Glc�Ã1->Cer 

Neolacto series:  Gal�Ã1->4GlcNAc�Ã1->3Gal�Ã1->4Glc�Ã1->Cer 

Ganglio series:  Gal�Ã1->3GalNAc�Ã1->4Gal�Ã1->4Glc�Ã1->Cer 

Isoganglio series:  Gal�Ã1->3GalNAc�Ã1->3Gal�Ã1->4Glc�Ã1->Cer 

Globo series:   GalNAc�Ã1->3Gal�Â1->4Gal�Ã1->4Glc�Ã1->Cer 

Isoglobo series:  GalNAc�Ã1->3Gal�Â1->3Gal�Ã1->4Glc�Ã1->Cer 

On each of these structures ABH antigens can be added to the terminal sugar being the most 
common the Lacto and the Neolacto series.  

Additionally, free oligosaccharides containing ABH activity are also found in milk and 
urine. In this case, these glycans are synthesized mostly from Type 6 precursor chain 
(Kobata et al., 1978; Lundblad, 1978).  

3.2 Antigen distribution 

ABH antigens were discovered on RBCs but are also present in many other tissues. For that 
reason they are also called histo-blood group antigens. In blood, apart from RBCs, platelets 
also present these antigens although in variable quantities depending on the individuals 
and their blood group. ABH antigens are detect ed on endothelial cells and epithelia from 
the lung and the gastrointestinal tract and also on the lining of the ur inary and reproductive 
tracts. The presence of the antigens is therefore relevant for cell, tissue or organ 
transplantation (reviewed in (Ravn & Dabelsteen, 2000)). 

4. ABO gene and the A and B antigens biosynthesis 

We mentioned before that these glycan antigens are not directly encoded by genes. The A 
and B antigens are synthesized by enzymatic reactions catalyzed by two different  
enzymes called glycosyltransferases (transferases), the A transferase (�Â1,3-N-acetyl-D-
galactosaminyltransferase) and the B transferase (�Â1,3-D-galactosyltransferase), 
respectively. Both, A and B transferases catalyze the last step on the synthesis of A and B 
antigen adding a GalNAc or a Gal to a precursor chain, the H antigen, by an identical �Â1-3 
glycosidic linkage (for a review in glycosyltransferase bioche mistry see (Hakomori, 1981)). 

The gene is located in the long arm of chromosome 9 (9q34) and extends over more than 18 
kilobases (kb). The gene has the coding sequence distributed in 7 exons, being the last one 
the largest. The glycosyltransferase catalytic domain is encoded in the last two exons. The 
3’UTR region contains repetitive sequences that could be involved in the mRNA stability. 
Promoter activity resides in the gene sequence just upstream of the transcription initiation 
site (Yamamoto et al., 1995). 

Probing cDNA libraries obtained from human adenocarcinoma cell lines of different ABO 
phenotypes, we successfully defined the main alleles. It was concluded that the distinct donor 
nucleotide-sugar specificity between A and B transferases is the result of 7 substitutions out of 
1062 coding nucleotides, and only 4 of them resulting in amino acid substitutions (Arginine, 
Glycine, Leucine and Glycine in A transferase and Glycine, Serine, Methionine and Alanine for 
B transferase at codons 176, 235, 266, 268) (Yamamoto et al., 1990a). 
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These antigens reside at the end of carbohydrate structures of variable length. Depending on 
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Type 3: Gal�Ã1->3GalNAc�Â1-> R 

Type 4: Gal�Ã1->3GalNAc�Ã1-> R 
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nucleotide-sugar specificity between A and B transferases is the result of 7 substitutions out of 
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Glycine, Leucine and Glycine in A transferase and Glycine, Serine, Methionine and Alanine for 
B transferase at codons 176, 235, 266, 268) (Yamamoto et al., 1990a). 
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Together with previous mutagenic studies (Yamamoto & McNeill 1996), the elucidation of the 
3-D structure of the glycosyltransferases has allowed to clarify the roles of these amino acids 
(Patenaude et al., 2002) (see Fig. 2). The amino acid residues at codons 266 and 268 are directly 
involved in the recognition and binding of the sugar portion of the nucleotide-sugar donor 
substrates in the glycosyltransferase reaction. The amino acid residue at codon 176 is relatively 
far from the catalytic center, while the amino acid residue at codon 235 is at a middle distance.  

The O allele encodes a non-functional glycosyltransferase enzyme. Most of O alleles 
contained a single nucleotide deletion at the 261 position, relatively close to the N-terminal 
of the coding sequence, resulting in a codon frameshift starting from amino acid 88 in the 
protein sequence, which causes the production of a truncated non-functional protein. This 
truncated protein has no catalytic domain and it s mRNA transcript is less stable (O'Keefe & 
Dobrovic, 1996). 

The antigen biosynthesis realized by the active glycosyltransferases takes place in the Golgi 
apparatus. These transferases are classified as type II transmembrane proteins as their 
structures follow the common pattern of a short transmembrane domain followed by a stem 
region and a catalytic domain within the Golg i lumen. The 3-D structure showed that the 
catalytic site is composed of two main domains. The N-terminal domain recognizes the 
nucleotide-sugar donor substrate. In the case of the A allele, which encodes for an �Â1,3-N-
acetylgalactosaminyltransferase, the sugar donor is uridine diphosphate-N-acetyl-D-
galactosamine (UDP-GalNAc) while the B gene product, an �Â1,3-galactosyltransferase 
transfers galactose from UDP-galactose. The C-terminal domain binds to the acceptor 
substrate, the fucosylated galactosyl residue of the H antigen. 

 
Fig. 2. Schematics with the main alleles’ products and their modified residues. The different 
amino acids are numbered on B, in boldface the ones defining the sugar donor specificity, 
while in O the first amino acid after the fr ameshift is indicated and the alternative 
translation is in grey. 
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Since the discovery of the major alleles numerous polymorphisms/mutations have been 
described for the ABO gene (Yamamoto, 2004). The majority of these variations are 
nucleotide changes resulting in amino acid substitutions or a single nucleotide 
deletion/insertion and correlate well with th e presence of specific subgroup phenotypes. 
At the moment the total number of alleles deposited in the ABO system section  
of the Blood Group Antigen Gene Mutation Database (dbRBC at NCBI 
http://www.ncbi.nlm.nih.gov/gv/mhc/xslcgi.cgi?cmd=bgmut/home) has surpassed 270 
and considering the rapid advancement of next-generation sequencing, this number is 
going to increase in the coming years. 

5. Subgroups of A and B 

Many weak subgroups have been described for A group and a lower number for B group. 
These rare phenotypes account for a minority of individuals. Different strategies have been 
developed to test for these less common occurrences when the results of forward and 
reverse tests do not match or other inconsistencies are found (genetic for example). 

The first subgroups to be recognized were A1 and A2. In 1910, Dungern and Hirszfeld  
noticed differences in the amount of A antige n expression present in A individuals (von 
Dungern & Hirszfeld, 1910). It was also observed that serum from B group blood presented 
two different antibodies reacting to A RBCs. One general anti-A that was able to react 
towards all A erythrocytes, and one specific to A 1. A1 phenotype is characterized by the 
presence of a higher number of A antigen when compared to A 2 (Rochant et al., 1976). The 
A1 allele is dominant over A 2 and encodes for an A transferase with higher affinity and 
reactivity for the substrates of the reaction (UDP-GalNAc and H-antigen/2’-fucosyllactose) 
than the A2 transferase (Schachter et al., 1973).  

Other subgroups of A include weak expressors of the antigen (A 3, Aend, Afinn , Abantu, A x, 
A m, Ay, Ael) and the intermediate phenotype between A 1 and A2, Aint . Cartron developed a 
method to assess the relative agglutinability of cells by radiolabelled anti-A antibodies. 
This quantification permitted to classify the phenotypes in respect to RBC A antigen 
expression and demonstrated substantial individual variation within the subgroups 
(Cartron et al., 1974). Further characterization includes the determination of anti-A or 
anti-A 1, the A transferase activity in serum, and the presence of A and/or H antigens in 
saliva. 

The B phenotype does not present so many variants and they are more difficult to cluster in 
coherent groups so the weak variants have been classified by similarity to A subgroups. 
They are B3, Bx, Bm, Bel and Bw and present various degrees of B transferase activity in 
plasma and secretions and weak B antigen expression. 

It has to be pointed out that the phenotypic  classifications do not completely correlate 
genetically as different weak alleles may be included in each subgroup and some have not 
been included in any of the existing categories (polymorphisms reviewed in (Yip, 2002)). 

An interesting phenomenon has been reported, which was recognized by not adhering to 
classic Mendelian type of inheritance. Usually, the expression of A and B antigens is 
specified by two separate A and B alleles, one derived from the mother and the other one 
derived from the father. That is known as a common AB phenotype ( trans-AB). However, in 
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At the moment the total number of alleles deposited in the ABO system section  
of the Blood Group Antigen Gene Mutation Database (dbRBC at NCBI 
http://www.ncbi.nlm.nih.gov/gv/mhc/xslcgi.cgi?cmd=bgmut/home) has surpassed 270 
and considering the rapid advancement of next-generation sequencing, this number is 
going to increase in the coming years. 

5. Subgroups of A and B 

Many weak subgroups have been described for A group and a lower number for B group. 
These rare phenotypes account for a minority of individuals. Different strategies have been 
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two different antibodies reacting to A RBCs. One general anti-A that was able to react 
towards all A erythrocytes, and one specific to A 1. A1 phenotype is characterized by the 
presence of a higher number of A antigen when compared to A 2 (Rochant et al., 1976). The 
A1 allele is dominant over A 2 and encodes for an A transferase with higher affinity and 
reactivity for the substrates of the reaction (UDP-GalNAc and H-antigen/2’-fucosyllactose) 
than the A2 transferase (Schachter et al., 1973).  

Other subgroups of A include weak expressors of the antigen (A 3, Aend, Afinn , Abantu, A x, 
A m, Ay, Ael) and the intermediate phenotype between A 1 and A2, Aint . Cartron developed a 
method to assess the relative agglutinability of cells by radiolabelled anti-A antibodies. 
This quantification permitted to classify the phenotypes in respect to RBC A antigen 
expression and demonstrated substantial individual variation within the subgroups 
(Cartron et al., 1974). Further characterization includes the determination of anti-A or 
anti-A 1, the A transferase activity in serum, and the presence of A and/or H antigens in 
saliva. 

The B phenotype does not present so many variants and they are more difficult to cluster in 
coherent groups so the weak variants have been classified by similarity to A subgroups. 
They are B3, Bx, Bm, Bel and Bw and present various degrees of B transferase activity in 
plasma and secretions and weak B antigen expression. 

It has to be pointed out that the phenotypic  classifications do not completely correlate 
genetically as different weak alleles may be included in each subgroup and some have not 
been included in any of the existing categories (polymorphisms reviewed in (Yip, 2002)). 

An interesting phenomenon has been reported, which was recognized by not adhering to 
classic Mendelian type of inheritance. Usually, the expression of A and B antigens is 
specified by two separate A and B alleles, one derived from the mother and the other one 
derived from the father. That is known as a common AB phenotype ( trans-AB). However, in 
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unusual cases of AB phenotype the expression of both A and B antigens is apparently 
specified by a single gene derived from either one of the parents resulting in what it is 
referred to as cis-AB (Yamamoto et al., 1993a; Yazer et al., 2006). 

A similar phenomenon named B(A) was re ported when weak A reactivity was 
demonstrated using a monoclonal anti-A re agents on the blood of certain B-type 
individuals. It appears that sma ll quantities of A antigens, in a ddition to larger quantities of 
B antigens, were produced by special B transferase. Various different alleles for both cis-AB 
and B(A) have been found (Yamamoto et al., 1993b). 

The assignment to these subgroups and its confirmation requires further tests than forward 
and reverse typing and may include the detectio n of the transferase activity in serum, the 
detection of antigens in saliva and/or genetic confirmation. 

6. H and Secretor genes and related phenotypes 

A and B antigen are synthesized on the same common fucosylated precursor, the H antigen. 
This precursor is produced by the transfer  of an L-fucose residue from guanosine 
diphosphate (GDP)-L-fucose to the C-2 position of the terminal galactose of Type 1 or 2 core 
precursor chains using an �Â1-2 glycosidic bond. There are two �Â1,2-L-fucosyltransferases 
that are able to catalyze this reaction, encoded by two genes, FUT1 (H) and FUT2(Se). Both 
produce H-active structures but their expression is tissue-dependent. On one hand, the Hh 
system is a blood group on its own and it is closely related to ABO. On the other hand, the 
product of the Secretor gene allows the ABH antigens to be present in secretions and 
therefore it is also of relevance. Both genes and the related phenotypes will be discussed 
briefly. 

6.1 Hh 

H-transferase, the product of FUT1 is primar ily present in tissues derived from ectoderm 
and mesoderm and is responsible for the synthesis of RBCs, bone marrow, vascular 
endothelium, skin and primary sensory neurons H antigens.  

FUT1 and FUT2 share about 70% sequence identity and are 35 kb apart on the long arm of 
chromosome 19 (19q13.3). FUT1 gene consists of 4 exons, and the catalytic region is 
contained in the last one. Only one transcript has been described and it is translated into a 
365 amino acid long protein. In addition, FUT1 has a preferential affinity for Type 2 acceptor 
substrate than for Type 1. 

Some FUT1 alleles producing H-deficient phenotypes have been described due to 
different types of mutations, mostly missense  mutations, but also to deletions causing 
frameshifts in the coding region. Those withou t or reduced enzymatic activity (h alleles) 
are the cause of the Bombay and para-Bombay phenotypes. The Bombay phenotype is 
characterized by the total absence of H antigen on RBCs and secretions irrespectively of 
the ABO status. These individuals are typed as O by the routine ABO typing because the 
A or B transferases, even if present, cannot synthesize their products due to the absence of 
precursor. These phenotypes are very uncommon but can be locally relevant (Mollicone et 
al., 1995). 
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6.2 Secretor (Se/se) 

In 1926, it was found that ABH antigens were pr esent, in soluble form, in seminal fluid and 
saliva. It was observed that the ability to secrete those antigens was genetically independent 
of ABO.  

The locus controlling the secretion of ABH substances is called Secretor. The capacity to 
secrete (Se) is inherited as a dominant trait over the non-secretor phenotype (se). Se and se 
are alleles of the endodermal �Â1,2-fucosyltransferase gene (FUT2). Secretor-transferase, the 
product of FUT2, is active in tissue of endodermal origin and is responsible for Type 1 and 2 
H structures. In secretor individuals of th e appropriate ABO group, ABH antigens are 
detected in secretions of the goblet cells and mucous glands of the gastrointestinal tract 
(saliva, gastric juice, bile, meconium), genitourinary tract (seminal fluid, vaginal secretions, 
ovarian cyst fluid, urine), and respiratory tract, as well as milk, sweat, tears and amniotic 
fluid. The Se allele is present in the majority of the po pulation (Race & Sanger, 1975). 

In non-secretors se determines the absence of H substance in secretions. Therefore, A and B 
transferases, which are not under the control of the secretor gene, are not able to catalyze the 
production of A and B substances in body flui ds of non-secretors who lack the H antigen, 
their acceptor substrate. 

FUT2 gene consists of two exons with the entire coding sequence contained in the second 
exon and encodes a 332 amino acid long enzyme with a higher affinity to Type 1 acceptor 
substrates. An additional isoform with 11 more  amino acid residues at the N-terminus has 
also been described. The allele containing the nonsense mutation at codon 143 is the most 
common non-secretor allele of FUT2. That mutation generates a stop codon and produces an 
early translation termination resulting in a null enzymatic activity. (Kelly et al., 1995; 
Spitalnik & Spitalnik, 2000) 

7. Evolution genetics and homologous genes 

The ABO gene has been conserved throughout evolution. Primates present a 95% of amino acid 
conservation among the ABO transferases. Comparing the partial nucleotide and deduced 
amino acid sequences of the ABO gene in samples of several species of primates with the 
human ABO gene, it was found that A to B dive rgence could have occurred at least in three 
different occasions during the ABO gene evolution in primates (Saitou & Yamamoto, 1997).  

In addition, the ABO gene repertoire of a lleles varies between humans and the other 
primates. For example, in chimpanzees there are only A or O groups, and in gorillas only 
the B type is found, in contrast with the A, B, AB or O groups in human. ABO groups exist 
in other mammals other than primates as well. For instance, pigs only show an AO 
polymorphism (Yamamoto & Yamamoto, 2001), and the mouse ABO gene encodes for an 
enzyme with dual specificity that is capa ble of synthesizing both A and B antigens in vitro, 
although in animal tissues the A antigen is primarily detected (Yamamoto et al., 2001). 
Currently, and thanks to DNA sequencing efforts, ABO orthologous genes have been found 
in a total of 45 vertebrate species. 

In addition to A and B transfer ases, additional enzymes exist with similar specificities. The 
genes encoding these glycosyltransferases have some similarity and are evolutionary related 
with the ABO gene. They are classified into the �Â1,3- Gal(NAc) transferase family (or GT6 
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and reverse typing and may include the detectio n of the transferase activity in serum, the 
detection of antigens in saliva and/or genetic confirmation. 

6. H and Secretor genes and related phenotypes 

A and B antigen are synthesized on the same common fucosylated precursor, the H antigen. 
This precursor is produced by the transfer  of an L-fucose residue from guanosine 
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system is a blood group on its own and it is closely related to ABO. On the other hand, the 
product of the Secretor gene allows the ABH antigens to be present in secretions and 
therefore it is also of relevance. Both genes and the related phenotypes will be discussed 
briefly. 
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H-transferase, the product of FUT1 is primar ily present in tissues derived from ectoderm 
and mesoderm and is responsible for the synthesis of RBCs, bone marrow, vascular 
endothelium, skin and primary sensory neurons H antigens.  

FUT1 and FUT2 share about 70% sequence identity and are 35 kb apart on the long arm of 
chromosome 19 (19q13.3). FUT1 gene consists of 4 exons, and the catalytic region is 
contained in the last one. Only one transcript has been described and it is translated into a 
365 amino acid long protein. In addition, FUT1 has a preferential affinity for Type 2 acceptor 
substrate than for Type 1. 

Some FUT1 alleles producing H-deficient phenotypes have been described due to 
different types of mutations, mostly missense  mutations, but also to deletions causing 
frameshifts in the coding region. Those withou t or reduced enzymatic activity (h alleles) 
are the cause of the Bombay and para-Bombay phenotypes. The Bombay phenotype is 
characterized by the total absence of H antigen on RBCs and secretions irrespectively of 
the ABO status. These individuals are typed as O by the routine ABO typing because the 
A or B transferases, even if present, cannot synthesize their products due to the absence of 
precursor. These phenotypes are very uncommon but can be locally relevant (Mollicone et 
al., 1995). 

 
ABO in the Context of Blood Transfusion and Beyond 11 

6.2 Secretor (Se/se) 

In 1926, it was found that ABH antigens were pr esent, in soluble form, in seminal fluid and 
saliva. It was observed that the ability to secrete those antigens was genetically independent 
of ABO.  

The locus controlling the secretion of ABH substances is called Secretor. The capacity to 
secrete (Se) is inherited as a dominant trait over the non-secretor phenotype (se). Se and se 
are alleles of the endodermal �Â1,2-fucosyltransferase gene (FUT2). Secretor-transferase, the 
product of FUT2, is active in tissue of endodermal origin and is responsible for Type 1 and 2 
H structures. In secretor individuals of th e appropriate ABO group, ABH antigens are 
detected in secretions of the goblet cells and mucous glands of the gastrointestinal tract 
(saliva, gastric juice, bile, meconium), genitourinary tract (seminal fluid, vaginal secretions, 
ovarian cyst fluid, urine), and respiratory tract, as well as milk, sweat, tears and amniotic 
fluid. The Se allele is present in the majority of the po pulation (Race & Sanger, 1975). 

In non-secretors se determines the absence of H substance in secretions. Therefore, A and B 
transferases, which are not under the control of the secretor gene, are not able to catalyze the 
production of A and B substances in body flui ds of non-secretors who lack the H antigen, 
their acceptor substrate. 

FUT2 gene consists of two exons with the entire coding sequence contained in the second 
exon and encodes a 332 amino acid long enzyme with a higher affinity to Type 1 acceptor 
substrates. An additional isoform with 11 more  amino acid residues at the N-terminus has 
also been described. The allele containing the nonsense mutation at codon 143 is the most 
common non-secretor allele of FUT2. That mutation generates a stop codon and produces an 
early translation termination resulting in a null enzymatic activity. (Kelly et al., 1995; 
Spitalnik & Spitalnik, 2000) 

7. Evolution genetics and homologous genes 

The ABO gene has been conserved throughout evolution. Primates present a 95% of amino acid 
conservation among the ABO transferases. Comparing the partial nucleotide and deduced 
amino acid sequences of the ABO gene in samples of several species of primates with the 
human ABO gene, it was found that A to B dive rgence could have occurred at least in three 
different occasions during the ABO gene evolution in primates (Saitou & Yamamoto, 1997).  

In addition, the ABO gene repertoire of a lleles varies between humans and the other 
primates. For example, in chimpanzees there are only A or O groups, and in gorillas only 
the B type is found, in contrast with the A, B, AB or O groups in human. ABO groups exist 
in other mammals other than primates as well. For instance, pigs only show an AO 
polymorphism (Yamamoto & Yamamoto, 2001), and the mouse ABO gene encodes for an 
enzyme with dual specificity that is capa ble of synthesizing both A and B antigens in vitro, 
although in animal tissues the A antigen is primarily detected (Yamamoto et al., 2001). 
Currently, and thanks to DNA sequencing efforts, ABO orthologous genes have been found 
in a total of 45 vertebrate species. 

In addition to A and B transfer ases, additional enzymes exist with similar specificities. The 
genes encoding these glycosyltransferases have some similarity and are evolutionary related 
with the ABO gene. They are classified into the �Â1,3- Gal(NAc) transferase family (or GT6 
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family). They are �Â1,3-galactosyltransferase (�Â1,3GalT), isogloboside b3 synthase (iGb3S), 
and Forssman glycolipid synthase (FS). 

�Â1,3GalT transferase is encoded by the GGTA1 gene and catalyses the transfer of galactose 
to another galactose to form the �Â-galactosyl epitope (Gal�Â1-3Gal-). As opposite to A and B 
transferases, �Â1,3GalT utilizes acceptor substrates lacking a fucose linked to the galactose. 
This enzyme activity is present in many mammalian species including some primates, but 
excluding Old World monkeys and anthropoid ap es, such as humans. These species instead 
possess the antibody against the �Â-galactosyl epitope (Macher & Galili, 2008). On humans 
the GGTA1 gene was shown to contain frameshift and nonsense mutations, abolishing the 
enzymatic activity (Shaper et al., 1992).  

IGb3S synthesizes iGb3 ceramide (Gal�Â1-3Gal�Ã1-4GlcCer) and it is encoded by the 
A3GALT2 gene. This enzyme transfers a galactose using the UDP-galactose as a donor 
substrate (Keusch et al., 2000). Conversely, FS is encoded by the GBGT1 gene and is 
responsible for the synthesis of Forssman antigen (GalNAc�Â1-3GalNAc�Ã1-3Gal�Â1-4Gal�Ã1-
4GlcCer) using a UDP-GalNAc as a donor substrate (Haslam & Baenziger, 1996).  

Apart from vertebrates some bacteria are also capable of synthesizing A or B antigens. In the 
case of Escherichia coli strain O86 high B activity was detected on its O-lipopolysaccharide 
antigen. Non-vertebrate A/B transferases genes have been identified in many other bacteria 
and also in one cyanophage. Based on the fact that there are no homologous genes found in 
species between vertebrates and bacteria, the possibility of horizontal transfer was proposed 
(Brew et al., 2010). 

8. Natural anti bodies against ABH 

ABO is the only blood group system that in a natural and consistent manner has antibodies 
present in sera of people who lack the corresponding antigen from their red blood cells. With 
the exception of newborn infants under 5 months, deviations from this rule are extremely rare 
and related to disease. These antibodies are detected at about 3 months and increase their titer 
until the 5 th to 10th year of life. Neonates may present the IgG type of ABO antibodies that have 
maternal origin, because IgG antibodies can cross the placenta. However in some occasions the 
fetus can produce by himself the IgM type of AB O antibodies. In adults they are mostly IgM 
although some may be IgG or IgA. The ABO antibodies may also be found in various body 
fluids including saliva, milk, cervical secretions, tears, and cysts. 

The widely held hypothesis to explain the presence of these alloantibodies is that they are 
formed in response to terminal carbohydrates that share structural homology with A and B 
antigens present in the organism. These could derive from bacteria cell walls from normal 
intestinal microbial flora or be of animal orig in and introduced through the diet. This view 
is supported by the fact that the levels of anti-A and anti-B antibodies seem to be influenced 
mostly by environmental factors, and genetics have a minor role. 

Sera from A individuals contain anti-B antibody while B individuals’ sera contain two types 
of antibody against A antigens. The first is anti-A and the second one is specific towards A1 
RBCs. Anti-A reacts with both A 1 and A2 cells whereas the second only does with A1 RBCs. 
Anti-A 1 is also present in some A2 and A2B individuals (Landsteiner & Levine, 1926). Group 
O people produce an antibody, anti-A,B able to cross-react with both A and B RBCs. It has 
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been proposed that this antibody binds to a common structure shared by A and B antigens. 
This has been confirmed using human monoclonal analysis. Anti-A,B isotype is mainly IgG 
but some IgM or IgA may be present (Klein et al., 2005). Bombay (Oh) and para-Bombay 
type individuals also present a very potent anti -H antibody. That is th e reason they can only 
be transfused with blood of their own type as RBCs from all the main groups will be 
destroyed due to the presence of the H antigen (Le Pendu et al., 1986). 

9. ABO typing 

In the reverse typing, the detection of antibodies against the A or B antigens in sera is 
performed using RBCs of known type (A 1 and B) that have been available for many years. But, 
forward ABO typing procedures changed comple tely with the invention of the hybridoma 
technology and the production of monoclonal antibodies. Reagents to better type blood donors 
were created. Nowadays, monoclonal antibodies to detect A and B antigens are routinely used 
in transfusion and clinical medi cine and detailed descriptions are found in specialized reports. 
Very potent anti-A antibodies are able to agglutinate A x RBCs helping in the detection of rare 
subgroups. They have also been very helpful in determining the stru cture of the precursor 
chains bound to A determinants. Also anti-B, anti-A,B and anti-H have been produced. 

Lectins are proteins of non-immune origin ab le to bind sugars and therefore agglutinate 
cells or precipitate glycoconjugates carrying specific saccharides. Their binding to glycans 
can be inhibited by mono- or oligosaccharides. The nature of these sugar inhibitors is used 
to identify the specificity of the lectin as it is  assumed that they are binding to the same site 
as the cell surface antigens. For reviews see (Bird, 1989; Nilsson 2007). 

DBA, from  Dolichos biflorus is specific for terminal N-acetylgalactosamine and has been 
extensively used to differentiate A 1 from A 2 subgroup RBCs. At precise dilutions A 1 and A1B 
cells react positively while A 2 and A2B do not. This property has been attributed to the 
avidity of the lectin rather than to qualitative differences between A 1 and A2 antigens 
(Furukawa et al., 1985). There are fewer examples of B-specific lectins. As the specificity of 
these lectins depends on the terminal D-galactose determinant, they may cross-react with 
other antigens containing similar residues, i.e P, P1 and Pk (Voak et al., 1974). The most used 
reagent to detect secretor status in saliva from O group individuals is Ulex europaeus lectins 
which recognize the H antigen. Two lectins are present in the seeds of this species: UEA I is 
inhibited by L-fucose while UEA II is not. UEA II seems to recognize not only the terminal 
L-fucose but also a subterminal N-acetylglucosamine. The fucose requirement for reactivity 
of both lectins was corroborated by their failure to react against �D-L-fucosidase-treated O 
cells (Matsumoto & Osawa, 1970). 

Technical improvements have also allowed the detection and quantification of the antigens 
and the correspondent antibodies by other techniques than hemagglutination, such as 
cytofluorometry or ELISA and are being used to  detect ABO histo-blood antigens in other 
organs and tissues. 

10. ABO genotyping 

Within the immunology related fields, HLA and ABO were two of the first genes to which 
DNA-based genotyping was applie d. Many alleles encoding for variants of the main ABO 
alleles have been discovered and annotated and also in many cases their frequency in 
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and also in one cyanophage. Based on the fact that there are no homologous genes found in 
species between vertebrates and bacteria, the possibility of horizontal transfer was proposed 
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ABO is the only blood group system that in a natural and consistent manner has antibodies 
present in sera of people who lack the corresponding antigen from their red blood cells. With 
the exception of newborn infants under 5 months, deviations from this rule are extremely rare 
and related to disease. These antibodies are detected at about 3 months and increase their titer 
until the 5 th to 10th year of life. Neonates may present the IgG type of ABO antibodies that have 
maternal origin, because IgG antibodies can cross the placenta. However in some occasions the 
fetus can produce by himself the IgM type of AB O antibodies. In adults they are mostly IgM 
although some may be IgG or IgA. The ABO antibodies may also be found in various body 
fluids including saliva, milk, cervical secretions, tears, and cysts. 

The widely held hypothesis to explain the presence of these alloantibodies is that they are 
formed in response to terminal carbohydrates that share structural homology with A and B 
antigens present in the organism. These could derive from bacteria cell walls from normal 
intestinal microbial flora or be of animal orig in and introduced through the diet. This view 
is supported by the fact that the levels of anti-A and anti-B antibodies seem to be influenced 
mostly by environmental factors, and genetics have a minor role. 

Sera from A individuals contain anti-B antibody while B individuals’ sera contain two types 
of antibody against A antigens. The first is anti-A and the second one is specific towards A1 
RBCs. Anti-A reacts with both A 1 and A2 cells whereas the second only does with A1 RBCs. 
Anti-A 1 is also present in some A2 and A2B individuals (Landsteiner & Levine, 1926). Group 
O people produce an antibody, anti-A,B able to cross-react with both A and B RBCs. It has 
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been proposed that this antibody binds to a common structure shared by A and B antigens. 
This has been confirmed using human monoclonal analysis. Anti-A,B isotype is mainly IgG 
but some IgM or IgA may be present (Klein et al., 2005). Bombay (Oh) and para-Bombay 
type individuals also present a very potent anti -H antibody. That is th e reason they can only 
be transfused with blood of their own type as RBCs from all the main groups will be 
destroyed due to the presence of the H antigen (Le Pendu et al., 1986). 

9. ABO typing 

In the reverse typing, the detection of antibodies against the A or B antigens in sera is 
performed using RBCs of known type (A 1 and B) that have been available for many years. But, 
forward ABO typing procedures changed comple tely with the invention of the hybridoma 
technology and the production of monoclonal antibodies. Reagents to better type blood donors 
were created. Nowadays, monoclonal antibodies to detect A and B antigens are routinely used 
in transfusion and clinical medi cine and detailed descriptions are found in specialized reports. 
Very potent anti-A antibodies are able to agglutinate A x RBCs helping in the detection of rare 
subgroups. They have also been very helpful in determining the stru cture of the precursor 
chains bound to A determinants. Also anti-B, anti-A,B and anti-H have been produced. 

Lectins are proteins of non-immune origin ab le to bind sugars and therefore agglutinate 
cells or precipitate glycoconjugates carrying specific saccharides. Their binding to glycans 
can be inhibited by mono- or oligosaccharides. The nature of these sugar inhibitors is used 
to identify the specificity of the lectin as it is  assumed that they are binding to the same site 
as the cell surface antigens. For reviews see (Bird, 1989; Nilsson 2007). 

DBA, from  Dolichos biflorus is specific for terminal N-acetylgalactosamine and has been 
extensively used to differentiate A 1 from A 2 subgroup RBCs. At precise dilutions A 1 and A1B 
cells react positively while A 2 and A2B do not. This property has been attributed to the 
avidity of the lectin rather than to qualitative differences between A 1 and A2 antigens 
(Furukawa et al., 1985). There are fewer examples of B-specific lectins. As the specificity of 
these lectins depends on the terminal D-galactose determinant, they may cross-react with 
other antigens containing similar residues, i.e P, P1 and Pk (Voak et al., 1974). The most used 
reagent to detect secretor status in saliva from O group individuals is Ulex europaeus lectins 
which recognize the H antigen. Two lectins are present in the seeds of this species: UEA I is 
inhibited by L-fucose while UEA II is not. UEA II seems to recognize not only the terminal 
L-fucose but also a subterminal N-acetylglucosamine. The fucose requirement for reactivity 
of both lectins was corroborated by their failure to react against �D-L-fucosidase-treated O 
cells (Matsumoto & Osawa, 1970). 

Technical improvements have also allowed the detection and quantification of the antigens 
and the correspondent antibodies by other techniques than hemagglutination, such as 
cytofluorometry or ELISA and are being used to  detect ABO histo-blood antigens in other 
organs and tissues. 

10. ABO genotyping 

Within the immunology related fields, HLA and ABO were two of the first genes to which 
DNA-based genotyping was applie d. Many alleles encoding for variants of the main ABO 
alleles have been discovered and annotated and also in many cases their frequency in 



 
Blood Transfusion in Clinical Practice 14

various world populations is also known. In any case, ABO typing based only on DNA 
techniques faces a very unique drawback. The O alleles are mostly the result of inactivating 
mutations of A 1. Only those which are known can be detected by regular genotyping 
methods that otherwise will miss any novel ones. Complete sequencing of the 
donor/recipient genome is about to solve the problem of undetected mutations which arise 
from only sequencing some exons or RFLP strategies. But still, there are cases in which 
mutations in non-coding regions can produce aberrant messengers, as the formation of a 
new splicing site, or changes in expression levels if they are located in promoter or enhancer 
regions. Confusion over non-deleterious SNPs and novel mutations is going to arise with 
the introduction of these new technologies, and therefore forward and/or reverse typing are 
not going to disappear from blood bank faci lities (Anstee, 2009; Reid & Denomme 2011). 

Numerous methods have been established to determine the ABO genotype from genomic 
DNA (reviewed in (Olsson et al., 2001)). They are mostly designed to detect three to six of 
the most common alleles but many are not able to predict many subgroup, nondeletional, 
cis-AB and B(A) alleles, or hybrid alleles. A wrongly assigned blood type can be of serious 
consequence not only in blood transfusion but also for transplantation. Screening strategies 
taking into account these rare alleles have been implemented (Hosseini-Maaf et al., 2007). 
But for the most of the small/medium clinical  setting microsequencing has been developed 
allowing a faster and reliable identification  of the six major alleles. High-throughput 
techniques are able to detect more described mutations/alleles but they are considerably 
more expensive (Ferri & Pelotti, 2009). 

11. Non-infectious adverse effects of ABO incompatibility 

Many efforts have been devoted to avoid the transmission of pathogens during transfusion. 
But incompatibility barriers associated with ABO may cause clinical symptoms derived 
from mismatched ABO phenotypes. 

11.1 ABO hemolytic disease of the newborn  

Rh antigens are the most common blood group antigens associated with hemolytic disease 
of the newborn (HDN) but this disease also occurs as a result of ABO incompatibility 
between group O mothers carrying a group A, B or AB fetus (recently reviewed by Roberts 
(Roberts, 2008)). Even though the ABO incompatibility between mother and fetus should 
affect around a 20% of all pregnancies (in the case of European descent parents) only in very 
few instances they become symptomatic. Moreover, in many of those manifested cases this 
incompatibility only results in very mild symp toms and requires no treatment. In a small 
number of cases, phototherapy or antibody-i nhibition by soluble oligosaccharides have  
been used. 

A very minor fraction of these mothers produc es a high quantity of IgG antibodies in 
place of the common IgM antibodies. The IgG isotype can pass through the placenta to the 
fetal circulation causing hemolysis of fetal RBCs and therefore fetal anemia and HDN. 
Although very uncommon, cases of ABO HDN have been reported in infants born to 
mothers with blood groups A and B. In contrast to Rh disease, about half of the cases of 
ABO HDN occur in a firstborn baby and ABO HDN does not become much severer after 
further pregnancies. 
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11.2 Erroneous transfusion  

Even now, erroneous ABO incompatible transfusion is still an important cause for morbidity 
and mortality associated with transfusions, together with other non-ABO hemolytic 
transfusion reactions (HTR), transfusion-related acute lung injury (TRALI), transfusion 
associated circulatory overload (TACO), and bacterial contamination. The year 2010 report 
from the United Kingdom SHOT hemovigilance system showed a 2% of all the cases of 
incompatible transfusion corresponding to the ABO system (SHOT, 2010). A similar report 
from the USA FDA published in 2009 indicated that  9% of all fatal cases during transfusion 
were due to ABO mismatched HTR (FDA, 2009). Fortunately, many reports have shown that 
about 50 percent of ABO-mismatched recipients do not show any obvious sign of a 
transfusion reaction. The reason for this lack of symptoms is not known but if resistance 
mechanisms are involved, their elucidat ion could lead to the improvement of 
transplantation strategies.  

Studies on ABO-compatible, but not ABO-iden tical, blood transfusions have shown an 
increased risk of death in recipients of ABO-mismatched platelet concentrates. As 
mentioned before, platelets also express ABH antigens in variable amounts. It has been 
shown though that platelets coming from A 2 individuals do not express H or A antigens and 
can be used as “universal”. The biochemical reason for this phenomenon is not known yet 
(Cooling et al., 2005). 

11.3 ABO mismatched transplantations 

ABO-mismatching has also been investigated in transplantation recipients. In the case of 
hematopoietic stem cell transplantation, ABO incompatibility has not been associated with a 
shortened overall survival or increased mort ality related to transplantation. However, 
transplantation of solid organs with ABO-incompatibility has a more modest success rate 
depending on the age of the recipient. Infants tolerate much better this incompatibility as 
demonstrated in heart transplantation pr obably due to B-cell immature response. 
Immunosuppressive drugs are the hallmark treatm ent after any kind of transplantation as 
they are able to reduce or eliminate rejection reactions. These molecules together with 
apheresis and monoclonal antibody therapies are of help in ABO-mismatched 
transplantation (Nydegger et al., 2005; Nydegger et al., 2007). 

12. ABO and diseases 

Many associations have been reported between specific ABO alleles and different 
susceptibility to several diseases such as vascular and cardiovascular diseases, diverse 
infections, and also cancer. For many years studies compared the incidence of a disease 
within each of the blood groups and it became apparent that some kind of association 
existed between some diseases and particular blood types. More recently genome-wide 
association studies have taken over and in a bias-free manner have linked polymorphisms of 
the ABO locus to different diseases (reviewed in Yamamoto et al., 2011)(Fig. 3). 

Relating cardiovascular and vascular disease it is known that the ABO groups are a major 
determinant modulating the plasma levels of two coagulation factors: factor VIII (FVIII) and 
von Willebrand factor (vWF). Non-O blood group individuals have approximately 25% 
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various world populations is also known. In any case, ABO typing based only on DNA 
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techniques are able to detect more described mutations/alleles but they are considerably 
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But incompatibility barriers associated with ABO may cause clinical symptoms derived 
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Rh antigens are the most common blood group antigens associated with hemolytic disease 
of the newborn (HDN) but this disease also occurs as a result of ABO incompatibility 
between group O mothers carrying a group A, B or AB fetus (recently reviewed by Roberts 
(Roberts, 2008)). Even though the ABO incompatibility between mother and fetus should 
affect around a 20% of all pregnancies (in the case of European descent parents) only in very 
few instances they become symptomatic. Moreover, in many of those manifested cases this 
incompatibility only results in very mild symp toms and requires no treatment. In a small 
number of cases, phototherapy or antibody-i nhibition by soluble oligosaccharides have  
been used. 

A very minor fraction of these mothers produc es a high quantity of IgG antibodies in 
place of the common IgM antibodies. The IgG isotype can pass through the placenta to the 
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Although very uncommon, cases of ABO HDN have been reported in infants born to 
mothers with blood groups A and B. In contrast to Rh disease, about half of the cases of 
ABO HDN occur in a firstborn baby and ABO HDN does not become much severer after 
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incompatible transfusion corresponding to the ABO system (SHOT, 2010). A similar report 
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were due to ABO mismatched HTR (FDA, 2009). Fortunately, many reports have shown that 
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mechanisms are involved, their elucidat ion could lead to the improvement of 
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shown though that platelets coming from A 2 individuals do not express H or A antigens and 
can be used as “universal”. The biochemical reason for this phenomenon is not known yet 
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transplantation of solid organs with ABO-incompatibility has a more modest success rate 
depending on the age of the recipient. Infants tolerate much better this incompatibility as 
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they are able to reduce or eliminate rejection reactions. These molecules together with 
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infections, and also cancer. For many years studies compared the incidence of a disease 
within each of the blood groups and it became apparent that some kind of association 
existed between some diseases and particular blood types. More recently genome-wide 
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the ABO locus to different diseases (reviewed in Yamamoto et al., 2011)(Fig. 3). 

Relating cardiovascular and vascular disease it is known that the ABO groups are a major 
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lower levels of these glycoproteins. It was already known that there was a higher incidence 
of both arterial and venous thrombotic disease in A, B or AB individuals compared with O 
group individuals. This has been confirmed by GWAS results showing decreased risk for 
venous thromboembolism among individuals of O and A 2 groups (Tregouet et al., 2009). 

There have also been studies aimed to understand different associations of ABO with 
pathogenic infections like Noroviruses because of the fact that many bacteria or viruses 
utilize glycosylated proteins as cell surface receptors for attachment. The interactions 
between host receptors and pathogen predict that these associations are very dependent on 
the receptor selectivity. Actually, many classical etiological studies identified links between 
ABO and peptic ulcer, cholera, or malaria (Mourant et al., 1978). These associations are 
currently being reassessed by the newer genomic approaches. In the case of malaria, a recent 
GWAS has not found strong association with ABO although the same samples exhibited the 
association by targeted analysis (Jallow et al., 2009). 

But one of the most striking associations found is the increased susceptibility of non-O blood 
type individuals to pancreatic cancer. For both  stomach and pancreatic cancer this difference 
in incidence was already known from targeted studies. Recently though, in the case of 
pancreatic cancer a GWAS has confirmed this association and ranked first a single 
nucleotide polymorphism in the ABO gene di scriminating O- and non-O alleles with the 
highest score (Amundadottir et al., 2009). It is obvious that the presence of non-O alleles 
does not cause cancer, but nonetheless they might be favoring the carcinogenic process in a 
subtle but steady manner.  

 
Fig. 3. Diseases associated with ABO polymorphisms were first detected by targeted 
research and some of these associations have been confirmed by GWAS. Other studies also 
found no association with other diseases. 

As we mentioned before, the expression of ABH antigens is not constant. It undergoes 
alterations during cellular differentiation, development and aging as well as pathologic 
phenomena, as occurs in carcinogenesis. In the case of ABO it has been known for many 
years that tumors may reduce the expression of A or B antigens and that process is part of 
the global changes that cancer cause in glycosylation (Hakomori, 1999). Some of these 
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changes are already being used as diagnostic markers but as more studies are brought 
forward more are going to be added.  

13. Enzyme-converted O RBCs 

O RBCs can be transfused to individuals of any ABO group type as they are not going to 
react with any of the alloantibodies. Therefore, in case of a surplus of A or B blood it would 
be advantageous to be able to convert it to O. One of the most promising strategies to 
achieve this has been the use of glycosidases able to enzymatically remove the terminal 
sugar (N-acetylgalactosamine in the case of A or galactose for B). There have been 
advancements with the use of bacterial glycosidases and this line of research is still being 
pursued actively (Olsson & Clausen, 2008). 

14. Conclusion 

The ABO histo-blood group system is a major player in transfusion/transplantation and 
regeneration medicine. For years, investigations in this field have been pushing forward 
developments in different scientific areas. New typing procedures and strategies to cross the 
ABO incompatibility barriers are improving blood banking and transfusion. Moreover, basic 
research focused on this system contributes to a better understanding of a range of topics, 
from genomics to pathological processes. We anticipate that newer technologies will bring 
individual genome sequencing to a daily routine in the coming years and that will affect not 
only ABO genotyping but also many other medical issues. GWAS will increase the links of 
ABO to other diseases, giving the opportunity to  researchers to start to tackle one of the 
most fundamental, and unanswer ed questions about ABO, the function of the antigens in 
physiological and pathological conditions  by studying the molecular mechanisms 
underlying those associations. 
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1. Introduction 

Anemia is common in surgical patients. The numb er of patients transfused with red blood cell 
(RBC) in the United States increased from 12.2 million, to more than 14 million most recently, 
specially in the perioperative period (Park et al . 2004). Anemia is associated with considerable 
morbidity and poor outcome. Equally, blood tr ansfusion has been related to worse outcome, 
including in surgical patients (Sakr et al. 2010).  

Transfusion is the cornerstone of treatment for serious anemia in this population, to restore 
oxygen carrying capacity, consequently, reducing tissue hypoxia. Vincent and colleagues 
reported a 37% transfusion rate in intensive care unit (ICU) patients, and directly 73% of 
patients who remained in the ICU more than on e week received transfusion (Vincent et al. 
2002). Similarly, Taylor and colleagues found 85% transfusion rate among patients who 
stayed in the ICU more than seven days (Taylor et al. 2002). 

Blood transfusion was independently associated with organ failure, longer ICU length of 
stay and increased risk of death. Possible, because deleterious effects of transfusions, 
especially, immunosuppression that is associated with nosocomial infection and directly 
related to the number of packed red cells unit used (Taylor et al. 2002). 

Another complication is the transfusion-related acute lung injury (TRALI). TRALI is 
determined as a non-cardiogenic pulmonary edema, temporary related to the transfusion 
(Looney et al. 2004). 

Besides, there were no radical changes in transfusion practice over time. Recent study has 
demonstrated that mean pre-transfusion hemogl obin was about 8.0g/l. In 30% of patients 
hemoglobin concentrations are targeted above 9g/dl (Silva Jr et al. 2008). 

Hébert and colleagues, in a randomized controlled study, investigated the impact of two 
different therapeutic strategies for anemia in ill critical patients (Hebert et al. 1999). A 
restrictive transfusion strategy (hemoglobin co ncentrations targeted above 7g/dl) was as 
effective as and maybe more efficient than a liberal strategy (hemoglobin concentrations 
targeted above 10g/dl). A subgroup of patients that presented unstable angina was 
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excluded. According to this evidence, it is  recommended a blood transfusion trigger of 
7.0g/dl for ICU patients. 

The cause of anemia in these patients is likely to be multifactorial. 

 

Intraoperative: 
 
Loss of blood: 

Surgery, trauma 

Blood sampling 

Other bleeding 

Postoperative: 

Gastrointestinal bleeding 

Less production 

Lower red cells production: 

Lower erythropoietin synthesis 

Erythropoietin resistence 

Iron shortage 

Erythrocytes half life decrease 

Hemolysis increase 

Table 1. Factors associated with anemia in peri-operative period 

2. Blood transfusion epidemiology 

Because of the high anemia incidence perioperatively, many patients will receive blood 
transfusion at some point. Many studies have appraised the blood transfusion epidemiology. 

In a Canadian study, enrolling 5298 people, 25% from patients received blood transfusion 
(Hebert et al. 1999). In the United Kingdom, this number escalated to 53% of 1247 patients 
during length of ICU stay. The ABC study, in 146 ICUs from Western Europe, covered 3534 
patients and showed 37% transfusion rate in ICU. Longer length of hospital stay was 
associated with blood transfusion (25% with 2 days, 56% with more than 2 days and 73% 
with more than seven days). 

In the CRIT study, 44% of the patients received one or more transfusions in ICU (Corwin et 
al. 2004). The recent SOAP (Sepsis Occurrence in Acutely ill Patients) study showed a 33% 
transfusion incidence (Vincent et al. 2008). 

Finally, a randomized study made with patients in postoperative period for cardiac surgery 
demonstrated that blood transfus ion with hemoglobin trigger of 7 g/dl did not result in a 
worst clinical evolution. Otherwise, ther e was better outcome (Hajjar et al. 2010). 
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Authors Year when the 
study was made

Number of 
patients 

Transfusion
percentage

Comments 

Herbert 
et al  

1999 5298 25% Significant institutional variation was 
identified in the transfusion practice 

Vincent 
et al  

1999 3534 37% For patients with similar levels of 
organ dysfunction, the ones who 
received blood transfusion displayed 
high mortality rates 

Rao et 
al  

1999 1247 53% Average pre-transfusion hemoglobin 
was greater than 9g/dl in 75% of the 
transfusions 

Corvin 
et al  

2000/2001 4892 44% The number of transfusions was 
associated with a greater length 
hospitalization and ICU stay, and 
greater mortality 

Walsh 
et al  

2001 1023 39,5% Almost half of the transfusions were 
not associated with signifcant bleeding 

French 
et al  

2001 1808 19,8% The most common transfusion 
indication was acute bleeding. Onl y 3% 
of the transfusions were considered 
inappropriate 

Hajjar 
et al  

2010 512 63% As greater number of transfusions as 
greater mortality within 30 days. The 
restrictive strategy resulted in less 
complications 

Table 2. Recent important studies assessing transfusion periodicity 

3. Oxygen transportation 

Hemoglobin (Hb) is essential to oxygen transportation. Human Hb is composed of 2 �Â and 2 
�Ã chains of polypeptides. One heme group transport one molecule of oxygen (1 g of Hb ties 
1.39 mL of O2) and changes in hemoglobin affinity for oxygen correlates with change in red 
cell 2,3- Diphosphoglycerate (2,3-DPG) content, carbon dioxide, pH and body temperature. 

The 2,3-DPG molecule binds to one of the b-chains of Hb favouring deoxygenation, 
reducing hemoglobin oxygen affinity. Thereby, low 2,3-DPG concentrations increases the 
Hb affinity to O2, dislocating the oxyhemoglobi n dissociation curve to the left, described as 
P50 (PO2 at which the hemoglobin becomes 50% saturated with oxygen). P50 in adults is 
26.3 mmHg (Moore et al. 2005). 

The blood concentration of hydrogen ion or carbon dioxide reduces hemoglobin oxygen 
affinity, the Bohr effect. Otherwise, the Haldane effect states that deoxygenated Hb has a 
greater affinity for CO2 than do es oxyHb. Only 10% of the carbon dioxide is removed from 
the tissues as carboxyhemoglobin, 80% is removed as bicarbonate and 10% remaining as 
physical solution. 

In addition, low body temperature and high bl ood pH increases the Hb affinity to O2 and 
reduces P50. 
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Authors Year when the 
study was made

Number of 
patients 

Transfusion
percentage

Comments 

Herbert 
et al  

1999 5298 25% Significant institutional variation was 
identified in the transfusion practice 

Vincent 
et al  

1999 3534 37% For patients with similar levels of 
organ dysfunction, the ones who 
received blood transfusion displayed 
high mortality rates 

Rao et 
al  

1999 1247 53% Average pre-transfusion hemoglobin 
was greater than 9g/dl in 75% of the 
transfusions 

Corvin 
et al  

2000/2001 4892 44% The number of transfusions was 
associated with a greater length 
hospitalization and ICU stay, and 
greater mortality 

Walsh 
et al  

2001 1023 39,5% Almost half of the transfusions were 
not associated with signifcant bleeding 

French 
et al  

2001 1808 19,8% The most common transfusion 
indication was acute bleeding. Onl y 3% 
of the transfusions were considered 
inappropriate 

Hajjar 
et al  

2010 512 63% As greater number of transfusions as 
greater mortality within 30 days. The 
restrictive strategy resulted in less 
complications 

Table 2. Recent important studies assessing transfusion periodicity 

3. Oxygen transportation 

Hemoglobin (Hb) is essential to oxygen transportation. Human Hb is composed of 2 �Â and 2 
�Ã chains of polypeptides. One heme group transport one molecule of oxygen (1 g of Hb ties 
1.39 mL of O2) and changes in hemoglobin affinity for oxygen correlates with change in red 
cell 2,3- Diphosphoglycerate (2,3-DPG) content, carbon dioxide, pH and body temperature. 

The 2,3-DPG molecule binds to one of the b-chains of Hb favouring deoxygenation, 
reducing hemoglobin oxygen affinity. Thereby, low 2,3-DPG concentrations increases the 
Hb affinity to O2, dislocating the oxyhemoglobi n dissociation curve to the left, described as 
P50 (PO2 at which the hemoglobin becomes 50% saturated with oxygen). P50 in adults is 
26.3 mmHg (Moore et al. 2005). 

The blood concentration of hydrogen ion or carbon dioxide reduces hemoglobin oxygen 
affinity, the Bohr effect. Otherwise, the Haldane effect states that deoxygenated Hb has a 
greater affinity for CO2 than do es oxyHb. Only 10% of the carbon dioxide is removed from 
the tissues as carboxyhemoglobin, 80% is removed as bicarbonate and 10% remaining as 
physical solution. 

In addition, low body temperature and high bl ood pH increases the Hb affinity to O2 and 
reduces P50. 
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4. Blood transfusion risks and benefits 

Blood transfusion is safer today, however adverse are events still clinically relevant. The 
expected benefit is to improve the oxygen demand, preventing cellular injury. However, it is 
difficult to demonstrate these benefits in current clinical studies. 

Risks related to blood transfusion are divided in infectious and noninfectious. Infectious 
risks include HIV transmission, estimated in 1:676,000 transfusions in the USA and 
transmission of A, B and C hepatitis virus,  estimated in 1:1,000,000, 1:63,000 and 1:103,000, 
respectively (Goodnough et al. 2003). 

Other viral infections related to transfusions  are the human T-lymphotropic virus (HTLV) 
types I and II, the parvovirus B19 and the Creutzfeldt-Jacob disease, caused by a prion, 
causing encephalopathy with fast evolution to dementia. 

As viral infections, bacterial infections are al so frequent complications of transfusion. The 
contamination incidence is 1 per 1,000,000 transfusion units in USA. The most important 
bacterial infections are caused by gram-negative bacteria, such as Yersinia enterocolitica, 
Serratia and Pseudomonas, which have the ability to grow even between 1 and 6 ºC. The 
contamination rate is associated with the blood packed storage time (Shorra et al. 2005). 

Immunosupression is a noninfectious complication , that increase the risk of infection. Other 
noninfectious risks are related to acute lung injury and human error, when there is an 
incorrect identification of the pa tients or the red blood cell package. In this case, it can cause 
hemolytic reactions. 

The transfusion related acute lung injury (TRA LI) is one of the most serious complications 
by noninfectious causes and is defined as acute respiratory disease that happens within the 
first 4 hours after the transfusion. TRALI is distinguished by dyspnea and hypoxia due to 
noncardiogenic pulmonary ed ema. The incidence is about 1 to 5000 transfusions. The 
treatment is just support. 
 

 
Incidence frequency per a million units 

(for current unit) 
Infectious  
Virus  

Hepatitis B 4 (1/220,000) 
Hepatitis C 1 (1/800,000–1/1.6 X106) 

HIV 1 (1/1.4–2.4 X106) 
Bacteria  

Red blood cells 
2 (1/500,000) 

 
Platelets 500 (1/2,000) 

Acute hemolytic tr ansfusion reaction 1 to 4 (1/250,000–1,000,000) 
Delayed hemolytic transfusion reaction 1000 (1/1,000) 
TRALI 125 (1/8,000) 

Adapted from Goodnough LT, et al. New Engl J Med 1999; 340:438–447. 

Table 3. Risk estimates for blood transfusions. 

 
Blood Transfusion Therapy in High Risk Surgical Patients 29 

Silva Jr. and colleagues reported a 57.5% incidence of post-operative complications in ICU 
patients. Mostly frequent, up to 28 days after the blood transfusion, and included infections 
(36.3%), changes in the markers of tissue hypoperfusion (30.0%), shock (22.5%), Acute Renal 
Failure (ARF) (12.5%), cognitive changes (11.33%), fistulas of the digestive tract (6.3%), and 
ARDS (5.0%) (Silva Jr et al. 2008). 

 
Fig. 1. Postoperative complications. Columns indicate the percentage of postoperative 
complications.  

 

 
Fig. 2. Relationship between the Blood Number of Units and Morbi-mortality 
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In addition, the number of units of blood transfused was directly related to the incidence of 
these complications and mortality, i.e., th e greater the number of units transfused 
intraoperatively, it was higher the chances of  complications and death in the postoperative 
period. (Silva Jr et al. 2008) 

5. Blood transfusion necessity assessment 

The optimal transfusion trigger in ICU patients has been a matter of controversy. The 
ongoing debate about risks and benefits regarding blood transfusions is based on a 
individual assessment, considering diagnosis and comorbidities to help therapeutic aproach.  

Serum concentrations of hemoglobin would be an easy reference and were used for years as 
a guide to start transfusions, but the optimal hemoglobin concentration varies considerably 
in each patient, according to several characteristics as age, preexisting chronic diseases 
(coronariopathy), current diagnosis and the cause of anemia. 

Using the simple hemoglobin level, below which all patients should be transfused, and 
specific values for certain groups, are also rigid. The concept of critical hemoglobin level, 
defined as the minimal hemoglobin concentration while there is no pathological O2 supply 
dependency, seems to be a reasonable indication for blood transfusion. 

There are some parameters to evaluate tissue hypoxia in clinical practice, like blood lactate, 
but this parameter indicates that the hypoperfus ion is already in place and may be too late 
to indicate the point to start transfusion. Ho wever, a recent study in surgical patients 
demonstrated that transfused patients with high venous oxygen saturation had worse 
outcomes in the postoperative period (Silva JM et al. 2009). 

 
Fig. 3. Kaplan-Meier curve of transfused patients with ScvO2 80% or less and ScvO2 greater 
than 80%: (Silva JM et al. 2009). 
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Hébert and colleagues (Hebert et al. 2001) demonstrated in their study that, in critically ill 
patients, hemoglobin levels between 7 g/dl and 9 g/dl are safe (except in patients with 
myocardial infarction and unstable angina). Hajjar and colleagues (Hajjar et al. 2010) have 
also demonstrated that in postoperative cardiac patient hemoglobin level of 7 g/dl is safe 
and blood transfusion was associated with higher rates of complication. 

Today the recommendations for septic hemodinamically stable or unstable patients are to 
maintain hemoglobin levels around 7g/dl before  indicate transfusion. Besides, a study in 
health volunteers with isovolumetric hemo dilution and hemoglobin concentration �” 5.0 
g/dl, did not result in clear anaerobic meta bolism (Weiskopf et a. 1998). Moreover, studies 
made with Jehovah's Witnesses patients showed that survival is possible even with lower 
hemoglobin levels. In a case report, a patient presenting hemoglobin level of 1.8 g/dL, had a 
acceptable evolution (Howell et al. 1998).  

6. Strategies to avoid blood transfusion risks 

There are several techniques to prevent blood transfusion, but they are summarized in 
blood loss optimization, blood cells produc tion increasing and auto transfusion. 

Several evidences show that the most effective way to increase blood production is the use 
of erythropoietin in preoperative period, bu t the time to reach recommended hemoglobin 
values is very long, making the process very slow and not useful. 

Among the self-transfusion modes, there is the self preoperative donation (removing the 
blood before the surgery and, if needed, using it  in the intraoperative or postoperative). This 
method is recommended only for patients above 20 kg . Besides that, this technique may be 
accompanied by hemodilution, allowed for pati ents with hematocrit above 35%. The blood 
is replaced, using crystalloid fluids to lowe r hematocrit to 25%, recommended for patients 
above 1 year old, because of the presence of fetal hemoglobin in neonates. Thus, this 
technique can be used shortly before surgery. 

During the intraoperative, the self-transfusi on can be performed using machines that 
reutilize the lost blood on surgery. In cardiac surgeries, the blood from the extracorporeal 
circulation circuit is returned. The same technique is difficult to be performed in children, 
because the lost blood is too small to be replaced. 

In an attempt to prevent intraoperative blood  losses, there are some measures such as 
desmopressin 0.3 ug/kg, which stimulates the release of von Willebrand factor, needed for 
platelets adhesiveness for damaged tissues, which does not apply to pediatric patients, and 
antifibrinolytics, preventing fibrinolysis and stab ilizing clot formation. This last, in spite of 
reducing bleeding, it showed some harm potential, because it can cause thrombi, leading to 
myocardial ischemia and renal failure. Finally , the recombinant activated factor seven 
(rFVIIa) has shown positive evidence in patients with trauma and heavy bleeding. 

Another way to avoid the transfusion risks is th e minimal exposure to transfusion, in other 
words, transfusion from a single donnor and permissive hypotension, in an attempt to 
prevent blood losses. But we must consider the risks and benefits, being contraindicated in 
children under 2 years and patients with system ic diseases, showing vital organs damages. 
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The transfusion reactions risks can also be minimized by the using of the leukoreduction of 
blood, which means to remove leukocytes in transfused blood, resulting in less 
immunological effects because of the transfusion, such as alloimmunization to leukocyte 
antigens, febrile reactions and TRALI. 

7. Massive transfusion 

Massive transfusion defined as a whole blood volume changed within 24 hours, a 
replacement greater than 10 units of RBC packages within 24 hours, greater than 4 units of 
RBC packages within 1 hour or a 50% replacement of total blood volume within 3 hours.  

So, the strategy used in intense and uncontrollable bleeding is to prevent the overuse of 
isotonic crystalloid solutions and to associate massive transfusions to early administration of 
products that help hemostasis (plasma, platelets and cryoprecipitate) in proportion to the 
blood transfusion, in other word s, 1 erythrocytes concentrate: 1 plasma: 1 platelet, measure 
that has brought great benefits in patients requiring large transfusions. 

 

 
 

Fig. 4. Transfusion therapy summary in surgical patients. 

8. Conclusion 

Anemia is common in surgical patients and results in numerous blood transfusions. There 
are few evidences showing that blood transfusions are benefic to surgical patients. For those 
patients without active bleeding or acute cardio vascular disease, 7g/dl hemoglobin is well 
within tolerable limits. Besides hypoperfusion associated with low hemoglobin level 
appears to be an important indicator to be taken into consideration to decide for blood 
transfusion. Strategies to avoid blood losses and increase blood production may as well be 
an important tool for those patients. 
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1. Introduction 

Blood forms a major component in the management of surgical patients in whom major 
blood loss is expected. In the past years, transfusion of allogeneic blood has been the 
mainstay of management of patients who have or are considered to be at risk of major 
bleeding, particularly in cardiac and orthop aedic surgery where blood loss can often be 
substantial. Studies have shown that in many countries across the world, over fifty per cent 
of red cells transfused were in surgical specialties (Cook 1991;Lenfant 1992;Regan 2002). For 
example, in Canada, 31% of all red cell transfusions were given in cardiac and orthopaedic 
surgery (Chiavetta 1996). 

2. Blood loss in orthopaedic surgery 

In primary hip surgery, the bl ood loss is estimated at 3.2 +/- 1.3 units(Toy 1992) and 4.07 
+/- 1.74 grams of haemoglobin(Toy 1992). In revision hip surgery, the blood loss is about 4.0 
+/- 2.1 units. In primary knee replacement,  the blood loss ranges from 1000-1500mls and 
can average 3.85 +/- 1.4 grams of haemoglobin(Keating  1998;Mylod, Jr 1990)  and may be 
higher in cementless knee replacements(Hays 1988). Transfusion rates of 2.0 +/- 1.8 units for 
primary THR and 2.9 +/- 2.3 units for revision  THRs have been documented(Bae 2001). The 
rates for knee replacements are not well studied but are estimated at 1 – 2 units for primary 
surgery and can be up to 3-4 units for revision surgery(Callaghan 2000).  

Other settings which present major blood loss scenarios in orthopaedic surgery include: 

�x Pelvic surgery 
�x Tumour surgery 
�x Bilateral primary joint replacement 

3. Predictors of allogeneic blood transfusion 

A series of studies covering a heterogeneous population of over 10,000 patients has 
attempted to define certain risk factors that  may predict the need for allogeneic blood 
transfusion. All studies made an attempt to reduce confounding factors and risk factors 
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were shown to be consistent with high levels of statistical significance in their association 
with the risk of exposure to allogeneic blood. 

Preoperative haemoglobin level is one of the main factors associated with risk of transfusion 
following total joint replacement(de, Jr  1996;Faris 1999) . In a study of 9,482 patients who 
underwent THR or TKR, Bierbaum et al demonstrated that the lower the baseline 
haemoglobin level, the more probable the transfusion of allogeneic blood(Bierbaum  1999) . 
Patients with a preoperative haemoglobin of less than 100g/L had a 90% chance of needing 
a transfusion, those with a level of 100-135g/L had a 15-25% chance of requiring allogeneic 
blood(Callaghan 2000). 

Age over 65 years(Hatzidakis 1998;Hatzidakis 2000)  has been shown to increase the risk of 
being transfused with patients less than 65 years with a haemoglobin of 135g/L or more 
having only a 3% chance of being transfused. 

Other risk factors that have been closely associated with a likelihood of allogeneic 
transfusion include low weight, small height, female sex, estimated surgical blood loss, 
whether primary or revision surgery, type of surgery, anticoagulant use, 
thrombocytopaenia, other comorbidities and b ilateral joint surgery(Bierbaum 1999; Borghi 
1993; Churchill 1998; Hatzidakis 2000). 

4. Risks of allogeneic blood transfusion 

The association of allogeneic blood with numerous risks including transfusion transmitted 
infections (TTIs) has limited its utility in recent years(Klein 2000). Thus, there is now 
considerable interest in finding ways to avoid allogeneic blood. 

1. Tranfusion transmitted infections (TTIs) 

The risks of transfusion transmitted infectio ns have been considerably reduced in the 
developed world by measures to improve the detection and elimination of infected 
blood (Goodnough 1999a). The total TTI risk has been estimated at 1:100,000 to 
1:1,000,000 in an American population (Kleinman 2000). However in developing 
countries, there is still a high prevalence of such infections and transfusion services are 
still inadequately equipped to conduct universal antibody screening (Lackritz 1998; 
McFarland 1997).  

a. Viral infections 
The risks of viral TTIs can be regarded as being very low in the developed world 
when compared to other life time risks (Glynn 2000;Regan 2000). 
The following are estimated risks (Klein 1995;Klein 2000): 
Human Immunodeficiency Vi rus (HIV)  1:1,000,000 
Hepatitis B Virus (HBV)    1:100,000 
Hepatitis C Virus (HCV)    1:500 to 1:5,000 
Human T-Lymphocytic Virus 1 and 2 (HTLV) 1:200,000 
Cytomegalovirus (CMV)    1:2,500 
A previous retrospective analysis of data from the United States, Australia and 
Europe found that in repeat donors, seroconversions were detected as follows 
(Muller-Breitkreutz 2000): 
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Anti-HIV screening    1:2,323,778 
Anti-hepatitis C screening    1:620,754 
Hepatitis B screening    1:398,499 
Other viral infections such as Guillian-Barre virus C, human herpes virus and  
TT virus have not to date been shown to be relevant to transfusion practice  
(Allain 2000). 

b. Bacterial infections 
This risk is estimated at 1:400,000 transfusions (The SHOT Committee 2000). 

c. Creutzfeld-Jacob disease 
Universal leucodepletion of all blood prepared for transfusion, excluding 
previously transfused UK donors and excluding donor plasma from fractionation 
are precautionary measures instituted to prevent the transmission of CJD (Scottish 
Intercollegiate Guidelines Network 2001). 

2. Direct immune injury 
Mild haemolytic reactions range from 1: 5,000 to severe haemolytic reactions and 
anaphylaxis in 1:600,000 (Callaghan 2000). 

3. Immunomodulation 
In vitro, allogeneic blood has been shown to have the capacity to depress immune 
function (Gafter 1992; Kaplan 1984), an effect mediated mainly by transfused white 
blood cells (Blajchman 1994; Bordin 1994). However, the clinical importance of this 
effect is poorly understood (Goodnough 1999a). The practice of leucodepletion of blood 
is now commonplace in developed countries. However, studies have not demonstrated 
a clear cut clinical benefit of this practi ce. Randomized control trials using both 
leucodepleted blood and autologous blood have not demonstrated an increase in either 
the risk of cancer or infection (Goodnough 2000; Jensen 1998). A meta-analysis of three 
randomized control trials and two cohort studies where control groups received either 
leucodepleted blood or autologous transfusion found no significant differences in 
cancer recurrence (McAlister 1998). 

4. Procedural/clerical error 
The blood transfusion process can be complex and crosses many disciplines and 
professions, with one study identifying over  forty steps between the patient and their 
transfusion, all of which involve the potential for human error(Will 1996). Clerical error 
has been estimated at 1:25,000 (AuBuchon 1996). Serious complications including 
coagulopathy, renal failure, intravascular haemolysis, admission to ITU, persistent viral 
infection and death have been estimated at 1:67,000 (Scottish Intercollegiate Guidelines 
Network 2001; The SHOT Committee 2000). These risks can be controlled by using safe 
protocols for transfusion, for example thos e recommended by the British Committee for 
Standards in Haematology. 

5. Risks of perioperative anaemia 

Some studies have shown that surgical morbidity and mortality are inversely correlated 
with preoperative haemoglobin levels (Carson 1988;Spence 1998). The rate of fatal 
complications due to anaemia in sixteen reports of the surgical management of Jehovah’s 
witnesses has been reported at 0.5-1.5% (Kearon 1997). A retrospective survey of a similar 
patient population indicated that when conf ounding factors were taken into account, 
mortality does not increase as haemoglobin falls to 80g/L (Carson 1996; Carson 1998a). 
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However, below this level, ninety per cent received transfusions and thus it is hard to 
comment on the effect of anaemia on mortality at haemoglobin below this level. 

Substantial perioperative blood loss is common in major orthopaedic surgery and patients 
are often elderly with a high prevalence of ischaemic heart disease. Consequently, many 
who are undergoing major orthopaedic surgery will be at high risk of cardiovascular 
complications (Neill 2000). The incidence of anaemia increases with age (Ania 1997) and is 
four to six times greater than can be predicted by clinical symptoms in the over 65 year age 
group (Ania 1997). 

Perioperative anaemia in the elderly is not without morbidity and includes fatigue, 
tachycardia, hypotension, dyspnoea and impaired level of consciousness (Spence 1998) and 
can be associated with decreased vigour, potentially prolonging the duration of hospital stay 
(Bierbaum 1999;Keating 1999) and affecting quality of life. Indeed a correlation between 
muscle strength and haematocrit levels suggests that haematocrit may be a valuable objective 
measure of vigour in patients undergoing major orthopaedic surgery (Keating 1999).  

In patients with known cardiovascular comorbidity, severe preoperative anaemia can be 
associated with a massive increase in mortality. Carson et al (Carson 1996) reported  that the 
30-day mortality rate in patients with preopera tive Hb levels of less than 60g/L was 33.3% 
compared with 1.3% for those wi th levels in excess of 120g/L. 

Observational studies and consensus statements suggest that the elderly and those with a 
poor cardiovascular reserve or major cardiovascular comorbidity or peripheral vascular 
disease are less tolerant to perioperative anaemia and should therefore be transfused at a 
higher haemoglobin level(Carson 1998a). 

6. Transfusion thresholds 

In an attempt to provide optimal patient manage ment balanced with patient safety, it is now 
common practice for clinicians to define transfusion thresholds of haemoglobin below 
which level the patient’s haemoglobin should not fall during the perioperative period. 

6.1 Preoperative thresholds 

It is known that preoperative anaemia increases the likelihood of allogeneic transfusion 
(Spence 1990) and hence an attempt should be made to correct the haemoglobin level prior 
to a major orthopaedic operation where inevitably, a substantial amount of blood loss is 
expected or anticipated. When patients refuse a blood transfusion, for example due to 
religious convictions, the preoperative haemoglobin level becomes all so important as a 
determinant of operative outcome, particul arly in the elderly and those with major 
cardiovascular comorbidity (Carson 1996;Spence 1990). Usually, a preoperative lower limit 
of 100g/L is taken prior to major orthopaedic su rgery, in spite of there being little evidence 
for this arbitrary level (Scottish Intercollegiate Guidelines Network 2001).  

6.2 Intraoperative thresholds  

Accurate measurement of intraoperative blood loss is difficult. Rapid intraoperative 
measurement of haemoglobin levels using near-patient testing may improve safety margins 
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and avoid unnecessary transfusions (Loo 1997;Smetannikov 1996). However, intraoperative 
measurements must be interpreted in the context of a multifaceted clinical assessment of the 
patient in real time intraoperatively. This should include a clinical evaluation of blood volume 
status, on-going and anticipated postoperativ e bleeding ( de Andrade Jr 1996, Welch 1992). 

6.3 Postoperative thresholds 

Experimental data from animal studies (Spahn 1992; Spahn 1994) indicate 
electrocardiographic changes occur between the haemoglobin levels of 50-70g/L and in one 
study in healthy humans during normovolaemic haemodilution, adequate oxygen delivery 
to tissues was sustained down to a haemoglobin level level of 50g/L (Weiskopf 1998). 

A large randomized control trial performed ov er 800 patients admitted to intensive care 
(Hebert 1999) where patients were randomized to a haemoglobin level of 70-90g/L or 100-
120g/L transfusion thresholds sh owed no significant differences in 30-60 day mortality or 
severe ventricular dysfunction between the two groups. However, caution is recommended 
in extrapolating these figures from  the critical care setting to patients having routine elective 
orthopaedic surgery. Another large retrospect ive study of surgical patients found that, 
allowing for confounding factors, there was no definite difference in mortality using a lower 
threshold of either 80g/L or 100g/L as  a transfusion threshold (Carson 1998a). 

Guidelines and consensus statements have consistently expressed the transfusion threshold 
as a range between 70g/L and 100g/L, with clinic al indicators further defining the need to 
transfuse in between these levels (Anon 1996; Simon 1998; Spence 1995). 

A small randomized control trial involving elde rly patients with fractured necks of femur 
found no difference in mortality in patients transfused when symptomatic or with a 
haemoglobin of less than 80g/L compared with the haemoglobin maintained at 
10g/L(Carson 1998b). This study was limited by its inadequate analytical power to show 
significant differences in mortality and myocardial events(Scottish Intercollegiate 
Guidelines Network 2001). Most guidelines and consensus statements propose a higher 
transfusion threshold of 80-90g/L for thos e who are elderly, with cardiovascular 
comorbidity or peripheral vascular disease, rather than the lower level of 70-80g/L (Hebert 
1999; Hill 2002). 

7. Blood sparing strategies 

Blood sparing strategies should be considered in every patient undergoing major blood 
loosing surgery in orthopaedi cs. In addition, special situations where these can be 
considered and may indeed be the only alternative include Jehovah’s witnesses, those with 
multiple antibodies and those with serious an xieties about allogeneic blood transfusion.  

Strategies include the following: 

�x Preoperative autologous blood donation (PABD) 
�x Acute normovolaemic haemodilution (ANH) 
�x Surgical technique  
�x Anaesthetic techniques 
�x Pharmacological therapies  
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comorbidity or peripheral vascular disease, rather than the lower level of 70-80g/L (Hebert 
1999; Hill 2002). 

7. Blood sparing strategies 

Blood sparing strategies should be considered in every patient undergoing major blood 
loosing surgery in orthopaedi cs. In addition, special situations where these can be 
considered and may indeed be the only alternative include Jehovah’s witnesses, those with 
multiple antibodies and those with serious an xieties about allogeneic blood transfusion.  

Strategies include the following: 

�x Preoperative autologous blood donation (PABD) 
�x Acute normovolaemic haemodilution (ANH) 
�x Surgical technique  
�x Anaesthetic techniques 
�x Pharmacological therapies  
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�x Increase RBC production – erythropoietin 
�x Reduce bleeding – antifibrinolytics, topi cal haemostatic agents, recombinant factor 

VII 
�x Cell salvage 

�x Intraoperative 
�x Postoperative 

7.1 Surgical technique 

Adherence to prescribed guidelines for mainta ining haemostasis such as electrocautery and 
argon beam coagulation may reduce perioperative blood loss(Spence 1995). 

7.2 Anaesthetic techniques 

Specialist anaesthetic techniques such as hypotensive anaesthesia (Sharrock et al. 1993), 
regional anaesthesia (Carson 1998a; Dauphin 1997)  and euthermia (Schmied 1996; 
Schmied 1998) may reduce surgical bleeding in arthroplasty surgery. For example, in one 
study, a difference in mean arterial pressure of 10mmHg significantly reduced mean 
intraoperative blood loss from 263mls to 179mls on average in patients undergoing 
primary THR (Sharrock 1993). 

7.3 Preoperative autologous blood donation (PABD) 

This entails the patient donating a unit of blood every week for 3-5 weeks preoperatively. 
This has been demonstrated to be safe and effective in the elective surgical setting and is 
widely practiced in a number of countries. 20 years ago, less than 5% participated in PABD 
before elective surgery in the United States and Canada. Today it ranges from 50-75% 
depending on the centre (Goodnough 1999b). 

In orthopaedic surgery patients it has been used safely in elderly populations with diverse 
comorbidities (Kleinman 2000). However, it is recommended that patients should be 
stratified according to the risk of requiring a transfusion and should be considered if the 
likelihood of transfusion exceeds 50%. 

The effectiveness of PABD in reducing patient exposure to allogeneic blood has been 
studied in a meta-analysis of six randomized control trials and nine well conducted cohort 
studies (Forgie 1998). Patients who pre-donated blood were less likely to receive allogeneic 
blood but autologous donors were statistica lly more likely to undergo any kind of 
transfusion, allogeneic or autologous. This is to say that PABD reduced allogeneic blood 
exposure albeit increasing the total number of transfusion episodes. 

In another study, when the presenting  haemoglobin was 110-145g/L in men and 130-
145g/L in women, PABD was shown to reduce the expected number of patients exposed to 
allogeneic blood to less than 20% of the total (Hatzidakis 2000;Nuttall 2000). 

Over collection of blood is a problem with PA BD and often results in routine collection of 
more blood than is needed for the average patient(Keating 2002). When the presenting 
haemoglobin is between 110-145g/L (Voak 1994) PABD is unnecessary and limiting PABD 
to two units for joint replacement is usually sufficient to avoid most allogeneic blood 
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exposure(Bierbaum 1999;Churchill 1998). The magnitude and rate of patient response to 
compensatory erythropoiesis to replace lost red cells has also generally been 
overestimated(Goodnough 1999b) and can result in preoperative anaemia. A study of 225 
patients estimated that compensatory erythropoiesis resulted in preoperative red cell 
production of 351mls compared with a me an loss of 522mls from weekly donated 
autologous blood (Kasper 1997). The degree of compensatory erythropoiesis is also 
dependant on initial iron stores (Goodnough 1995)  and it may be necessary to supplement 
patients with iron.  

Although its use has increased substantially over the past decade, it can be associated 
with risks such as ischaemic events and complications severe enough to require 
hospitalization (Popovsky 1995). Although rare, bacterial contamination of stored 
autologous units can rarely cause sepsis and death (Dodd 1992; Roth 2000) and is also 
subject to all the potential clerical/procedural errors as allogeneic blood albeit avoiding 
the hazards of TTIs and immunological hazards associated with allogeneic transfusion. It 
also requires a weekly commitment from the patient and involves a weekly appointment 
at the donation site, in addition to staffing, other practical issues and related costs of the 
PABD programme. There have been reports of potential reduction in the risk of 
postoperative deep vein thrombosis in TKR (Anders 1996) and THR (Bae 2001) but the 
current evidence is too weak to confirm this. 

7.4 Acute normovolaemic haemodilution (ANH) 

This is the removal of whole blood and the restoration of blood volume with acellular fluid 
shortly before anticipated signif icant surgical blood loss. Mathematical models indicate that 
ANH is only suitable for a minority of patients (Kick 1997). These include healthy adults in 
whom a relatively low target haemoglobin, both intraoperatively and postoperatively is 
acceptable, with an anticipated blood loss of greater than 50% and a relatively high  
starting haemoglobin (Goodnough 1998). The maximum volume of blood that can be 
withdrawn depends on the preoperative haemoglo bin, the lowest acceptable intraoperative 
haemoglobin level and the estimated blood loss(Brecher  1997;Cohen 1995;Kick 1997).  

The real evidence for the benefit of ANH is  equivocal. A meta-analysis of ANH trials 
(Bryson 1998) found that allogeneic transfusion was reduced when more than 1000mls was 
withdrawn. There was a significant reduction in the average number of allogeneic units 
transfused, though not in the number of patients exposed to allogeneic blood. However, 
when trials without a transfusion protocol were  excluded from the analysis, no significant 
benefit was identified in terms of reducing allogeneic transfusion. 

7.4.1 ANH versus PABD 

A randomized study comparing the above two blood sparing strategies found no 
differences in either calculated red cell savings or exposure to allogeneic transfusion, 
prompting the authors to suggest  that ANH should be preferred to PABD on the basis of 
lower cost and less potential for transfusion errors (Monk 1998). However, issues of patient 
selection, theatre time, staff training and technical expertise and organisational issues that 
surround an effective ANH programme need to be factored into the equation.  
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�x Increase RBC production – erythropoietin 
�x Reduce bleeding – antifibrinolytics, topi cal haemostatic agents, recombinant factor 

VII 
�x Cell salvage 

�x Intraoperative 
�x Postoperative 

7.1 Surgical technique 

Adherence to prescribed guidelines for mainta ining haemostasis such as electrocautery and 
argon beam coagulation may reduce perioperative blood loss(Spence 1995). 

7.2 Anaesthetic techniques 

Specialist anaesthetic techniques such as hypotensive anaesthesia (Sharrock et al. 1993), 
regional anaesthesia (Carson 1998a; Dauphin 1997)  and euthermia (Schmied 1996; 
Schmied 1998) may reduce surgical bleeding in arthroplasty surgery. For example, in one 
study, a difference in mean arterial pressure of 10mmHg significantly reduced mean 
intraoperative blood loss from 263mls to 179mls on average in patients undergoing 
primary THR (Sharrock 1993). 

7.3 Preoperative autologous blood donation (PABD) 

This entails the patient donating a unit of blood every week for 3-5 weeks preoperatively. 
This has been demonstrated to be safe and effective in the elective surgical setting and is 
widely practiced in a number of countries. 20 years ago, less than 5% participated in PABD 
before elective surgery in the United States and Canada. Today it ranges from 50-75% 
depending on the centre (Goodnough 1999b). 

In orthopaedic surgery patients it has been used safely in elderly populations with diverse 
comorbidities (Kleinman 2000). However, it is recommended that patients should be 
stratified according to the risk of requiring a transfusion and should be considered if the 
likelihood of transfusion exceeds 50%. 

The effectiveness of PABD in reducing patient exposure to allogeneic blood has been 
studied in a meta-analysis of six randomized control trials and nine well conducted cohort 
studies (Forgie 1998). Patients who pre-donated blood were less likely to receive allogeneic 
blood but autologous donors were statistica lly more likely to undergo any kind of 
transfusion, allogeneic or autologous. This is to say that PABD reduced allogeneic blood 
exposure albeit increasing the total number of transfusion episodes. 

In another study, when the presenting  haemoglobin was 110-145g/L in men and 130-
145g/L in women, PABD was shown to reduce the expected number of patients exposed to 
allogeneic blood to less than 20% of the total (Hatzidakis 2000;Nuttall 2000). 

Over collection of blood is a problem with PA BD and often results in routine collection of 
more blood than is needed for the average patient(Keating 2002). When the presenting 
haemoglobin is between 110-145g/L (Voak 1994) PABD is unnecessary and limiting PABD 
to two units for joint replacement is usually sufficient to avoid most allogeneic blood 
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exposure(Bierbaum 1999;Churchill 1998). The magnitude and rate of patient response to 
compensatory erythropoiesis to replace lost red cells has also generally been 
overestimated(Goodnough 1999b) and can result in preoperative anaemia. A study of 225 
patients estimated that compensatory erythropoiesis resulted in preoperative red cell 
production of 351mls compared with a me an loss of 522mls from weekly donated 
autologous blood (Kasper 1997). The degree of compensatory erythropoiesis is also 
dependant on initial iron stores (Goodnough 1995)  and it may be necessary to supplement 
patients with iron.  

Although its use has increased substantially over the past decade, it can be associated 
with risks such as ischaemic events and complications severe enough to require 
hospitalization (Popovsky 1995). Although rare, bacterial contamination of stored 
autologous units can rarely cause sepsis and death (Dodd 1992; Roth 2000) and is also 
subject to all the potential clerical/procedural errors as allogeneic blood albeit avoiding 
the hazards of TTIs and immunological hazards associated with allogeneic transfusion. It 
also requires a weekly commitment from the patient and involves a weekly appointment 
at the donation site, in addition to staffing, other practical issues and related costs of the 
PABD programme. There have been reports of potential reduction in the risk of 
postoperative deep vein thrombosis in TKR (Anders 1996) and THR (Bae 2001) but the 
current evidence is too weak to confirm this. 

7.4 Acute normovolaemic haemodilution (ANH) 

This is the removal of whole blood and the restoration of blood volume with acellular fluid 
shortly before anticipated signif icant surgical blood loss. Mathematical models indicate that 
ANH is only suitable for a minority of patients (Kick 1997). These include healthy adults in 
whom a relatively low target haemoglobin, both intraoperatively and postoperatively is 
acceptable, with an anticipated blood loss of greater than 50% and a relatively high  
starting haemoglobin (Goodnough 1998). The maximum volume of blood that can be 
withdrawn depends on the preoperative haemoglo bin, the lowest acceptable intraoperative 
haemoglobin level and the estimated blood loss(Brecher  1997;Cohen 1995;Kick 1997).  

The real evidence for the benefit of ANH is  equivocal. A meta-analysis of ANH trials 
(Bryson 1998) found that allogeneic transfusion was reduced when more than 1000mls was 
withdrawn. There was a significant reduction in the average number of allogeneic units 
transfused, though not in the number of patients exposed to allogeneic blood. However, 
when trials without a transfusion protocol were  excluded from the analysis, no significant 
benefit was identified in terms of reducing allogeneic transfusion. 

7.4.1 ANH versus PABD 

A randomized study comparing the above two blood sparing strategies found no 
differences in either calculated red cell savings or exposure to allogeneic transfusion, 
prompting the authors to suggest  that ANH should be preferred to PABD on the basis of 
lower cost and less potential for transfusion errors (Monk 1998). However, issues of patient 
selection, theatre time, staff training and technical expertise and organisational issues that 
surround an effective ANH programme need to be factored into the equation.  
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ANH does have its advantages. In contrast to PABD, it does not require testing to screen for 
TTIs and is therefore less costly. There is virtually no risk of bacterial contamination or 
administrative error that could lead to blood group incompatibility and does not require 
additional time investment from patients to donate blood (Monk 1995). 

7.5 Erythropoietin (EPO) 

The effect of EPO in minimizing exposure to allogeneic blood compared to placebo has been 
studied in patients undergoing orthopaedi c (Faris 1998;Laupacis 1998), cardiac (Laupacis 
1998)  and colonic cancer surgery (Kettelhack 1998; Qvist 1999). In excess of 1000 patients 
were randomized and an overall significant reduction in allogeneic transfusion occurred in 
orthopaedic patients. Post-operative transfusion fell from between 40-60% in controls to 10-
20% in EPO treated patients. 

De Andrade et al (deAndrade, Jr. 1996) stratified 316 patients into those presenting with 
haemoglobins above and below 130g/L. In the EPO group a significant reduction (45-16%) 
in allogeneic transfusion rate was observed in those with a presenting haemoglobin of less 
than 130g/L as opposed to a non-significant reduction in patients with a haemoglobin of 
more than 130g/L. This finding has been conf irmed by subgroup analysis in other studies 
(Anon 1993;Faris 1996).  

In those with objections to allogeneic transfusion, for example Jehovah’s witnesses, EPO 
may have a significant role in preparing these patients for surgery involving substantial 
blood loss (Gaudiani  1991).  

Little evidence of side effects of EPO have been found(Faught 1998)  and no trial or meta-
analysis has been of sufficient power to detect important adverse effects at low incidence. In 
some studies concerns about increased risk of thrombosis were present in patients with a 
baseline haemoglobin of 130g/L but were similar to controls when the haemoglobin was 
100-130g/L (de Andrade, Jr. 1996). Due to perceived thrombotic risk and the risk of 
uncontrolled hypertension, trials involving EPO have had very strict entry criteria. Despite 
this, studies have suggested no major increased thrombotic or hypertensive risk (Faught 
1998). With a 50% rise in haematocrit during EPO treatment, some units recommend 
venesection. 

7.5.1 PABD and erythropoietin 

When PABD was used with EPO, a meta-analysis of 11 orthopaedic and cardiac randomized 
studies enrolling 825 patients found a statistically  significant decrease in the proportion of 
patients transfused with allogeneic blood (Laupacis 1997). EPO-supported PABD 
individuals are also able to donate significan tly more units than standard PABD (Mercuriali 
1998;Price 1996;Rau 1998) and also had a higher day-of-surgery haemoglobin level 
(Cazenave 1997;de Andrade 1997). However, adequate iron status must be maintained 
through supplementation in patien ts receiving EPO (Adamson 1994). 

7.6 Aprotinin 

Aprotinin has been investigated for hip and knee replacements (D'Ambrosio 1999;Hayes 
1996;Murkin 1995) and revisions (Murkin 1995), knee replacements (Thorpe 1994), spinal 
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surgery (Lentschener 1999) and tumour surgery (Capdevila 1998). A reduction in blood loss 
of between 25-60% was demonstrated. However, a Canadian study reported an increased 
risk of death in cardiac surgery patients treated with aprotinin compared with tranexamic 
acid and aminocaproic acid and this led to th e market suspension of  this drug(Fergusson 
2008). 

7.7 Antifibrinolytic drugs (Tranexamic acid and aminocaproic acid)  

These inhibit fibrinolysis by binding to the ly sine-binding sites of plasminogen to fibrin. 
They have been used in TKR patients who have had their operations under tourniquet 
control. In this situation, local fibrinolytic activity may be enhanced and may cause post-
operative bleeding on release of the tourniquet (Murphy 1993; Petaja 1987). A reduction in 
blood loss of between 43-54% as well as a significant reduction in the total number of units 
transfused and the number of patients exposed to allogeneic blood has been demonstrated 
in a series of randomized control studies where the antifibrinolytic drug was given prior to 
tourniquet release (Benoni 1995; Benoni 1996; Hiippala 1995; Hiippala 1997; Jansen 1999; 
Zohar 1999). Concerns about the potential risks of thrombosis (Hiippala 1997; Howes 1996) 
have not been borne out by these studies, but studies have been small. In clinical practice, 
their use is usually reserved for those patients where other blood sparing techniques cannot 
be used and where major blood loss is anticipated. 

7.8 Desmopressin (DDAVP) 

This has been used to prevent bleeding in other types of surgery but has had no effect on 
reducing blood loss or allogeneic transfusion requirements in THR or TKR (Karnezis 1994; 
Schott 1995). 

7.9 Topical haemostatic agents 

Topically active agents that have been used include thrombin, collagen and fibrin glue. A 
gelatin matrix containing thrombin was shown to stop bleeding in cardiac surgery patients 
within 10 minutes in 94% of patients(Oz 2000). Fibrin glue made with highly concentrated 
human fibrinogen and clotting factors does not depe nd on platelet or clotting factor levels to 
be effective. The use of fibrin tissue adhesive has been shown to significantly reduce mean 
postoperative blood loss from 878-360mls in TKR (Levy 1999).  

7.10 Recombinant factor VIIa  

Recombinant factor VII is produced from a line of baby hamster kidney cells with an amino 
acid sequence identical to that of endogenous factor VII (Thim 1988) and becomes active 
after forming a complex with tissue factor. Follo wing this factors IX and X are activated and 
a thrombin burst is induced, leading to a quicker formation of a fibrin clot at the site of 
vascular injury (Rizoli 2006), and also binds to the surface of thrombin-activated platelets, 
activating factor X directly independent of tissue factor (Monroe 1997).  

In Europe, recombinant factor VII (rVIIa) has b een licensed for the treatment of and for the 
prevention of further bleeding episodes in patients with congenital haemophilia with 
inhibitors to coagulation factors VIII or IX, patients with congenital haemophilia who are 
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ANH does have its advantages. In contrast to PABD, it does not require testing to screen for 
TTIs and is therefore less costly. There is virtually no risk of bacterial contamination or 
administrative error that could lead to blood group incompatibility and does not require 
additional time investment from patients to donate blood (Monk 1995). 

7.5 Erythropoietin (EPO) 

The effect of EPO in minimizing exposure to allogeneic blood compared to placebo has been 
studied in patients undergoing orthopaedi c (Faris 1998;Laupacis 1998), cardiac (Laupacis 
1998)  and colonic cancer surgery (Kettelhack 1998; Qvist 1999). In excess of 1000 patients 
were randomized and an overall significant reduction in allogeneic transfusion occurred in 
orthopaedic patients. Post-operative transfusion fell from between 40-60% in controls to 10-
20% in EPO treated patients. 

De Andrade et al (deAndrade, Jr. 1996) stratified 316 patients into those presenting with 
haemoglobins above and below 130g/L. In the EPO group a significant reduction (45-16%) 
in allogeneic transfusion rate was observed in those with a presenting haemoglobin of less 
than 130g/L as opposed to a non-significant reduction in patients with a haemoglobin of 
more than 130g/L. This finding has been conf irmed by subgroup analysis in other studies 
(Anon 1993;Faris 1996).  

In those with objections to allogeneic transfusion, for example Jehovah’s witnesses, EPO 
may have a significant role in preparing these patients for surgery involving substantial 
blood loss (Gaudiani  1991).  

Little evidence of side effects of EPO have been found(Faught 1998)  and no trial or meta-
analysis has been of sufficient power to detect important adverse effects at low incidence. In 
some studies concerns about increased risk of thrombosis were present in patients with a 
baseline haemoglobin of 130g/L but were similar to controls when the haemoglobin was 
100-130g/L (de Andrade, Jr. 1996). Due to perceived thrombotic risk and the risk of 
uncontrolled hypertension, trials involving EPO have had very strict entry criteria. Despite 
this, studies have suggested no major increased thrombotic or hypertensive risk (Faught 
1998). With a 50% rise in haematocrit during EPO treatment, some units recommend 
venesection. 

7.5.1 PABD and erythropoietin 

When PABD was used with EPO, a meta-analysis of 11 orthopaedic and cardiac randomized 
studies enrolling 825 patients found a statistically  significant decrease in the proportion of 
patients transfused with allogeneic blood (Laupacis 1997). EPO-supported PABD 
individuals are also able to donate significan tly more units than standard PABD (Mercuriali 
1998;Price 1996;Rau 1998) and also had a higher day-of-surgery haemoglobin level 
(Cazenave 1997;de Andrade 1997). However, adequate iron status must be maintained 
through supplementation in patien ts receiving EPO (Adamson 1994). 

7.6 Aprotinin 

Aprotinin has been investigated for hip and knee replacements (D'Ambrosio 1999;Hayes 
1996;Murkin 1995) and revisions (Murkin 1995), knee replacements (Thorpe 1994), spinal 
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surgery (Lentschener 1999) and tumour surgery (Capdevila 1998). A reduction in blood loss 
of between 25-60% was demonstrated. However, a Canadian study reported an increased 
risk of death in cardiac surgery patients treated with aprotinin compared with tranexamic 
acid and aminocaproic acid and this led to th e market suspension of  this drug(Fergusson 
2008). 

7.7 Antifibrinolytic drugs (Tranexamic acid and aminocaproic acid)  

These inhibit fibrinolysis by binding to the ly sine-binding sites of plasminogen to fibrin. 
They have been used in TKR patients who have had their operations under tourniquet 
control. In this situation, local fibrinolytic activity may be enhanced and may cause post-
operative bleeding on release of the tourniquet (Murphy 1993; Petaja 1987). A reduction in 
blood loss of between 43-54% as well as a significant reduction in the total number of units 
transfused and the number of patients exposed to allogeneic blood has been demonstrated 
in a series of randomized control studies where the antifibrinolytic drug was given prior to 
tourniquet release (Benoni 1995; Benoni 1996; Hiippala 1995; Hiippala 1997; Jansen 1999; 
Zohar 1999). Concerns about the potential risks of thrombosis (Hiippala 1997; Howes 1996) 
have not been borne out by these studies, but studies have been small. In clinical practice, 
their use is usually reserved for those patients where other blood sparing techniques cannot 
be used and where major blood loss is anticipated. 

7.8 Desmopressin (DDAVP) 

This has been used to prevent bleeding in other types of surgery but has had no effect on 
reducing blood loss or allogeneic transfusion requirements in THR or TKR (Karnezis 1994; 
Schott 1995). 

7.9 Topical haemostatic agents 

Topically active agents that have been used include thrombin, collagen and fibrin glue. A 
gelatin matrix containing thrombin was shown to stop bleeding in cardiac surgery patients 
within 10 minutes in 94% of patients(Oz 2000). Fibrin glue made with highly concentrated 
human fibrinogen and clotting factors does not depe nd on platelet or clotting factor levels to 
be effective. The use of fibrin tissue adhesive has been shown to significantly reduce mean 
postoperative blood loss from 878-360mls in TKR (Levy 1999).  

7.10 Recombinant factor VIIa  

Recombinant factor VII is produced from a line of baby hamster kidney cells with an amino 
acid sequence identical to that of endogenous factor VII (Thim 1988) and becomes active 
after forming a complex with tissue factor. Follo wing this factors IX and X are activated and 
a thrombin burst is induced, leading to a quicker formation of a fibrin clot at the site of 
vascular injury (Rizoli 2006), and also binds to the surface of thrombin-activated platelets, 
activating factor X directly independent of tissue factor (Monroe 1997).  

In Europe, recombinant factor VII (rVIIa) has b een licensed for the treatment of and for the 
prevention of further bleeding episodes in patients with congenital haemophilia with 
inhibitors to coagulation factors VIII or IX, patients with congenital haemophilia who are 



 
Blood Transfusion in Clinical Practice 44

expected to have a high anamnestic response to factor VIII or IX administration, patients 
with acquired haemophilia, patients with congen ital factor VII deficiency and some patients 
with Glanzman’s thromboaesthenia with past/p resent resistance to platelet transfusions 
(Rodriguez-Merchan 2004). Although life expectancy in haemophiliac patients is now 
getting closer to that of the normal population  (Darby 2007), the significant burden of joint 
disease does have an impact on their quality of life (Scalone 2006), with problems such as 
joint instability, muscle atro phy and flexion contractures  (Gringeri  2003). One study 
showed that 24% of males with haemophilia aged 14-35years were reliant on a wheelchair 
(Morfini 2007). 

Data from an international series of 108 patients of elective orthopaedic surgery performed in 
seven countries revealed that 19% were involved in hip and knee arthroplasty. 80% had good 
results with a further 5% having fair results reported (Rodriguez-Merchan 2004). Another 
study of patients given an initial bolus dose followed by a continuous infusion revealed an 
overall good final outcome in all cases (Ludlam 2003). The optimal dose and whether bolus or 
infusions are better still remains to be established (Obergfell 2008). The outcome of 10 major 
orthopaedic operations in five comprehensive care centres in the United Kingdom and Ireland 
in haemophilia patients has shown good results with bolus doses (Giangrande 2009). 
Intraoperative haemostasis was found to be satisfactory in all 10 operations. Two cases had 
postoperative bleeding episodes one of which was managed with an increased bolus dose of 
rVIIa and the other with an addition of tranexam ic acid and the final results were reported as 
excellent or extremely satisfactory in all cases (Giangrande 2009).  

Elective major orthopaedic surgery in patients with haemophilia should be undertaken in 
comprehensive care centres that have the multidisciplinary expertise and facilities according 
to the consensus protocols (Giangrande 2009). Management in these centres have 
demonstrated a survival benefit compared to  non-specialist centres (Soucie 2000). Topical 
application of fibrin sealant during the intraoperative period to minimize capillary ooze and 
the use of vasoconstrictors and antifibrinolyti cs can be used to enhance the effect of rVIIa 
and improve haemostasis (Schulman 1998). Activated prothrombin complex concentrate 
(aPCC) has also been used to cover surgical procedures in haemophilia patients with 
inhibitors (Dimichele 2006;Goudemand 2004;Hvid 2002;Negrier 1997;Tjonnfjord 2004) and 
data suggests similar efficacy to rVIIa, albeit having the risk of an anamnestic rise in 
antibody titre (Schulman 1998), a risk not present with rVIIa. Current guidelines give equal 
merit to rVIIa and aPCC in managing bleedin g in haemophilia (Hay 2006). Costs to cover 
this type of surgery can be prohibitive although they may be recovered in the long term 
through abolition of bleeding episodes. One pharmacokinetic study calculating the break-
even time (time after surgery when cost is completely offset by savings resulting from 
avoiding bleeding episodes) ranging from 5-9 years (Lyseng-Williamson 2007). 

Recombinant factor VII has also been used to treat coagulopathic trauma patients. rVIIa 
functions by triggering an enha nced coagulation response dependant on multiple agents in 
the clotting cascade. Thus, to increase its efficacy, the mechanisms that lead to coagulopathy 
in trauma patients need to be corrected before its administration, including administering 
FFP and maintaining fibrinogen levels at >0.1mg/dL using cryoprecipitate and platelet 
transfusions to maintain platelet count > 50,000/mm 3, correcting hypothermia and acidosis 
(Gunter, Jr 2008; Holcomb 2008; Meng  2003; Sperry 2008). In two parallel randomized 
placebo- controlled blinded studies of 301 patients experiencing blunt or penetrating 
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trauma, patients with blunt trauma who were managed with rVIIa required fewer PRBC 
transfusions than patients randomized to pl acebo. The need for massive transfusion was 
also significantly reduced in these patients (Boffard 2005). Two other trials have also 
demonstrated a decreased mortality in trauma patients who received rVIIa. In the combat 
setting, 30 day mortality in patients requiring massive transfusion was reduced from 51% to 
31% (Spinella 2008). A mortality benefit has also been demonstrated in the civilian major 
trauma setting in patients requiring massive transfusion secondary to trauma (Rizoli 2006). 
In the military setting, some of the proposed  criteria for the use of factor rVIIa are 
haemorrhage induced hypotension, base deficit of >6mEq/L, difficult to control bleeding 
associated with hypothermia, clinically coagul opathic bleeding or INR > 1.5, the need for 
damage control measures, the need for fresh whole blood, anticipated or actual PRBC 
transfusion of > 4 units or significant surgical haemorrhage (Nessen  2008) and some of 
these may well  be indications for rVIIa in the civilian setting as well (Holcomb  2007). 

Complications of rVIIa in the trauma setting have also been studied with 9.4% experiencing 
thrombotic complications (Boffard  2005). This contraindicates it in patients with symptomatic 
vaso-occlusive disease (angina, claudication, deep venous thrombosis, pulmonary embolism, 
cerebral or myocardial infarction) within 30 days prior to traumatic injury.  

8. Cell salvage 

Cell salvage has been shown to have some benefit in reducing the exposure to allogeneic 
blood. Seven orthopaedic trials with a total of 427 patients between them reported on data for 
volume of allogeneic blood transfused. For the patients that were randomized to cell salvage, 
there was an average saving of 0.82 units of red blood cells per patient (Carless 2010). 

The Cochrane Collaboration review which includ ed 67 cell salvage trials in both cardiac and 
orthopaedic surgery with a total of 6025 patien ts, indicated that overall, the use of cell 
salvage reduced the rate of allogeneic blood transfusion by a relative 38%, although 
heterogeneity between studies was significant (Carless 2010). Of the trials included in the 
Cochrane review, 32 involved orthopaedic surg ery, demonstrating a larger reduction in 
orthopaedic trials than any other trials with regards to the number of patients exposed to 
red blood cell transfusion (Carless 2010). When cell salvage was used in orthopaedic 
surgery, the risk of exposure to allogeneic transfusion was reduced by 54% compared to 
only 22% in cardiac surgery. 

8.1 Intra-operative cell salvage 

This is intra-operative collection of cells that are washed prior to retransfusion. Larger volumes 
can be transfused in comparison to post-operative blood salvage (Goodnough 1999b;Paravicini 
1983) with cell washing devices being able to provide the equivalent of 10 units of blood per 
hour. This can be used in patients with substantial blood loss in major orthopaedic surgery, 
providing less costly, immediately available blood (Goodnough 1999b).  

However, there is a considerable capital cost of the basic equipment and it is estimated that at 
least two units need to be recovered per patient for it to be cost effective to run(Goodnough 
1999b). The recommendation is to use it in patients where intra-operative blood loss of 1000-
1500mls is anticipated (Gargaro 1991;Schmied 1998;Slagis 1991;Wilson 1989). It can be used in 
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expected to have a high anamnestic response to factor VIII or IX administration, patients 
with acquired haemophilia, patients with congen ital factor VII deficiency and some patients 
with Glanzman’s thromboaesthenia with past/p resent resistance to platelet transfusions 
(Rodriguez-Merchan 2004). Although life expectancy in haemophiliac patients is now 
getting closer to that of the normal population  (Darby 2007), the significant burden of joint 
disease does have an impact on their quality of life (Scalone 2006), with problems such as 
joint instability, muscle atro phy and flexion contractures  (Gringeri  2003). One study 
showed that 24% of males with haemophilia aged 14-35years were reliant on a wheelchair 
(Morfini 2007). 

Data from an international series of 108 patients of elective orthopaedic surgery performed in 
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results with a further 5% having fair results reported (Rodriguez-Merchan 2004). Another 
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the clotting cascade. Thus, to increase its efficacy, the mechanisms that lead to coagulopathy 
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trauma, patients with blunt trauma who were managed with rVIIa required fewer PRBC 
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vaso-occlusive disease (angina, claudication, deep venous thrombosis, pulmonary embolism, 
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red blood cell transfusion (Carless 2010). When cell salvage was used in orthopaedic 
surgery, the risk of exposure to allogeneic transfusion was reduced by 54% compared to 
only 22% in cardiac surgery. 
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This is intra-operative collection of cells that are washed prior to retransfusion. Larger volumes 
can be transfused in comparison to post-operative blood salvage (Goodnough 1999b;Paravicini 
1983) with cell washing devices being able to provide the equivalent of 10 units of blood per 
hour. This can be used in patients with substantial blood loss in major orthopaedic surgery, 
providing less costly, immediately available blood (Goodnough 1999b).  

However, there is a considerable capital cost of the basic equipment and it is estimated that at 
least two units need to be recovered per patient for it to be cost effective to run(Goodnough 
1999b). The recommendation is to use it in patients where intra-operative blood loss of 1000-
1500mls is anticipated (Gargaro 1991;Schmied 1998;Slagis 1991;Wilson 1989). It can be used in 
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pelvic surgery and revision arthroplasty where infection has been ruled out and should not be 
used in bacterial contamination or  tumour surgery (Napier 1997).  

8.2 Post-operative cell salvage 

This involves collecting blood from surgical dr ains followed by retransfusion. The blood is 
filtered to eliminate larger aggregates but not bacteria (Gannon 1991; Kristensen 1992; 
Martin 1992). Complications of unwashed blood have included hypertension, hypothermia, 
upper airway oedema and coagulopathy (Southern 1995). Because the recovered blood is 
diluted, defibrinated and partially haemolysed and contains cytokines, there is generally a 
threshold of blood that can be transfused by this method. This is usually not more than 
1500mls. The risk of bacterial contamination/infective colonization increases with time and 
it is generally recommended that recovered blood should not be transfused later than six 
hours after collection. The safety and efficacy of post-operative cell salvage also remains 
somewhat controversial (Faris 1991;Ritter 1994)  and due to high cost and questionable 
benefit, some have recommended its use to be limited to cases in which a large post-
operative blood loss is anticipated.  

However, studies have shown that it can reduce exposure to allogeneic blood if no 
autologous pre-donated blood is available (Ayers 1995;Knight 1998;Newman 1997) and may 
further reduce allogeneic exposure when autologous blood is available (Xenakis 1997). Forty 
six trials in the Cochrane review reported the use of post-operative cell salvage and included 
4361 patients. 2209 were randomized to post-operative cell salvage. The risk of allogeneic 
blood exposure was reduced on average by 37% in those patients treated with post-
operative cell salvage compared to controls. However, significant heterogeneity was present 
amongst the studies included.  

8.3 Washed versus unwashed blood 

27 trials in the Cochrane review studied washed cell salvage while 40 investigated 
unwashed cell salvage. Overall when cell salvage was conducted with devices that washed 
the blood, the relative risk of exposure to red cell transfusion was only marginally lower 
than that with unwashed bl ood salvage and for orthopaedic trials, this difference was 
insignificant (Carless 2010). Again these results must be interpreted with caution due to 
significant heterogeneity between studies. 

8.4 Volume of blood transfused 

32 trials reported on the volume of allo geneic blood transfused and included 2321 
orthopaedic and cardiac patients. 1172 patients were randomized to cell salvage. Although 
overall, the use of cell salvage reduced the volume of red cells transfused by 0.68 units, 
greater reductions than this were observed in trials involving orthopaedic surgery 
compared to cardiac surgery (Carless 2010). 

8.5 Other complications 

It has been thought that post-operative cell salvage may increase the rate of infection and 
wound complications in orthopaedic surgery. Th is has not been borne out in the 16 trials 
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involving 1462 patients of whom 1011 were randomized to cell salvage (Carless 2010). 
Likewise, the relative risk of developing an y thrombus including deep vein thrombosis, 
stroke and non-fatal myocardial infarction in patients treated with cell salvage was not 
significantly different compared to controls (Carless 2010). 

Principle findings from the systematic review appear to suggest that the efficacy of cell 
salvage in reducing the need for allogeneic transfusion appear to be greatest in the setting of 
orthopaedic surgery where the ri sk of exposure to allogeneic transfusion was reduced by 
54% compared to 23% in cardiac surgery. However, these results should be interpreted with 
caution as most of the trials were un-blinded leading to a potential source of bias in favour 
of cell salvage, in addition to heterogeneity between the studies considered (Carless 2010). 

8.6 Cost considerations 

A recent cost effectiveness analysis indicated that cell salvage was cost effective compared to 
all other transfusion strategies except ANH (Davies 2006). The study indicated that the net 
benefit of cell salvage was between £112 and £359 per person, compared with the allogeneic 
blood transfusion strategy, PABD, PABD and EPO, Fibrin sealants, antifibrinolytics and 
EPO. It also estimated a blood saving of between 6,500 and 320,000 units of allogeneic blood 
per year (Davies 2006). The economic viability of cell salvage has been suggested by other 
studies as well (Mirza 2007). However, cost analysis should also be interpreted with caution 
as in many instances, neither the cost of the technology/manpower needed to execute this 
activity have been taken into account, nor have the capital cost of the cell saver devices.  

9. Conclusions 

Orthopaedic surgery often involves a substantial volume of blood loss. Blood is a scarce 
resource and developing a rational approach to transfusion in orthopaedic surgery involves 
the following: 

�x Individual assessment of patient risk for transfusion 
�x Estimating anticipated blood loss 
�x Pre-operative haemoglobin assessment 
�x Determining patient-specific transfusion tri ggers according to age, risk factors and 

comorbidities 
�x Optimizing operative and anaesthetic techniques 
�x Developing transfusion practice standards and institutional guidelines 
�x Determining the most appropriate blood conser vation technique or option according to 

individual patient characteri stics, operation and circumstances and local protocols and 
resources 

The true value of avoiding allogeneic blood transfusion remains debateable. However, 
concerns over the safety of allogeneic transfusion have led to the development of new 
techniques of blood conservation. Preoperative assessment of estimated blood loss and 
transfusion risk and consideration of alternatives to allogeneic blood are now key to 
optimizing blood management. The growing evidence on the efficacy of transfusion triggers 
means that a more conservative approach to transfusion is recommended in patients with 
cardiovascular risk factors (Carson 1998b;Carson 2002). However, surgeons must be 
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pelvic surgery and revision arthroplasty where infection has been ruled out and should not be 
used in bacterial contamination or  tumour surgery (Napier 1997).  

8.2 Post-operative cell salvage 

This involves collecting blood from surgical dr ains followed by retransfusion. The blood is 
filtered to eliminate larger aggregates but not bacteria (Gannon 1991; Kristensen 1992; 
Martin 1992). Complications of unwashed blood have included hypertension, hypothermia, 
upper airway oedema and coagulopathy (Southern 1995). Because the recovered blood is 
diluted, defibrinated and partially haemolysed and contains cytokines, there is generally a 
threshold of blood that can be transfused by this method. This is usually not more than 
1500mls. The risk of bacterial contamination/infective colonization increases with time and 
it is generally recommended that recovered blood should not be transfused later than six 
hours after collection. The safety and efficacy of post-operative cell salvage also remains 
somewhat controversial (Faris 1991;Ritter 1994)  and due to high cost and questionable 
benefit, some have recommended its use to be limited to cases in which a large post-
operative blood loss is anticipated.  

However, studies have shown that it can reduce exposure to allogeneic blood if no 
autologous pre-donated blood is available (Ayers 1995;Knight 1998;Newman 1997) and may 
further reduce allogeneic exposure when autologous blood is available (Xenakis 1997). Forty 
six trials in the Cochrane review reported the use of post-operative cell salvage and included 
4361 patients. 2209 were randomized to post-operative cell salvage. The risk of allogeneic 
blood exposure was reduced on average by 37% in those patients treated with post-
operative cell salvage compared to controls. However, significant heterogeneity was present 
amongst the studies included.  

8.3 Washed versus unwashed blood 

27 trials in the Cochrane review studied washed cell salvage while 40 investigated 
unwashed cell salvage. Overall when cell salvage was conducted with devices that washed 
the blood, the relative risk of exposure to red cell transfusion was only marginally lower 
than that with unwashed bl ood salvage and for orthopaedic trials, this difference was 
insignificant (Carless 2010). Again these results must be interpreted with caution due to 
significant heterogeneity between studies. 

8.4 Volume of blood transfused 

32 trials reported on the volume of allo geneic blood transfused and included 2321 
orthopaedic and cardiac patients. 1172 patients were randomized to cell salvage. Although 
overall, the use of cell salvage reduced the volume of red cells transfused by 0.68 units, 
greater reductions than this were observed in trials involving orthopaedic surgery 
compared to cardiac surgery (Carless 2010). 

8.5 Other complications 

It has been thought that post-operative cell salvage may increase the rate of infection and 
wound complications in orthopaedic surgery. Th is has not been borne out in the 16 trials 
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involving 1462 patients of whom 1011 were randomized to cell salvage (Carless 2010). 
Likewise, the relative risk of developing an y thrombus including deep vein thrombosis, 
stroke and non-fatal myocardial infarction in patients treated with cell salvage was not 
significantly different compared to controls (Carless 2010). 

Principle findings from the systematic review appear to suggest that the efficacy of cell 
salvage in reducing the need for allogeneic transfusion appear to be greatest in the setting of 
orthopaedic surgery where the ri sk of exposure to allogeneic transfusion was reduced by 
54% compared to 23% in cardiac surgery. However, these results should be interpreted with 
caution as most of the trials were un-blinded leading to a potential source of bias in favour 
of cell salvage, in addition to heterogeneity between the studies considered (Carless 2010). 

8.6 Cost considerations 

A recent cost effectiveness analysis indicated that cell salvage was cost effective compared to 
all other transfusion strategies except ANH (Davies 2006). The study indicated that the net 
benefit of cell salvage was between £112 and £359 per person, compared with the allogeneic 
blood transfusion strategy, PABD, PABD and EPO, Fibrin sealants, antifibrinolytics and 
EPO. It also estimated a blood saving of between 6,500 and 320,000 units of allogeneic blood 
per year (Davies 2006). The economic viability of cell salvage has been suggested by other 
studies as well (Mirza 2007). However, cost analysis should also be interpreted with caution 
as in many instances, neither the cost of the technology/manpower needed to execute this 
activity have been taken into account, nor have the capital cost of the cell saver devices.  

9. Conclusions 

Orthopaedic surgery often involves a substantial volume of blood loss. Blood is a scarce 
resource and developing a rational approach to transfusion in orthopaedic surgery involves 
the following: 

�x Individual assessment of patient risk for transfusion 
�x Estimating anticipated blood loss 
�x Pre-operative haemoglobin assessment 
�x Determining patient-specific transfusion tri ggers according to age, risk factors and 

comorbidities 
�x Optimizing operative and anaesthetic techniques 
�x Developing transfusion practice standards and institutional guidelines 
�x Determining the most appropriate blood conser vation technique or option according to 

individual patient characteri stics, operation and circumstances and local protocols and 
resources 

The true value of avoiding allogeneic blood transfusion remains debateable. However, 
concerns over the safety of allogeneic transfusion have led to the development of new 
techniques of blood conservation. Preoperative assessment of estimated blood loss and 
transfusion risk and consideration of alternatives to allogeneic blood are now key to 
optimizing blood management. The growing evidence on the efficacy of transfusion triggers 
means that a more conservative approach to transfusion is recommended in patients with 
cardiovascular risk factors (Carson 1998b;Carson 2002). However, surgeons must be 
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discriminating in the method of blood spar ing strategy used by carefully considering 
individual patient condition, specific surgical  practices and potential for adverse events. The 
choice of intervention that best minimizes pa tient exposure to allogeneic blood transfusion 
is not clear cut with the current evidence. The evidence and safety of ANH and PABD is 
generally regarded as being of indifferent quality due to lack of blinding outcomes and 
heterogeneity between studies. However, they have been shown to have blood sparing 
effects. Cell salvage appears to be justified in orthopaedic surgery al though again there is 
significant heterogeneity between existing studie s. Surgeon preference, availability and cost 
primarily determine what alternative to allogeneic blood transfusion is used. Large 
multicentre randomized studies are needed to answer questions about the safety and 
efficacy of the various alternatives to allogeneic blood transfusion.  
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1. Introduction 

Clinical research has identified blood tran sfusion as an independent risk factor for 
immediate and long-term adverse outcomes, including an increased risk of death, 
myocardial infarction, stroke, renal failu re, infection and malignancy (Rawn, 2008). 

Blood transfusion is however widely used in  orthopedic surgery although the performed 
surgery is mostly elective. Since the surgeries can, in the majority of cases, be planned ahead 
it is possible to reduce the use of blood and blood products by planning their use as well. 

In the past few years substantial steps have been taken to reduce the need for blood 
transfusion. The reduction of blood transfusion can be accomplished by several methods, 
the most successful of which seems to be a combination of different methods available. (van 
Erve, 2008). It is best to speak of blood management, which is the philosophy to improve 
patient outcomes by integrating all available techniques to reduce or eliminate allogeneic 
blood transfusions (Seeber & Shander, 2007). It should be a patient-centered, 
multidisciplinary, multimodal, planned approa ch to patient care (Seeber & Shander, 2007). 

In order to reduce the use of blood in orthoped ic surgery the following separate steps can be 
identified. First the patients can be optimized before surgery. Second, the use of blood 
conserving techniques during surgery is to be applied. These steps are considered as 
Anaemia and Hemostasis Management. Third, the transfusion triggers can be set as low as 
possible (Appropriate transfusion practices). Finally, the use of re-transfusion of drainage 
fluids from the surgical wound can be used (B lood conservation). All these measures should 
improve patient outcomes. Figure 1 illustrates the interconnection of the different parts of 
blood management. 

In orthopedic surgery the above steps are relatively easy to carry out for there is sufficient 
time to organize them around the individual patient. 

We will discuss all possible measures to be taken to reduce the use of allogeneic blood in 
orthopedic surgery. 

2. Autologous transfusion 

Patients can be encouraged to donate their own blood prior to surgery (pre-donation). The 
use of this technique is limited to surgery th at can be planned ahead as it needs adequate 
planning and time to restore the hemoglobin level while the blood should not be taken too 
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Fig. 1. Organogram as proposed by the Society for the Advancement of Blood Management 
(SABM) 

early in order to have adequate red cell quality. The storage time of the patient’s own red 
cells is the same as for allogeneic transfusions. Pre-donation should be done no more than 40 
days before surgery because the storage time of red cells is limited and known to be of 
utmost importance to the quality of the cells. As most of the surgery done in orthopedics is 
elective, especially in adult reconstruction, this technique is highly suitable. In trauma 
surgery this technique is less feasible because of the lack of time to schedule it and the acute 
need for blood in most major trauma. In trauma surgery other techniques should be used to 
avoid the use of allogeneic blood. We will discuss these techniques later in this chapter.  

Although pre-donated blood is safer than allogeneic  blood it is not risk free and besides it is 
expensive (Domen, 1996). According to Domen the costs per saved quality adjusted life year 
may be as high as 1 million dollars. Vamvakas and Pineda found the cost effectiveness of 
pre-donation to be between 2,470 and 3,400,000 dollars per quality adjusted life year saved. 
The costs of predonation are high because the needs for collection, storage and avoidance of 
transfusion errors are expensive as well (Vamvakas & Pineda, 2000).  

A specialized organization for the use of autologous blood is imperative for the blood has to 
be specially assigned to every patient individu ally. For each patient to be assigned his/her 
own blood an extensive security system is required to reduce the ri sk of interchanging  
blood between patients. This makes such a practice expensive. In order to avoid transfusion 
errors the safety measures for this type of autologous donation have to be the same as for 
allogeneic transfusion. Its use is therefore limited to hospitals with their own blood banks 
guaranteeing the safety of the blood harvested from the patients and used for their own re-
transfusion when needed.  

As the donated blood is not extensively tested for transferable diseases, nor typed and 
screened, the blood harvested from one patient cannot be used for other patients. Domen 
found in 1996 that only half of the autologous units collected are actually used. The amount 
actually needed might even be smaller because physicians in attendance may judge it a 
waste of good blood not to return the donate d blood to the patient, thus giving more 
transfusions than strictly necessary using restrictive transfusion triggers (Domen, 1996).  
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Pre-donation includes the risks associated with blood donation in general. In fact all the 
signs of anemia can occur, dependent on the amount of blood donated and thus on the 
extent of the surgery planned. The pre-donation procedur e introduces an acute iron 
deficiency anemia with all possible sign and symptoms. Especially in the elderly population, 
which in orthopedic surgery is the main targ et group, symptoms may occur. The expected 
symptoms are fatigue, headaches, faintness, breathlessness, angina, intermittent 
claudication and palpitations. The claudication will occur in a relative high percentage of 
the population for many of the orthopedic pati ents have vascular problems too. Because the 
pre-donation introduces an iron deficiency anemia it is to be accompanied by iron infusions 
or erythropoetin to enhance the production of erythrocytes in order to have the hemoglobin 
and the hematocrit at an appropriate level before surgery. 

3. Pre-operative medication 

The percentage of patients for major elective orthopedic surgery presenting with marked 
anemia is 10.5%, using the World Health Organisation (WHO) criteria (Bisbe et al., 2008), 
while Bierbaum et al found up to 35% hemoglobin  levels of 13g/dl or less in patients in the 
USA (Bierbaum et al., 1999). According to several studies (Goodnough et al., 2011), the 
postoperative mortality and morbidity increase while the postoperative functional recovery 
and the quality of life is impaired in the presen ce of a preoperative anemia (Beattie et al., 
2009; Conlon et al., 2008; Gruson et al., 2002). 

Preoperative medication can be prescribed to enhance the amount of erythrocytes in the 
circulation. This can be combined with the previously described pre-donation but can be 
used separately as well. The trigger for the use of preoperative medication is set to 13.2 g/dl 
or lower (Goldberg MA et al., 1996). This threshold has to be taken into account to avoid 
introducing the risk of polycythaemia. If polycy taemia is introduced th e risk for thrombosis, 
haemorrhage and cardiac failure increases. Although the in crease of thrombotic or other 
complications has never been proven (De Andrade et al., 1996; Faris et al., 1996), the risk for 
thrombosis in orthopedic surgery is high enou gh without it being increased by medication, 
especially in  hip and knee reconstructive surgery. 

Mainly two types of drugs are used; iron and erythropoietin. We will describe these 
medications below. 

3.1 Iron  

Intravenous iron can be used to boost the production of erythrocytes and is a component of 
autotransfusion practice. Especially in pre-donation it is extensively used. It is relatively safe 
and cheap medication though patients have to be admitted to hospital for the intravenous 
application. The adverse drug events have been studied by Johnson-Wimbley & Graham 
and Chertow et al. Some of the additional reported adverse events associated with iron 
preparations in their studies were hypotensio n, arthralgias, myalgias, malaise, abdominal 
pain, nausea, and vomiting. These non life-threatening adverse reactions were more 
commonly associated with iron dextran and le ss so with iron sucrose or sodium ferric 
gluconate (50%, 36%, 35%, respectively) (Johnson-Wimbley & Graham, 2011). The absolute 
rates of life-threatening adverse drug events were 0.6, 0.9, 3.3 and 11.3 per million for iron 
sucrose, sodium ferric gluconate complex, lower molecular weight iron dextran and higher 
molecular weight iron dextran, respectively (Chertow et al., 2006). 
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In an elaborate review Chritchley & Yenal foun d adverse events to be rare with slightly 
higher numbers in high molecular weight iron  dextran than in low molecular weight iron 
dextran (Critchley & Yenal, 2007). 

The use of oral iron and of intravenous iron is being intensely studied at the moment. The 
Society for the Advancement of Blood Management publishes weekly articles of interest in 
his field at its website (www.SABM.org) 

The efficacy of preoperative iron supplemen tation is mounting. A study of 569 patients 
undergoing colorectal cancer surgery found that among the 116 patients who were anemic, 
intraoperative transfusion was needed in a significantly lower proportion of those who 
received 2 weeks of preoperative oral iron supplementation (200 mg) compared with those 
who received no iron therapy (9.4% vs 27.4%; P < .05) (Okuyama et al, 2005).  

According to Serrano-Trenas et al. intra-operatively iron infusion can be administered as 
successfully as preoperative iron infusions. They compared iron sucrose in hip fracture 
patients with no iron suppletion and found redu ced transfusion requirements in patients with 
intra-capsular fractures and in those with hemogl obin levels of 12g/dl or more if given 600 mg 
intravenous iron during the operation (Serrano-Trenas et al., 2011),. They found no difference 
in mortality, morbidity or length of hospit al stay, however (Serrano-Trenas et al., 2011). 

3.2 Erythropoietin 

Erythopoietin (EPO) is a glycoprotein horm one normally produced in the kidney. The 
renocortical interstitial cells secrete it in response to reduced oxygen tension in the blood. 
Erythropoietin functions in the recruitment and differentiation of erythroid progenitor cells, 
aids in their maintenance and survival, and stimulates the synthesis of Hb (Ersley, 1991). 
The synthetic Epoetin alfa, the most used administered form of EPO available, is identical to 
endogenous erythropoietin in its amino acid sequence and biologic activity (Figure 2).  

 
Fig. 2. Eprex molecule, a synthetic erythropoietin alpha (pharmaeurope.com) 

Like endogenous erythropoietin, epoetin alfa e ffectively and safely stimulates synthesis of 
Hb. The medication can best be administered subcutaneously with 4 injections during the 3 
weeks prior to surgery with the last inje ction given in the operating theater. The 
subcutaneous method is better than the intravenous administration because the slow release 
from the depot provides a more sustained plasma level (Ersley, 1991). The amount  
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of erythropoietin given should be 300 IU/kg/ day for 15 days peri-operatively or 600 IU/kg 
in 4 weekly doses beginning 3 weeks prior to surgery (Figure 3). 

 
Fig. 3. Treatment algorithm for the use of Epoitin alpha in anemic patients scheduled for 
elective non-cardiac, non-vascular surgery at high risk for transfusion because of anticipated 
blood loss (Keating & Meding, 2002). 

Erythropoietin should be used in combination with oral or intravenou s iron administration 
to boost the erythrocyte production (García et al., 2009). If erythropoietin is used allogeneic 
transfusions are markedly reduced. In a prospective observational study of low Hb patients 
to whom 600 IU/kg EPO in 4 doses was administ ered, a transfusion percentage of 3.6% was 
found, while in the low Hb group who did not receive EPO the percentage was 45.2%, and 
in the normal Hb group 11.9% (Lafosse et al., 2010). The reduction of allogeneic transfusions 
reached with the administration of EPO wa s therefore 92% (Lafosse et al., 2010). 

Epoietin alfa is expensive but very effectiv e in increasing the Hemoglobin level of the 
patients by 4g/dl in 4 weeks (if administered 600 IU in 4 subcutaneous injections) which is 
equivalent to 5 units Red Blood Cells. The Canadian Coordinating Office for Health 
Technology Assessment performed an economic evaluation of erythropoietin use in surgery 
in 1998. In their report they state the costs of EPO to be less than 100,000 dollars per gained 
life year. Assuming 10% of all hip arthroplas ty and cardiac bypass surgery patients need 
EPO they calculated the total costs for the Canadian health care to be 5.9 million dollars 
annually. These costs were to be made in order to have a potential benefit of 0.12 life years 
gained for the total population (Otten, 1998). If, however, the use of EPO and autologous 
transfusion are compared to pre-donation, EPO has better results in the increase of Hb and 
decrease of allogeneic transfusions (Deutsch, 2006). 

4. Peroperative measures 

In orthopaedic surgery multiple  options are available to help reduce the intra-operative 
need for allogeneic blood transfusion. Although some methods are very commonly used 
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Fig. 2. Eprex molecule, a synthetic erythropoietin alpha (pharmaeurope.com) 
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subcutaneous method is better than the intravenous administration because the slow release 
from the depot provides a more sustained plasma level (Ersley, 1991). The amount  
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of erythropoietin given should be 300 IU/kg/ day for 15 days peri-operatively or 600 IU/kg 
in 4 weekly doses beginning 3 weeks prior to surgery (Figure 3). 

 
Fig. 3. Treatment algorithm for the use of Epoitin alpha in anemic patients scheduled for 
elective non-cardiac, non-vascular surgery at high risk for transfusion because of anticipated 
blood loss (Keating & Meding, 2002). 
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worldwide, other methods are used less frequently. In this section we will discuss a 
selection of the major methods in the current orthopedic practice, divi ded into surgical and 
anaesthesiological techniques, autologous blood transfusion an d anti-fibronolytic drugs.  

4.1 Surgical and anaesth esiological techniques 

During operation surgical haemostasis should be performed as thoroughly as possible. In 
orthopedic surgery electrocautery is the most widely used technique. Operations can be 
performed using a tourniquet and exsanguination to reduce the amount of shed blood. If, and 
wherever possible, the use of endoscopic techniques can help to reduce the amount of shed 
blood. The use of anesthesiological techniques such as controlled hypotension, maintenance of 
normothermia and acute normovolemic dilution can reduce the loss of blood as well.  

The usage of tourniquets in total knee arthroplasties is often used to help reduce the intra-
operative blood loss (Matziolis et al., 2011; Smith & Hing, 2010; Zhang et al., 2010). Matziolis 
et. al. found this to be an effective method to reduce intra-operative blood loss (Matziolis et 
al., 2011). A study by Zhang et. al. found a decrease in  intra-operative blood loss, but also a 
significant increase in post-operative blood lo ss (Zhang et al., 2010). A systematic review 
and meta-analysis by Smith and Hing found a significantly reduced level of intra-operative 
blood loss in patient groups where tourniquets were used, compared to non-tourniquet 
control groups. They state however, that there was no difference found in total blood loss 
and complications were more frequent in the tourniquet groups (Smith & Hing, 2010). The 
usage of tourniquets seems to reduce the amount of blood loss intra-operatively, but it 
increases the amount of post-operative blood loss. It is therefore useful to take proper post-
operative measures, e.g. the use of post-operative autologous reinfusion systems or 
tranexamic acid. These methods will be discussed later in this chapter. 

When using acute normovolemic dilution, patient’s blood is withdrawn intra-operatively or 
shortly before the operation. The withdrawn blood is replaced by an equal volume of 
crystalloid or colloid solution. In normal circ umstances 0,5-1,5 liters of blood are withdrawn 
from the patients circulation. This  makes the blood lost contain less erythrocytes, making 
the loss of blood less important. The withdrawn blood is always re-transfused as autologous 
transfusion. Davies et. al. compared different studies and concluded that acute 
normovolemic dilution may be a cost effective method to decrease the need for allogeneic 
blood transfusion (Davies et al., 2006). Goodnough et. al. compared the methods of pre-
operative autologous blood donation and acut e normovolemic hemodilution in patients 
undergoing total hip arthroplasties. They fo und acute normovolemic hemodilution to be 
safe. No differences were found regarding the need for allogeneic blood transfusion in both 
groups. However, acute normovolemic hemodilu tion turned out to be significantly more 
cost effective than pre-operative autologous blood donation (Goodnough et al., 2000). 

4.2 Autologous transfusion 

The option of intra-operative au tologous transfusion is interesting because of the theoretical 
possibility for re-infusion of infinite amounts of blood. The use of autologous transfusion in 
orthopedic surgery is useful in large surgeries, i.e. spine and revision surgery, though not in 
infections and tumor surgeries. Autologous tran sfusion in smaller surgeries is not practical 
and expensive.  
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4.2.1 Washed autologous transfusion  

For over 30 years the method of washed autologous transfusion has been used successfully  
in multiple medical disciplines, especially in surgeries with expected major blood loss. The 
use of cell saving techniques is warranted to accomplish this. Herein the shed red cells are 
collected, washed, concentrated and re-infused into the patient. As stated before, the 
potency of re-infusing large amounts of blood is a great advantage of the cell savers. In 
orthopedic surgery however, the loss of blood in tra- and post-operatively rarely approaches 
the huge amounts of blood loss in, for instance, cardiac or trauma surgery. In other words, 
the role of cell saving in orthopedic surgery is limited.  

Carless et. al. conclude in their systemic review that cell salvage is an effective tool to reduce 
the need for allogeneic blood transfusion in both cardiac and orthopaedic surgery. They 
state however that many studies may have been biased and are therefore difficult to 
interpret (Carless et al., 2010). It is stated that intra-operative cell salvage is beneficial in 
surgery when blood loss exceeds 1,000 ml (Lemaire, 2008; Sculco, 1995). Davies et. al. find 
that cell salvage may be cost effective (Davies et al., 2006). However, it should again be 
noted that many studies may not be reliable due to biasing.  

In their study, Benli IT et al. found higher hematocrit level in patient´s blood when cell 
salvage was used intra-operatively compared to a control group (Benli et al., 1999). Usage of 
intra-operative cell salvage also provides advantages regarding post-operative wound 
infections and the healing process of the wound (Duffy & Neal, 1996; Steinitz et al., 2001; 
Weber et al., 2005 ). 

The use of allogeneic blood transfusion comes with an increased risk of post-operative 
wound infections as is shown in two studies (D uffy & Neal, 1996; Steinitz et al., 2001). Duffy 
finds a decrease in post-operative wound infections when autologous blood is used for 
transfusion instead of allogeneic blood (Duffy & Neal, 1996). Also, the post-operative 
wound healing may be positively  influenced by using cell salvage, as Weber et. al. find a 
longer healing process after usage of allogeneic blood transfusion, compared to a control 
group in which patients did not receive allogeneic blood transfusion (Weber et al., 2005).   

The normal way to collect shed blood is using a vacuum suction device. Many studies have 
been done to identify the best ways of collecting, especially regarding vacuum suction 
pressure and blood-air contact. Gregoretti found in his study that a vacuum pressure of up 
to 300 mmHg could be used safely, considering that the levels of potassium, hematocrit and 
red blood cells did not change significantly wh en higher pressures than normal (above 150 
mmHg) were used (Gregoretti, 1996). He did find  however substantial influence of the air-
blood contact on the level of hemolysis. A study by Waters et. al. showed that hemolysis 
increased when a higher vacuum pressure was used in the suction device. Furthermore, 
they found that suction from flat surfaces also increased the level of hemolysis, when 
compared to suctioning from a cavity (Waters et al., 2007). They advise diluting the blood 
with normal saline while it is collected, usin g minimal vacuum pressure and minimizing the 
contact between the collected blood and air, both in the suction tube as well as in the 
collecting device, for this too will increase th e amount of hemolysis, thus reducing the 
quality of the blood. In another study Yazer et al. also conclude that a higher level of air-
blood contact increases the level of hemolysis. They also found that hemolysis was 
decreased by using a vacuum suction device with variable pressure (Yazer et al., 2008).  
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Another interesting point of debate in cell salvag e is the use of it in revision of metal on 
metal (MoM) hip prosthesis revisions which is increasingly problematic at present in 
orthopedic surgery. The MoM prostheses, which gained in popularity the past years, have 
lately proven to shed a lot of metal ions whic h induce increased levels of mainly Cobalt and 
Chromium ions in the plasma and full blood of  patients and local pseudotumors consisting 
of large amounts of metal ions in granulomat ous tissue surrounding the prostheses causing 
loosening. If those prostheses are to be revised the metal ions are likely to be sucked into the 
cell saver with the blood and the plasma components. The metal ions are mostly solved in 
plasma and incorporated in the leucocytes and thus reintroduced into the patient with the 
red cells and the leucocytes at retransfusion. Since these ions are known to be carcinogenic 
and tend to accumulate in the liver, the spleen, the kidneys and the lymphatic system the 
extra amount of these metal ions introduced in the patients circulation at re-transfusion of 
the salvaged blood during operation might increase the risk for serious long term 
complications. The effects of these metals have not been investigated properly since they 
have not been used in large quantities for long enough to induce carcinomas but the extra 
load of the ions which is potentially introduced during revision surgery has, potentially,  
such hazardous  consequences that we think we should advise against using cell salvage in 
the presence of MoM  prostheses. More research on this subject is desired. 

4.2.2 Non-washed autologous transfusion 

Using non-washed blood is a relatively new way to achieve reduction of allogeneic blood 
transfusion. In this method, shed blood is collected intra-operatively and is to be re-infused 
into the patients circulation after a filtration  process. One has to consider that unwashed 
intra-operative autologous transfusion diffe rs from the post-operative autologous 
transfusion, the method we will discuss in the next subsection of this chapter. While 
collecting the shed blood intra-operatively, large amounts of lipids and bone marrow will 
also be aspirated into the collecting device. This collateral catch may obstruct the filters of 
the device, ultimately blocking the system.  

The lipids, if not properly filtered, can potent ially increase the risk of fatty embolism if 
introduced in the circulation. The risks of  these fatty embolisms have been described 
extensively in the literature concerning cemented hip prostheses as they are widespread 
during the preparation of the bone for the prosthesis.  

Then there is the theoretical possibility to be considered of tiny bone fragments collected 
from the surgical wound to rupture the filter in the device or even cause vessel ruptures 
after being re-infused into the patient’s circ ulation. However, the latter has never been 
described so far and is very difficult to prove.  

The use of non-washed blood from the wound is still under investigation and debate. In 
three different studies, blood samples are tested after being filtered and considered to be 
safe when reinfused, regarding potassium, sodium, plasma haemoglobin and systemic 
haemoglobin levels (Bengtsson et al., 2008; Kvarnström et al., 2008; Stachura et al., 2008). 
Wiekenkamp et. al. however question the safety of this particular device as they found high 
levels of plasma haemoglobin (>0.64 g/dl) in their blood samples after filtration 
(Wiekenkamp et al., 2010). These levels are comparable with levels found by Kvarnström et. 
al. and Bengtsson et. al., 1.15 g/dl and 1.63 g/dl respectively. Wiekenkamp et. al. continue 
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with an example by stating: a normal person is physically capable to bind 0.03-0.2 g/dl of 
plasma haemoglobine to haptoglobine. Considering one has the capability to bind 0.2 g/dl 
and a circulating blood volume of six liters, a maximum of 12.0 g of plasma haemoglobin 
can be bound. Higher plasma haemoglobin levels will result in saturation of haptoglobine 
and the risk of binding of plasma haemoglo bin to nitric oxide, which will result in 
dangerous reactive oxide radicals. In this case the maximum level of plasma haemoglobin to 
safely re-infuse 500 ml of filtered blood, is 2.4 g/dl. Considering that many patients have 
less binding capabilities, the risk of saturating haptoglobine and therefore endangering the 
patient with reactive oxide radicals is  very real (Wiekenkamp et al., 2010). 

4.3 Anti-fibronolytic drugs 

The use of medical agents, like tranexamic acid, can be a useful tool to reduce blood loss 
preoperatively (Erstad 2001a; Erstad 2001b; Henry et al., 2011; Keating, 1999; Lemaire, 2008;  
Sepah et al., 2011).  Anti-fibronolytic drugs are to be given pre-, intra- or post-operatively, 
depending on the kind of drug that is used. Pu rpose of using these anti-fibrinolytic agents is 
decreasing the volume of intra- and post-operative blood loss. Because of the relatively low 
costs and their successful use in many disciplines, e.g. gynaecology and cardiac surgery, the 
anti-fibrinolytic drugs are an interest ing option in orth opedic surgery.  

Henry et. al. found a decrease in blood loss and a lower need for allogeneic red cell 
transfusion when anti-fibrinolytic drugs were used. Aprotinin showed slightly better results 
than tranexamic acid or epsilon aminocaproic acid in comparat ive studies, but also a higher 
risk of death. No serious adverse effects were found while using tranexamic acid or epsilon 
aminocaproic acid (Henry et al., 2011). In a retrospective study comparing a group of 
patients who received tranexamic acid pre- or post-operatively to a group of patients who 
did not receive tranexamic acid,  Sepah et. al. found a significant effect of tranexamic acid. 
Both the value of the mean Hb-loss and the mean volume of post-operative wound drainage 
had  substantially decreased in the group of patients who received tranexamic acid (Sepah et 
al., 2011). Den Hartog et. al. compared a group of patients who did re ceive tranexamic acid 
intra-operatively with a control group in both total knee and in total hip surgery. In the total 
knee surgery a 55.6% decrease of blood loss was found post-operatively. In total hip surgery 
they found a decrease of 20.4%( den Hartog & Roorda, 2011).  

In three studies no increased incidence of deep vein thrombosis was found when tranexamic 
acid is given to patients during total knee replacements (Nielsen & Husted, 2002; Orpen et 
al., 2006; Zhang et al., 2007). According to Nielsen, the optimal effect is reached by starting 
with a bolus of 10-15 mg/kg. There seems to be less effect in every dose given on top of the 
initial dose (Nielsen & Husted, 2002). The three afore mentioned studies conclude that the 
use of tranexamic acid in total knee replacements is an effective way to reduce post-
operative blood loss. Camarasa et. al. find the decrease in blood loss reflected in a reduced 
requirement for allogeneic blood transfusions (Camarasa et al., 2006). In a study by Good et. 
al. a decrease in total blood loss was also found when using tranexamic acid in total knee 
replacements. They state however that the concealed blood loss was not that much 
influenced when tranexamic acid  was used (Good et al., 2003). 

In a meta-analysis and systemic review by Sukeik et. al., use of tranexamic acid in patients 
undergoing total hip replacements was studied.  According to Sukeik the use of tranexamic 
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In three studies no increased incidence of deep vein thrombosis was found when tranexamic 
acid is given to patients during total knee replacements (Nielsen & Husted, 2002; Orpen et 
al., 2006; Zhang et al., 2007). According to Nielsen, the optimal effect is reached by starting 
with a bolus of 10-15 mg/kg. There seems to be less effect in every dose given on top of the 
initial dose (Nielsen & Husted, 2002). The three afore mentioned studies conclude that the 
use of tranexamic acid in total knee replacements is an effective way to reduce post-
operative blood loss. Camarasa et. al. find the decrease in blood loss reflected in a reduced 
requirement for allogeneic blood transfusions (Camarasa et al., 2006). In a study by Good et. 
al. a decrease in total blood loss was also found when using tranexamic acid in total knee 
replacements. They state however that the concealed blood loss was not that much 
influenced when tranexamic acid  was used (Good et al., 2003). 

In a meta-analysis and systemic review by Sukeik et. al., use of tranexamic acid in patients 
undergoing total hip replacements was studied.  According to Sukeik the use of tranexamic 
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acid reduces the requirement for allogeneic blood transfusion. Furthermore, no significant 
differences were found between control groups  and groups in which tranexamic acid was 
given, concerning adverse events, such as infection rates or deep vein thrombosis (Sukeik et 
al., 2011).  

Ortega-Andreu et. al. compared a group of patients who received tranexamic acid intra-
operatively to a control group, consisting of  historical patients who had not received 
tranexamic acid. The tranexamic acid group showed a decrease in allogeneic transfusion 
rate, lower visible blood loss and proved to be more cost effective than the control group 
(Ortega-Andreu et al., 2011). 

Given the relatively low costs , the effectiveness and the slight chance of adverse events, it 
can be stated that usage of tranexamic acid is a safe and reliable way of decreasing the need 
for allogeneic blood transfusion. 

5. Postoperative techniques 

Postoperatively it still is possible to reduce further allogeneic transfusion.  

5.1 Re-transfusion of wound drain fluids 

In orthopedic surgery, especially adult reconstruction surg ery, such as hip and knee 
replacements, most patients lose about 1-1.5 liters of blood during surgery if it is not 
performed using a tourniquet. Especially in kn ee surgery the tourniquet can, as previously 
described, reduce the preoperative bloodloss substantially. If a tourniquet has been used, 
the patient will still lose some 1-1.5 liter blood from the wound but using postoperative 
collection techniques this blood can be returned to the patient and thus reduce further 
allogeneic blood transfusion.  In hip surgery the use of a tourniquet is, of course, not 
possible so the amount of blood, shed during surgery, is higher and the use of drainage 
fluids to return to the pa tients is more arguable.  

At the end of the operation wound drains may be left behind in the wound to reduce 
swelling and hematoma formation. The fluid fr om these drains can be collected and, after 
filtration, be re-infused to the patient (Hendr iks et al., 2009). We conducted several studies 
concerning the use of these drains and their safety. If such a system is to be used the first 
choice to be made is the type of system one wants to use. Several types of systems are 
marketed. The main difference between them is the application of continuous vacuum or 
intermittent vacuum using a bellow system. A second difference between systems is the 
filter used to reduce the amount of leucocytes and thrombi. Most systems use standard 
Sangopur® filters which is a gradual screen filter wi th pore size of 80 and 40 microns. Some 
systems use a Pall Lipiguard® Filter, which is a depth filter consisting of polyester screen 
media with variable pore size with the smalle st size being 40 microns. A third difference is 
the vacuum pressure reached. In the bellow systems the maximum vacuum pressure 
reached is 90 mmHg, whereas in the continuous vacuum systems the vacuum pressure can 
be as high as 150 mmHg. 

The numerous differences between the systems make comparison difficult and give rise to 
continuous debate.   
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5.1.1 Vacuum type and pressure 

The vacuum type and especially the vacuum pressure has been the subject of debate 
between producers. It has not been proven one or the other is better. The erythrocytes seem 
to be able to survive equally well in 90 as in 150 mmHg vacuum. If the vacuum were a 
problem at higher values the erythrocytes would burst and thus the plasma hemoglobin 
would be raised in comparison to low vacuum systems. This seems not to be the case if 
blood is suctioned from containers (Waters et al., 2007). If suctioned from a flat surface the 
vacuum pressure does make a difference though it is very small (Yazer et al., 2008). 
‘Although the variable-pressure device produced a significant reduction in hemolysis 
during one-pass blood collection, the clinical sign ificance of this reduction is not clear. In 
relative terms, the variable-pressure device would recover an extra 10 ml of RBCs for every 
liter of salvaged RBCs, which is negligible compared to the blood loss in major surgery.’ The 
drains used in wound drainage, however, do not suck the blood from a flat surface, but 
from a cavity, more like the cu ps used in Water’s study prev iously mentioned. Since the 
vacuum pressure does not seem to matter if the blood is taken from a cavity the activity of 
the vacuum on the wound healing as such might be taken into account.  

The type of vacuum used has proven differences if the effects on wound healing are 
compared. Berman et al. proved that 80% of the total drainage is collected within 6 hours 
post-operatively with a constant suction device, whereas with intermittent suction this is 
spread over days (Berman et al, 1990). Furthermore they state that a clear advantage to 
using a continuous vacuum suction device over an intermittent spring-loaded device is seen 
with respect to hematoma evacuation, wound drainage, wound healing, and possible 
complications. 

There are no proper studies addressing the differences between continuous and intermittent 
suction in re-transfusion drain models. 

5.1.2 Filter type 

One point that needs addressing if we speak about filter type is whether or not leucocytes 
from the wound are to be re-transfused into the patient. Especially in cardiac surgery 
patients who need more than three blood transfusions, leukocyte depletion by filtration of 
the allogeneic blood, results in a significant reduction of the postoperative mortality. This 
effect can only partially be explained by the higher incidence of postoperative infections 
in those receiving packed cells without buffy coat (van de Watering et al., 1998). Some 
researchers believe the activated leucocytes do no harm, might even improve wound 
healing by triggering the body to a generalized activated state of inflammation, thus 
reducing the amount of infectio ns (Innerhofer et al., 2005). The leucocytes activated in the 
study of Innerhofer, however, were activated by contact with foreign surfaces, not by the 
wound itself for he used pre-donated autologous blood and compared that to allogeneic 
blood. Others believe thus activated leucocytes induce a generalized activation of the 
immune system which reduces lung function and increases the inflammatory response of 
the body (Gu et al., 1996). Especially in cardiac surgery the effects of extracorporeal 
circulation have been extensively investigated. Contact of blood with foreign surfaces, as 
in the containers of the retransfusion systems, activates complement and leucocytes 
(Kirklin, 1991), as does the suction of the blood from the surgical wound (Bengtsson & 
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Lisander, 1990; Sieunarine et al., 1991). Washing the blood, which is done in intra-
operative cell salvage, does reduce the complement complexes but in the postoperative 
systems in which the blood is not washed but only filtered, these activated complement 
complexes pass some of the filters used. Moonen et al described that filters do have an 
influence on the quality of retransfused blood. The Pall ® filter reduced the amount of 
leucocytes and thrombocytes more adequate then the Sangopur® filter with the latter 
allowing more erythrocytes to pass (Moonen et al., 2008). The thrombocytes found in the 
transfused blood using the Sangopur filter ® are, since they are not found with use of the 
Pall® filter and both  filters are 40 microns la rge, likely to be thrombi and not loose 
thrombocytes. This might mean that the activated complement complexes, being 
incorporated in the thrombi, pass the Sangopur ® filter, thus activating the body’s 
inflammatory response. Some studies investigating the general reactions of the body to 
retransfused blood found no transfusion reactions nor fevers when transfused with 
unwashed, filtered autologous blood. Some chill s were found, though (up to 3,1%), with 
use of a non-leucocyte depleting filter (Athanasoulias et al., 2007; Horstmann et al., 2010). 
Duchow et al found high levels of factor XIIa, thrombin and fibrin generation markers, 
and markers of fibrinolysis in the shed blood. After re-transfusion increased levels of 
these markers together with decreased values for factor XIII and plasminogen were found 
in the circulation indicative of renewed clot formation and fibrinolysis. These changes 
were highly significant compared to pre-re-transfusion values of the patient’s blood. The 
unwashed drainage blood contained high levels of pro-coagulation material and induced 
an activation of the plasma coagulation pathway with renewed clot formation and 
fibrinolysis in the patients (Duchow et al., 200 1). De Jong et al found similar results as 
they found markedly increased activation of leucocytes and platelets and a distinctive 
decrease in platelet count of the recipient after infusion, thus potentially favoring 
thrombosis (de Jong, 2007). 
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blood into the patients the measurings were done. Patient characteristics were comparable, 
and a mean of 484 ml (150-1300 ml) drain fluid was collected. No differences between the 
systems regarding the amount of drain fluids collected were found. Table 1 shows our 
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Sarstedt Bellovac Donor 
Hb (g/dl ) 8.86 11.28 11.44
Leucocytes (x109/l ) 3.8 3.4 0.5*
C5 (IE/ml ) 78.7 87.7 80.6
AT3 (% of normal) 31.8* 41 37.5

Table 1. Blood component concentrations in the retransfusable blood in the different 
systems. (*p<0.05) 

As the table shows the levels of AT 3 are substantially lower than normal in blood (0.12 
mg/ml), while the levels of C5 are normal an d the Hb levels are low. The leucocytes are 
adequately filtered by the Pall ® filter. AT 3 is known to be low after major surgery. Obviously 
the complement has not been used to activate clotting, not even in the Donor® system which is 
the only system without heparin coating in the container (van den Boom & van Erve, non 
published data). The quality of the blood collected in th e three systems seems to be comparable 
although the systems do have different collection mechanisms, (two bellows and one 
continuous vacuum), different  suction pressures (Sarstedt® 70 mmHg, Bellovac ABT® 90 
mmHg and Donor ® 150 mmHg) and also different filter systems, as previously described.  

The choice of system seems to be led by the wish of the physician in attendance to donate 
the leucocytes and the thrombi back into the patient. Since that is not adequately proven to 
be good or bad, as mentioned earlier,  it remains the choice of the orthopedic surgeon. 

5.1.4 Effects of the introduction of re-transfusion of drainage fluid in orthopedic surgery 

To determine whether or not the introduction of re-tansfusion of drainage fluid is worthwhile 
we did a prospective observational study (Hendriks et al., 2009). We compared 195 patients 
before introduction of the re-transfusion syst em in our hospital to 175 patients after the 
introduction of the device. We used the Donor ® type drain as described earlier. A restrictive 
transfusion trigger was used for all patients and patients with a preoperative  Hb lower than 
13.2 g/dl received EPO (4 doses of 600 IU each). All patients were treated with Acenocoumarol 
to prevent thrombosis starting the day of surgery (INR targetlevel: 2.5-3.4). Hip and knee 
arthroplasty patients were evenly distribute d between groups as were the other patient 
characteristics (Table 2). The use of re-transfusion of drainage fluid reduces the use of 
allogeneic transfusions by 70-98% depending on the type of surgery and the system used.  
 

 Total hip arthoplast y Total knee arthroplasty  

 
No autotra-

nsfusion
Autotra-
nsfusion

p 
value

No autotra-
nsfusion

autotra-
nsfusion 

p 
value 

Nr of patients 128 100 67 68  
Male (n/% ) 37 (29) 34 (34) 0.41 17 (25) 15 (22) 0.65 
Mean age (range) 70.5 (39-95) 69 (46-90) 0.20 71.5 (38-91) 73.7 (53-93) 0.16 
Mean nr RBC’s (range) 0.4 (0-4) 0.06 (0-2) <0.01 0.8 (0-6) 0.02 (0-1) <0.01 
Mean volume 
autotransfusion in ml 
(range) 

 409 (0-750)   505(0-1000)  

Table 2. patient characteristics and results of a study into the effects of introductions of an 
autotransfusion system on the need for allogeneic transfusions in hip and knee arthroplasty 
patients. (RBC = unit allogeneic blood, p  is calculated using �Ø2 or t-test) 
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In a logistic regression analysis in this study th e only factor of interest proved to be the use 
of autologous transfusion. 

5.2 Use of a restrictive transfusion trigger 

Another important measure to be taken after the operation is the use of a restrictive 
transfusion trigger. This means that the patient should not be given blood unless the oxygen 
transport capacity is proven to be lower than  the tolerable threshold. The University of 
Groningen together with the CBO (Centraal  Begeleidings Orgaan, Dutch for Central 
Counseling Bureau) developed a guideline for transfusion which is widely used throughout 
The Netherlands. It is called 4-5-6 rule (the Hb is expressed in mmol/l in The Netherlands) 
the international formulation would be: 6.5-8-9.7 rule. The rule is adopted by the national 
Bloodbank, Sanquin®, and put forward in their transfusion manual (van Rhenen et al., 2011).  

This rule uses the ASA class (system developed by the American Society of 
Anethesiologists) as a guideline to the patient’s general health. The ASA class defines the 
general condition of the patient’s health and is used by anesthesiologists worldwide to 
assess in easy terms the preoperative condition of the patient. 

 

Consider transfusion if the Hb < 6.5 g/dl (Ht: 0,20) and if there is : 
acute blood loss in healthyindividuals (ASA-class I) < 60 years old with 
normovolemia and blood loss in 1 location 
chronic asymptomatic anemia. 

 
Consider transfusion if the Hb < 8 g/dl (Ht: 0,25) and if there is: 

acute blood loss in healthyindividuals (ASA-klasse I) �• 60 years old with 
normovolemia and blood loss in1 location 
acute blood loss in healthy individuals < 60 years old with normovolemia and 
blood loss at more than 1 location (polytraumapatients) 
expected  blood loss > 500 ml in a patient < 60 years old who will be operated 
upon 
fever 
uncomplicated post-operative pe riod after open heart surgery 
uncomplicated ASA-class II en III 

 
Consider transfusion if the Hb < 9.7 g/dl (Ht: 0,30) and if there is: 

ASA-class IV 
Inability to increase heart minute volume to compensate for 
haemodilution 
sepsis or toxinemia 
serious lungdisease 
symptomatic cerebrovascular disease 

 
Formulated by: University Medical Centre Groningen.  
Source: www.cbo.nl/product/richtlij nen/folder20021023121843/bloedkaart.pdf 
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Bloodbank, Sanquin®, and put forward in their transfusion manual (van Rhenen et al., 2011).  

This rule uses the ASA class (system developed by the American Society of 
Anethesiologists) as a guideline to the patient’s general health. The ASA class defines the 
general condition of the patient’s health and is used by anesthesiologists worldwide to 
assess in easy terms the preoperative condition of the patient. 

 

Consider transfusion if the Hb < 6.5 g/dl (Ht: 0,20) and if there is : 
acute blood loss in healthyindividuals (ASA-class I) < 60 years old with 
normovolemia and blood loss in 1 location 
chronic asymptomatic anemia. 

 
Consider transfusion if the Hb < 8 g/dl (Ht: 0,25) and if there is: 

acute blood loss in healthyindividuals (ASA-klasse I) �• 60 years old with 
normovolemia and blood loss in1 location 
acute blood loss in healthy individuals < 60 years old with normovolemia and 
blood loss at more than 1 location (polytraumapatients) 
expected  blood loss > 500 ml in a patient < 60 years old who will be operated 
upon 
fever 
uncomplicated post-operative pe riod after open heart surgery 
uncomplicated ASA-class II en III 

 
Consider transfusion if the Hb < 9.7 g/dl (Ht: 0,30) and if there is: 

ASA-class IV 
Inability to increase heart minute volume to compensate for 
haemodilution 
sepsis or toxinemia 
serious lungdisease 
symptomatic cerebrovascular disease 

 
Formulated by: University Medical Centre Groningen.  
Source: www.cbo.nl/product/richtlij nen/folder20021023121843/bloedkaart.pdf 
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The 4-5-6 rule is an easy to use guide to whether or not transfuse patients based on their 
capacity to cope with anemia. Several studies showed that postoperative anemia is generally 
well tolerated as it is in the critically ill. Po st-operative anemia after cardiac operations, with 
hemoglobin levels of 8 to 10 g/dl is well tolerated in patients who have not received a 
transfusion and induces only a tr ansient impairment of exercise tolerance (Ranucci et al., 
2011). Moreover, in critically ill  patients a restrictive transfusion trigger is well tolerated 
(Nichol, 2008) as it is in critically ill ch ildren (Lacroix, 2007). The rule of thumb as 
formulated by the University of Groningen and accepted by the Dutch National Bloodbank 
and the counseling bureau has proven right in even the critically ill.  

For the international community one could consid er to change the lower limits from 6.5, 8 
and 9.7 to 7, 8 and 10 to make it easier to remember, which is one of the prerequisites for a 
good rule while still being safe. The limits ar e thus a little higher than needed, but are 
comprehensive, easy to remember, easy to use and proven safe. It saves a little less blood 
than with the limits set more restrictive bu t the easy application makes the rules more 
widely acceptable and introducible.  

6. Conclusion 

In orthopedic surgery, as in other surgeries and in the critically ill, the use of allogeneic 
blood can be reduced using a wide variety of methods and techniques. All those different 
methods individually have proven to contribute to the reduction of the use of bank blood. 
Few if any studies have been done to find out what the combined effect of the introduction 
of the different methods is. Generally it is assumed the methods and techniques reinforce 
each other. The additive effect of the used methods is, however, not clear. 

The costs of the combination of blood saving methods may, in the end, outweigh the costs of 
allogeneic blood. It is, however, very difficult to determine the costs of allogeneic blood. In 
addition to that, the costs are different for ev ery country because of the difference in blood 
bank systems, salaries and overhead costs.  

The effect of hospital admission time has been made clear by Weber et al. who described an 
increase of hospital admission time of 2.7 days (+/- 0.5 days) per transfused unit of red 
blood cells in total hip arthropl asty patients(Weber et al., 2005). In a study we performed in 
1,422 patients who received a total hip arthroplasty, we found the administration of 
allogeneic blood to be one of the independent variables in a stepwise regression analysis, for 

ASA-Classes: 
I: healthy individuals; 
II: patients with a mild systemic defect, without functional impairment; 
III: patients with a seriously impairing systemic defect; 
IV: patients with a systemic defect that poses a constant threat for life; 
V: patients who are moribund and who will, with or without operation, probably 
die within 24 hours.  
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hospital admission time, increasing admission time by 1.78 days per unit Packed cells 
(p<0.000) (van Erve et al., 2010). 

All in all it seems appropriate for all of the above-mentioned measures to be combined to 
reach the goal set, which is to reduce the administration of allogeneic blood to the 
minimum.  
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Scope of Blood Transfusion in Obstetrics 

Subhayu Bandyopadhyay 
Ninewells Hospital, Dundee,  

UK 

1. Introduction 

Obstetrics is one of the major areas in medicine requiring blood transfusion. In the UK about 
4000 cases of severe obstetric haemorrhage take place each year, of which most of the patients 
need blood transfusion (RCOG Green top guidelin e no. 47). On one hand maternal morbidity 
and even mortality depends on availability of blood and blood products and on the other hand 
injudicious use of blood and blood products can cause infection, allergic reaction or antibody 
production in the mother which can have major impact on the present or future pregnancies  

(Blood transfusion in obstetrics , RCOG Green top guideline no. 47). The most common 
complication of blood transfusion is error in transfusion. In the UK, SHOT (Serious Hazard Of 
Transfusion) is informed about all the complications of transfusion.  The largest category of 
untoward incidents reported to SHOT is ‘incorrect blood component transfused’ (71%) and the 
incidence is on the rise (SHOT in Obstetrics: 2005 Annual Report). In this chapter we will 
discuss the main indication for blood transfusion in obstetric practice in developed world and 
the ways to prevent blood transfusion. 

In modern day obstetric practice, the complications of blood transfusion is well-recognised 
and in many hospitals in the UK, protocols are in place to boost pre-delivery haemoglobin, 
so that blood transfusion can be avoided in case of postpartum haemorrhage. If the mother 
has low haemoglobin in the antenatal period then  oral iron supplement (Ferrous Sulphate or 
Ferrous Fumerate) should be given. Intravenous iron is indicated when there is poor 
tolerance to oral iron or a quick response is needed. There are two main preparations: iron-
dextran and iron sucrose. There is evidence that intravenous iron therapy replenishes iron 
stores faster and more efficiently than oral iron therapy (Singh et al 1998). Recombinant 
human erythropoietin is used when anaemia is caused by renal disease. It is safe to use in 
pregnancy and there is no reported cases of teratogenicity (Braga et al 1996). 

There are two main indications for blood transf usion in obstetrics: Ante Partum Hemorrhage 
(APH) and Post Partum Hemorrhage (PPH). The other important and common indication for 
blood transfusion in pregnancy is ectopic pregnancy, which like miscarriage may be 
considered as a gynaecological cause in most units. In the developing world obstetric 
haemorrhage is the most important cause for maternal morbidity and sometimes mortality 
(Saving Mothers’ Lives: CEMACH Report 2003-2005). In view of all the complications of the 
blood transfusion, it is only prudent to use blood and blood products with caution and when 
appropriate. All the other pharmacological agents should be used first. The newer techniques 
of management of PPH (Intrauterine balloon, use of cell salvage and recombinant factor seven) 
have revolutionised management of PPH in developed world.   
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Anaemia in pregnancy: It is hard to determine the prevalence of anaemia in pregnancy in 
both developing and developed world due to the difference in definition of anaemia 
worldwide. In the developing world it is found in most severe form whereas in the 
developed world it is mild. In a comprehensive report on prevalence of anaemia worldwide 
by WHO (WHO Global Database on Anaemia), the prevalence of anaemia in Afghanistan 
was highest (61%). In the developed world prevalence of severe anaemia is uncommon 
(USA 5.7 % of pregnant women and UK 15.2%) .However, in the developed world it is 
seldom an indication for blood transfusion by itself, when there is no ongoing bleeding or 
haematological disorder has not been incriminated as the cause for the anaemia.  

2. Early pregnancy complications 

There are two main types of early pregnancy complications may need blood transfusion - 
Miscarriage and ectopic pregnancy.  

There are different types of miscarriages: 

a. Threatened miscarriage 
b. Incomplete miscarriage 
c. Complete miscarriage 
d. Inevitable miscarriage 
e. Missed miscarriage 

Patients classically presents with heavy vaginal bleeding and cramp like lower abdominal 
pain in most of the types. Missed Miscarriage may remain asymptomatic and sometimes an 
incidental finding during routine ultrasou nd examination. Speculum examination may 
reveal open cervical os in case of incomplete and inevitable miscarriage. Bleeding can be 
heavy and sometimes clinically underestimated. Careful assessment of bleeding and timely 
decision of operative management can prevent unnecessary blood transfusion and 
prolonged hospital stay. 

2.1 Ectopic pregnancy 

Ectopic pregnancy is defined as implantation of blastocyst at a site other than uterine cavity. 
It may develop in the fallopian tube (most common), ovaries or even peritoneum.  

The main complication of ectopic pregnancy is rupture and if prompt medical attention is 
not given, it can even be fatal due to intraperitoneal bleeding from the ruptured fallopian 
tube. It is a common and important cause of maternal morbidity and mortality worldwide, 
especially in developing countries, where prompt medical care and facilities for blood 
transfusion is not available. Even in developed countries like UK, the morbidity and 
mortality can be high. There were 13 maternal deaths deaths from ruptured ectopic 
pregnancy in 1997-1999 (CEMACH report 2001) 

2.1.1 Risk factors for ectopic pregnancy 

Idiopathic 
Salpingitis - Possibility of sexually transmitted infection should be excluded (Ankum et al 1996) 
Previous ectopic pregnancy (Bouyer et al 1996) 
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Failure of sterilisation 
History of infertility 
Increased Maternal age 

2.1.2 Presentation 

The patient typically presents with pain in one of the iliac fosse which may or may not be 
associated with vaginal bleeding. The pain and bleeding can be of varying severity. 
Sometimes the patient may pass decidual cast with vaginal bleeding which can be confused 
with product of conception. 

2.1.3 Diagnosis 

Ectopic pregnancy is difficult to diagnose cl inically as most of the time the patient 
compensates for bleeding and not tachycardic or hypotensive unless significant 
intraperitoneal bleeding has taken place. Speculum examination of the cervix may be 
helpful in excluding miscarriag e where the cervical os is open. Vaginal examination may 
show cervical excitation which, if positive, points towards ectopic pregnancy. However it is 
not a specific test for ectopic. Ultrasound scan is the investigation of choice. Also, in 
asymptomatic patients, serial BHCG can be checked to exclude ectopic pregnancy. 

2.1.4 Management 

There are two main treatment options- Surgical and Medical. An expectant approach may be 
taken in some selective asymptomatic patients with variable success. 

Surgical: Laparoscopic salpingectomy is the surgical method of choice in hemodynamically 
stable patients. Compared to laparotomy, it is associated with less intraoperative blood loss, 
shorter operative time and shorter hospital st ay (Murphy et al 1992 and Gray et al 1995) 

If the patient is not hemodynamically stable, management should be by quickest method, 
which in most cases is by laparotomy. However, it does depend on surgeon’s expertise 
(RCOG Guideline no 21). Crossmatched blood should be available prior to operation as it is 
difficult to predict the degree of haemorrhage. 

If the contralateral tube is not healthy, a salpingotomy can be considered instead of 
salpingectomy to increase the chance of intrauterine pregnancy in future (Silva et al 1993) 

Medical Management: Methotrexate is used for the management of ectopic pregnancy in a 
stable patient. The patient should always be counselled about the possibility of rupture. 
Lipscomb et al. (1998) has shown methotraxate to be as effective as surgery in suitable patients.  

All mothers with Rh negative blood group should receive Anti D immunoglobulin (RCOG 
Guideline no 21).  

3. Antepartum Haemorrhage  

Antepartum Hemorrhage (APH) cl assically is described as any bleeding from the genital 
tract after 24 weeks of pregnancy. Spotting or minimal bleeding is common in pregnancy 
and cervical cause, such as ectropion should be ruled out first. If the patient is having 
regular contraction, heavy show (which is a sign of labour) should be ruled out as well. 
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heavy and sometimes clinically underestimated. Careful assessment of bleeding and timely 
decision of operative management can prevent unnecessary blood transfusion and 
prolonged hospital stay. 

2.1 Ectopic pregnancy 

Ectopic pregnancy is defined as implantation of blastocyst at a site other than uterine cavity. 
It may develop in the fallopian tube (most common), ovaries or even peritoneum.  

The main complication of ectopic pregnancy is rupture and if prompt medical attention is 
not given, it can even be fatal due to intraperitoneal bleeding from the ruptured fallopian 
tube. It is a common and important cause of maternal morbidity and mortality worldwide, 
especially in developing countries, where prompt medical care and facilities for blood 
transfusion is not available. Even in developed countries like UK, the morbidity and 
mortality can be high. There were 13 maternal deaths deaths from ruptured ectopic 
pregnancy in 1997-1999 (CEMACH report 2001) 

2.1.1 Risk factors for ectopic pregnancy 

Idiopathic 
Salpingitis - Possibility of sexually transmitted infection should be excluded (Ankum et al 1996) 
Previous ectopic pregnancy (Bouyer et al 1996) 
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Failure of sterilisation 
History of infertility 
Increased Maternal age 

2.1.2 Presentation 

The patient typically presents with pain in one of the iliac fosse which may or may not be 
associated with vaginal bleeding. The pain and bleeding can be of varying severity. 
Sometimes the patient may pass decidual cast with vaginal bleeding which can be confused 
with product of conception. 

2.1.3 Diagnosis 

Ectopic pregnancy is difficult to diagnose cl inically as most of the time the patient 
compensates for bleeding and not tachycardic or hypotensive unless significant 
intraperitoneal bleeding has taken place. Speculum examination of the cervix may be 
helpful in excluding miscarriag e where the cervical os is open. Vaginal examination may 
show cervical excitation which, if positive, points towards ectopic pregnancy. However it is 
not a specific test for ectopic. Ultrasound scan is the investigation of choice. Also, in 
asymptomatic patients, serial BHCG can be checked to exclude ectopic pregnancy. 

2.1.4 Management 

There are two main treatment options- Surgical and Medical. An expectant approach may be 
taken in some selective asymptomatic patients with variable success. 

Surgical: Laparoscopic salpingectomy is the surgical method of choice in hemodynamically 
stable patients. Compared to laparotomy, it is associated with less intraoperative blood loss, 
shorter operative time and shorter hospital st ay (Murphy et al 1992 and Gray et al 1995) 

If the patient is not hemodynamically stable, management should be by quickest method, 
which in most cases is by laparotomy. However, it does depend on surgeon’s expertise 
(RCOG Guideline no 21). Crossmatched blood should be available prior to operation as it is 
difficult to predict the degree of haemorrhage. 

If the contralateral tube is not healthy, a salpingotomy can be considered instead of 
salpingectomy to increase the chance of intrauterine pregnancy in future (Silva et al 1993) 

Medical Management: Methotrexate is used for the management of ectopic pregnancy in a 
stable patient. The patient should always be counselled about the possibility of rupture. 
Lipscomb et al. (1998) has shown methotraxate to be as effective as surgery in suitable patients.  

All mothers with Rh negative blood group should receive Anti D immunoglobulin (RCOG 
Guideline no 21).  

3. Antepartum Haemorrhage  

Antepartum Hemorrhage (APH) cl assically is described as any bleeding from the genital 
tract after 24 weeks of pregnancy. Spotting or minimal bleeding is common in pregnancy 
and cervical cause, such as ectropion should be ruled out first. If the patient is having 
regular contraction, heavy show (which is a sign of labour) should be ruled out as well. 
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There are two major causes of APH -Placenta previa & Placental Abruption which might 
need blood transfusion. 

3.1 Risk assessment for APH 

(RCOG. Green top Guideline No. 27 & National Collaborating Centre for Women’s and 
Children’s Health. Antenatal ca re: Clinical Guideline. 2003). 

�x During the anomaly/detailed ultrasound scan at 18-22 weeks:placental localisation 
should be done. 

�x Further scans after 30 weeks to confirm low-lying placenta,if placenta was found to be 
low in the earlier scans. 

�x Anaemia, if present to be corrected during antenatal period 
�x If previous caesarean section: exclude placenta accreta exclude placenta accreta in the 

third trimester 
�x In case of placental abruption: Remember that there might be concealed bleeding and 

not all of the bleeding is apparent. 

3.2 Diagnosis of placenta previa 

Placenta previa is defined as when the placenta covers the internal os of the cervix partly or 
fully in such a way as to preven t the baby’s head to deliver vaginally. It is one of the most 
important causes for maternal morbidity in obstetrics and contributes not only to 
Antepartum haemorrhage, but also post partum haemorrhage (Onwere et al 2011). It is 
divided into two categories by ultrasound scan: Major, when the placenta covers the internal 
os fully and minor, when it is close to internal os but does not cover it fully.  Transvaginal 
ultrasound scan is vital in diagnosing placenta previa, especially when it is posterior 
(RCOG. Green top Guideline No. 27 & Leerentveld RA 1990).   
 

Clinical  Signs/s ymptoms
1. Recurrent painless vaginal bleeding in third trimester 
2. Persistent malpresentation such as transverse lie, breech, oblique lie. 
3. Hi gh presenting part in labour
Ultrasound Scan: 
1. Suspect at anomaly scan (second trimester) 
2. If placenta is low-lying in second trimeste r scan, confirm placental position in third 

trimester 
3. Ultrasound scan if sufficient degree of suspicion ,even when the placenta is not noted 

to be low-lying in second trimester  
4. Transvaginal ultrasound is safe and particul arly useful in posterior placenta previa 
5. Possible to diagnose placenta accreta or percreta by ultrasound scan.  
MRI Scan: Reserved for suspected placenta accreta, percreta and increta

Table 1. Diagnosis of Placenta Previa. 

3.3 Placental abruption 

Abruption on the other hand is the separation  of the placenta from the uterine wall. The 
bleeding resulting from the separation can be fu lly or partly revealed or sometimes can be 
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concealed. The problem of concealed bleeding is that a major internal haemorrhage can take 
place before the patient becomes symptomatic. Hence, it can be difficult to diagnose and 
manage. The patient typically presents in thir d trimester with severe abdominal pain and 
vaginal bleeding with or withou t intra-uterine fetal death. The uterus has classically been 
described as woody hard. Sheiner et al showed that the perinatal morbidity and mortality is 
significantly higher in placental abruption (OR = 30.0, 95% CI 19.7-45.6; p < 0.001). Common 
causes of placental abruption are mentioned in table 2. 

3.3.1 Diagnosis of placental abruption 

Diagnosis of placental abruption is mainly cl inical. The patient commonly presents with 
abdominal pain and vaginal bleed ing. Bleeding is generally less severe than placenta 
previa. It is important to rule out concealed bleeding. In case of significant abruption the 
CTG may show fetal distress or even intrauterine fetal death. The condition is sometimes 
complicated by disseminated intravascular co agulopathy. Management is by delivery of 
the baby if there is evidence of fetal distress. If there is intrauterine death, vaginal delivery 
can be considered after correction of coagulopathy. Management plan should be 
discussed with the anaesthetist, haematologist and paediatrician- if there is fetal distress 
or preterm delivery. 
 

�x Pregnancy induced hypertension: pre-eclampsia and eclampsia (Ananth et al 1997) 
�x Polyhydramnios or oligohyd ramnios (Hung  et al 2007) 
�x Cocaine misuse (Mbah et al 2011) 
�x Trauma (OR = 10.0; 95% CI 3.9-25.5; P < 0.001) (Weintraub 2006) 
�x Maternal diabetes (Dafallah & Babikir 2004) 

Table 2. Common causes of abruption of placenta 

3.4 Management of major antepartum haemorrhage 

3.4.1 Management of placenta previa  

Management of placenta previa depends on different factors. The first and foremost is the 
bleeding. If the mother is symptomatic, i.e. presents with severe vaginal bleeding, delivery is 
indicated. At this stage fetal maturity is irre levant and delivery should be considered in the 
maternal interest. If the mother is in labo ur with known major degree placenta previa a 
prompt caesarean section is indicated. In this situation, senior help should be sought 
urgently and blood should be crossmatched. The mother should be counselled about 
possibility of caesarean hysterectomy beforehand. If the mother is asymptomatic and the 
fetus is still premature, conservative management is reasonable with or without hospital 
admission. If the mother is asymptomatic an d fetus is matured, delivery by elective 
(planned) caesarean section is indicated. 

Vaginal bleeding in case of placenta previa is sudden and can be moderate to severe. 
Usually it is preceded by repeated ‘warning’ bleeds. The CTG of the fetus usually does not 
show any abnormality. 

Elective caesarean section is the method of choice for the delivery of the fetus, but many 
patients need emergency caesarean section for moderate to severe unexpected bleeding. In 
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There are two major causes of APH -Placenta previa & Placental Abruption which might 
need blood transfusion. 

3.1 Risk assessment for APH 

(RCOG. Green top Guideline No. 27 & National Collaborating Centre for Women’s and 
Children’s Health. Antenatal ca re: Clinical Guideline. 2003). 

�x During the anomaly/detailed ultrasound scan at 18-22 weeks:placental localisation 
should be done. 

�x Further scans after 30 weeks to confirm low-lying placenta,if placenta was found to be 
low in the earlier scans. 

�x Anaemia, if present to be corrected during antenatal period 
�x If previous caesarean section: exclude placenta accreta exclude placenta accreta in the 

third trimester 
�x In case of placental abruption: Remember that there might be concealed bleeding and 

not all of the bleeding is apparent. 

3.2 Diagnosis of placenta previa 

Placenta previa is defined as when the placenta covers the internal os of the cervix partly or 
fully in such a way as to preven t the baby’s head to deliver vaginally. It is one of the most 
important causes for maternal morbidity in obstetrics and contributes not only to 
Antepartum haemorrhage, but also post partum haemorrhage (Onwere et al 2011). It is 
divided into two categories by ultrasound scan: Major, when the placenta covers the internal 
os fully and minor, when it is close to internal os but does not cover it fully.  Transvaginal 
ultrasound scan is vital in diagnosing placenta previa, especially when it is posterior 
(RCOG. Green top Guideline No. 27 & Leerentveld RA 1990).   
 

Clinical  Signs/s ymptoms
1. Recurrent painless vaginal bleeding in third trimester 
2. Persistent malpresentation such as transverse lie, breech, oblique lie. 
3. Hi gh presenting part in labour
Ultrasound Scan: 
1. Suspect at anomaly scan (second trimester) 
2. If placenta is low-lying in second trimeste r scan, confirm placental position in third 

trimester 
3. Ultrasound scan if sufficient degree of suspicion ,even when the placenta is not noted 

to be low-lying in second trimester  
4. Transvaginal ultrasound is safe and particul arly useful in posterior placenta previa 
5. Possible to diagnose placenta accreta or percreta by ultrasound scan.  
MRI Scan: Reserved for suspected placenta accreta, percreta and increta

Table 1. Diagnosis of Placenta Previa. 

3.3 Placental abruption 

Abruption on the other hand is the separation  of the placenta from the uterine wall. The 
bleeding resulting from the separation can be fu lly or partly revealed or sometimes can be 
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concealed. The problem of concealed bleeding is that a major internal haemorrhage can take 
place before the patient becomes symptomatic. Hence, it can be difficult to diagnose and 
manage. The patient typically presents in thir d trimester with severe abdominal pain and 
vaginal bleeding with or withou t intra-uterine fetal death. The uterus has classically been 
described as woody hard. Sheiner et al showed that the perinatal morbidity and mortality is 
significantly higher in placental abruption (OR = 30.0, 95% CI 19.7-45.6; p < 0.001). Common 
causes of placental abruption are mentioned in table 2. 

3.3.1 Diagnosis of placental abruption 

Diagnosis of placental abruption is mainly cl inical. The patient commonly presents with 
abdominal pain and vaginal bleed ing. Bleeding is generally less severe than placenta 
previa. It is important to rule out concealed bleeding. In case of significant abruption the 
CTG may show fetal distress or even intrauterine fetal death. The condition is sometimes 
complicated by disseminated intravascular co agulopathy. Management is by delivery of 
the baby if there is evidence of fetal distress. If there is intrauterine death, vaginal delivery 
can be considered after correction of coagulopathy. Management plan should be 
discussed with the anaesthetist, haematologist and paediatrician- if there is fetal distress 
or preterm delivery. 
 

�x Pregnancy induced hypertension: pre-eclampsia and eclampsia (Ananth et al 1997) 
�x Polyhydramnios or oligohyd ramnios (Hung  et al 2007) 
�x Cocaine misuse (Mbah et al 2011) 
�x Trauma (OR = 10.0; 95% CI 3.9-25.5; P < 0.001) (Weintraub 2006) 
�x Maternal diabetes (Dafallah & Babikir 2004) 

Table 2. Common causes of abruption of placenta 

3.4 Management of major antepartum haemorrhage 

3.4.1 Management of placenta previa  

Management of placenta previa depends on different factors. The first and foremost is the 
bleeding. If the mother is symptomatic, i.e. presents with severe vaginal bleeding, delivery is 
indicated. At this stage fetal maturity is irre levant and delivery should be considered in the 
maternal interest. If the mother is in labo ur with known major degree placenta previa a 
prompt caesarean section is indicated. In this situation, senior help should be sought 
urgently and blood should be crossmatched. The mother should be counselled about 
possibility of caesarean hysterectomy beforehand. If the mother is asymptomatic and the 
fetus is still premature, conservative management is reasonable with or without hospital 
admission. If the mother is asymptomatic an d fetus is matured, delivery by elective 
(planned) caesarean section is indicated. 

Vaginal bleeding in case of placenta previa is sudden and can be moderate to severe. 
Usually it is preceded by repeated ‘warning’ bleeds. The CTG of the fetus usually does not 
show any abnormality. 

Elective caesarean section is the method of choice for the delivery of the fetus, but many 
patients need emergency caesarean section for moderate to severe unexpected bleeding. In 
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case of major placenta previa, when an anterior placenta covers the whole lower segment, 
caesarean section can be technically difficult and complicated by severe haemorrhage; hence it 
should be performed electively by a senior obstetrician with senior anaesthetist caring for the 
woman and senior paediatrician caring for the baby. The risk of massive haemorrhage and 
possibility of hysterectomy should be discussed with the patient prior to the operation if time 
permits and should be documented in the consent as both the risks are considerably higher 
(about 12 times more chance of blood transfusion and about one third might need 
hysterectomy)..Delivery should be considered in asymptomatic placenta previa around 38 
weeks of gestation. Some units offer in patient management from third trimester in cases of 
major placenta previa. In these cases two units of cross matched blood should be kept in fridge 
which should be replaced by newly crossmatched blood every week (British Committee for 
Standards in Haematology. Blood Transfusion Task Force 2004). The decision for delivery 
should be made by the consultant obstetrician and proper evaluation of each case is required. 

Management of symptomatic Placenta previa (The MOET course Manual): Communication 
is the key to proper management. It is easy to underestimate bleeding, hence weighing of 
the sheets will be more accurate indicator of the amount of blood loss. The management of 
acute bleeding has been outlined in table 3. 
 

�x Manage Airway, Breathing, Circulation 
�x Assessment of the bleeding 
�x Intravenous access: 2 large bore (16 gauge) cannulae 
�x Blood for Full Blood count, coagulation profile, Crossmatch   
�x Indwelling catheter to monitor urine output 
�x Fluid resuscitation 
�x Crossmatch bloods and availability of bloo d products: alert Blood Transfusion that 

more blood may be needed 
�x Alert: Senior-most Obstetrician, Anaesthetist, Paediatrician, Hematologist, Blood 

Transfusion Service 
�x If life threatening bleeding – consider  group specific or O negative blood 
�x Decision for delivery/conservative manage ment: Senior Obstetrician should be 

involved. 

Table 3. Management of symptomatic Antepartum haemorrhage 

3.4.2 Management of major placental abruption 

In case of suspected significant abruption, delivery is indicated in both maternal and fetal 
interest. In severe placental abruption, delivery by caesarean section is indicated. If the 
mother presents with signs of abruption with  a viable fetus which is distressed, prompt 
delivery improves outcome (Kayani et al 2003). If the mother is symptomatic and the fetus 
is already dead, artificial rupture of membrane can be performed and a trial for a vaginal 
delivery can be undertaken. However, if the bleeding is severe, then caesarean section 
might be the appropriate mode of delivery in maternal interest irrespective of the status of 
the fetus.  
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4. Postpartum Haemorrhage (PPH) 

4.1 Introduction 

It is one of the most common causes for maternal mortality and morbidity worldwide. In 
Scotland, the rate of life-threatening haemorrhage is about 3.7/1000 (Brace, Kernaghan & 
Penney 2007). Life threatening haemorrhage includes bleeding more than 2.5 litres or the 
patients who need treatment to correct coagulopathy or where more than five units of blood 
have been transfused. 

The WHO has defined postpartum  haemorrhage as any bleeding from the genital tract over 
500mls.after the delivery of the baby. In the developed world, most mothers show no sign of 
hypovolumia till 1000 mls of blood is lost  (Drife 1997). Hemorrhage within 24 hours of 
delivery is termed as primary and a haemorrhage after 24 hour is termed as secondary. 

Common causes of PPH are uterine atony, vaginal or cervical trauma, retained placental 
tissue or membranes and Disseminated Intravascular Coagulopathy (DIC), out of which the 
commonest being uterine atony (70%), where the uterus fails to contract after delivery. This 
is a situation where urgent action is life-saving and may require transfusion of multiple 
units of blood and blood products. The clotti ng factors are exhausted quickly and unless 
they are replenished as part of resuscitation, there is little chance that bleeding will be 
controlled by simply blood transfusion. However, prompt action and transfusion of blood 
and blood products can save life and even preserve uterus in cases of massive haemorrhage. 

4.2 Strategies to prevent major Post Partum Haemorrhage 

It is possible to prevent major obstetric haemorrhage and subsequent blood transfusion in 
majority of the anticipated cases.All the factors mentioned in table 4 have been identified as 
risk factors for PPH and if the patient is at hi gher risk ,it should be clearly documented in 
the notes and communicated to the relevant health professionals. In four cochrane reviews 
active management of third stage of labour has been found superior to physiological third 
stage (Prendiville 2000). Active management of third stage include early cord clamping, 
controlled cord traction and early uterotonic  drugs such as syntocinon,ergometrine or 
syntometrine as per local protocol. Proper risk assessment in the antenatal period and 
individualisation of cases are the vital steps wh ich must be taken in order to prevent blood 
transfusion. 
 

�x Parity: Primiparity or Grand Multiparity 
�x Prior Caesarean section  

(Kramer et al 2011 ) 
�x Placenta previa or low-lying placenta, 

marginal umbilical cord insertion in the 
placenta 

�x Past history of PPH 
�x Placenta previa or accreta in previous 

pregnancy 

�x Labour induction and augmentation 
( Kramer et al 2011) 

�x Prolonged labour 
�x Uterine or cervical trauma at 

delivery 
�x Transverse lie 
�x Gestational age < 32 weeks 
�x Birth weight �• 4500 g. 
�x Multiple pregnancy 

Table 4. Risk factors for PPH  
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case of major placenta previa, when an anterior placenta covers the whole lower segment, 
caesarean section can be technically difficult and complicated by severe haemorrhage; hence it 
should be performed electively by a senior obstetrician with senior anaesthetist caring for the 
woman and senior paediatrician caring for the baby. The risk of massive haemorrhage and 
possibility of hysterectomy should be discussed with the patient prior to the operation if time 
permits and should be documented in the consent as both the risks are considerably higher 
(about 12 times more chance of blood transfusion and about one third might need 
hysterectomy)..Delivery should be considered in asymptomatic placenta previa around 38 
weeks of gestation. Some units offer in patient management from third trimester in cases of 
major placenta previa. In these cases two units of cross matched blood should be kept in fridge 
which should be replaced by newly crossmatched blood every week (British Committee for 
Standards in Haematology. Blood Transfusion Task Force 2004). The decision for delivery 
should be made by the consultant obstetrician and proper evaluation of each case is required. 

Management of symptomatic Placenta previa (The MOET course Manual): Communication 
is the key to proper management. It is easy to underestimate bleeding, hence weighing of 
the sheets will be more accurate indicator of the amount of blood loss. The management of 
acute bleeding has been outlined in table 3. 
 

�x Manage Airway, Breathing, Circulation 
�x Assessment of the bleeding 
�x Intravenous access: 2 large bore (16 gauge) cannulae 
�x Blood for Full Blood count, coagulation profile, Crossmatch   
�x Indwelling catheter to monitor urine output 
�x Fluid resuscitation 
�x Crossmatch bloods and availability of bloo d products: alert Blood Transfusion that 

more blood may be needed 
�x Alert: Senior-most Obstetrician, Anaesthetist, Paediatrician, Hematologist, Blood 

Transfusion Service 
�x If life threatening bleeding – consider  group specific or O negative blood 
�x Decision for delivery/conservative manage ment: Senior Obstetrician should be 

involved. 

Table 3. Management of symptomatic Antepartum haemorrhage 

3.4.2 Management of major placental abruption 

In case of suspected significant abruption, delivery is indicated in both maternal and fetal 
interest. In severe placental abruption, delivery by caesarean section is indicated. If the 
mother presents with signs of abruption with  a viable fetus which is distressed, prompt 
delivery improves outcome (Kayani et al 2003). If the mother is symptomatic and the fetus 
is already dead, artificial rupture of membrane can be performed and a trial for a vaginal 
delivery can be undertaken. However, if the bleeding is severe, then caesarean section 
might be the appropriate mode of delivery in maternal interest irrespective of the status of 
the fetus.  
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4. Postpartum Haemorrhage (PPH) 

4.1 Introduction 

It is one of the most common causes for maternal mortality and morbidity worldwide. In 
Scotland, the rate of life-threatening haemorrhage is about 3.7/1000 (Brace, Kernaghan & 
Penney 2007). Life threatening haemorrhage includes bleeding more than 2.5 litres or the 
patients who need treatment to correct coagulopathy or where more than five units of blood 
have been transfused. 

The WHO has defined postpartum  haemorrhage as any bleeding from the genital tract over 
500mls.after the delivery of the baby. In the developed world, most mothers show no sign of 
hypovolumia till 1000 mls of blood is lost  (Drife 1997). Hemorrhage within 24 hours of 
delivery is termed as primary and a haemorrhage after 24 hour is termed as secondary. 

Common causes of PPH are uterine atony, vaginal or cervical trauma, retained placental 
tissue or membranes and Disseminated Intravascular Coagulopathy (DIC), out of which the 
commonest being uterine atony (70%), where the uterus fails to contract after delivery. This 
is a situation where urgent action is life-saving and may require transfusion of multiple 
units of blood and blood products. The clotti ng factors are exhausted quickly and unless 
they are replenished as part of resuscitation, there is little chance that bleeding will be 
controlled by simply blood transfusion. However, prompt action and transfusion of blood 
and blood products can save life and even preserve uterus in cases of massive haemorrhage. 

4.2 Strategies to prevent major Post Partum Haemorrhage 

It is possible to prevent major obstetric haemorrhage and subsequent blood transfusion in 
majority of the anticipated cases.All the factors mentioned in table 4 have been identified as 
risk factors for PPH and if the patient is at hi gher risk ,it should be clearly documented in 
the notes and communicated to the relevant health professionals. In four cochrane reviews 
active management of third stage of labour has been found superior to physiological third 
stage (Prendiville 2000). Active management of third stage include early cord clamping, 
controlled cord traction and early uterotonic  drugs such as syntocinon,ergometrine or 
syntometrine as per local protocol. Proper risk assessment in the antenatal period and 
individualisation of cases are the vital steps wh ich must be taken in order to prevent blood 
transfusion. 
 

�x Parity: Primiparity or Grand Multiparity 
�x Prior Caesarean section  

(Kramer et al 2011 ) 
�x Placenta previa or low-lying placenta, 

marginal umbilical cord insertion in the 
placenta 

�x Past history of PPH 
�x Placenta previa or accreta in previous 

pregnancy 

�x Labour induction and augmentation 
( Kramer et al 2011) 

�x Prolonged labour 
�x Uterine or cervical trauma at 

delivery 
�x Transverse lie 
�x Gestational age < 32 weeks 
�x Birth weight �• 4500 g. 
�x Multiple pregnancy 

Table 4. Risk factors for PPH  
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4.3 Management of major Post Partum Haemorrhage 

Most of the time PPH is unpredictable and pose major health concern when they are severe. 
If PPH is anticipated proper steps should be taken to reduce the likelihood of blood 
transfusion and maternal morbidity. These step s include use of cell salvage if available, 
support from senior obstetrician, senior anaesthetist and other health professionals. 

Uterus should be rubbed up for a contraction should be the first step and sometimes this is 
enough to reduce blood loss. Pharmacological agents such as oxytocin, ergometrine and 
prostaglandins (intramuscular or Intramyometr ial) injections remain the mainstay of 
management. Effective communication between the health professionals is important as 
resuscitation should run side by side to the definitive management. 

If bleeding is uncontrollable with pharmacologi cal agents, surgical measures such as Brace 
sutures, Examination under anaesthesia (EUA) and repair of cervical or uterine injury are 
undertaken. Intrauterine Balloon is one of the most common and effective method of 
controlling moderate to severe PPH. 

If facilities permit, Interventional radiologist and haematologist should be involved early as 
often the PPH can lead to DIC and will be requiring expert input. The interventional 
radiologist will play a key role if the bleeding is  from any branch of inte rnal or external iliac 
artery. If this facility is not available either  hysterectomy or transfer of the patient to a 
tertiary referral centre after stabilisation should be considered. 
 

�x Assessment of Bleeding 
�x Indwelling Catheter 
�x Rubbing up a contraction 
�x Ask for help 
�x Multidisciplinary approach, in cluding Senior obstetrician, senior anaesthetist, Senior 

midwives, 
�x Airway, Breathing and circulation 
�x 2 large bore cannulae 
�x Frequent monitoring of BP, Pulse, oxygen saturation, urine output and vaginal 

bleeding 
Medical Management: 
�x Oxytocin bolus  
�x Oxytocin infusion 
�x Ergometrine 
�x Prostaglandin: Intramuscular, Intramyometrial, Per-rectal 
Surgical Management: 
�x Brace sutures 
�x Intrauterine Balloon 
�x Internal Iliac artery ligation 
�x Hysterectomy 
Interventional Radiology 
Recombinant factor VII concentrate: Not licensed for use in the UK for treatment of PPH 

Table 5. Summary of Management of PPH 
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Recombinant Factor VII concentrate (rFVIIa): Not licensed for use for obstetric haemorrhage, 
but can be used when benefit outweighs risk. Senior haematologist should always be 
involved in the decision making. Franchini, Li ppi & Franchi, in a review of published data 
of 65 women treated with rFVIIa for PPH, suggested that rFVIIa reduced bleeding. 

Hysterectomy should be considered as a last resort. A timely hysterectomy can save life. 

5. Blood transfusion in APH & PPH 

Ideally, fully cross matched blood is preferable in case of major obstetric haemorrhage. 
However, obstetric haemorrhage is extremely unpredictable and it is not always possible to 
wait for fully cross matched blood. Generally volume replacement should start with up to 2 
litres of crystalloid. Plasma expanders should follow until the blood is available (The MOET 
course Manual). If the haemorrhage is life-threatening, O negative or type specific blood 
should be used. In most hospitals O negative blood is readily available either in the labour 
suite or at the on-site blood bank. Patients, who are at higher risk of haemorrhage, should be 
admitted and delivered in a unit where blood  and blood products are readily available 
(CEMACH Sixth Report, 2004).  

6. Risk management  

Availability of blood does not always guarantee best standard of care to the patients. 
Standard of care depends on the team-work and competence of the healthcare professionals. 
Two strategies can be employed to improve these factors. The doctors and other healthcare 
professionals should attend appropriate course to maintain their skills and update their 
knowledge of both resuscitation and managing  obstetric emergencies to improve health 
professionals’ knowledge. The other important step is to organise regular obstetric 
emergency drills (commonly known as obstetric fire drills in the UK). 

A local protocol should be in place to ma nage major obstetric haemorrhage and regular 
audit of practice and analysis of cases with major blood loss should be carried out. This is 
vital as lessons are to be learned from every mistake made to improve patient care in future. 
Also, emphasis should be given to the importance of appropriate and detailed 
documentation including the timings of steps of medical and surgical management.  

7. Morbidly adherent placenta 

The Royal College of Obstetricians and Gynaecologists (UK) have brought out an excellent 
guideline (Green top Guideline No. 27)  on the management of morbidly adherent placenta 
(placenta accreta, increta and percreta). From the guideline and searching other literature, 
the salient points are: 

�x The incidence of placenta previa accreta is on the rise as the incidence of caesarean 
section is rising 

�x The patient should be reviewed by the consultant obstetrician and consultant 
anaesthetist in the antenatal period and a proper plan should be documented. 

�x The consent form should include discussion about Interventional Radiology, Cell 
salvage, Recombinant Factor VII concentrate and hysterectomy.  
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4.3 Management of major Post Partum Haemorrhage 

Most of the time PPH is unpredictable and pose major health concern when they are severe. 
If PPH is anticipated proper steps should be taken to reduce the likelihood of blood 
transfusion and maternal morbidity. These step s include use of cell salvage if available, 
support from senior obstetrician, senior anaesthetist and other health professionals. 

Uterus should be rubbed up for a contraction should be the first step and sometimes this is 
enough to reduce blood loss. Pharmacological agents such as oxytocin, ergometrine and 
prostaglandins (intramuscular or Intramyometr ial) injections remain the mainstay of 
management. Effective communication between the health professionals is important as 
resuscitation should run side by side to the definitive management. 

If bleeding is uncontrollable with pharmacologi cal agents, surgical measures such as Brace 
sutures, Examination under anaesthesia (EUA) and repair of cervical or uterine injury are 
undertaken. Intrauterine Balloon is one of the most common and effective method of 
controlling moderate to severe PPH. 

If facilities permit, Interventional radiologist and haematologist should be involved early as 
often the PPH can lead to DIC and will be requiring expert input. The interventional 
radiologist will play a key role if the bleeding is  from any branch of inte rnal or external iliac 
artery. If this facility is not available either  hysterectomy or transfer of the patient to a 
tertiary referral centre after stabilisation should be considered. 
 

�x Assessment of Bleeding 
�x Indwelling Catheter 
�x Rubbing up a contraction 
�x Ask for help 
�x Multidisciplinary approach, in cluding Senior obstetrician, senior anaesthetist, Senior 

midwives, 
�x Airway, Breathing and circulation 
�x 2 large bore cannulae 
�x Frequent monitoring of BP, Pulse, oxygen saturation, urine output and vaginal 

bleeding 
Medical Management: 
�x Oxytocin bolus  
�x Oxytocin infusion 
�x Ergometrine 
�x Prostaglandin: Intramuscular, Intramyometrial, Per-rectal 
Surgical Management: 
�x Brace sutures 
�x Intrauterine Balloon 
�x Internal Iliac artery ligation 
�x Hysterectomy 
Interventional Radiology 
Recombinant factor VII concentrate: Not licensed for use in the UK for treatment of PPH 

Table 5. Summary of Management of PPH 
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Recombinant Factor VII concentrate (rFVIIa): Not licensed for use for obstetric haemorrhage, 
but can be used when benefit outweighs risk. Senior haematologist should always be 
involved in the decision making. Franchini, Li ppi & Franchi, in a review of published data 
of 65 women treated with rFVIIa for PPH, suggested that rFVIIa reduced bleeding. 

Hysterectomy should be considered as a last resort. A timely hysterectomy can save life. 

5. Blood transfusion in APH & PPH 

Ideally, fully cross matched blood is preferable in case of major obstetric haemorrhage. 
However, obstetric haemorrhage is extremely unpredictable and it is not always possible to 
wait for fully cross matched blood. Generally volume replacement should start with up to 2 
litres of crystalloid. Plasma expanders should follow until the blood is available (The MOET 
course Manual). If the haemorrhage is life-threatening, O negative or type specific blood 
should be used. In most hospitals O negative blood is readily available either in the labour 
suite or at the on-site blood bank. Patients, who are at higher risk of haemorrhage, should be 
admitted and delivered in a unit where blood  and blood products are readily available 
(CEMACH Sixth Report, 2004).  

6. Risk management  

Availability of blood does not always guarantee best standard of care to the patients. 
Standard of care depends on the team-work and competence of the healthcare professionals. 
Two strategies can be employed to improve these factors. The doctors and other healthcare 
professionals should attend appropriate course to maintain their skills and update their 
knowledge of both resuscitation and managing  obstetric emergencies to improve health 
professionals’ knowledge. The other important step is to organise regular obstetric 
emergency drills (commonly known as obstetric fire drills in the UK). 

A local protocol should be in place to ma nage major obstetric haemorrhage and regular 
audit of practice and analysis of cases with major blood loss should be carried out. This is 
vital as lessons are to be learned from every mistake made to improve patient care in future. 
Also, emphasis should be given to the importance of appropriate and detailed 
documentation including the timings of steps of medical and surgical management.  

7. Morbidly adherent placenta 

The Royal College of Obstetricians and Gynaecologists (UK) have brought out an excellent 
guideline (Green top Guideline No. 27)  on the management of morbidly adherent placenta 
(placenta accreta, increta and percreta). From the guideline and searching other literature, 
the salient points are: 

�x The incidence of placenta previa accreta is on the rise as the incidence of caesarean 
section is rising 

�x The patient should be reviewed by the consultant obstetrician and consultant 
anaesthetist in the antenatal period and a proper plan should be documented. 

�x The consent form should include discussion about Interventional Radiology, Cell 
salvage, Recombinant Factor VII concentrate and hysterectomy.  
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�x Interventional Radiology can be safely and effectively used for an elective caesarean 
section (Jung et al 2011). Intra-arterial balloon can be inserted before the procedure.  

�x At caesarean section the uterus should be opened distal to the placenta so that the baby 
can be delivered undisturbed and to have the option of conservative management. 

�x If the placenta is covering the whole anterior  lower segment, a midline skin incision will 
not be unreasonable. 

�x If the placenta fails to separate at caesarean section and bleeding is minimal, it can be 
left in situ. Attempting placental separation risks hysterectomy in up to 100% of cases  
(Eller et al 2009).If there is major haemorrhage, the uterine wound should be closed and 
a subtotal or total hysterectomy can be performed 

�x  If the placenta is left behind serial ultr asound scan and beta HCG monitoring should be 
performed. Post operative antibiotics should be given to minimise the risk of infection 
and close monitoring is needed to diagnose infection early. 

8. Interventional radiology in anticipated intrapartum and postpartum 
haemorrhage 

In case of major placenta previa or known morbidly adherent placenta, interventional 
radiology can be used to minimise the risk of  potential PPH. The Radiologist may insert the 
balloons preoperatively either in the uterine artery or in the anterior division of internal iliac 
artery which can be inflated preoperatively to minimise in case of uncontrollable 
haemorrhage or even can be used for embolisation. The overall success rate of interventional 
radiology in controlling bleeding and avoidance in hysterectomy rate has been quoted 
around 71-97% (Dildy GA 3rd 2002 &. Hong et al 2004)  

In a large study (involving sixty six women, who have undergone embolisation) in Boston, 
USA, Ganguly et al suggested that the ‘threshold for Uterine Artery Embolisation in women 
with PPH should be low, as it is associated with a high clinical effectiveness rate and a low 
complication rate’.  

9. Cell salvage 

Cell salvage is an effective way of reducing blood transfusion rate in women where the 
anticipated blood loss is more than 1.5 litres (RCOG Green top guideline no. 47). Prior 
consent is necessary for this procedure. In intra-operative cell salvage blood is collected 
usually after the liquor is drained then collected in a reservoir centrifuged, washed and 
processed for transfusion. In a case series in a large maternity unit in the UK, introduction of 
cell saver has been a major factor in reducing heterologous blood transfusion from 10.2% to 
7.9% (King et al 2009). The main problem with this process is  that there is no available filter 
to filter out fetal cells. Hence, a Kleihauer test is necessary after its use.  

10. Management of patients refusing blood transfusion on religious/ethical 
belief 

Some women, mostly due to their religiou s belief, decline blood or blood products 
transfusion. Most common of these groups are Jehovah’s witnesses and transfusing them 
under any circumstances without their consent may be considered as to assault, hence 
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should not be undertaken even if it is indicated. In UK, legally a woman can decline 
treatment even if it might prove fatal. But th is is a decision, only a competent patient can 
make and no one else. Also, if she has declined transfusion, no one else can make a decision 
on her behalf to transfuse her.  

A detailed discussion regarding the risks should take place at first or second trimester. The 
discussion should also include possibility of  hysterectomy, morbidity and possibility of 
death. Two large case series in UK (Massiah et al 2007) and USA (Singla et al 2001) looked 
into the obstetric outcome of the labour and deliveries in Jehovah’s witnesses. The reported 
mortality rate is 65 fold higher in the UK and 44 fold higher in USA. 

A written consent should be taken during the antenatal period after a detailed discussion 
about pros and cons of the decision.  Anaemia should be corrected aggressively before 
delivery, if necessary with intravenous iron th erapy. Prior consent about cell salvage should 
be taken if the patient is due to have elective caesarean section or even in emergency 
caesarean section if time and facilities permit. This cell salvage should run in continuous 
loop without disconnection till the end of the procedure (Currie et al 2010).  In these patients 
prompt decision making about prevention of PPH and using all the relevant uterotonics and 
surgical methods (intrauterine compression balloon, brace sutures, interventional radiology) 
are vital and if necessary hysterectomy should be undertaken sooner rather than later. The 
patient’s wishes should be respected and it is not legally and ethically justified to transfuse 
her against her wishes. Senior input from the obstetric and anaesthetic consultants should be 
sought early. 
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�x Interventional Radiology can be safely and effectively used for an elective caesarean 
section (Jung et al 2011). Intra-arterial balloon can be inserted before the procedure.  

�x At caesarean section the uterus should be opened distal to the placenta so that the baby 
can be delivered undisturbed and to have the option of conservative management. 

�x If the placenta is covering the whole anterior  lower segment, a midline skin incision will 
not be unreasonable. 

�x If the placenta fails to separate at caesarean section and bleeding is minimal, it can be 
left in situ. Attempting placental separation risks hysterectomy in up to 100% of cases  
(Eller et al 2009).If there is major haemorrhage, the uterine wound should be closed and 
a subtotal or total hysterectomy can be performed 

�x  If the placenta is left behind serial ultr asound scan and beta HCG monitoring should be 
performed. Post operative antibiotics should be given to minimise the risk of infection 
and close monitoring is needed to diagnose infection early. 

8. Interventional radiology in anticipated intrapartum and postpartum 
haemorrhage 

In case of major placenta previa or known morbidly adherent placenta, interventional 
radiology can be used to minimise the risk of  potential PPH. The Radiologist may insert the 
balloons preoperatively either in the uterine artery or in the anterior division of internal iliac 
artery which can be inflated preoperatively to minimise in case of uncontrollable 
haemorrhage or even can be used for embolisation. The overall success rate of interventional 
radiology in controlling bleeding and avoidance in hysterectomy rate has been quoted 
around 71-97% (Dildy GA 3rd 2002 &. Hong et al 2004)  

In a large study (involving sixty six women, who have undergone embolisation) in Boston, 
USA, Ganguly et al suggested that the ‘threshold for Uterine Artery Embolisation in women 
with PPH should be low, as it is associated with a high clinical effectiveness rate and a low 
complication rate’.  

9. Cell salvage 

Cell salvage is an effective way of reducing blood transfusion rate in women where the 
anticipated blood loss is more than 1.5 litres (RCOG Green top guideline no. 47). Prior 
consent is necessary for this procedure. In intra-operative cell salvage blood is collected 
usually after the liquor is drained then collected in a reservoir centrifuged, washed and 
processed for transfusion. In a case series in a large maternity unit in the UK, introduction of 
cell saver has been a major factor in reducing heterologous blood transfusion from 10.2% to 
7.9% (King et al 2009). The main problem with this process is  that there is no available filter 
to filter out fetal cells. Hence, a Kleihauer test is necessary after its use.  

10. Management of patients refusing blood transfusion on religious/ethical 
belief 

Some women, mostly due to their religiou s belief, decline blood or blood products 
transfusion. Most common of these groups are Jehovah’s witnesses and transfusing them 
under any circumstances without their consent may be considered as to assault, hence 
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should not be undertaken even if it is indicated. In UK, legally a woman can decline 
treatment even if it might prove fatal. But th is is a decision, only a competent patient can 
make and no one else. Also, if she has declined transfusion, no one else can make a decision 
on her behalf to transfuse her.  

A detailed discussion regarding the risks should take place at first or second trimester. The 
discussion should also include possibility of  hysterectomy, morbidity and possibility of 
death. Two large case series in UK (Massiah et al 2007) and USA (Singla et al 2001) looked 
into the obstetric outcome of the labour and deliveries in Jehovah’s witnesses. The reported 
mortality rate is 65 fold higher in the UK and 44 fold higher in USA. 

A written consent should be taken during the antenatal period after a detailed discussion 
about pros and cons of the decision.  Anaemia should be corrected aggressively before 
delivery, if necessary with intravenous iron th erapy. Prior consent about cell salvage should 
be taken if the patient is due to have elective caesarean section or even in emergency 
caesarean section if time and facilities permit. This cell salvage should run in continuous 
loop without disconnection till the end of the procedure (Currie et al 2010).  In these patients 
prompt decision making about prevention of PPH and using all the relevant uterotonics and 
surgical methods (intrauterine compression balloon, brace sutures, interventional radiology) 
are vital and if necessary hysterectomy should be undertaken sooner rather than later. The 
patient’s wishes should be respected and it is not legally and ethically justified to transfuse 
her against her wishes. Senior input from the obstetric and anaesthetic consultants should be 
sought early. 
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1. Introduction 

It is estimated about 529,000 mothers die every year (World Health Organisation [WHO] 
2005). Postpartum haemorrhage (PPH), a life-threatening condition, remains the major cause 
of maternal mortality worldwide (Pahlavan et al., 2001). Majority of these mortalities are 
from Asia (48%) and Africa (47.5%) with only  the minority (less than 1%) from developed 
countries.(Ramanathan & Arulkumaran, 2006) In  Malaysia, the Confidential Enquiry into 
Maternal Deaths (CEMD) from 1991 to 2005 revealed that PPH attributed 13-27% of all 
reported deaths(Division of Family Health De velopment, Ministry of Health, 1994; Division 
of Family Health Development, Ministry of  Health, 1996; Division of Family Health 
Development, Ministry of Health , 2000; Division of Family Health Development, Ministry of 
Health, 2005).  

Although PPH is no longer the leading cause of maternal mortality in the developed 
countries, it still remains as one of the most important causes of maternal morbidity. 
Recently, two reports from Canada and United States (Joseph et al. 2007; Callaghan, Kuklina 
& Berg 2010) reported a 23-26% increase in the rate of PPH. Despite reports of an increasing 
rate, maternal mortality in these two countr ies remained low indicating the effective 
management of PPH. Nevertheless, in developing countries, PPH related maternal mortality 
remains a serious concern due to limited health care facilities, underdeveloped management 
strategies and deprivation of tr ained health care personnel.  

Disastrously massive PPH can lead to coagulopathy, pituitary ischaemia, cardiovascular 
insufficiency, and multi-organ failure. It is also  associated with an increased need for blood 
and blood products transfusion, intensive ca re admission, peri-partum hysterectomy and its 
related intra- or post-operative complication s. Even in a milder form of haemorrhage, 
anaemia itself would interfere with bonding and care for the newborn (Devine, 2009).  

Uterine atony is identified as the main cause of PPH accounting for about 90% in most 
reports (Bateman et al., 2010; Carroli et al., 2008; Combs et al., 1991; Doran et al, 1955). In 
developing countries like Malaysia, uterine atony contributed 37.5% to 67.7% of PPH 
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associated mortality between 1994-2005 (Division of Family Health Development, Ministry 
of Health, 1994; Division of Family Health De velopment, Ministry of Health, 1996; Division 
of Family Health Development, Ministry of  Health, 2000; Division of Family Health 
Development, Ministry of Health, 2005). 

2. Definition 

2.1 Postpartum haemorrhage 

Postpartum haemorrhage is defined as blood loss of 500ml or more from genital tract in the 
first 24 hours of delivery. Massive PPH is defined as blood loss of 1000ml or more (Carroli et 
al., 2008). 

Conventionally, PPH is classified according to the timing of its occurrence. Bleeding within 
24 hours of delivery is defined as the primary postpartum haemorrhage. Secondary 
postpartum haemorrhage is defined as bleeding that occurs after 24 hours until six weeks 
postpartum.  

Assessment of blood loss during delivery is commonly performed using visual estimation. 
This is often inaccurate and underestimated (Prasertcharoensuk et al., 2000). The traditional 
assumption of transfusing a pint of red bloo d cells in a patient who has bled 500 ml blood 
will increase the haemoglobin to 1 gm is only accurate if not actively bleeding. Estimation of 
blood loss as well as amount to be transfused is impossible to gauge in an ongoing PPH 
(Gutierrez et al., 2004).  Some centres advocate PPH to be significant with a 10% drop in 
haematocrit from antenatal to postpartum. Neve rtheless this requires laboratory facilities 
which impose delay in the diagnosi s and further management of PPH. 

The ability of women coping with haemorrhage largely depends on their health status as 
well as the severity of bleeding. Most healthy pregnant women can tolerate blood loss up to 
1500ml as the result of blood volume increment during preg nancy (Bonnar, 2000). However, 
in the presence of pre-existing anaemia or hypovolaemia, compensatory mechanism will be 
jeopardised. Individual responses towards blood  loss limit the use of clinical signs and 
symptoms in defining PPH and determining its severity. 

2.2 Uterine atony 

Uterine atony is defined as failure of myometr ium to contract and retract following delivery 
(Cunningham et al., 2005). Powerful and effective myometrial contractions are vital to arrest 
bleeding. Uterine atony in contrary, the uterus is soft and ‘boggy’ with presence of excessive 
bleeding from genital tract. A prompt recognition followed by uterine massage and 
administration of uterotonic agents often arre st the bleeding. However, in the presence of 
already well contracted uterus, any persistent bleeding should prompt exploration for other 
causes of postpartum haemorrhage such as retained placental fragments or genital tract 
injuries. 

3. Risk factors for uterine atony 

Identification of women at risk of uterine atony is of utmost importance to allow 
optimisation and preventive measures to be taken. Hence, a well-arranged delivery plan 
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and appropriate referral to a well-equipped cent re should be done. The recognised risk 
factors that are associated with uterine atony are listed in Table 1.  
 

Factors associated with uterine over distension
�x Multiple pregnancy 
�x Polyhydramnios 
�x Fetal macrosomia 
Labour related factors 
�x Induction of labour 
�x Prolonged labour 
�x Precipitate labour 
�x Oxytocin augmentation 
�x Manual removal of placenta 
Use of uterine relaxants 
�x Deep anaesthesia 
�x Magnesium sulphate 
Intrinsic factors 
�x Previous postpartum haemorrhage 
�x Antepartum haemorrhage 
�x Obesity 
�x Age > 35 years 

Table 1. Risk factors for uterine atony. (Breathnach & Geary, 2006) 

Multiple pregnancies, polyhydramnios and feta l macrosomia cause uterine over-distension. 
The odds ratio to develop PPH from fetal macrosomia and multiple pregnancies are 1.8 (95% 
CI 1.4 to 2.3) and 2.2 (95% CI 1.5 to 3.2) respectively (Magann et al., 2005). In the presence of 
twin-twin transfusion syndrome, the odds ratio incr eases to 5.1 (95% CI 1.5 to 15.7) (Magann et 
al., 2005). On contrary, Carroli et al. did not find any relationship between multiple 
pregnancies with occurrence of uterine atony (Carroli et al., 2008). A study based data 
obtained from Nationwide Inpatient Sample (NIS),  a large public use administrative dataset in 
the United States, had reported an association of polyhydramnios with uterine atony requiring 
blood transfusion in the odds ratio of 1.9 (95% CI 1.2-3.1) (Bateman et al., 2010).  

Intrapartum factors such as induction of labo ur, prolonged labour, oxytocin exposure and 
abnormal third stage are also recognised to associate with uterine atony. Induction of labour 
had an odds ratio of 1.5 (95% CI 1.2 to 1.7) (Magann et al., 2005) and was the cause of 17% of 
uterine atony requiring blood transf usion (Bateman et al., 2010) . 

Prolonged usage of oxytocin in labour contri butes to uterine atony. Grotegut et al. had 
demonstrated that massive PPH secondary to uterine atony was significantly higher in 
women who were exposed to oxytocin (Grotegut et al., 2011). The authors proposed that 
persistent oxytocin administration causes desensitisation of oxytocin receptors which 
further contributed into uterine atony.  

The presence of uterine fibroids or connective tissue disorders may hinder the myometrium 
contractility thus leading to uterine atony.  However, the existing data are conflicting with 
regards to relationship between uterine fibr oids and uterine atony (Hasan et al., 1991; 
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associated mortality between 1994-2005 (Division of Family Health Development, Ministry 
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and appropriate referral to a well-equipped cent re should be done. The recognised risk 
factors that are associated with uterine atony are listed in Table 1.  
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al., 2005). On contrary, Carroli et al. did not find any relationship between multiple 
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obtained from Nationwide Inpatient Sample (NIS),  a large public use administrative dataset in 
the United States, had reported an association of polyhydramnios with uterine atony requiring 
blood transfusion in the odds ratio of 1.9 (95% CI 1.2-3.1) (Bateman et al., 2010).  
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abnormal third stage are also recognised to associate with uterine atony. Induction of labour 
had an odds ratio of 1.5 (95% CI 1.2 to 1.7) (Magann et al., 2005) and was the cause of 17% of 
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demonstrated that massive PPH secondary to uterine atony was significantly higher in 
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contractility thus leading to uterine atony.  However, the existing data are conflicting with 
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Blood Transfusion in Clinical Practice 

��

100 

Qidwai et al., 2006; Roberts et al., 1999; Vergani et al., 1994). Patients with connective tissue 
disorders are at a higher risk of PPH as compared to the general population (Kominiarek & 
Kilpatrick, 2007) which is explained by poor connective tissue support. Hence, uterotonic 
agents would be the first-line treatment for these conditions. 

Though identification of risk factors is essentia l, they have only moderate positive predictive 
value (Callaghan et al., 2010) as uterine atony can happen in any women with no apparent 
risk factor. Therefore, although early detection is important, timely and appropriate 
management is also crucial.  

4. Management strategies 

4.1 Prevention of PPH  

Post-partum haemorrhage is preventable in many ways. Prevention begins early in high-
risk women, as early as in preconception period. Prevention and optimisation of anaemia 
allows better tolerability to variable severity of PPH.  Induction and augmentation of labour 
should be made with clear indications, performed judiciously by skilled birth attendants. 
Women at high-risk of PPH should be delivered at tertiary centres with well-equipped 
operation theatre, intensive care unit and blood transfusion services. The International 
Federation of Gynaecology and Obstetrics (FIGO) promotes active management of the third 
stage of labour (AMTSL) in all women in order to reduce the incidence of postpartum 
haemorrhage (Leduc et al., 2009).  

4.1.1 Family planning  

Low contraceptive prevalence rate leads to high fertility among women. In 2007, based on 
the United Nation Statistics Division report, contraceptive prevalence rate among married 
Malaysian women (aged 15 to 49 years old) was at 54% (Department of Economic and Social 
Affairs, United Nations Statistics Division, United Nation, 2010). In the Malaysian CEMD 
report from 2001 to 2005, up to 70% of maternal deaths were recognised in women who did 
not practise contraception. This reflects high parity contributing to more than half of 
maternal deaths was due to PPH during the same period (Division of Family Health 
Development, Ministry of Health, 2005). 

4.1.2 Risk assessment  and stratification 

Uterine atony, the commonest cause of PPH, is best prevented by ensuring that immediate 
haemostasis is achieved by effective myometrial contractility (Mukherjee & Arulkumaran, 
2009). Uterine blood vessels supplying the placental bed pass through the myometrium. 
However, in uterine atony, there is failure of  myometrial contractions leading to impaired 
vasoconstriction of these blood vessels, resulting in excessive blood loss.  

Nevertheless up to 60% of women with PPH have no identified risk factors (Mukherjee & 
Arulkumaran, 2009). Thus, constant awareness, early detection, timely resuscitation and 
management skills are necessary to overcome this problem. 

4.1.2.1 Colour coding system 

Colour coding system which was initially introduced by the Ministry of Health of Malaysia 
in 1989 is a risk stratification method used among women receiving antenatal care. (Table 2) 
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Prenatal assessment is applied in determining the level and place of antenatal care. Four 
colour codes are used: red indicates immediate hospital referral or admission, yellow 
indicates antenatal review by a doctor, green indicates antenatal care can be rendered by a 
senior nurse and white indicates women with no  or low risk who may receive antenatal care 
in local clinics and can deliver in a low risk birthing centres (Ravindran et al., 2003). These 
codes are attached to the women’s antenatal card using coloured sticker. Women with PPH 
in previous pregnancies have an increased risk of haemorrhage by 2 to 4 folds when 
compared to women with no previous history (Waterstone et al., 2001).They are coded red. 
 

Colour codes Associated risk factors
WHITE primi gravida, age <18 or >40,gravida 6 and above, spacing < 2years or 

>5years, short stature <145cm, single mother
YELLOW Mothers with HIV positive or Hepatitis B positive, blood pressure 

>140/90 and <160/110mmHg with no proteinuria,diabetes, gestation 
>EDD+7 days.

GREEN Rhesus negative, pre-pregnancy weight <45kg,medical problem 
excluding diabetes and hypertension,previous gynaecological surgery, 
drug/tobacco/alcohol addiction, unsure of last menstrual period, 
recurrent miscarriage, previous obstetrics history (previous caesarean 
section, gestational hypertension, diabetes, intrauterine death, baby <2.5 
or >4kg, third de gree perineal tear, retained placenta.

RED eclampsia, pre-eclampsia, heart disease, breathlessness on exertion, 
uncontrolled diabetes, antepartum haemorrhage,symptomatic anaemia, 
prelabour rupture of membrane, preterm contractions, abnormal fetal 
heart rate <110/min after 26 weeks and >160/min after 34 weeks  

Table 2. Colour coding system based on risk factors, used in antenatal clinics in Malaysia as 
cited by Ravindran et al. in 2003 (Ravindran et al., 2003) 

Although used extensively, th e actual value in predicting outcomes is not reflected in 
clinical practice as reported in the CEMD 2001 to 2005. Maternal deaths in women whom 
were tagged green actually increased from 13.5% in 2001 to 28.8% in 2005. This is in contrast 
to deaths among women tagged yellow which decreased from 45.3% in 2001 to 16% in 2005. 
This was probably due related to these codes (green and white) were considered to be ‘low 
risk’ leading to lesser attention given (Division of Family Health Development, Ministry of 
Health, 2005). Limitation to the colour coding system is that occasionally when the newly 
onset current problems are overlooked and could have added risks later in pregnancy, e.g. 
polyhydramnios leading to PPH. 

Reliability of colour coding system in Malaysia needs to be reviewed as recommended by 
Ravichandran et al in 2003. The author reported that the accuracy of the codes in predicting 
morbidity and mortality were only about 50% in a retrospective cohort of 1122 among 8388 
women from several districts in peninsular Malaysia (Ravindran et al., 2003). 

4.1.3 Optimisation prior to onset of labour 

4.1.3.1 Treatment of anaemia 

World Health Organisation defined anaemia in pregnancy as haemoglobin level below 
11g/dL (WHO, 1992; WHO, 2007). Iron deficiency anaemia is the commonest cause of 
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Prenatal assessment is applied in determining the level and place of antenatal care. Four 
colour codes are used: red indicates immediate hospital referral or admission, yellow 
indicates antenatal review by a doctor, green indicates antenatal care can be rendered by a 
senior nurse and white indicates women with no  or low risk who may receive antenatal care 
in local clinics and can deliver in a low risk birthing centres (Ravindran et al., 2003). These 
codes are attached to the women’s antenatal card using coloured sticker. Women with PPH 
in previous pregnancies have an increased risk of haemorrhage by 2 to 4 folds when 
compared to women with no previous history (Waterstone et al., 2001).They are coded red. 
 

Colour codes Associated risk factors
WHITE primi gravida, age <18 or >40,gravida 6 and above, spacing < 2years or 

>5years, short stature <145cm, single mother
YELLOW Mothers with HIV positive or Hepatitis B positive, blood pressure 

>140/90 and <160/110mmHg with no proteinuria,diabetes, gestation 
>EDD+7 days.

GREEN Rhesus negative, pre-pregnancy weight <45kg,medical problem 
excluding diabetes and hypertension,previous gynaecological surgery, 
drug/tobacco/alcohol addiction, unsure of last menstrual period, 
recurrent miscarriage, previous obstetrics history (previous caesarean 
section, gestational hypertension, diabetes, intrauterine death, baby <2.5 
or >4kg, third de gree perineal tear, retained placenta.

RED eclampsia, pre-eclampsia, heart disease, breathlessness on exertion, 
uncontrolled diabetes, antepartum haemorrhage,symptomatic anaemia, 
prelabour rupture of membrane, preterm contractions, abnormal fetal 
heart rate <110/min after 26 weeks and >160/min after 34 weeks  

Table 2. Colour coding system based on risk factors, used in antenatal clinics in Malaysia as 
cited by Ravindran et al. in 2003 (Ravindran et al., 2003) 

Although used extensively, th e actual value in predicting outcomes is not reflected in 
clinical practice as reported in the CEMD 2001 to 2005. Maternal deaths in women whom 
were tagged green actually increased from 13.5% in 2001 to 28.8% in 2005. This is in contrast 
to deaths among women tagged yellow which decreased from 45.3% in 2001 to 16% in 2005. 
This was probably due related to these codes (green and white) were considered to be ‘low 
risk’ leading to lesser attention given (Division of Family Health Development, Ministry of 
Health, 2005). Limitation to the colour coding system is that occasionally when the newly 
onset current problems are overlooked and could have added risks later in pregnancy, e.g. 
polyhydramnios leading to PPH. 

Reliability of colour coding system in Malaysia needs to be reviewed as recommended by 
Ravichandran et al in 2003. The author reported that the accuracy of the codes in predicting 
morbidity and mortality were only about 50% in a retrospective cohort of 1122 among 8388 
women from several districts in peninsular Malaysia (Ravindran et al., 2003). 

4.1.3 Optimisation prior to onset of labour 

4.1.3.1 Treatment of anaemia 

World Health Organisation defined anaemia in pregnancy as haemoglobin level below 
11g/dL (WHO, 1992; WHO, 2007). Iron deficiency anaemia is the commonest cause of 
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anaemia in pregnancy, being in mild, moderate or severe forms. In developing countries, 
anaemia is usually associated with malnutrition and concurrent medical disorders which 
may potentially reduce women’s tolerance to PPH (WHO, 1992). Despite its association with 
serious morbidity and mortality, there is a pauc ity of data assessing clinical outcomes of 
mothers and neonates with anaemia. Treatment with oral iron reduces the incidence of 
anaemia (RR 0.38; 95%CI 0.26-0.55) (Reveiz et al., 2007). Haemoglobin optimisation 
antenatally is important in an attempt for sa fe delivery. Women with optimal haemoglobin 
level are able to tolerate blood loss. The MMR of women with haemoglobin of less than 
5g/dL was reported to be increased by 8 to 10 fold (Kalaivani, 2009). 

4.1.4 Safe delivery 

4.1.4.1 Judicious oxytocin usage 

Prolonged usage of oxytocin paradoxically causes uterine atony and PPH (Grotegut et al., 
2011). Judicious use of oxytocin during induction and augmentation of labour may prevent 
uterine atony. A correct diagnosis of labour is of utmost importance in avoiding 
unnecessary and prolonged exposure to oxytocin. A clear guideline should be drawn for 
indications of induction of labour.  

4.1.4.2 Active management of the third stage of labour  

Active management of the third stage of labour is the crucial step in avoiding PPH 
secondary to uterine atony. AMTSL reduces the incidence of PPH compared to women who 
were managed expectantly (RR 0.34; 95%CI 0.14-0.87) (Begley et al., 2010) . 

The definition of AMTSL varies from use of uterotonic agents immediately after baby is 
delivered, delivery of the placenta by cont rolled cord traction (CCT) and early cord 
clamping and cutting (Prendiville et al., 2000). The Internat ional Federation of Obstetrics 
and Gynaecology (FIGO) and International Confederation of Midwives (ICM) 
recommended similar approach followed by uterine massage without early cord clamping 
(ICM and FIGO, 2003). Previous studies have recommended that active versus expectant 
management which showed significant reduction in the incidence of PPH. Prendiville et al. 
concluded that expectant management in comparison with AMTSL is three times more 
likely to result in PPH (OR 3.1; 95%CI2.3-4.2) (Prendiville et al., 1988). Prophylactic 
administration of uterotonic agents as part of AMTSL has significantly reduced the amount 
of blood loss (RR 0.5; 95%CI 0.43-0.59) with less requirement of therapeutic oxytocin   (RR 
0.5; 95%CI 0.39-0.64) (Elbourne et al., 2001).  

4.1.5 Skilled birth attendants 

Presence of skilled birth attendants in dealing with PPH proved to reduce maternal morbidity 
and mortality up to 30% (Carlough & McCall, 2005). WHO defines skilled birth attendants to 
be those with the minimum knowledge and skills to manage normal childbirth and provide 
basic (first line) emergency obstetric care (Carlough & McCall, 2005). They should be familiar 
with early identification of uterine atony and are able to initiate basic intervention such as 
uterine massage and administration of intr amuscular/intravascular oxytocin. Prefilled 
oxytocin (Uniject TM) with easy administration is availa ble in low resource countries and is 
recommended to be in the bags of birth attendants.  
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Based on the Safe Motherhood Initiative report from 1987 to 2005, the number of deliveries in 
developing countries attended by skilled birth attendants has increased significantly from 41 
to 57% (Safe Motherhood Initiative, 2005). In low resourced settings, skilled birth attendants’ 
knowledge in PPH however was found to be at an  average of 60% and less than one- third of 
them were able to perform bimanual uterine compression (Harvey et al., 2007). Hence, further 
training, regular drills and audits are need ed to enhance their skills and knowledge. 

4.1.6 Training 

Suboptimal obstetric care has been shown to cause maternal death from PPH. Delay in 
establishing diagnosis, failure to carry out appr opriate intervention and lack of team effort 
had been associated with poor maternal outcomes (Siassakos et al., 2009). Lombard et al. 
reported PPH related deaths among women in South Africa from 2002 to 2006 with 2.25 
errors per death as compared to 0.61 errors per death in the near missed group (Lombaard 
& Pattinson, 2009).  

Implementation of the training programme has been shown to reduce in the incidence of 
substandard care (Hofmeyr et al., 2009). Training includes in-service training and drills. In-
service training programme involves induction training for all new staffs inclusive of labour 
ward management.  Regular training in the fo rm of continuous medical education sessions 
(CME), lectures and scientific meetings will ensure updates the knowledge of all staffs.  

In obstetrics drills, staffs are trained to be familiar with simulated obstetrics emergency 
scenarios. Clinical algorithm and action plans are practised either individually or as a team 
activity. Accurate blood loss estimation enables early recognition of PPH. Ability to perform 
initial fluid resuscitation, measures on initial wa ys to stop bleeding such as bimanual uterine 
and aortic compression, prevent women from further developing hypovolaemic shock.  

However, a Bristol based study analysing a cohort of midwives who had undergone training 
in Practical Obstetrics Multi professional training (PROMPT) revealed  a significant reduction 
in Apgar score of less than 6 at 5 minutes and neonatal encephalopathy (Draycott et al., 2006). 
However, there is no available published data on  the outcome of staff training to reduction of 
PPH. In Malaysia, joint efforts between the Obstetrics and Gynaecology Society Malaysia, 
Ministry of Health and Royal College of Obst etricians and Gynaecologists have successfully 
delivered several obstetrics emergency and live saving courses since 2008. This programme 
has expanded throughout the whole country as  far as invitation to train personnel in 
Myanmar. A study on the effectiveness of this  training programme is currently ongoing. 

4.1.7 Facilities 

4.1.7.1 Maternal child health clinic 

Since introduction of the Ma ternal and Child Health (MCH) services in 1957, extensive 
development towards improving access and quality of care had been well established in 
Malaysia.  Majority of women in Malaysia are able to have easy access to healthcare 
facilities, family planning services and upgraded essential care in obstetrics service. In 
developing countries, recent estimation of MMR has seen a reduction by 34% from 1990 to 
2008, from 440 deaths to 290 deaths per 100,000 live births (Departm ent of Economic and 
Social Affairs, United Nation s Statistics Division, United Nation, 2011). Over the past two 
decades, improvement in maternal health is reflected by reduction in the trend of MMR 
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from 47.8 in 1991 to 26.6 per 100,100 live birth in 2005 (Department of Economic and Social 
Affairs, United Nations Statistics Division, United Nation, 2010). MCH services in Malaysia 
are inclusive of antenatal care, postnatal home visits, family planning consultation, nutrition 
support, and immunisation programmes.  

4.1.7.2 Red alert system 

A designated system to respond to emergency situations allows prompt mobilisation of 
health personnel to institute timely and opti mal patient management. (Gosman et al., 2008). 
The emergency team is alerted via a paging system simultaneously. In dire emergency such 
as massive PPH, this system has successfully delivered early interventions hence improving 
maternal outcomes (Gosman et al., 2008). A delay in intervention of 20 minutes or more had 
led to a poorer outcome. (Korhonen & Kariniem i, 1994) All the major hospitals in Malaysia 
with obstetrics unit are equipped with the red alert system. 

4.1.8 Risk management and monitoring system 

Risk management includes incidence reporting, clinical practice guidelines review, near 
miss audits and CEMD. Standardised practice among all healthcare personnel is achievable 
by complying the clinical practice guidelines and hospital protocols. Incidences reporting 
involving a retrospective detailed documentation of adverse events are done by staffs. The 
whole document is reviewed by the risk management team to determine any preventable or 
substandard care. This is followed by a series of event including audit, re-audit, staff-
education and training to im prove in subsequent care. 

Obstetrics near miss events are inclusive of massive PPH and peri-partum hysterectomy 
(Upadhyay & Scholefield, 2008). Audits of th ese events allow risk identification and 
implementation of preventive measures. Brace et al. reported that massive PPH was the 
major maternal morbidity in Scotland from 2003 to 2005 with the incidence of 3.7 per 1000 
births (Brace et al., 2007). Up to 40% of near missed events received suboptimal care 
(Upadhyay & Scholefield, 2008). 

Implementation of CEMD has allowed access of information with regards to the cause of 
death, areas of substandard care and identification of high risk women (Neilson, 2009). Each 
maternal death is studied and analysed in detail followed by expert’s recommendation. 
Malaysia CEMD was introduced back in 1991. To date there has been several published 
reports over the past two decades. This allows identification of deficien cy in the health care 
system. The MOH had put tremendous efforts and resources allocation into improvising the 
health care system. This is evident by a marked reduction in MMR in recent years (Division 
of Family Health Development,  Ministry of Health, 2005). 

4.2 Non-pharmacological/ Mechanical strategies 

Varatharajan et al. evaluated the outcome of management  for massive PPH using the 
algorithm ` HAEMOSTASIS ’ (Help; Assess and resuscitate; Established diagnosis; Massage 
of uterus; Oxytocin infusion and prostaglandins; Shift to operation theatre; Tamponade test; 
Apply compression sutures; Systematic pelvic devascularisation; Interventional radiology 
and Subtotal/total hysterectomy) (Varatharajan et al., 2011). The algorithm was found to 
provide a logical management pathway to reduce blood transfusions, hysterectomy, 
admissions to intensive care units and also maternal deaths (Varatharajan et al., 2011).  
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4.2.1 Uterine massage 

Uterine massage is performed by rubbing or stimulating the fundus of the uterus. It is 
hypothesised that massage releases local prostaglandins that promote uterine contractility 
hence reduces bleeding (Abdel-Aleem et al., 2010). Systematic review has shown that 
uterine massage is effective in preventing PPH. Abdel-Aleem et al. conducted a randomised 
controlled trial involving 200 women who were a llocated to either uterine massage or no 
uterine massage following active management of third stage (Abdel-Aleem et al., 2006). 
Women who received uterine massage had lesser amount of bleeding and requirement for 
additional uterotonic agents (Abdel-Aleem et al., 2006).  

In another randomised trial by Abdel-Aleem et al., 1964 women were randomised into 3 
groups; intramuscular oxytocin after delivery of the anterior should er, sustained uterine 
massage for 30 minutes followed by delayed oxytocin or received oxytocin and uterine 
massage immediately after delivery (Abdel-Aleem et al., 2010). It was found that oxytocin 
was more superior in controlling haemostasis as compared to sustained uterine massage. 
Uterine massage performed immediately after administration of oxytocin did not show 
significant additional benefit as compared to  oxytocin alone (Abdel-Aleem et al., 2010). The 
limitation of this trial was that, it was unable to demonstrate the effect of uterine massage on 
the amount of blood loss in the absence of oxytocin as this was non-ethical.  

4.2.2 Aortic compression 

Aortic compression can assist in controlling the amount of blood loss by decreasing the 
blood flow at the distal end including ut erine artery (Riley & Burgess, 1994). Aortic 
compression is achieved via applying pressure with the flat surface of the knuckles above 
the contracted uterus and slightly to the left  (Figure 1). Absence of femoral pulse indicates 
correct and complete occlusion of the aorta. It is crucial to release and re-apply the pressure 
every 30 minutes to allow intermittent blood flow to the lower limbs. Aortic compression is 
a simple intervention that can be used while  preparing for a definitive management or 
during the transfer of patien t from a district hospital to another tertiary hospital.  

 
Fig. 1. Aortic compression 
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External aortic compression devices have been described by several authors (Winter, 1939; 
Soltan et al., 2009). These have been shown to be effective in reducing the resuscitation time 
and also the amount of blood being transfused with minimal side-effects reported. 
However, these devices are not readily available in Malaysia. There is a potential use of this 
device in our setting especially in district hospital setting. According to CEMD report in the 
year 2000, 6.6% of PPH mortality had occurred during transfer of patients. Such simple 
device can be applied by any health care provider (with minimal training) would be of great 
value in reducing maternal morbidity and mortality.  

4.2.3 Bimanual compression 

Bimanual compression is performed by inserting the right hand into vagina at anterior 
surface of the uterus and the left hand is on abdomen at the fundus towards the posterior 
surface of uterus. The uterus is compressed between the two hands to minimise bleeding 
(Figure 2). This technique can be used as a temporary measure while patient is being 
stabilised for definitive treatment.  

 
Fig. 2. Bimanual compression 

4.2.4 Uterine tamponade 

In the past, sterile roller gauze had been used to pack the uterine cavity to reduce blood loss 
during massive PPH caused by uterine atony (Douglass, 1955). Despite its effectiveness, the 
popularity of uterine packing has dramatica lly declined with the wide availability of 
uterotonic agents (Douglass, 1955).  

Nowadays, balloon devices have been recognised as an effective adjuvant strategy for 
achieving haemostasis in massive PPH in uterine atony.  It was hypothesised that intra-
uterine balloon exert hydrostatic pressure on the uterine arteries resulting in reduced blood 
loss (Georgiou, 2009). The most commonly described balloon devices are Bakri balloon, 
Rusch catheter, Sengstaken-Blackmore catheter, Foley catheter and Condom catheter 
(Airede & Nnadi, 2008; Keriakos & Mukhopad hyay, 2006; Marcovici & Scoccia, 1999; 
Majumdar et al., 2010; Vitthala et al., 2009).  

Bakri balloon is the only device that is specifically designed for uterine tamponade in 
massive PPH. It is equipped with large drainage channel that allow drainage of blood from 
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the uterine cavity (Georgiou, 2009). Althou gh both Sengstaken-Blackmore and Foley 
catheter have drainage channel, they are small in size thus prone to blockage by blood clots. 
In addition, the distal tip of Sengstaken-Blackmore catheter would deter the contact between 
the balloon surface and the fundus of uterus. The other two catheters (Rusch and Condom 
catheter) do not have drainage channel and thus result in difficulty in drainage of blood 
from the uterine cavi ty (Georgiou, 2009).  

The capacity of balloon insufflations differs between various types of balloons. Rusch 
catheter has the largest capacity of 1500 ml of fluid (Keriakos & Mukhopadhyay, 2006) 
followed by Bakri balloon with 500 ml (Georgio u, 2009)  while both Sengstaken-Blackmore 
catheter and Condom catheter have the capacity to accommodate 300 ml (Georgiou, 2009). 
Foleys catheter has the smallest capacity with 30 ml and the use of multiple Foley catheters 
have been described (Marcovici & Scoccia, 1999).  

Tamponade test’ is used to determine the success of controlling the haemostasis in atonic 
PPH. A negative `tamponade test’ indicate inadequate control of bleeding thus require 
additional strategies such as applying compressive sutures, systematic pelvic 
devascularisation or hysterectomy.  

The use of concomitant uterotonic agents such as oxytocin and Carbetocin while the balloon 
is still in-situ is recommended to maintain th e tamponade effect (Georgiou, 2009). Antibiotic 
therapy is also recommended to reduce ascending infection during balloon placement 
(Keriakos & Mukhopadhyay, 2006). However, ther e is no consensus on duration of its 
usage. Most authors remove the balloon within 48 hours. However, variations in the rate of 
deflation have been reported (Georgiou, 2009).  

The adverse effects of the balloon devices reported so far were mainly due to over-
distension of the balloon which includes pressure necrosis and uterine rupture. Other 
reported complications were uterine perforation and air embolism especially if air was used 
to inflate the balloon. Due to th is risk, insufflation of balloon with air is not recommended. 
With regards to subsequent fertility, successful pregnancies have been reported following 
the use of these balloon devices (Georgiou, 2009).  

As uterine atony is a significant contributing factor in PPH, balloon tamponade devices may 
play a major role in pre-hospital emergency management prior to safe transfer to tertiary 
centre in reducing blood loss, hence lowering morbidity and mortality. However, to date 
there is paucity of data in addressing this issue.  

4.3 Pharmacological strategies 

Effective uterine contractions are crucial to ensure adequate haemostasis following delivery. 
Several uterotonic agents have been described to be effective in promoting myometrium 
contractility hence avoiding the n eed for surgical intervention.  

4.3.1 Oxytocin 

Oxytocin is the first line therapy for uterine at ony. It acts by stimulating rhythmic uterine 
contraction particularly in the upper segment. It is administered intramuscularly or 
intravenously; however the onset of action is delayed if given intramuscularly (3-7minutes) 
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External aortic compression devices have been described by several authors (Winter, 1939; 
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Fig. 2. Bimanual compression 

4.2.4 Uterine tamponade 

In the past, sterile roller gauze had been used to pack the uterine cavity to reduce blood loss 
during massive PPH caused by uterine atony (Douglass, 1955). Despite its effectiveness, the 
popularity of uterine packing has dramatica lly declined with the wide availability of 
uterotonic agents (Douglass, 1955).  

Nowadays, balloon devices have been recognised as an effective adjuvant strategy for 
achieving haemostasis in massive PPH in uterine atony.  It was hypothesised that intra-
uterine balloon exert hydrostatic pressure on the uterine arteries resulting in reduced blood 
loss (Georgiou, 2009). The most commonly described balloon devices are Bakri balloon, 
Rusch catheter, Sengstaken-Blackmore catheter, Foley catheter and Condom catheter 
(Airede & Nnadi, 2008; Keriakos & Mukhopad hyay, 2006; Marcovici & Scoccia, 1999; 
Majumdar et al., 2010; Vitthala et al., 2009).  

Bakri balloon is the only device that is specifically designed for uterine tamponade in 
massive PPH. It is equipped with large drainage channel that allow drainage of blood from 

 
Uterine Atony: Management Strategies 

��

107 

the uterine cavity (Georgiou, 2009). Althou gh both Sengstaken-Blackmore and Foley 
catheter have drainage channel, they are small in size thus prone to blockage by blood clots. 
In addition, the distal tip of Sengstaken-Blackmore catheter would deter the contact between 
the balloon surface and the fundus of uterus. The other two catheters (Rusch and Condom 
catheter) do not have drainage channel and thus result in difficulty in drainage of blood 
from the uterine cavi ty (Georgiou, 2009).  

The capacity of balloon insufflations differs between various types of balloons. Rusch 
catheter has the largest capacity of 1500 ml of fluid (Keriakos & Mukhopadhyay, 2006) 
followed by Bakri balloon with 500 ml (Georgio u, 2009)  while both Sengstaken-Blackmore 
catheter and Condom catheter have the capacity to accommodate 300 ml (Georgiou, 2009). 
Foleys catheter has the smallest capacity with 30 ml and the use of multiple Foley catheters 
have been described (Marcovici & Scoccia, 1999).  

Tamponade test’ is used to determine the success of controlling the haemostasis in atonic 
PPH. A negative `tamponade test’ indicate inadequate control of bleeding thus require 
additional strategies such as applying compressive sutures, systematic pelvic 
devascularisation or hysterectomy.  

The use of concomitant uterotonic agents such as oxytocin and Carbetocin while the balloon 
is still in-situ is recommended to maintain th e tamponade effect (Georgiou, 2009). Antibiotic 
therapy is also recommended to reduce ascending infection during balloon placement 
(Keriakos & Mukhopadhyay, 2006). However, ther e is no consensus on duration of its 
usage. Most authors remove the balloon within 48 hours. However, variations in the rate of 
deflation have been reported (Georgiou, 2009).  

The adverse effects of the balloon devices reported so far were mainly due to over-
distension of the balloon which includes pressure necrosis and uterine rupture. Other 
reported complications were uterine perforation and air embolism especially if air was used 
to inflate the balloon. Due to th is risk, insufflation of balloon with air is not recommended. 
With regards to subsequent fertility, successful pregnancies have been reported following 
the use of these balloon devices (Georgiou, 2009).  

As uterine atony is a significant contributing factor in PPH, balloon tamponade devices may 
play a major role in pre-hospital emergency management prior to safe transfer to tertiary 
centre in reducing blood loss, hence lowering morbidity and mortality. However, to date 
there is paucity of data in addressing this issue.  

4.3 Pharmacological strategies 

Effective uterine contractions are crucial to ensure adequate haemostasis following delivery. 
Several uterotonic agents have been described to be effective in promoting myometrium 
contractility hence avoiding the n eed for surgical intervention.  

4.3.1 Oxytocin 

Oxytocin is the first line therapy for uterine at ony. It acts by stimulating rhythmic uterine 
contraction particularly in the upper segment. It is administered intramuscularly or 
intravenously; however the onset of action is delayed if given intramuscularly (3-7minutes) 



 
Blood Transfusion in Clinical Practice 

��

108 

as compared to immediate onset if given by intravenous route. Furtherm ore, due to its short 
plasma half-life of 3minutes, continuous intr avenous infusion is preferred (Breathnach & 
Geary 2009).  

Most centres use the regime of 20 IU oxytocin in 500 ml of crystalloid solution (Breathnach 
& Geary, 2009; Rajan & Wing, 2010). In Malaysia, 40 IU oxytocin in 500 ml of crystalloid 
solution is given over the durati on of 6 hours. In certain circumstances, 80 IU oxytocin in 500 
ml of crystalloid solution has been used effectively.  

Adverse effects of oxytocin infusion were ma inly related to its anti-diuretic properties 
resulting in water intoxication, manifest ing as headache, vomiting, drowsiness and 
convulsions (Breathnach & Geary, 2009b). In cases where fluid restriction is indicated, 
concentrated oxytocin via infusion pump is recommended.  

4.3.2 Ergometrine 

As opposed to oxytocin, ergometrine results in sustained myometrial contraction. As it also 
acts on the vascular smooth muscle, it is not suitable for those with hypertension, migraine, 
heart disease and peripheral vascular disease such as Raynaund’s syndrome. It is given as 
0.25 mg intramuscularly or intravenously with rapid clinical effect  within 2 to 5 minutes that 
can persist up to 3 hours. Ergometrine is metabolised in the liver and has a plasma half-life 
of 30 minutes. A repeat dose of ergometrine can be given after 5 minutes if the uterus is still 
not well contracted. Nausea, vomiting and dizziness are commonly reported side-effects 
(Breathnach & Geary 2009b).  

Syntometrine consists of 5 IU oxytocin and 0.5 mg ergometrine in a single preparation. This 
preparation results in a rapid onset of uterine contraction due to its oxytocic properties and 
sustained contractility from the ergome trine component (Rajan & Wing, 2010).  

4.3.3 Carbetocin 

Carbetocin is a long-acting synthetic oxytocin analogue that is administered via 
intramuscular or intrav enous route. The recommended dose is 100 µg. Carbetocin has the 
advantage of rapid onset of action, within 2 mi nutes, similar to oxytocin with additional 
benefit of longer duration of action. Th ese actions do not differ by the route of 
administration. However, intramuscular Carbetocin  (120 minutes) had been reported to give 
a longer uterine contraction as compared to intravenous route (60 minutes) (Rath, 2009).  

Side effects of carbetocin include headache, hypotension, tremor, flushing, abdominal pain 
and nausea. Rarely, it was associated with dizziness, chest pain, dyspnoea, metallic taste, 
vomiting, back pain an d chills (Rath, 2009).  

Randomised controlled trials have found Carbetocin to be associated with lesser 
requirement for additional uterot onic agents and uterine massage in high risk patients after 
caesarean deliveries (Su et al., 2007). However, there was no significant difference in the 
amount of blood loss and rate of PPH between Carbetocin and oxytocin in these women. 
Furthermore, a single dose of Carbetocin was found to be more convenient than oxytocin 
infusion that require intravenous line an d is time-consuming (Su et al., 2007). 
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There are three randomised controlled trials assessing the use of Carbetocin following 
vaginal delivery. Boucher et al. compared Carbetocin with 2-hour 10 IU oxytocin infusion in 
160 women with at least one risk factor for PPH (Boucher et al., 2004). The number of 
women requiring uterotonic intervention (eithe r additional uterotonic agents or uterine 
massage) was significantly lower in the Carbetocin group (Boucher et al., 2004). Leung et al. 
randomised 329 women to intramuscular Carbetocin and intramuscular syntometrine and 
found no difference in the decline of haemoglo bin two days after delivery (Leung et al., 
2006). Although the rate of PPH was lower in the Carbetocin group, it was not statistically 
significant (Leung et al., 2006). About 120 women were randomised to Carbetocin and 
Syntometrine groups had showed lower ha emoglobin drop in the Carbetocin group 
(Nirmala et al., 2009). All three studies had shown Carbetocin to be associated with lower 
incidence of adverse effects.   

Carbetocin is not widely available in develo ping countries. In Malaysia, though it is 
available, its use is restricted to high risk cases due to its higher cost.  

4.3.4 Misoprostol 

Misoprostol is a synthetic analogue of prostaglandin E 1 that has uterotonic properties 
(Hofmeyr & Gulmezoglu, 2008). Although it has been used widely  as uterotonic agents in 
certain developed country misoprostol has only  been registered for therapeutic use in 
refractory gastro-duodenal ulcers, and has not been made legally available for pregnancy in 
view of safety concerns in pregnancy (Health Technology Assessment Unit, Ministry of 
Health Malaysia, 2003).  

Misoprostol is a cheap and effective uterotonic agent that can be administered via oral, 
sublingual, vaginal or rectally. The onset of action is slower if given rectally with more 
favourable side effects. Adverse effects of misoprostol are dose-related and commonly 
reported are diarrhoea, shivering and pyrexia (Breathnach & Geary, 2009).  

A Cochrane review has concluded that misoprostal administered at a dose of 600 mcg was 
effective in reducing blood loss after compared to placebo (Gulmezoglu et al., 2007). 
However, it was found to be less superior to oxytocin in preventing PPH. More recent trials 
have challenged the superiority of oxytocin. Several studies have shown that there were no 
difference in the amount of blood loss between misoprostol and oxytocin (Hofmeyr & 
Gulmezoglu, 2008; Parsons et al., 2006). In fact, Parsons et al. found that those who received 
misoprostol required less additional uterotonic (Parsons et al, 2006).  

Due to its cost and easy storage, misoprostol may indeed be of value to prevent PPH in low 
resource setting where oxytocin may not be readily available (Mobeen et al., 2011; Nasreen 
et al., 2011).  

4.3.5 Carboprost/Haemabate 

In Malaysia, carboprost is used as second-line therapy for uterine atony-related PPH that 
has failed to respond to either oxytocin or syntometrine. It is an analogue of PG F2�Â and acts 
on smooth muscle resulting in myometrial contractions. The recommended dose is 0.25 mg 
and it can be given as intramuscular or intramyometrial inject ion. Intramyometrial 
administration can be performed trans-abdomina lly or under direct vision during caesarean 
deliveries (Breathnach & Geary, 2009).  
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The clinical effect is faster if given intramyo metrial (peak within 5 minutes) as compared to 
intramuscularly (peak within 15 minutes). A maximum dose of 2mg (8 doses) can be given 
at 15 minutes interval (Breathnach & Geary, 2009).  

Commonly reported adverse effects are nausea, vomiting, diarrhoea, pyrexia, 
bronchospasm and systemic hypertension. Therefore contraindication to its usage would be 
those with cardiac and pulmonary disease (Breathnach & Geary, 2009).  

4.4 Surgical intervention 

In most cases, the use of non pharmacological approach and uterotonic agents are able to 
curb massive bleeding due to uterine atony. Those who are not responding to these 
interventions may require surgical interven tions. Multidisciplinary support involving 
anaesthetists and haematologists expertise is essential to ensure an optimal outcome. 

4.4.1 B-Lynch compression sutures 

In the atonic uterus, the vessels especially at the placental bed are unable to contract to 
secure bleeding. B-Lynch suture, which was first reported in 1997, comprises of vertical 
compression suture on the uterine vascular system. The reported success rate was 91.7% 
(95% CI 84.9%-95.5%) (Doumouchtsis et al., 2007). It is a simple, quick and life-saving 
procedure to combat bleeding from a lax uterus.  

Before performing this procedure, its efficacy should be predicted by doing manual 
compression of the uterus. The surgeon’s left hand is placed behind the uterus while the 
right hand compresses the lower segment of the uterus just above the bladder reflection. If 
the amount of bleeding reduces, the compression suture is likely to be effective. 

 
Fig. 3. A puncture 3 cm from the right lower edge of the uterine incision and 3 cm from right 
lateral border made and threaded through the ut erine cavity to emerge at the upper incision 
margin 3 cm above and its lateral border. Then, the suture is looped over the uterine fundus 
3-4 cm from the right border before it being pulled downward vertically to enter the 
posterior uterine wall at the same level of th e first puncture site. The suture is passed 
through the cavity and emerged on the left uterine border horizontally before it is brought 
up to the fundus and looped anteriorly. After the needle ha s passed through the uterine 
cavity and brought out 3 cm an teriorly and below the incision  margin on the left, the two 
lengths of catgut are pulled tight, while the assistant continuously compressed on the 
uterus. A knot applied anterior ly to secure the tension. 
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Lloyd-Davis position is preferred when perfor ming this procedure as the vaginal bleeding 
can be assessed simultaneously. B-Lynch suture is performed by using absorbable sutures 
with round bodied needle. The technique B-Lynch suture application is described in Figure 
3. B-Lynch surgical technique is relatively safe and allows fertility preservation. Two uterine 
necroses were reported. (Joshi & Shrivastava M, 2004; Treloar et al., 2006) However, these 
two cases had received numerous comments and queries regarding the suturing techniques. 
In one of the comments, B-Lynch had stated among 948 successful cases of B-Lynch sutures 
worldwide only seven cases failed. (B-Lynch, 2005) Allam et al reviewed 10 case reports 
involving a total of 38 women who underwent B-Lynch surgical technique for massive PPH. 
There were 36 successful cases with 2 failures reported. Till date, no known post-operative 
mortality reported (Allam & B-Lynch, 2005). 

4.4.2 Hayman suture 

Hayman uterine compression suture (Figure 4) is another method which has been described 
to arrest bleeding in uterine atony. This  technique does not require lower segment 
hysterotomy therefore it is a good option when PPH occurs following vaginal delivery 
(Hayman et al., 2002). It is faster, easier and less traumatic to the uterus. The success rate of 
this procedure is approximately 93.75% (Nanda & Singhal, 2011). However, it may entrap 
blood within the uterine cavi ty and subsequently induces haematometra, pyometra and 
uterine necrosis (B-Lynch, 2005) 

 
Fig. 4. This procedure involves making two stitches approaching from below the bladder 
reflection anteriorly to the posterior wall of the uterus at the same level. The knots are 
placed at the fundus while the uterus is being compressed by an assistant simultaneously.  

4.4.3 Vascular ligation/ Occlusion 

Currently there is no evidence or consensus regarding the superiority of one treatment to 
another in massive PPH. The limitations are depending on the availability and experience of 
surgeons, facilities, and local policies. In the past, laparotomy has been advocated to 
facilitate devascularisation. Vascular ligation is advocated following failure of compression 
sutures before resorting to hysterectomy is considered, especially when fertility is of 
concern. However with recent advancement of less invasive radiological intervention, it has 
become a viable alternative to vascular ligation.  
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4.4.3.1 Bilateral uterine artery ligation 

This easier technique with fewer complicat ions was first described by Waters in 1952 
(Waters, 1952). It involves a low abdominal approach like in Pfannenstiel incision. The 
uterus is exteriorised and pulled upward to faci litate identification of uterine vessels. An 
absorbable suture is placed 2 cm below the bladder reflection on both sides of the uterus 
avoiding the ureters. This technique occludes the ascending branch of uterine vessels, with 
reported success rate of 80-96% (Morel et al., 2011). This procedure is technically safe other 
than possible risk of ureteric injury. 

4.4.3.2 Bilateral internal iliac (hypogastric artery) ligation 

This is one of the oldest surgical technique (Figure 5) introduced as early as 1960’s (Sziller et 
al., 2007). It requires a good knowledge of anatomy to avoid inadvertent injuries to the 
external iliac vessels and ureters. The success rate of internal iliac artery ligation varies 
between 42-93% (Morel et al., 2011). Incorrect ligation entails high risks of limbs ischaemia, 
gluteal claudication, further bleeding and possible ureteric and nerve injury. 

 
(EIA: external iliac artery; EIV: external iliac v ein; CIA: common iliac artery; CIV: common iliac vein; 
IIA: internal iliac artery; U: ureter) 

Fig. 5. The broad ligament is opened and traced upward until at the level of bifurcation of 
common iliac artery parallel to the sacroiliac curvature. The ureter is commonly on the 
medial leaf of the broad ligament after crossing the bifurcation of common iliac artery. The 
vascular sheath needs to be cleared for better visualisation and recognition, minimising 
inadvertent ligature and venous injury. The inte rnal iliac is a branch of medio-inferior after 
the bifurcation of common iliac artery. By using a right angle forceps to isolate this vessel, 
an absorbable ligature is placed 1 to 2 cm below the bifurcation. Following this, a distal 
pulse at femoral artery is checked to ensure its patency. The same procedure is repeated to 
the contra-lateral side (Given et al., 1964).  

4.4.3.3 Other type of vascular ligation 

Many other vascular ligation techniques had b een described. For example, triple ligations 
(Tsirulnikov, 1979) and stepwise sequential ligation (AbdRabbo, 1994).  
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4.4.4 Embolisation 

Uterine artery embolisation is relatively a new technology in managing PPH.  It is only 
available in tertiary hospitals and it requires an interventional radiol ogist with the attending 
obstetrician. This procedure requires haemodynamic stability. Ideally, anticipation of its role 
is best done pre-operatively example in morbidly adherent placenta. However, uterine 
atony related PPH often unpredictable hence its use is limited. In cases where balloon 
tamponade has partially reduced bleeding, concurrent use of uterine artery embolisation 
may be of value to avoid hysterectomy for conserving fertility. 

The success rate of emergency uterine artery embolisation for refractory uterine atony 
ranges from 70 to 100% (Soncini et al., 2007). As pelvic vasculature is very rich in 
anastomosis, both sides of uterine artery occlusion are required to ensure its effectiveness.  

Possible complications include procedure failure with persistent bleeding, infection, 
vascular injury, postoperative pain and fever. The overall risk is approximately 5% (Soncini 
et al., 2007). However the reproductive functi on following this procedure is maintained 
(Soncini et al., 2007) but may be associated with malpresentation, preterm delivery and 
PPH.  

4.4.5 Hysterectomy 

Peri-partum hysterectomy for PPH is a difficult decision to make but a life saving definitive 
procedure. Although this is usually the last resort however early consideration should be 
given in selected cases especially when fertility is of less concern and in morbidly adherent 
placenta. The incidence varies up to 8 per 1,000 deliveries (Lone et al., 2010).  

Peri-partum hysterectomy has a morbidity rate of 30-40% (Christopoulos et al., 2011). 
Complications include ureteric and bladder injury, persistent bleeding requiring re-
exploration, pneumonia, and urinary fi stula (Christopoulos et al., 2011).  

Peri-partum hysterectomy can be performed either as total or subtotal hysterectomy. A total 
hysterectomy reduces risk of cervical stump malignancy (El-Jallad et al., 2004), but requires 
longer operating time and has higher rate of urinary tract injuries. A subtotal hysterectomy 
is faster and safer (Rahman et al., 2008) but regular cervical screening is mandatory. 

5. Role of intensive care management 

5.1 Intensive care unit (ICU) 

Critical care management is an essential component in the management of PPH. A timely 
management with early involvement of a multidisciplinary team is likely to result in a better 
maternal outcome by arresting the progression to multi-organ failure, hence lowered 
morbidity and mortality (Demirkiran et al., 2003; Price et al., 2008; Price et al., 2009). 

Postpartum haemorrhage, which contributed to 15% of maternal deaths, has been reported 
in CEMACH as preventable death or morbidity in some cases. Only a third of mothers who 
died had received some form of intensive care management (Wong, 2011). 

For deaths attributable to PPH, which occurred outside the ICU, the main contributory 
factors were: 
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management with early involvement of a multidisciplinary team is likely to result in a better 
maternal outcome by arresting the progression to multi-organ failure, hence lowered 
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in CEMACH as preventable death or morbidity in some cases. Only a third of mothers who 
died had received some form of intensive care management (Wong, 2011). 

For deaths attributable to PPH, which occurred outside the ICU, the main contributory 
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1. Failure to recognise the severity of PPH. 
2. Delay in referral to anaesthetist and ICU. 
3. Sub-optimal management of PPH while awaiting ICU transfer. 

In contrast to the obstetric management of PPH, the critical care management is likely 
independent of its cause. The majority of obstetric patients who require ICU admission 
suffer from complications of PPH, sepsis and hypertensive disorders (Naylor & Olson, 2003; 
Williams et al., 2008). 

5.2 High dependency unit (HDU) 

The HDU is a specific area in a hospital that provides either a �Gstep-up’ or �Gstep-down’ care 
as compared to a general ward or ICU respectively. It provides an intermediate care for 
invasive monitoring and support for patients at  risk of developing organ failure. Patients 
who require mechanical ventilation or suffer multiple organ failure or dysfunction are best 
managed in ICU (Price et al., 2009). 

Early involvement of the anaesthetist at this stage allows assessment to determine if there is 
a need to �Gstep-up’ to ICU care. Indications for ICU transfer in PPH are shown in Table 3. 
 

Indications for transfer to ICU 

Respiratory Need for mechanical ventilation 
Severe respiratory acidosis (uncorrected) 
Airway protection 

Cardiovascular Inotrope support 
Pulmonary oedema 

Renal Renal replacement therapy 
Severe metabolic acidosis (uncorrected) 

Neurological Deteriorating / Poor Glasgow coma scale (GCS) 

Others Multi-organ failure 
Hypothermia 

Table 3. Indications for transfer to ICU 

5.3 Transport of the critically ill 

When transfer is needed in severely ill patients, it should be done without any delay. This is 
to ensure closer or more intensive monitoring, rapid resuscitation and more detailed 
assessment and therapy. A pre-planned and well-prepared transfer reduces the morbidity of 
patient and allows rapid and safe transfer. Suffici ent notice is necessary to the recipient unit 
to allow adequate time for assembly of equipment and monitors as well as allocation of staff 
and presence of intensivist on site for rapid assessment upon arrival. In an unstable patient, 
the minimum team for transfer should consist of a trained and skilled doctor who is able to 
re-intubate a ventilated patient and to detect  any change in condition, a nurse and two 
assistants to manoeuvre the bed (Guise & Segel, 2008; Haupt et al., 2003; Price et al., 2009; 
Price et al., 2008). 
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5.4 Staffing for critical care management team 

Early multidisciplinary involvement and planning for critical care is crucial in the 
management of PPH. This should involve the obstetricians, midwives, physicians, 
intensivists, anaesthetists, haematologists, blood bank technicians, nursing and other allied 
health professionals. The role of each of the main personnel in ICU is defined below.  

Early combined care of high-risk patients with intensivist/anaesthetist, as early as antenatal 
period, is prudent in reducing morbidity. Intensivist/anaesthetist plays a key role in the 
critical care management. This enables immediate detection and early management of 
complications, hence, may prevent or lower morbidity and mortality.  (Guise & Segel, 2008; 
Martin & Foley 2006; Plaat & Wray, 2008)  

Nursing the critically ill is a complex job. Their main role is to provide continuous close 
monitoring of the patient. They are able to analyze patient’s clinical  changes, anticipate 
possible complications leading to shorter recovery period and better emotional support for 
both the patient and family members. (Price et al., 2008; Simpson & Barker, 2008; Guise & 
Segel 2008) 

Physiotherapist plays an important role in redu cing overall morbidity of the patient. Post-
operative physiotherapy enables a faster recovery phase, lower risk of ventilation-associated 
sepsis or pneumonia, and a shorter ICU stay. (Daber & Jackson 1987; Skinner et al., 2008; 
Thomas et al., 2006) 

5.5 Blood bank 

Blood bank facilities in a hospital are essential for immediate provision of blood in cases of 
massive PPH. Adherence to blood bank policies and guidelines is necessary to avoid 
injudicious use of blood and blood products. Liaison with haematologist will go a long way 
to ensure appropriate handling and usage of blood and blood products. 

5.6 Haemodynamic monitoring  

Acute circulatory failure or sh ock is a condition in which there is inadequate tissue 
perfusion. The main aim of management is to restore perfusion to the compromised areas in 
order to provide adequate oxygenation to the affected tissue. In situations where the 
diagnosis is in doubt, resuscitation is initiated to improve the patient’s haemodynamic 
status before appropriate definitive therapy is rendered (Wise & Clark 2010b). 

Identification of patients who require resuscitation, and assessment of its adequacy thereof, 
is essential in critical management. Clinical assessment of patient’s haemodynamic status is 
easy to perform and rapidly informative. This in cludes clinical parameters such as conscious 
level (Glasgow Coma Scale), pulse rate, respiratory rate, capillary refill and urine output 
(Pearse & Rhodes, 2004; Price et al., 2008).  

Monitoring equipment provides additional info rmation to assess adequacy of resuscitation 
efforts. This can be broadly categorised into non-invasive and invasive types of monitoring. 
The former includes continuous electrocardiogra phy, non-invasive blood pressure monitoring, 
pulse oximetry and capnography, while the la tter includes direct measurements of intra-
arterial blood pressure, central venous pressure, pulmonary artery pressure, central venous 
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oxygen saturation, and cardiac output. In massive obstetric haemorrhage, invasive monitoring 
may be crucial to allow continuous assessment of the haemodynamic status until clinical 
improvement occurs. However, not all sophisticated monitoring equipment may be available 
in every hospital, in which case management decisions may need to be based on clinical 
assessment (Martin & Foley, 2006; Moore & Chandraharan, 2010; Pearse & Rhodes, 2004). 

5.7 Haemodynamic management 

Cardiovascular support may be required in women with PPH to maintain an adequate 
cardiac output and blood pressure. This in cludes fluid administration, treatment of 
abnormal heart rate and rhythm, use of vasoactive agents, thrombolysis, ventilatory support 
and uncommonly other mechanical devices, such as pacemaker, ventricular assist devices, 
or extracorporeal membrane oxygenator (Pearse & Rhodes, 2004; Price et al., 2008).  

Rapid intravenous infusion is the key to initial resuscitation. The aim is to improve 
microvascular blood flow to provide tissue oxygenation by expanding the intravascular 
volume and improving cardiac output. The type and amount of fluid used is dependent on the 
underlying aetiology of circulat ory insufficiency, and to a lesser extent the availability of any 
particular fluids. The choice between crystall oid and colloid during resuscitation remains a 
debate. Excessive use of normal saline has been reported to result in hyperchloraemic acidosis. 
The composition of Ringer lactate solution closely resembles that in the plasma and is 
considered to be one of the most “physiological” cystalloids available fo r use. In contrast to 
crystalloid, colloid remains longer in the in travascular compartment and therefore may be 
more effective in severe hypovolaemia (Bauer et al., 2009; Shoemaker & Kram, 1988).  

A useful guide is to infuse an initial amount of 10 ml/kg of colloid or 20 ml/kg of 
crystalloid followed by clinical and haemodynam ic assessment of the response. More fluids 
should be administered if the patient remain s hypovolaemic. Approximately three times the 
volume of crystalloid is required to achieve blood volume expansion to the same degree as 
colloid. Large volumes of intravenous fluids may have to be administered while awaiting 
the availability of cross-ma tched blood (Price et al., 2008; Shoemaker & Kram, 1988).  

Coagulopathy may ensue during massive blood loss or as a result of massive blood 
transfusion. Correction of hypothermia is essential to prevent exacerbation of coagulopathy. 
Severe acidosis may warrant correction with sodium bicarbonate to prevent acidosis-
induced myocardial depression, provided ventila tion is not compromised (Bauer et al., 2009; 
Price et al., 2009).  

Patients who have no prior cardiac disease usually respond to volume resuscitation with 
intravenous fluids, blood and blood products. However, a small percentage of patients, 
especially those with pre-existing cardiovascular compromise, may require vasoactive 
agents to improve cardiac functi on and peripheral circulation. Cardiac failure secondary to 
coronary artery insufficiency may require vasodilator therapy using glyceryl trinitrate. Loop 
diuretics may be needed to reduce pulmonary congestion in acute pulmonary oedema 
associated with left ventricular failure. Infusion of a positive inotrope (e.g. epinephrine, 
dobutamine) and/or a vasoconstrictor (e.g. norepinephrine) should be considered to 
provide circulatory support and maintain adequate renal perfusion. Mechanical devices 
such as ventricular assist devices and intra-aortic balloon pumps to improve cardiac output 
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have been advocated in critically ill patien ts unresponsive to pharmacologic therapy. 
(Pearse & Rhodes, 2004; Price et al., 2008). 

5.8 Respiratory management 

Acute respiratory distress syndrome is one of the complications of massive haemorrhage, 
which may require ventilatory support. The aim of respiratory management is to maintain 
adequate gas exchange by ensuring a patent airway, sufficient oxygen therapy and 
sustainable ventilation. Airway management is a challenge in pregnant women due to a 
combination of factors such as weight gain, fluid retention, and enlarged breasts resulting in 
difficult laryngoscopy. The pa tient may rarely present wi th stridor, and difficult 
endotracheal intubation may complicate airway management. (Price et al. 2009) 

5.9 Renal management 

Acute renal failure is one of the main causative factors of maternal deaths following massive 
PPH. The mainstay of treatment is aimed at providing support by minimising damage to the 
surviving nephrons till the kidneys recover. Restoration of circulation by fluid or blood 
together with the judicious use of vasopre ssors will improve perfusion pressure and 
maintain adequate urine output (> 0.5-1 ml/kg/hour). Electrolyte derangement, especially 
involving potassium, needs to be corrected. Severe acidosis may require sodium bicarbonate 
therapy. Renal replacement therapy, if indicated, should be started without delay following 
early nephrology consultation. (Demirkiran et al., 2003; Anthony & Johanson, 1996) 

5.10 Others 

Prevention of venous thrombo-embolism is necessary in view of the hypercoagulable state 
during post-partum period. This can be achi eved with compression stockings, adequate 
hydration, thromboprophylactic agents, limb ph ysiotherapy and early mobilisation (Price et 
al., 2009). 

6. Transfusion of blood & blood products 

According to British Committee for Standards in Haematology, the therapeutic aim for 
management of massive blood loss is to maintain: 

�x Haemoglobin �• 8.0 g/dl 
�x Platelet count �• 75 x 109/l 
�x Prothrombin time �” 1.5 mean control 
�x Activated prothrombin time �” 1.5 mean control 
�x Fibrinogen �• 1.0 g/l 

Massive PPH would require blood and blood pr oducts to replace the clotting factors, 
fibrinogen and platelets. There are various definitions on massive blood transfusion. These 
include replacement of the full circulating volume within 24 hours, loss of 50% of circulating 
blood volume within 3 hours, estimated blood loss of more than 5000 ml, or transfusion of 
more than 4 units of blood in an hour wi th ongoing blood loss (Moore & Chandraharan, 
2010; Wise & Clark, 2010a). 
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especially those with pre-existing cardiovascular compromise, may require vasoactive 
agents to improve cardiac functi on and peripheral circulation. Cardiac failure secondary to 
coronary artery insufficiency may require vasodilator therapy using glyceryl trinitrate. Loop 
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hydration, thromboprophylactic agents, limb ph ysiotherapy and early mobilisation (Price et 
al., 2009). 

6. Transfusion of blood & blood products 

According to British Committee for Standards in Haematology, the therapeutic aim for 
management of massive blood loss is to maintain: 

�x Haemoglobin �• 8.0 g/dl 
�x Platelet count �• 75 x 109/l 
�x Prothrombin time �” 1.5 mean control 
�x Activated prothrombin time �” 1.5 mean control 
�x Fibrinogen �• 1.0 g/l 

Massive PPH would require blood and blood pr oducts to replace the clotting factors, 
fibrinogen and platelets. There are various definitions on massive blood transfusion. These 
include replacement of the full circulating volume within 24 hours, loss of 50% of circulating 
blood volume within 3 hours, estimated blood loss of more than 5000 ml, or transfusion of 
more than 4 units of blood in an hour wi th ongoing blood loss (Moore & Chandraharan, 
2010; Wise & Clark, 2010a). 
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Massive transfusion may be complicated by citrate toxicity, acid-base and electrolyte 
disturbances, and hypothermia. Other risks of transfusion include haemolytic reactions, 
anaphylactic reactions, febrile non-haemolytic reactions, transmission of infectious disease, 
and alloimmunisation (Moore & Chandrah aran, 2010; Padmanabhan et al., 2009). 

6.1 Red cell transfusion 

Concentrated red blood cells (RBC) is the first line therapy in massive PPH. The aim is to 
improve oxygenation in the peripheral tissues. Each unit of concentrated RBC improve 
haemoglobin by 1.0 g/dl as well as haematocrit by 3%. Commencement of blood transfusion 
should be guided by clinical assessment rather than result of full blood count (Bolan & 
Klein, 2007; Klein, 2006; Padmanabhan et al., 2009). 

6.2 Management of coagulopathy 

Management of transfusion-associated coagulopathy entails anticipation, prompt 
recognition and early initiation of therapy. Late detection of disseminated intravascular 
coagulation (DIVC) results in systemic bleeding which may lead to multi-organ failure and 
poor prognosis. Hence, it is not necessary to wait for laboratory results if coagulopathy is 
suspected and clinical bleeding is present. The management of coagulopathy should be in 
liaison with the haematologist. Blood components that are required in management of DIVC 
include fresh frozen plasma, cryoprecipit ate and platelet (Bolan & Klein, 2007; 
Chandraharan & Arulkumaran, 2007; Klei n, 2006; Moore & Chandraharan, 2010;). 

Fresh frozen plasma (FFP) is derived from whole blood. It contains all the coagulation 
factors, main inhibitors, anti-thrombin III and protein C. A prothrombin time (PT) and 
APTT ratios of >1.5 are significantly associated with an increased risk of clinical 
coagulopathy. About 5 to 10 units of cryoprecipitate (containing Factor VIII, fibrinogen, 
factor XIII and fibronectin) should be infused following FFP used to correct 
hypofibrinogenaemia. Platelet transfusion is required when the count is lower than 50 
x109/l in the context of persistent bleedin g (Key & Negrier, 2007; Klein, 2006). 

Recombinant Factor VIIa (rFVIIa) is an activated form of Factor VII. It is licensed for use in 
haemophilia but not in massive PPH due to paucity of data on its use. There are currently 
no guidelines for its use in obstetric haemorrhage, although propos als for guidelines are 
starting to appear. However, it may have a role in the management of massive PPH 
refractory to conventional treatment. Recombinant Factor VIIa was found to be effective in a 
review of 65 case studies of women with massive PPH. There are limitations to its use, 
including limited information about safety when used in obstetric patients, cost and non-
response in a minority of patients. Further evaluation is required (Haynes et al., 2007; 
Karalapillai & Popham, 2007; Searle et al., 2008). 

6.3 Jehovah witness 

It is important to identify women who refu se blood and blood products, e.g. Jehovah’s 
Witnesses. These patients will not accept either the whole blood or its other main 
components i.e. packed red cells, white blood cells, platelets, or plasma. Consent or 
advanced directive’ should be obtained with regards to the acceptability of types of blood 
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products or other recombinant factors. (Moo re & Chandraharan, 2010; Wise & Clark, 2010a). 
Various strategies have been employed to prevent PPH and requirement of blood 
transfusion in these high-risk patients. 

Correction of anaemia prior to delivery is of utmost importance. Use of iron supplementation 
and good nutrition with appropriate dietician refe rral are usually employed. In selected cases, 
erythropoietin may be given after discussion with haematologist.  

The use of Carbetocin as the first line uterotonic agent at AMTSL had been shown to be 
associated to lesser blood loss (Nirmala et al., 2009); In the event of uterine atony, early 
involvement of senior personnel and a more aggressive approach to definitive treatment i.e. 
hysterectomy; in cases with retained placenta, intra-umbilical oxytocin injection instead of 
manual removal of placenta has been shown to reduce the amount of blood loss though not 
at a significant level (Lim et al., 2011). These intra-partum strategies will reduce the risk of 
massive blood loss and hence reducing the need for transfusion. 

When operative intervention is needed, certain steps to minimise bleeding may be employed. 
The use of diathermy or blunt dissection to op en the layers of abdominal wall will reduce 
bleeding as compared sharp dissection. Appropriate autologous blood transfusion techniques, 
such as normovolaemic haemodilution, pre-operative autologous blood donation, intra-
operative red cell salvage, should be considered in this group of women to avoid blood 
transfusion (Moore & Chandraharan, 2010; Wise & Clark, 2010a; Heard & Quinn, 2010). 
However, these services are not readily available in all centres. Hence these women should 
have their deliveries in centres that provide this particular service. 

The use of cell salvage may be acceptable by Jehovah’s Witness as the blood remained in 
continuity with their body circulation (Kin g, 2009; Remmers & Speer, 2006). However, its 
use in obstetric cases due to PPH is still viewed negatively for the potential fear of amniotic 
fluid embolism due to fetal cells, fat or faecal matter contamination. This potential risk has 
to be communicated to the patient.  

Acute normovolaemic haemodilution may be used by the anaesthetist intra-operatively during 
either elective or emergency cases. Following anaesthesia, a total of 15 to 20 ml/kg of blood is 
withdrawn from the patient and is replaced by ei ther crystalloid or colloid. The blood is kept 
and re-transfused after completion of operation.  The re-transfused blood will contain clotting 
factors and platelets. This procedure is also acceptable to the Jehovah’s Witness as the replaced 
blood is in continuity with body circulatio n. However, this procedure is not without 
complication as it may cause cardiovascular instability (Remmers & Speer, 2006). 

Pre-operative autologous blood donation involves repeated donation of blood by the patient 
at least 4 to 6 weeks prior to the delivery or operation. The blood is kept and transfused if 
necessary. Though this method can reduce risk of transfusion related infection and reaction, 
it is not acceptable among Jehovah’s Witness. This is in view of discontinuity of blood from 
their circulation (Heard & Quinn, 2010; Remmers & Speer, 2006).  

Other methods acceptable to Jehovah’s Witness include the use of antifibrinolytics 
(aprotinin and tranexamic acid) and Perfluorocarbon-based or haemoglobin-based oxygen-
carrying compounds (Hemopure, Oxygent or PolyHeme). These products have been shown 
to reduce the risk of re-laparotomy for bleeding and the need for blood transfusion (Heard 
& Quinn, 2010). 
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7. Conclusion 

PPH is a major cause of maternal deaths worldwide and uterine atony is the main attributor. 
In order to reduce maternal mortality, one of the strategies should be towards primary, 
secondary and tertiary prevention of uterin e atony. Close relationship with ancillary 
support i.e. blood bank facilities, intensivists and ICU care completes the team in 
management of atonic PPH. 
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1. Introduction 

Retinopathy of prematurity (ROP) is a vasoprol iferative retinal disorder, which represents 
the main cause of visual impairment and blindness in preterm infants (Drack,1998).ROP 
develops in 84% of premature survivors born at <28 weeks of gestation (Palmer et 
al,1991). Fortunately, it resolves in most cases (80%) without visual loss from retinal 
detachment or scars (Palmer et al, 1991; Cryotherapy for retinopathy of prematurity 
cooperative group, 1994). In this study, the total ROP incidence was 0.17% overall and 
15.58% for premature infants with length of stay of more than 28 days (Lad et al, 2009). 
The increased survival of very small premature infants has led to the resurgence of this 
potentially blinding disease (Kinsey et al 1977; Shohat et al 1983)The pathogenesis of ROP 
isn’t fully known. The altered regulation of vascular endothelial growth factor from 
reported episodes of hyperoxia and hypoxia is an important factor in the pathogenesis of 
ROP (Chow et al 2003). Apparently, any severe physiologic stress may damage the 
developing capillaries in immature retina and in response to ischemia, new vessel 
(neovascular) growth resumes (Phelps, 1992).ROP appears to be a multifactorial disease. 
Given the multifactorial nature of ROP and close relation of the most risk factors to 
prematurity, it is difficult to define the specific role of any individual factor in the 
pathogenesis of ROP (Hesse et al 1997). 

Blood transfusion has been identified as a risk factor for ROP in several studies (Shohat et 
al,1983;Cats& Tan KEW ,1985 ;Clark et al ,1981; Cooke et al ,1993;Sacks et al ,1981;Yu & 
Hookham& Nave ,1982);Some investigator, however, could not confirm this associating 
(Bossi et al, 1984; Brown,1987 ;Lechner& Kalina& Hodson,1977).The damaging effects of 
blood transfusion on the retina are mediated via an increase in free iron that may catalyze 
fenton reactions, which produce free hydroxyl  radicals capable of damaging the retina 
(Sullivan, 1988).Preterm infants are particularly  susceptible to iron overload because of 
frequent transfusions and low levels of iron – binding proteins (Sulli van, 1988).In an effort 
to limit the risks associated with RBC transfusion, many neonatal units have adopted more 
restrictive guidelines for transfusing pret erm infants (Widness et al ,1996 ;Alugappan& 
Shattuck& Malloy ,1998;Maies et al 2000 ;Franz & Pohlandt,2001),but the safety or potential 
benefits of restricting transfusions have not been adequately tested.  



 
Blood Transfusion in Clinical Practice 

��

128 

Williams, J.; Mozurkewich, E.; Chilimigras, J. & Van De Ven, C. (2008). Critical care in 
obstetrics: pregnancy-specific conditions, Best Practice & Research Clinical Obstetrics 
& Gynaecology, Vol. 22, No. 5, pp. 825-846. 

Winter, G.H.,J. (ed) (1939), Operazioni Ostetriche, Societa Editrice Libraria, Milano. 
Wise, A. & Clark, V. (2010a). Challenges of major obstetric haemorrhage, Best Practice & 

Research Clinical Obstetrics & Gynaecology, Vol. 24, No. 3, pp. 353-365. 
Wise, A. & Clark, V. (2010b). Obstetric haemorrhage, Anaesthesia & Intensive Care Medicine, 

Vol. 11, No. 8, pp. 319-323. 
Wong, C.A. (2011). Saving Mothers' Lives: the 2006-8 anaesthesia perspective, British journal 

of anaesthesia, Vol. 107, No. 2, pp. 119-122. 
World Health Organization (2007).  Iron deficiency anaemia, assessment, prevention and control: a 

guide for programme managers. Available: http://www.who.int/reproductive-
health/docs/anaemia.pdf, 14.02.2007 

World Health Organization (2005).  Make every mother and child count. 
World Health Organization (1992).  The prevalence of anaemia in women: a tabulation of available 

information, Geneva. 

7 

Effects of Blood Transfusion  
on Retinopathy of Prematurity 

Ebrahim Mikaniki, Mo hammad Mikaniki  
and Amir Hosein Shirzadian 

Babol University of Medical Sciences  
Iran 

1. Introduction 

Retinopathy of prematurity (ROP) is a vasoprol iferative retinal disorder, which represents 
the main cause of visual impairment and blindness in preterm infants (Drack,1998).ROP 
develops in 84% of premature survivors born at <28 weeks of gestation (Palmer et 
al,1991). Fortunately, it resolves in most cases (80%) without visual loss from retinal 
detachment or scars (Palmer et al, 1991; Cryotherapy for retinopathy of prematurity 
cooperative group, 1994). In this study, the total ROP incidence was 0.17% overall and 
15.58% for premature infants with length of stay of more than 28 days (Lad et al, 2009). 
The increased survival of very small premature infants has led to the resurgence of this 
potentially blinding disease (Kinsey et al 1977; Shohat et al 1983)The pathogenesis of ROP 
isn’t fully known. The altered regulation of vascular endothelial growth factor from 
reported episodes of hyperoxia and hypoxia is an important factor in the pathogenesis of 
ROP (Chow et al 2003). Apparently, any severe physiologic stress may damage the 
developing capillaries in immature retina and in response to ischemia, new vessel 
(neovascular) growth resumes (Phelps, 1992).ROP appears to be a multifactorial disease. 
Given the multifactorial nature of ROP and close relation of the most risk factors to 
prematurity, it is difficult to define the specific role of any individual factor in the 
pathogenesis of ROP (Hesse et al 1997). 

Blood transfusion has been identified as a risk factor for ROP in several studies (Shohat et 
al,1983;Cats& Tan KEW ,1985 ;Clark et al ,1981; Cooke et al ,1993;Sacks et al ,1981;Yu & 
Hookham& Nave ,1982);Some investigator, however, could not confirm this associating 
(Bossi et al, 1984; Brown,1987 ;Lechner& Kalina& Hodson,1977).The damaging effects of 
blood transfusion on the retina are mediated via an increase in free iron that may catalyze 
fenton reactions, which produce free hydroxyl  radicals capable of damaging the retina 
(Sullivan, 1988).Preterm infants are particularly  susceptible to iron overload because of 
frequent transfusions and low levels of iron – binding proteins (Sulli van, 1988).In an effort 
to limit the risks associated with RBC transfusion, many neonatal units have adopted more 
restrictive guidelines for transfusing pret erm infants (Widness et al ,1996 ;Alugappan& 
Shattuck& Malloy ,1998;Maies et al 2000 ;Franz & Pohlandt,2001),but the safety or potential 
benefits of restricting transfusions have not been adequately tested.  
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2. Retinopathy of prematurity 

2.1 History 

ROP was first described by Terry in 1942 as retrolental fibroplasias (Terry, 1942) and a few 
years later was recognized as one of the leading causes of infant blindness 
(Zacharias,1952).The indiscriminate use of oxygen from the 1940s to the mid-1950s was 
associated with a very high incidence of ROP. After the widespread adoption of the New York 
city health departments recommendation to restrict supplemental O2 concentrations to 40% 
,the incidence of ROP decreased dramatically (James & Lamman,1976). During the 1960s it 
became obvious that although ROP incidences had decreased ,the oxygen restriction appeared 
to be associated with a significant increase of infant morbidity and mortality from hyaline 
membrane disease (Avery& Oppenheimer, 1960) and brain injury (McDonald, 1963). Oxygen 
supplementation was therefore liberalized in th e late 1960s, and incidence of ROP began to  
rise again. 

In the late 1960s, the incidence of ROP began to rise again. This increase continued during 
the 1970s and 1980s, likely as a result of the improved survival rate of very low birth weight 
infants associated with advances in neonatal medicine (Valentine et al, 1991).However, with 
improved technology and new techniques in neonatal nursing care, very low birth weight 
infants are now surviving with decreasing morb idity, and it is possible that the recent 
advances, that produced this change have also had an effect on ROP incidence (Bullord  
et al, 1998). 

2.2 Incidence and risk factors 

Kinsey et al found the incidence of ROP to be 38% in infants weighing 1200 g or less (Kinsey 
et al 1977.The CRYO-ROP trials reported an incidence of 65.8%,Infants weighing less than 
1251 g and 81.6% in those less than 1000 g (Palmer et al, 1991). Many other studies reported 
ROP incidence ranging from 10% to 66% in infants with low birth weights in the United 
States and worldwide (Shohat et al 1983;Cats& Tan KEW ,1985; Bullord et al,1998;Fledelius& 
Dahl ,2000;Akkoyun et al,2006;Rowlands et al 2001;Hussain&Clive& Bhandori,1999;Wright 
et al,1998;Custick et al 2006;Yang et al 2006). 

Chiang and associates have reported that the incidences of ROP were 20.3%, 27.3% and 
33.2% in infants with a length of stay of more than 28 days with birth weight of less than 
1500 g, 1200 g and 1000 g respectively (Chiang et al. 2004). 

More recently Lad et al. in a large retrospective study based on the national Inpatient 
sample from 1997 through 2005 reported ROP incidence of 15.58% for premature infants 
with length of stay of more than 28 days (Lad et al, 2009). 

Several risk factors have been associated with ROP .The major risk factors are prematurity 
(low birth weight, low gestational age at delivery).An inverse relationship was found 
between birth weight and the incidence and severity of retinopathy of prematurity (Lad et 
al, 2009; Kinsey et al 1977; Shohat et al. 1983; Bossi et al, 1984; Gunn et al,1980;Hammer et 
al,1986;Patz,1969).This finding emphasize, that the degree of immaturity of the eye is the 
main predictive factor for the devolvement of ROP. 

Immature and underdeveloped retinal blood vessels in premature infants may be more 
vulnerable to postnatal environmental influences  such as hyperoxic or hypoxic tissue injury, 

 
Effects of Blood Transfusion on Retinopathy of Prematurity 

��

131 

hypercarbia, and metabolic acidosis (Quinn, 1998). Moreover, these adverse conditions have 
a better opportunity to affect retinal vascular development if more development is left to 
occur under their influence. For many years it was thought that oxygen therapy increased 
the risk of ROP in preterm infants, however (Reynolds et al, 1998), ROP can occur even with 
careful control of oxygen therapy (Akkoyun et al , 2006). In fact, the role of oxygen has been 
overemphasized in the past and excessive oxygen administration has not been identified as 
an independent risk factor(Mccolm& Fleck ,2001).A reasonable working hypothesis is that 
the developing retina is highly sensitive to any disturbance in its oxygen supply either 
hyperoxemic or hypoxemic (Lucey & Dangman,1984). 

Other proposed risk factors that are under study and may not be causally linked to ROP 
include: metabolic acidosis (Bossi et al, 1984), metabolic alkalosis (Shohat et al 1983), 
hypercarbia (Bauer & Windmayer, 1981), hypocarbia (Brown,1987), transfusions 
(Brown,1987; Clark et al ,1981), light (Glass et al ,1985), intraventricular hemorrhages 
(Brown,1987), white race( Saunders et al ,1997),chronic lung disease (Biglan et al ,1984), 
seizures(Biglan et al ,1984),sepsis(Gunn et al,1980),xanthine administration (Hammer et 
al,1986), magnesium and copper deficiency (Caddell,1995), Vitamin E deficiency (Owens & 
Owens ,1949 ),selenium deficiency (Papp & Nemeth& Pelle ,1993), and multiple gestations 
(Bossi et al, 1984). Any change that affects the incidence or nature of one or more of these 
risk factors might also affect the incidence and severity of ROP. 

2.3 Pathogenesis 

ROP is a condition confined to the immature retinal vascular system. The likelihood of 
developing retinopathy is related to the degree of vascular development so that once the 
retina is fully vascularized the risk of developing ROP has passed. Normally, retinal 
vascular development progresses from the 16th week of gestation to the 40th week in a 
central to peripheral wave at a rate of about 0.1 mm/day (Payne& Patz, 1979). 

ROP alters this normal developmental progression, which instead follows a two –staged 
pathophysiologic course: an initial phase of vasoconstriction and arrested vessel growth, 
followed by a second phase of abnormal vessel proliferation. The onset of ROP generally 
requires two conditions. The first is incomplete retinal vascular development.ROP incidence 
and severity is directly proportional to th e degree of prematurity that is, ROP outcome 
correlates with the size of the area of retinal avascularity at onset (Kinsey et al 1977, Schaffer 
et al, 1993, Kalina & Kari, 1982). The second condition involves exposure of the developing 
retina to an abnormal environmental influence and several have been suggested (Quinn, 
1998).Most prominent among these is retinal hyperoxia resulting from postnatal 
hyperoxemia in infants receiving supplemen tal oxygen to compensate for inadequate 
pulmonary function. This condition, alone or in  combination with other as yet unidentified 
results, leads to cessation of retinal vessel development. The retinal vasculature then enters 
a quiescent phase for days or weeks, while the formation of a ridge-like structure develops, 
separating the central vascularized region of the retina from the peripheral avascular region. 
This structure, which is pathognomonic of ROP, historically consists of mesenchymal and 
endothelial cells. Concomitant development of retinal neurons with advancing postnatal age 
results in increasing oxygen requirements, which cannot be met by attenuated vessel 
compliment in retinal hypoxia (Weiter& Zuch erman& Schepens 1982 ).As a result of 
hypoxia another as yet undefined stimulus, an giogenic growth fact or induction occurs, 
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followed by rapid growth of new vessels within the ridge .The new vessels can regress by 
involution and remodeling into a nearly normal  vascular pattern or the growth can progress 
to extraretinal neovascularization (Nelson, 1790). These extraretinal vessels are weak and 
prone to leakage. The result is vitreous hemorrhage, scarring and contraction, leading to 
retinal folds or detachments and vision (loss Foos, 1985). 

ROP is called stage 1 when the growing vessels end abruptly at  a noticeable line separating 
the vascular and avascular retina takes on height and width ,it becomes a ridge and casts a 
little shadow; the ridge is stage 2 ROP .When the bunched up vessels in a stage 2 eye erupt 
into the vitreous ,The ROP becomes stage 3 and can be of variable severity .The greater the 
amount of extraretinal neovascularization ve rtically, and the greater the extent of the 
disease’s spread around the retina, the stage 3 will be more sever. If the ROP progresses 
further, exudative and tractional retinal detach ments occur and may be partial (stage 4) or 
complete (stage 5) (Phelps, 1992). 

In the premature infants, the developing capillaries without a basement membrane or 
supporting predicts completely ablate during a prolonged period of absent retinal flow .it 
remains in dispute whether the vascular ablation in the premature infants is due to direct 
oxidative injury of the growing endothelium (Chan- Ling& Gock & Stone, 1995 ) Or is 
nearly the consequence of prolonged vasoconstriction due to a disturbed auto regulatory 
mechanism of the retinal vessels (Ashton & Cook,1954).The level of antioxidative in the 
immature retina is relatively low and theref ore oxygen radicals which accumulate in the 
preterm baby’s retina may play an important role in the pathogenesis of ROP (Hesse  
et al, 1997). 

2.4 Terminology of ROP  

The severity of ROP is described by four parameters: stage, location, extent and plus disease 
(table 1). 

2.5 Screening for ROP  

Since 1988, following the demonstration by the CRYO-ROP trial, sever ROP can be 
successfully treated so the ophthalmologists have had a duty to screen for this condition. 
The focus of screening is to identify ROP that requires treatment, at the appropriate point 
in the disease progression. The indication for treatment which has been reported in the 
CRYO-ROP study is threshold ROP. The term threshold denotes the ROP stage at which 
spontaneous and complete resolution is unlikely  and the risk of blindness is predicted to 
be close to 50% (Cryotherapy for retinopathy of Prematurity Cooperative Group, 
1988).The CRYO-ROP study divided all the diseases of the stage 3 into two categories: 
pre-threshold (or moderate ROP) and threshold (or severe ROP).Any disease of the stage 
3 less than threshold was considered pre-threshold. Threshold ROP was defined as stage 3 
ROP in zones one and two, in the presence of plus disease. Further studies such as that 
published recently by the Early Treatment for Retinopathy of Prematurity Cooperative 
Group (ETROP) recommends treating eyes before threshold because the outcomes of 
some eyes treated once they have develop threshold disease has been poor (ET-
ROP,1997). 
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Parameter Description 
Stage  1  
  2 
 
 
 
  3 
 
 
 
 
 
 
 
  4 
 
 
  5 

Demarcation line at the advancing edge of the retinal blood vessels 
Ridge 
Stage 1 and 2 are referred to as mild ROP as they often undergo spontaneous 
resolution and do not result in visually disabling ophthalmic sequelae  
Ridge with Extraretinal Fibrovascular proliferation .This is the first stage of 
ROP that presents a significant risk of poor structural or visual outcome and 
thus represents serious disease. 
Shunt lesions are well developed at the demarcation line and are often 
associated with “plus” (posterior retinal congestion). 
Further progression is characterized by development of secondary vitreous 
haze which heralds the onset of vitreoretinopathy leading to more sight 
threatening sequelae  
Retinal detachment and partial retinal detachment 
a) the macula is attached 
b) the macula is detached 
Total Funnel Retinal detachment  
Stage IV and V result in some permanent visual impairment despite surgical 
intervention 

Location  
Zone 1-3 

This predictable pattern of retinal vascularisation was formally recognized 
by the international classification of retinopathy (ICROP) in 1984 and 1987, 
which divided the retina into progressive  concentric zones. The location of 
ROP is described in terms of these three arbitrarily defined ICROP zones 
which are centered around the optic disk 

Extent 1-12 This is described by clock hours by 30 degree sectors. 
Plus disease Plus disease is characterized by active progression and at a more advanced 

stage the iris becomes congested resulting in poor pupil dilatation. The 
presence of the disease is an urgent indication for treatment 

Table 1. Terminology of retinopathy of prematurity (ROP) 

3. Blood transfusion in preterm infants 

Preterm infants, especially those with very low birth weight (VLBW) prematurity, often 
need multiple blood transfusions during hospitalization. Over 50-80% of VLBW preterm 
infants receive at least one blood transfusion during their neonatal intensive care unit 
(NICU) stay (Strauss, 1997). In addition to phlebotomy losses causing low hematocrit, most 
VLBW infants develop the anemia of prem aturity (AOP) a hypopro liferative anemia 
marked by inadequate production of erythrop oietin (EPO). Treatment of AOP include red 
blood cell transfusions which are given to preterm infants based on indications and 
guidelines (hematocrit/ hemoglobin levels, ventilation and oxygen) that are relatively non- 
specific (Bishara,2008).  

Transfusions to VLBW premature infants coul d increase weight gain, improve oxygenation 
and decrease lactic acidosis (Ohls, 2000). The complications and potential risk of blood 
transfusions include blood – transmitted infection, metabolic and cardiovascular 
complications, graft versus host disease, iron overload and increased oxidative stress, which 
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are thought to be related to complications in premature infants such as chronic lung disease 
(CLD) and retinopathy of prematurity (ROP) (Cook e et al ,1997;Saugstad ,2003;Englert  et al 
,2001;Wheatley et al ,2002)considering the available evidence, many neonatal units have 
adopted more restrictive transfusion guidelines to reduce the frequency of transfusions and 
donor exposure (Windes et al, 1996; Alagappan& Shattuck& Malloy,1998; Maier et al, 
2000;Franz & Pohlandt ,2001)But, these changes in practice have not been accompanied by 
systematic examination of the safety or potential benefits of restricting transfusions. 
Limiting RBC transfusion in preterm infants may reduce the potential risk of transfusion, 
but the resulting low hemoglobin levels may result in the morbidities associated with 
chronic anemic hypoxemia as recommended by some studies that advocate more than 
liberal transfusion guidelines to prevent apnea (Ross et al, 1989), to foster weight gain 
(Meyer & sive & Jacobs, 1993). More recent trials have been performed to determine the 
safety and efficacy of more restrictive transfusion guidelines.  

Bifano was the first to evaluate neonatal transfusion guideline in prospective fashion [76]. 
This study compared the clinical outcomes of two groups of Extremely Low Birth Weight 
(EBLW) infants who were randomly assigned to restrictive or liberal transfusion criteria, 
based on hemoglobin thresholds for transfusion. There were no differences between groups 
in growth, morbidities, or mortality during hospitalization. At 12 months follow up, there 
were no differences in overall neurodevelopme ntal impairment. This study suggested that a 
restrictive transfusion strategy was not associated with adverse outcomes.  

Bell et al. conducted a randomized trial of liberal versus restrictive guidelines for bronze 
baby syndrome (BBS) transfusion in preterm infants and showed that restrictive 
transfusions may be harmful to preterm infants in the restrictive group which had a greater 
incidence of intraparenchymal brain hemorrhage or periventri cular leukomalacia and more 
frequent episodes of apnea (Bell et al, 2005). 

Bednorek et al. in a prospective study examined the relationships of high and low transfusion 
practice styles on neonatal outcomes (Bednorek et al ,1998).Multivariate analyses showed that 
infants cared for in the lower transfer NICU did not have an increased risk for several adverse 
outcomes including IVH, NEC, BPD, Lesser weight gain, and longer hospitalizations. 
Kirpalani et al, performed a study to determin e whether extremely low birth weight infants 
transfused at lower hemoglobin thresholds versus higher thresholds have different rates of 
survival or morbidity at discharge (Kirpalani et al, 2006).These investigators concluded that, in 
ELBW infants, maintaining a higher hemoglobin  level result in more infants receiving 
transfusions but confer little evidence of benefit. This study provided evidence that transfusion 
thresholds in ELBW infants can be moved downward at least 10g/L, without incurring a 
clinically important increase in the risk of death or major neonatal morbidity.  

However, most of the neonatal studies publis hed up to the present measured what infants 
received, regardless of actual need for red cells. Transfusion guidelines and practices would 
benefit from studies that identify a useful tr ansfusion marker, preferably one that requires 
minimal to no bl ood (Ohls, 2008). 

4. The effect of blood transfusion on ROP 

The role of blood transfusions as a risk factor for ROP was first suggested by Shohat et al 
(Shohat et al 1983), and other authors subsequently confirmed this association(Shohat et al 
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1983; Cats& Tan KEW ,1985; Clark et al ,1981; Cooke et al ,1993; Sacks et al,(1981); Ebrahim 
Mikaniki et al,2010; Yu & Hookham& Nave , 1982), some investigators, however, could not 
confirm it(Bossi et al, 1984; Brown,1987;Cooke et al; Lechner et al, 1977). multivariate 
regression analysis found that only gestational age and frequency of blood transfusions are 
independently associated with  the risk of occurrence of ROP (Cooke et al ,1993).They 
reported a 9% increase in the risk of ROP with each transfusion given (95% CI 1.0-1.18). But 
data on iron metabolism were not analyzed and no information was given about the actual 
volume of transfused blood. Hesse et al demonstrated by the same statistical method, that 
blood transfusions are an independent risk factor for ROP. In this study, the relative risk of 
developing ROP was 6.4 (95% CI 1.2-33.4) for infants who received 16-45 ml/kg, and 12.3 
(1.6-92.5) for those who had received more than 45 ml/kg of blood (reference, 0-15 ml/kg) 
(Hesse et al 1997).In contrast, there was no independent relationship between ROP and any 
of the parameters on iron metabolism analysis. Inder et al after multivariate regression 
analysis, showed that an elevation of serum iron and transferring saturation at 7 days of age 
is associated with an increased risk of ROP: they could not demonstrate an independent role 
of blood transfusions as a risk factor for ROP, but demonstrated that the iron status and the 
amount of transfused blood are highly correlat ed factors (Inder et al, 1997). Boosi et al, in 
another study, could not confirm an independen t role of blood transfusion on development 
of ROP (Bossi et al, 1984). 

Brooks et al, through a randomized, controlled trial, found that there was no association 
between hemoglobin or hematocrit ratios and ROP incidence or severity and transfusion 
limitation policy do not import a significant different risk for ROP (Brooks et al 1999)  
.However in this study, the risk of ROP was related to the number and not the volume of 
blood transfusion, and the incidence of ROP in the studied population was so high (76%) 
that it seems to be difficult to decrease the occurrence of ROP only by limiting the blood 
transfusions. More recently,Dani et al. showed that gestational age, blood transfusion 
volume and iron load by transfusions are associated with the risk of occurrence of ROP in 
infants with a birth weight of less than 1250 g. in this study, logistic regression analysis 
demonstrated that transfusion volume during  the first week (OR 1.16; 95% CI 1.03-1.3) 
and during the first 2 months of life (OR 2.93; 95% CI 1.52-5.62), and iron intake during 
the first week of life (OR 1.15; CI 1.01-1.32) and during the first 2 months of life (OR 2.93; 
95% CI 1.52-5.62) were associated with the development of ROP[87]. Two mechanisms by 
which blood transfusion could contribute to the development of ROP are discussed. First, 
Transfusions increase oxygen carrying capacity and a decrease in oxygen affinity caused 
by an increase in the proportion of adult hemoglobin. Second, transfusion increase iron 
load.  

Sullivan Pointed out that the transfusion of 10 ml  of packed red blood cells will increase the 
premature infant's total body iron by 20%, an d that packed red blood cells contain 450 times 
as much hemoglobin iron as the plasma total iron- binding capacity (Sullivan,JL,1988) .This, 
in conjunction with the reduced iron- binding ca pacity of preterm infants (due to their low 
transferring and ceruloplasmine levels) and po stnatal depression of erythrocyte production, 
makes preterm infants who are repeatedly transfused extremely susceptible to an 
accumulation of increased amounts of free iron. Free iron could catalyze fenton reactions 
which produce highly reactive oxygen-derived free radicals and are assumed to play an 
important role in the pathogenesis of ROP.  
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1. Introduction 

Bloodless Medicine and Surgery (BMS) is the provision of quality health care to patients 
without the use of allogeneic blood with the aim of improving outcome and protecting 
patients’ rights. 1, 2  It involves the use of Blood Conservation techniques in combinations that 
are specific to the individual patient, ideall y following a protocol and a multidisciplinary 
approach, and is synonymous with Transfusion-free Medicine and Surgery. 3, 4 

The term Patient Blood Management has crept into popular use in some circles, and has 
been recently defined by the Society for the Advancement of Blood Management as “the 
application of evidence-based medical and surgical concepts aimed at relying on a patient's 
own blood rather than on donor blood and achieving better patient outcomes”. 5 The basic 
principles or ‘pillars’ of Patient Blood Management were ratified by the 63 rd World Health 
Assembly, and are identical to those of BMS as discussed herein.6 

BMS has traditionally been considered in clinic al situations where pati ents refuse blood, and 
when ‘safe’ blood is unavailable or in short supply. 1  Many clinicians are surprised to learn 
that blood transfusion is based on tradit ion and associated with a poorer outcome 
(unrelated to infectious hazards) in a wide variety of patients. 7  Today, BMS has emerged as 
the standard of care appropriate for all patients because it is evidence-based and associated 
with a better outcome.1, 2  

2. A brief history of bloodless medicine & surgery 

For about 2000 years up until the 19th century bloodletting rather than blood transfusion was 
the standard practice in medicine.8 Virtually all surgeries prior to the 20 th century were 
essentially ‘bloodless’, and some were remarkably successful. Theodore Kocher, for 
instance, did his first thyroidectomy in 1872, an d by the end of his career he had done 5000 
thyroidectomies with only 1% mortality. Koch er never transfused any patient and he won a 
Nobel Prize.9  

Karl Landsteiner’s discovery of the ABO blood groups in 1900 started off the modern era of 
transfusion medicine. In 1915 Richard Lewisohn introduced anticoagulation with sodium 
citrate. Blood transfusion was used for World War I and II military casualties. Bernard 
Fantus set up the first hospital based blood bank in Chicago, USA about 1937.10  From then 
on blood transfusion became a universal practice in medicine, so that the popular dictum 
seemed to be “When in doubt transfuse!”. 3 
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1. Introduction 

Various methods of cryopreservation of blood, especially erythrocytes, are generally known 
and have been used for a long time. Storage of blood in the frozen state presented one of the 
alternative ways of storing blood components; this possibility was intensively explored in 
the 1950’s and 60’s, when the shelf life of non-frozen red blood cells did not exceed 21 days 
at those times. This time limitation significantly reduced flexibility of usage of RBC products 
and contributed to their dramatically high and wasteful expiration reaching up to 30%. The 
short shelf life of the RBCs resulted in the transfusion services not being able to meet 
demands of quickly evolving surgical disciplin es, particularly cardiovascular surgery and 
radical surgical oncology. In military and em ergency healthcare, utilization of these three-
week products as a way of creating blood supplies was even more complicated, almost 
unthinkable. The storage of frozen red blood cells therefore presented a great prospect. 

Following the implementation of modern re suspension solutions with addition of 
polysaccharides, phosphates and adenine into everyday practice in the 1970’s and 80’s, the 
general emphasis on the long-term storage of erythrocytes was withdrawn into background. 
In many fields, the now-normal 42-day-long lif e virtually eliminated the need to perform 
further research since no more than 5 percent of the stored RBC products had to be 
destroyed due to expiration.  

Nevertheless, some areas with a need for long-term storage of red blood cells still remained 
– example being the military transfusion, emer gency transfusion service, storage of rare 
blood cells or special autostransfusion programs. In these cases, substantially higher costs of 
the red blood cells production are accepted (when compared to the common storage in 
liquid state). Blood substitution and blood su pply is a permanent strategic and logistic 
problem of the military medical services across the world arising from the blood, which is a 
biological drug, has a limited shelf life and need s the special transport and conditions of use. 
The same problem must solve the national health-care authorities in programs of the 
national blood crisis policy, where to get a huge amount of blood supply any time at any 
place in the case of disaster, terrorist attack and war. The therapeutic problems in 
immunohematolgy cases can solve by stock of rare blood, storage of autologous blood for 
patients with rare erythrocyte antigens and st orage of autologous blood for patients with 
red blood cell alloantibodies with no chance to use common blood. All mentioned demands 
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Fig. 5. Frozen RBCs units 

4. Cryopreservation of platelets 

Platelet could be cryopreserved in different cr yoprotectives: intracellular (DMSO, glycerol) 
as well as in extracellular (HES, dextran).  

The most widely used method for the platelets cryopreservation is freezing in 5-10% DMSO 
at -80 °C with their storage at -65 °C. This method is easy and does not need any technical 
equipment. After thawing, the platelets are su spended in thawed plasma and there is no 
need to wash out the cryoprotectant.  

Although the platelets stored by cryopreservation are effici ent in hemostasis, they are 
affected by a number of functional defects during storage and preparation for transfusion. 
Approximately 15% of cryopreserved platelets lost surface-bound GPIb, while there was no 
measurable loss of GPIIB/IIIa during cryopr eservation. The cryopreserved platelets also 
showed a significant decrease in aggregation to ristocetin, but no loss of response to the 
stronger agonist, thrombin. Even though these defects are of a minor clinical relevance and 
the cryopreserved platelets were shown to be safe and effective for treatment of abnormal 
bleeding, it is still necessary to reckon with these changes [2,3,14,20]. 

5. Conclusion 

The cryopreservation of blood is a method which solves various problems in blood 
transfusion service.  The main application is in military medicine and blood crisis policy, but 
also in special transfusiology fields, such as the storage of rare red blood cells and long-term 
storage of autologous blood. Thanks to modern procedures, which allow for prolonged shelf 
time after thawing and reconstitution of frozen  blood, the use of frozen blood is now more 
flexible and less limited.  

 
Cryopreservation of Blood 

��

241 

6. References 

[1] Bohonek M, Petras M, Turek I, Urbanova J, Hradek T, Chmatal P, Staroprazska V, 
Kostirova J, Horcickova D, Duchkova S, Svobodova J, Tejckova E., Quality 
evaluation of frozen apheresis red blood cell storage with 21-day postthaw storage 
in additive solution 3 and saline-aden ine-glucose-mannitol: biochemical and 
chromium-51 recovery measures, Transfusion, 2010, 50:1007-1013 

[2] Daly PA, Schiffer CA, Aisner J, Wierni PH, Successful transfusion of platelets 
cryopreserved for more than 3 years, Blood, 1979, 54:1023-1027 

[3] Handin RI, Valeri CR, Improved Viability of  Previously Frozen Platelets, Blood, 1972, 
40:509-513 

[4] Hess JR, Hill HR, Oliver CK, Lippert LE, Greenwalt TJ., The effect of two additive 
solutions on the postthaw storage of RBCs., Transfusion. 2001 Jul;41(7):923-7. 

[5] Horn EP, Sputtek A, Standl T, Rudolf B, Kühnl P, Schulte Transfusion of autologous, 
hydroxyethyl starch-cryopreserved red blood cells, Anesthesia & Analgesia, 
1997;85:739-745 

[6] Huggins CE, Frozen Blood, Europ.surg.Res. 1969; 1: 3-12 
[7] Lecak J, Scott K, Young C, Hannon J, Acker JP., Evaluation of red blood cells stored at -80 

degrees C in excess of 10 years., Transfusion. 2004 Sep;44(9):1306-13.  
[8] Lelkens CCM, Koning JG, de Kort B, Floot IBG, Noorman F, Experiences with frozen 

blood products in the Netherlands mili tary, Tnasfus Apher Sci, 2006, 34:289-98 
[9] Levin RL, Cravalho FG, Huggins CE, Effect of hydration on the water content of human 

erythrocytes, Biophys.J., 1976;16:1411-14260 
[10] Lionetti, F. J. and Hunt, S. M., "Cryopreservation of Human Red Cells in Liquid 

Nitrogen with Hydroxyethyl Star ch", Cryobiology, 1975; 12:110-118 
[11] Lovelock JE, The Protective Action of Neutral Solutes aginst Haemolysis by Freezing 

and Thawing, Biochem.J., 1954; 56:265-270 
[12] Meryman HT, Hornblower M, Red Cell Reco very and leukocyte Depletion Following 

Washing of Frozen-Thawed Red Cells, Transfusion, 1973; 13(6):388-393 
[13] Mollison PL, Sloviter HA, Successful transfusio n of previously frozen human red cells, 

Lancet, 1951; 261:862-864 
[14] Owens M, Werner E, Holme S, Afferbach C, Membrane glycoproteins in cryopreserved 

platelets, Vox Sanguinis, 1994, 67:28-13 
[15] Pert JH, Schork PK, Moore R, A new method of low temperature blood preservation 

using liquid nitrogen and glycerol sucrose additive, Clinical Research, 1963; 11:197 
[16] Pouchet MFA, Recherches expérimentales sur la congélation des animaux, 

Journ..L´Anat. et Physiol, 1866;.iii:1-36 
[17] Smith AT., Prevention during haemolysis during freezing and thawing of red blood 

cells, Lancet, 1950, 259: 910-911,  
[18] Sputtek A, Singbartl G., Langer R., Schleinzer W., Henrich HA, Künl P., 

Cryoperervation of red blood cells with the non-penetrating cyoprotectant 
hydroxyethylstarch, Cryo  Letters 16, 1995; 283-288 

[19] Sputtek A, Kryokonservierung von Blut zellen, Transfusionsmedizin, 2nd.ed. 
(Ed.:C.Mueller-Eckhardt), 125-167, Springer, Berlin 1996 

[20] Taylor MA, Cryopreservation of platelets: an  in-vitro comparison of four methods, J 
Clin Pathol, 1981, 34:71-75 



 
Blood Transfusion in Clinical Practice 

��

240 

 
Fig. 5. Frozen RBCs units 

4. Cryopreservation of platelets 

Platelet could be cryopreserved in different cr yoprotectives: intracellular (DMSO, glycerol) 
as well as in extracellular (HES, dextran).  

The most widely used method for the platelets cryopreservation is freezing in 5-10% DMSO 
at -80 °C with their storage at -65 °C. This method is easy and does not need any technical 
equipment. After thawing, the platelets are su spended in thawed plasma and there is no 
need to wash out the cryoprotectant.  

Although the platelets stored by cryopreservation are effici ent in hemostasis, they are 
affected by a number of functional defects during storage and preparation for transfusion. 
Approximately 15% of cryopreserved platelets lost surface-bound GPIb, while there was no 
measurable loss of GPIIB/IIIa during cryopr eservation. The cryopreserved platelets also 
showed a significant decrease in aggregation to ristocetin, but no loss of response to the 
stronger agonist, thrombin. Even though these defects are of a minor clinical relevance and 
the cryopreserved platelets were shown to be safe and effective for treatment of abnormal 
bleeding, it is still necessary to reckon with these changes [2,3,14,20]. 

5. Conclusion 

The cryopreservation of blood is a method which solves various problems in blood 
transfusion service.  The main application is in military medicine and blood crisis policy, but 
also in special transfusiology fields, such as the storage of rare red blood cells and long-term 
storage of autologous blood. Thanks to modern procedures, which allow for prolonged shelf 
time after thawing and reconstitution of frozen  blood, the use of frozen blood is now more 
flexible and less limited.  

 
Cryopreservation of Blood 

��

241 

6. References 

[1] Bohonek M, Petras M, Turek I, Urbanova J, Hradek T, Chmatal P, Staroprazska V, 
Kostirova J, Horcickova D, Duchkova S, Svobodova J, Tejckova E., Quality 
evaluation of frozen apheresis red blood cell storage with 21-day postthaw storage 
in additive solution 3 and saline-aden ine-glucose-mannitol: biochemical and 
chromium-51 recovery measures, Transfusion, 2010, 50:1007-1013 

[2] Daly PA, Schiffer CA, Aisner J, Wierni PH, Successful transfusion of platelets 
cryopreserved for more than 3 years, Blood, 1979, 54:1023-1027 

[3] Handin RI, Valeri CR, Improved Viability of  Previously Frozen Platelets, Blood, 1972, 
40:509-513 

[4] Hess JR, Hill HR, Oliver CK, Lippert LE, Greenwalt TJ., The effect of two additive 
solutions on the postthaw storage of RBCs., Transfusion. 2001 Jul;41(7):923-7. 

[5] Horn EP, Sputtek A, Standl T, Rudolf B, Kühnl P, Schulte Transfusion of autologous, 
hydroxyethyl starch-cryopreserved red blood cells, Anesthesia & Analgesia, 
1997;85:739-745 

[6] Huggins CE, Frozen Blood, Europ.surg.Res. 1969; 1: 3-12 
[7] Lecak J, Scott K, Young C, Hannon J, Acker JP., Evaluation of red blood cells stored at -80 

degrees C in excess of 10 years., Transfusion. 2004 Sep;44(9):1306-13.  
[8] Lelkens CCM, Koning JG, de Kort B, Floot IBG, Noorman F, Experiences with frozen 

blood products in the Netherlands mili tary, Tnasfus Apher Sci, 2006, 34:289-98 
[9] Levin RL, Cravalho FG, Huggins CE, Effect of hydration on the water content of human 

erythrocytes, Biophys.J., 1976;16:1411-14260 
[10] Lionetti, F. J. and Hunt, S. M., "Cryopreservation of Human Red Cells in Liquid 

Nitrogen with Hydroxyethyl Star ch", Cryobiology, 1975; 12:110-118 
[11] Lovelock JE, The Protective Action of Neutral Solutes aginst Haemolysis by Freezing 

and Thawing, Biochem.J., 1954; 56:265-270 
[12] Meryman HT, Hornblower M, Red Cell Reco very and leukocyte Depletion Following 

Washing of Frozen-Thawed Red Cells, Transfusion, 1973; 13(6):388-393 
[13] Mollison PL, Sloviter HA, Successful transfusio n of previously frozen human red cells, 

Lancet, 1951; 261:862-864 
[14] Owens M, Werner E, Holme S, Afferbach C, Membrane glycoproteins in cryopreserved 

platelets, Vox Sanguinis, 1994, 67:28-13 
[15] Pert JH, Schork PK, Moore R, A new method of low temperature blood preservation 

using liquid nitrogen and glycerol sucrose additive, Clinical Research, 1963; 11:197 
[16] Pouchet MFA, Recherches expérimentales sur la congélation des animaux, 

Journ..L´Anat. et Physiol, 1866;.iii:1-36 
[17] Smith AT., Prevention during haemolysis during freezing and thawing of red blood 

cells, Lancet, 1950, 259: 910-911,  
[18] Sputtek A, Singbartl G., Langer R., Schleinzer W., Henrich HA, Künl P., 

Cryoperervation of red blood cells with the non-penetrating cyoprotectant 
hydroxyethylstarch, Cryo  Letters 16, 1995; 283-288 

[19] Sputtek A, Kryokonservierung von Blut zellen, Transfusionsmedizin, 2nd.ed. 
(Ed.:C.Mueller-Eckhardt), 125-167, Springer, Berlin 1996 

[20] Taylor MA, Cryopreservation of platelets: an  in-vitro comparison of four methods, J 
Clin Pathol, 1981, 34:71-75 



 
Blood Transfusion in Clinical Practice 

��

242 

[21] Tullis JL, Ketchei MM, Pyle HM, Penneli GB, Gibson JG, Tinch RJ, Studies on the in vivo 
survival of glycerolized and frozen  human red blood cells, J.of the 
Am.Med.Association, 1958; 168:399-404 

[22] Tullis JL, Haynes L, Pyle H, Wallach S, Pennell R, Sproul M, Khoubesserian A, Clinical 
use of frozen blood, Arch.Surg., 1960,  81:169 

[23] Valeri CR, Frozen Blood, New Engl.J.Med., 1966; 25:425-431 
[24] Valeri CR., Pivace LE., Cassidy GP., Rango G., The survival, funktion, and hemolysis of 

human RBCs stored at 4°C in additive slution (AS-1, AS-3, or AS-5) for 42 days and 
then bochemimically modifie,  frozen, thawe, washed, and stored at 4°C in sodium 
chloride and glucose solution for 24 hour s, Transfusion, 2000, Nov; 40(11): 1341-5. 

[25] Valeri CR, Ragno G, Pivacek LE, Srey R, Hess JR, Lippert LE, Mettille F, Fahie R, O'Neill 
EM, Szymanski IO., A multicenter study of in vitro and in vivo values in human 
RBCs frozen with 40-percent (wt/vol) glyc erol and stored after deglycerolization 
for 15 days at 4 degrees C in AS-3: assessment of RBC processing in the ACP 215., 
Transfusion. 2001 Jul;41(7):933-9. 

[26] Commission Directive 2004/33/EC of March 2004, Annex IV. 
[27] Guide to the preparation, use and guality assurance of blood components, Council of 

Europe, Recommendation No.R(95) 15 

Part 5 

Immunomodulatory  
Effects of Blood Transfusion 





 15 

Effect of Blood Transfusion  
on Subsequent Organ Transplantation 

Puneet K. Kochhar1, Pranay Ghosh2 and Rupinder Singh Kochhar2 
1Lady Hardinge Medical College & SSK Hospital, 

2Maulana Azad Medical College & Lok Nayak Hospital 
University of Delhi, New Delhi,  

India 

1. Introduction 

In the current era, tissue and organ transplantation is an established specialty for treatment 
of multiple disorders. However, the chief immunological problem of organ transplantation 
is the risk of occurrence of acute or chronic rejection, initiated by host lymphocytes in 
response to graft alloantigens. Though the success of transplantation is attributed to the 
modern methods of immunosuppression, the ro le of pre-transplant blood transfusions 
cannot be ignored.  

Since the beginning of clinical transplantation, there have been four phases in blood 
transfusion policies, swinging from liberal transfusions to avoidance of transfusions, 
followed by a repeat cycle of deliberate transfusions and again returning to abstinence 
(Carpenter, 1990). Pre-exposure to alloantigens has been discovered to have a dual effect: it is 
detrimental in some cases, while in others, it prolongs the graft survival.  

Therefore, in this chapter, we would expl ore the mechanisms involved in both the 
detrimental and the beneficial effects of blood transfusion on graft survival and provide an 
overview of the current recommended practice.  

2. Basics of HLA and graft rejection 

2.1 Human leukocyte antigens (HLA) are a set of human major histocompatibility complex 
derived glycoproteins. These are expressed on cell surfaces and allow for discrimination of 
self from non-self. HLA have been classified into two major groups, Class I (HLA-A, HLA-B, 
and HLA-C) and Class II (HLA-DP, HLA- DQ, and HLA-DR). Recognition of the 
alloantigens (antigens displayed by the transplanted organ) is the prime event initiating the 
immune response against an allograft (Gabardi, 2010). 

2.2 Hyperacute rejection is an immediate immune response in the recipient against an 
allograft, due to preformed recipient anti bodies directed against the donor’s HLA. 

2.3 Acute rejection is a cell mediated process that usually occurs within 5 to 90 days after a 
transplant. Rarely, it can occur after this time.  
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