Det hir verket ar upphovrittskyddat enligt Lagen (1960:729) om upphovsritt till litterdra och
konstndrliga verk. Det har digitaliserats med stod av Kap. 1, 16 § forsta stycket p 1, for forsk-
ningsandamal, och far inte spridas vidare till allménheten utan upphovsrattsinehavarens
medgivande.

Alla tryckta texter &r OCR-tolkade till maskinldsbar text. Det betyder att du kan so6ka och kopie-
ra texten fran dokumentet. Vissa dldre dokument med daligt tryck kan vara svara att OCR-tolka
korrekt vilket medfor att den OCR-tolkade texten kan innehalla fel och darfér bér man visuellt
jamfora med verkets bilder for att avgora vad som ér riktigt.

This work is protected by Swedish Copyright Law (Lagen (1960:729) om upphovsritt till litterdra
och konstndrliga verk). It has been digitized with support of Kap. 1, 16 § forsta stycket p 1, for

scientific purpose, and may no be dissiminated to the public without consent of the copyright
holder.

All printed texts have been OCR-processed and converted to machine readable text. This means
that you can search and copy text from the document. Some early printed books are hard to
OCR-process correctly and the text may contain errors, so one should always visually compare it
with the images to determine what is correct.

GOTEBORGS UNIVERSITET

II\I:)C

l

L 9L GL vL €L ¢ LW oL 6 8 L 9 6 ¥ € ¢

8l

lc 0¢ 6l

6 8 LZ 9¢ GC V¢ €Z ¢&¢



1001194754

- PREOPERATIVE DEPOSIT OF
AUTOLOGOUS BLOOD

Effects on inflammatory
mediators

Monica Hyllner

Goteborg 2003




% &

g.5134)

Biomedicinska biblioteket




PREOPERATIVE DEPOSIT OF AUTOLOGOUS BLOOD

Effects on inflammatory mediators

AKADEMISK AVHANDLING

som for avliggande av medicine doktorsexamen vid Goteborgs Universitet kommer

att offentligen forsvaras i Aulan, Sahlgrenska Universitetssjukhuset, Géteborg,
fredagen den 28:e november, 2003, k1 9.00

av

Monica Hyllner
leg. ldkare

Fakultetsopponent: Docent Hans Hjelmgqvist, Huddinge Universitetssjukhus, Stockholm

Avhandlingen baseras pé foljande delarbeten:

II.

Hyllner M, Arnestad JP, Bengtson JP, Rydberg L & Bengtsson A.
Complement activation during storage of whole blood, red cells, plasma, and buffy
coat. Transfusion 1997; 37: 264-268

Hyllner M, Tylman M, Bengtson JP, Rydberg L & Bengtsson A.
Complement activation in prestorage leucocyte filtered plasma. Transfusion Medicine

(in press)

Hyllner M, Avall A, Swolin B, Bengtson JP & Bengtsson A.
Autologous blood transfusion in radical hysterectomy with and without erythropoietin
therapy. Obstetrics & Gynecology 2002; 99: 757-762

Hyllner M, Avall A, Bengtson JP & Bengtsson A.
Erythropoietin and immune response in relation to erythropoietin therapy in radical

hysterectomy. (submitted)



PREOPERATIVE DEPOSIT OF AUTOLOGOUS BLOOD
Effects on inflammatory mediators

Monica Hyllner

Institute of Surgical Sciences, Department of Anaesthesiology & Intensive Care,
Goteborg University, Sweden

ABSTRACT

Blood contains complex cascade systems and substances that can be activated during the
processing of blood components and storage. Allogeneic blood, i.e. blood from someone else, is
normally separated into components before storage and transfusion, while autologous blood (the
patient’s own blood) often is used as whole blood. Allogeneic transfusions are associated with a
variety of risks and preoperative autologous blood donation (PABD) has therefore become an
established alternative. For patients with cancer, the immunosuppressive effect of allogeneic blood
may be detrimental, but PABD is difficult because of the urgency of surgery. Normally, PABD begins
4-6 weeks before the scheduled operation and blood is tapped weekly. The additional use of
recombinant erythropoietin (tHuEPO) therapy increases the volume of tapped autologous blood before
surgery. However, other studies indicate that rHuEPO therapy suppresses postoperative endogenous
erythropoietin (EPO) production and stimulates inflammatory mediator release. The aim of the present
thesis was to investigate the effects on perioperative erythropoiesis, and the inflammatory mediator
release during the predeposit and storage of autologous blood.

In the present study, blood from healthy blood donors was collected and stored as whole blood
or as separate components. Complement activation and release of pro-inflammatory cytokines were
followed during the storage time. In addition, the effect of prestorage leucocyte filtration on
inflammatory mediators was studied. Women undergoing radical hysterectomy were scheduled to
predeposit three units of autologous blood during two weeks before surgery, with or without rHuEPO
therapy. Erythropoiesis and the immune response were investigated during the pre- and postoperative
follow-up.

The results demonstrate that complement is activated during storage of whole blood and plasma,
and the cytokine IL-8 is released during storage of whole blood. Prestorage filtration of plasma
activates the complement cascade but does not influence cytokine generation. Clearly, it was possible
for women to predeposit three units of blood in only two weeks prior to surgery. A haemoglobin level
below the 100 g/l donation limit can be prevented in one patient out of seven, by treating women with
rHuEPO. The use of tHUEPO increases the postoperative endogenous EPO response but does not
influence the cytokine release. The present thesis suggests that PABD can be offered to female
patients undergoing cancer surgery, and that autologous blood can be transfused as whole blood.
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In the present study, blood from healthy blood donors was collected and stored as whole blood
or as separate components. Complement activation and release of pro-inflammatory cytokines were
followed during the storage time. In addition, the effect of prestorage leucocyte filtration on
inflammatory mediators was studied. Women undergoing radical hysterectomy were scheduled to
predeposit three units of autologous blood during two weeks before surgery, with or without rHuEPO
therapy. Erythropoiesis and the immune response were investigated during the pre- and postoperative
follow-up.

The results demonstrate that complement is activated during storage of whole blood and plasma,
and the cytokine IL-8 is released during storage of whole blood. Prestorage filtration of plasma
activates the complement cascade but does not influence cytokine generation. Clearly, it was possible
for women to predeposit three units of blood in only two weeks prior to surgery. A haemoglobin level
below the 100 g/l donation limit can be prevented in one patient out of seven, by treating women with
rHuEPO. The use of rHuEPO increases the postoperative endogenous EPO response but does not
influence the cytokine release. The present thesis suggests that PABD can be offered to female
patients undergoing cancer surgery, and that autologous blood may be transfused as whole blood.
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Allogeneic transfusion transfusion of blood from someone else
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INTRODUCTION

“There is a shortage of blood. Donate blood.” This request from the Blood Bank is often
repeated in the radio and newspapers when the demand of allogeneic blood exceeds the
supply. Allogeneic blood is collected from someone else than the patient and used for
transfusion. Autologous blood, on the other hand, is collected from the patient himself. Each
unit of allogeneic whole blood is normally separated into several components before storage,
while autologous blood often is stored as whole blood. Allogeneic blood transfusion has been
in use for almost a century but is still associated with different well recognised inherent and
unavoidable risks such as infectious disease transmission, adverse immunologic reactions and
immunosuppression. The immunosuppressive effect is associated with an increase in
postoperative infection rates as well as cancer recurrence and shortened survival (Blumberg et
al., 1990; Chang et al., 2000; Van de Watering et al., 2001). To avoid risks and to decrease
the demand for allogeneic blood, several alternatives have been developed. These alternatives
include preoperative autologous blood donation (PABD), recombinant human erythropoietin
(rHuEPO) therapy, haemodilution, intra- and postoperative blood salvage or a combination of
techniques.

Blood contains several complex cascade systems and biologically active substances that
can be activated during the processing of blood components and subsequent storage (Silliman
et al., 1994; Edvardsen et al., 2001). With a transfusion, cellular components of blood and
coagulation factors are transferred as desired and required. However, inflammatory mediators
that may be responsible for adverse transfusion reactions are also transferred. The clinical
significance of inflammatory mediators in transfused blood products remains unclear. It is
speculated that they may have an additive and detrimental effect on the complex activated
immune network in severe conditions, especially following massive transfusion (Kristiansson
et al., 1996). To reduce adverse reactions, an increasing number of blood banks are
introducing reduction of leucocytes in allogeneic blood before storage. Prestorage leucocyte
filtration diminishes the accumulation of leucocyte-derived cytokines during storage but does
not eliminate transfusion reactions (Chalandon ez al., 1999; Ibojie et al., 2002). Other biologic
response modifiers that become activated and accumulated during storage of blood products
may play a role in the remaining reactions.

Predeposit of autologous blood is probably the most effective and most frequently used
form of autologous blood replacement. Collection of autologous blood is usually performed
once a week and starts 4-6 weeks before the scheduled operation. In cancer surgery,

immunosuppression from allogeneic blood transfusions may be detrimental with increased
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cancer recurrence and shortened survival. There is also limited time available for an
autologous program; so as not to delay the cancer operation, collection has to be performed
more rapidly. The additional use of rHUEPO therapy increases the volume of autologous
blood that can be donated before elective surgery (Mercuriali ef al., 1993). However, other
studies indicate that rHUEPO therapy suppresses postoperative endogenous erythropoietin
(EPO) production and stimulates inflammatory mediator release (Tasaki ef al., 1992;
Takemasa et al., 2000). If so, this would be a clinically important disadvantage of rHUEPO

therapy as regards postoperative haemoglobin recovery.

BACKGROUND
Transfusion medicine history

The English physician William Harvey discovered the circulation of blood in 1628 and
in 1665, the physicians Richard Lower of Cornwall and Edmund King performed the first
successful blood transfusion from one dog to another. Jean Baptiste Denis, professor of
surgery in Paris, transfused blood from a lamb to a dying boy in 1667. The first successful
human allogeneic blood transfusion took place in 1818. James Blundell, a British obstetrician,
performed a transfusion of human blood for the treatment of postpartum haemorrhage. Great
advances in transfusion medicine came in 1900 when Karl Landsteiner, an Austrian
physician, discovered the first three human blood groups and later in 1939/40 the Rh blood
groups. A major initial problem of storing blood was coagulation. In 1914, Louis Agote and
Albert Hustin, independently, added sodium citrate allowing longer preservation of blood and
in 1915, Richard Weil demonstrated the refrigerated storage of such anticoagulated blood.
Francis Peyton Rous and JR Turner of the Rockefeller Institute in 1916 introduced citrate-
glucose that permitted storage of blood for a longer term. Oswald Robertson, an American
army officer, is credited with creating the blood depots on a battlefield during World War 1.
Bernard Fantus originated the term “blood bank™ and established the first hospital blood bank
in 1937 at the Cook County Hospital in Chicago.

Storage of blood

Long-term storage of blood and blood components is a routine procedure necessary to
meet the various needs of modern medicine. A whole blood donation of 450 ml takes about
10-20 minutes. Each unit of allogeneic blood is normally separated into several components
by centrifugation and the use of a triple-bag system. The red cells and plasma are separated

from the buffy coat and transferred to the bags in a closed system. The buffy coat mainly
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consists of leucocytes and platelets from which the platelet concentrate is obtained. Whole
blood may be stored for a maximum of 35 days, and red cells and plasma for 42 days. The
storage time is determined by the post-transfusion survival of the red blood cells. These
products are kept refrigerated at a temperature of +2-6 °C. The optimal storage temperature
for platelets is +18-22 °C, which limits the storage time to 5 days. The blood is tested for
blood type, Rh type and unexpected red blood cell antibodies. Screening tests are also
performed to exclude donor infection with hepatitis viruses B and C, human
immunodeficiency viruses (HIV) 1 and 2, human T-lymphotropic viruses (HTLV) I and II
and syphilis.

Allogeneic transfusion risks and alternatives

Allogeneic blood transfusion is associated with risks such as adverse immunologic
reactions, immunosuppression and infectious disease transmission. The immunologic
reactions include allergic reactions, haemolytic and febrile nonhaemolytic transfusion
reactions (FNHTRs). Less common but life-threatening reactions are transfusion-associated
graft-versus-host disease and transfusion-associated acute lung injury (Silliman et al., 2003;
Yassura et al., 2000). Other effects of blood transfusion referred to as transfusion-associated
immunomodulation are believed to be mediated via immunosuppression (Blajchman, 2002).
The underlying mechanism has not been determined and the role of allogeneic blood
transfusion remains controversial. In association with total hip replacement surgery, lower
levels of IL-6 and IL-8 were found in patients transfused with allogeneic blood compared
with patients receiving autologous whole blood (Avall et al., 1997, 2002). This may be
explained by suppressed cellular immune function in the allogeneic group. Leucocytes may
be linked to immunosuppressive effects and leucoreduction of transfused blood significantly
reduces the prevalence of postoperative infections, although it has not been shown to affect
long-term survival and/or cancer recurrence (Jensen ef al., 1996; Van de Watering et al.,
2001). Leucodepletion results in a significantly decreased mortality in cardiac surgery when
more than three units of blood are transfused (Van de Watering et al., 1998). The
immunosuppressive effect of blood transfusion may be beneficial in organ transplantation and
in disorders such as inflammatory bowel disease. Allogeneic blood transfusion is thought to
protect renal allografts from rejection and to reduce the recurrence rate of Crohn’s disease
(Opelz & Terasaki, 1978; Peters et al., 1989). For patients with cancer and trauma,
immunosuppression may on the other hand be detrimental. There are studies indicating an

increase in postoperative infection rates as well as cancer recurrence and shortened survival
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after allogeneic blood transfusion compared with patients without transfusion or transfused
with autologous blood (Blumberg et al., 1990; Carson et al., 1999; Van de Watering 2001).
One single unit of transfused allogeneic blood has been associated with an increased risk of
postoperative infections (Vignali, 1996). However, other investigators who explicitly consider
potential confounding factors have not been able to provide data to support an association
between allogeneic transfusion and complications (Vamvakas et al., 1996; McAlister et al.,
1998).

The risk of acquiring blood-borne disease from allogeneic transfusion has been
minimised and the risk-benefit of allogeneic blood has clearly changed. The introduction of
blood screening technology using nucleic acid amplification tests to detect viruses promises to
reduce the risks even further. Many transfusion complications are linked to donor leucocytes.
An increasing number of blood banks, also in Sweden, have therefore introduced universal
leucoreduction by prestorage filtration of blood components in order to avoid leucocyte-
associated reactions.

Alternatives to allogeneic blood transfusion include PABD, rHuUEPO therapy,
haemodilution, intra-and postoperative blood salvage or a combination of these techniques.
Preoperative blood collection for autologous transfusion has become an established
alternative to traditional allogeneic blood transfusion. Most transfusion complications of
allogeneic blood are eliminated since the patient serves as his own blood donor and therefore
receives the safest blood. A limiting factor for the volume of blood donated may be that
autologous blood donors have been reported to develop mild anaemia with only a moderate
increase in erythropoiesis and EPO production (Kickler & Spivak 1988; Lorentz ef al., 1991).
The additional use of rHUEPO in preoperative autologous blood collection programs has been
shown to make the collection of blood more efficient (Goodnough et al., 1989; Mercuriali et
al., 1993). The volume of blood donated can be increased and the patient maintains a higher

haematocrit at the time of operation.

Preoperative autologous blood donation

The first documented use of autologous blood is dated to 1921 when Dr FC Grant,
University Hospital in Philadelphia, performed a successful autologous predeposit
phlebotomy in a patient undergoing an elective operation for a cerebellar tumour (Grant,
1921). PABD is applicable to elective procedures where the expected blood loss is large and
transfusion likely. Surgical procedures where PABD may be indicated are e.g. coronary artery

bypass graft, radical prostatectomy and orthopaedic procedures such as total hip and knee
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replacement. A guideline for the amount of units required is the blood order on the operating
list. Donor regulations and requirements are more flexible than for allogeneic donors. Criteria
such as age and past or present medical problems do not necessarily preclude autologous
donation if the patient is a candidate for elective surgical procedures. Any patient with a
haemoglobin value less than 100-110 g/, active infection or bacteraemia, or unstable vital
signs is however rejected (Thomas ef al., 1996). Patients usually begin donations 4-6 weeks
before the scheduled operation, are tapped every 3-7 days, take oral iron supplementation and
deposit the last unit 72 hours before operation (Toy & Kerr, 1996). The occurrence of adverse
effects in autologous donors is no greater than for allogeneic donors. The blood is collected
into citrate-phosphate-dextrose-adenine (CPDA)-1 whole blood bags (450 ml) and stored up
to 35 days at 4 °C. Autologous blood requires special labelling and segregated storage
compared with allogeneic blood. The “leap-frog” technique may be used if surgery is
postponed, infusing the oldest unit to the patient to allow a fresh one to be tapped. The

technique has also been suggested for PABD programs.

Erythropoietin
History and physiology

Carnot and Deflandre (1906) first formulated the hypothesis of erythropoiesis control by
a humoral factor “hémopoiétine” in 1906. The name “erythropoietin” was introduced in 1948
and the molecule was isolated and purified from human urine in 1977 (Bonsdorff & Jalavisto,
1948; Miyake, 1977). EPO is a glycoprotein hormone produced by the kidneys (90 %) and the
liver (10 %), and is released into the circulation in response to tissue hypoxia. The hormone
originates from peritubular interstitial cells in the cortex of the kidneys (Lacombe et al.,
1988). The EPO concentration in plasma increases exponentially with decreasing
haemoglobin concentration (anaemia), or when the pOs in the inspiratory gas is lowered
(hypoxaemia) (Jelkmann, 1992). The hormone is the primary regulator of human
erythropoiesis. In the bone marrow, EPO binds to and activates specific receptors on the
surface of erythroid progenitor cells, which then differentiate into functional erythrocytes.
These specific cell surface receptors belong to the cytokine receptor superfamily (Zhu &
D’Andrea, 1994). About 1 % of circulating red blood cells is usually renewed each day
(2-3 x 10"/day). The rate of erythropoiesis can increase up to tenfold following blood loss or
exposure to high altitude (Schobersberger et al., 1998). Acute anaemia induces an increase in
EPO production by the mouse kidney within 1-2 hours and the maximum EPO production

occurs after 4 hours (Bondurant & Koury, 1986).
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Recombinant human erythropoietin

EPO consists of two fractions, a. and B, with similar biological activity, molecular mass
and amino acid composition but different electrophoretic mobility and carbohydrate
composition. The synthesised recombinant product (epoetin o and ) became available in
1985. Results suggest that epoetin can activate a broad spectrum of progenitor cells
(Stockenhuber et al., 1990; Abraham et al., 1992). The pharmacokinetics vary depending on
the route of administration. Brief peaks in plasma levels and a short half-life of 6-8 hours
characterise intravenous administration (Flaharty ef al., 1990). The subcutaneous route results
in lower but more sustained plasma levels and the mean half-life for elimination of 100 IU/kg
rHuEPO is 18 hours (Hughes et al., 1989). A hyperglycosylated recombinant analogue of
EPO called novel erythropoiesis-stimulating factor (NESP, darbepoetin) has been produced
for therapeutic use (Fisher, 2003). Darbepoetin has a higher carbohydrate content (52 % vs.
40 %) than epoetin resulting in about 3-fold longer half-life after intravenous administration.
The amino acid sequence differs from that of human EPO at five positions. Darbepoetin can
maintain haemoglobin levels just as effectively as rHUEPO at less frequent dosing in patients
with chronic kidney disease (Allon et al., 2002).

The serum erythropoietin (s-EPO) levels are expressed in international units (IU). The
concentrations are similar in men and women despite the difference in haemoglobin levels
and EPO levels are independent of age (Cotes, 1982). Published values of the mean s-EPO

concentration are about 15 IU/I with a range of 6-32 in non-anaemic individuals.

Therapy

There are several indications for rHuEPO therapy. The anaemia associated with chronic
renal disease can be corrected with epoetin therapy and quality of life can be improved. The
majority of dialysis patients need a weekly dose of < 200 U/kg, generally given 3 times a
week, and the preferred route of administration is the subcutaneous (Bergstrom, 1993).
Subcutaneous compared with intravenous administration results in a more favourable plasma
concentration profile and makes administration more convenient, with the possibility of self-
administration at home (Salmonson et al., 1990). Therapy is also useful in other types of
anaemia, such as in rheumatoid arthritis, malignancies or chemotherapy. RHUEPO given to
patients with a normal haematocrit before elective surgery may lead to more efficient
autologous blood donation and reduced dependence on allogeneic transfusions (Mercuriali et

al., 1993; Rauh et al., 2002).
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The most common cause of blunted response to rHuEPO therapy is iron deficiency and
patients should be given iron supplementation during rHuEPO therapy (Crosby, 2002). An
important adverse effect of rHUEPO therapy in uremic patients is arterial hypertension. This is
explained by the increase in haematocrit, which leads to an increase in blood viscosity and
peripheral vascular resistance (Nonnast-Daniel ef al., 1989). Other reported side effects are
thrombocytosis, epileptiform seizures, iron deficiency, allergic reactions and clotting of the

vascular access (Bennett, 1991).

Inflammatory mediators
The Complement System
History

The immune system is a complex, highly regulated process that protects an individual
from injury. The injury or challenge may be of endogenous origin, e.g. host tumour or aged
cells, or exogenous e.g. microorganisms, transplant cells, toxins or allergens. Two types of
immunity, innate and adaptive, work together to defend the human body against diverse
challenges. The innate immunity includes a cellular response with phagocytosis, and a
humoral that leads to the activation of complement. The term complement was originally
proposed by Ehrlich in 1899 to describe how serum complements and amplifies the action of
antibodies so as to cause bacterial lysis. Later studies have demonstrated that complement

also serves as an independent immune system.

Nomenclature and activation

The complement system consists of more than 30 different proteins that proceed in a
cascade sequence of activation (Figure 1). The “a” fragment is a smaller, released peptide that
can promote the local inflammatory response, whereas the “b” fragment is the remaining,
larger component that binds with the target and continues the cascade. The individual
complement components are numbered numerically in the order they were described: C1, C4,
C2, C3,Cs5, C6, C7, C8 and C9. The activation is organised into two main pathways, the
classical and the alternative (Liszewski & Atkinson, 1993). The lectin pathway is initiated by
carbohydrates in the cell wall of certain microorganisms and activates complement through
the classical pathway (Ikeda, 1987). The classical pathway is usually activated by IgG or IgM
antibodies bound to antigens on the surface of a microorganism. Five proteins that participate
in this pathway only include the complex of C1 (Clq, Clr and Cls), C4 and C2. The

alternative pathway is the first line of defence against invading microorganisms with the
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ability to recognise immediately and to respond to foreign membranes/elements. Proteins
unique to the alternative pathway are symbolised by letters e.g. factor B, factor D and factor
P. Both pathways lead to the proteolytic cleavage of the central C3 protein with the assembly
of membrane attack complexes and the recruitment of various white blood cells. The activated
C3b binds to the membrane of a microbial cell and initiates the local assembly of the late
complement components to large membrane attack complexes, C5b-9, that form
transmembrane channels and induce lysis of the invading cell (Muller-Eberhard, 1986).
Immune adherence is the binding of C3b to immune complexes or opsonized particles. This
facilitates the removal of immune complexes in the liver and spleen and phagocytosis of the
microbial cell. The cleavage of C3, C4 and C5 results in the generation of biologically active
components C3a, C4a and C5a. C5a is the most potent, followed by C3a and distantly by C4a
(Hugli, 1984). The anaphylatoxins C3a and C5a are complement split products that act as
mediators of inflammatory reactions. They cause tissue damage, smooth muscle contraction,
increased vascular permeability and release histamine from mast cells and basophils (Hugli,
1979; Hugli & Marceau, 1985).

Control mechanisms

The body does not leave a reaction uncontrolled. Regulatory proteins control
complement activation to protect the host against self-damage. Soluble serum proteins (e.g.
C1l-esterase inhibitor (C1;,,), B1H (H), C3b Inactivator (I), clusterin, vitronectin) and integral
membrane proteins (e.g. DAF, CD59) act as inhibitors or inactivators of specific reactions or
products in the complement cascade. The plasma enzyme carboxypeptidase controls the effect
of C3a, C4a and C5a by removing a carboxy-terminal arginine (desArg). The anaphylactic
properties are hereby lost, but some of the chemotactic effect of C5a remains. Many of the
activated components in the cascade are unstable and lose activity within milliseconds if not

combined with their target.

Synthesis
The proteins are mainly produced in the liver. The exception is C1, which is synthesised
in the epithelial cells of the intestine. Activated macrophages and monocytes can synthesise

limited quantities of most complement components at the site of inflammation.
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Figure 1. A schematic illustration of the complement cascade and activation pathways.

The regulatory proteins are printed in italics.

Clinical aspects

Complement activation follows trauma and ischaemia, and correlates with the severity
of the injury. The formation of anaphylatoxins C3a and C5a and terminal C5b-9 complement
complex is important to defend the human body against diverse challenges. However,
excessive activation of the cascade system may be deleterious. Extensive formation of
anaphylatoxins and terminal C5b-9 complement complex may damage remote organs such as
the lungs, liver or the kidney, and organ dysfunction may develop if the inflammatory
response is not limited to the site of injury (Figure 2). Clinical studies of multiple organ
failure and sepsis have demonstrated an association between high anaphylatoxin levels and

mortality (Hecke et al., 1997).

Activation by foreign surfaces

When blood comes in contact with foreign materials, e.g. dialysis membranes or a heart-
lung machine, the complement system is activated (Hakim ez al., 1984; Cavarocchi, 1986).
Exposure of plasma to a plastic surface, e.g. blood-bag, has the potential to activate the
complement cascade (Sevast'ianov & Tseytlina, 1984). Modification of the artificial surface
by coating with heparin reduces activation of inflammatory systems (Videm ef al., 1999). The
degree of complement activation is an indicator of the biocompatibility of different artificial

materials.
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Trauma, sepsis
2
Complement activation

3

Anaphylatoxin C3a and C5a,
terminal C5b-9 complement complex

Activation of leucocytes, chemotaxis
\A
Cytokines (TNF-a., IL-1, IL-6 and IL-8),
histamine, lysosomal enzymes, free oxygen radicals

Increased vascular permeability, interstitial oedema,
inflammation, myocardial depression, vasodilatation

Systemic inflammatory response syndrome, multiple organ dysfunction syndrome

Figure 2. The inflammation cascade.

The cytokine network

Cytokines are a heterogeneous group of protein molecules mainly produced and
secreted by leucocytes. They are extremely potent and act at picogram per liter concentrations
in a complex network. They are involved in both immunity and inflammation, and regulate
the amplitude and duration of the inflammatory response by binding to specific cell surface
receptors (Balkwill & Burke, 1989). There are four major groups of cytokines, colony-
stimulating factor (CSF), interferon (IFN), tumour necrosis factor (TNF), and interleukins
(IL). They transmit messages between cells to regulate cell growth, differentiation and

activity.

Clinical aspects

Release of cytokines occurs in association with different diseases (Damas et al., 1997).
Clinical studies of multiple organ failure and sepsis have demonstrated an association
between high interleukin levels and mortality (Marty et al., 1994; Meduri et al., 1995). The
pro-inflammatory cytokines TNF-a, IL-1p and IL-6 are involved in the acute inflammatory
response and they all have potent pyrogenic activity, whereas IL-8 is a neutrophil-chemotactic
and neutrophil-activating factor (Bellomo, 1992). The febrile response is mediated by

prostaglandin E, production in the hypothalamus (Stitt, 1986).



Preoperative deposit of blood

Tumour necrosis factor

TNF exists as two polypeptides, o and 8, with similar but not identical effects. TNF-a
is pro-inflammatory and produced by macrophages, monocytes and lymphocytes in response
to lipopolysaccharide, viruses, tumour cells, complement and toxins. Anaphylatoxins act
synergistically with lipopolysaccharides leading to higher IL-1 and TNF release by
monocytes and macrophages (Cavaillon et al., 1990). Experimental studies show multiple
effects, such as induction of tumour cell necrosis and endothelial cell proliferation (Sugarman
et al., 1985; Saegusa et al., 1990). Symptoms of TNF-a release are fever, lactic acidosis,
hyperglycaemia, stress hormone release, capillary leak and haemodynamic effects seen in
septic shock (Dinarello ez al., 1986). TNF-a is proposed to be a key mediator of organ injury

during sepsis (Bellomo, 1992).

Interleukin-6

IL-6 is a glycoprotein produced by various types of cells, such as activated T and B
cells, monocytes and fibroblasts (Kishimoto, 1989). The half-life is approximately 1 hour.
Viral infections, IL-1, TNF-a, interferon gamma, and lipopolysaccharide induce the
production (Van Snick 1990). IL-6 plays a major role in host defence systems by regulating
antibody production and acute phase protein synthesis (Lotz et al., 1989). IL-6 impairs
cardiac function and is a potent vasodilator of skeletal muscle resistance vessels (Finkel et al.,

1993; Minghini et al., 1998).

Interleukin-8

IL-8 is a polypeptide produced by a variety of cells in response to stimulation by IL-1,
TNF-a and lipopolysaccharide. IL-8 is known as a chemotactic and inflammatory cytokine
inducing neutrophil chemotaxis and enzyme release (Van Dervort & Danner, 1990; Kunkel et
al., 1991). High concentrations have been demonstrated in septic shock patients. Clinical
sepsis studies have demonstrated an association between high IL-8 levels and a fatal

prognosis (Damas et al., 1997).
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AIMS OF THE INVESTIGATIONS

The overall objective of the present thesis was to investigate the effects on perioperative
erythropoiesis, and the inflammatory mediator release during the predeposit and storage of
autologous blood. Several basic aims were established:
» Complement activation during storage of blood components.
» Cytokine release during storage of whole blood and plasma.

» The effect of prestorage leucocyte filtration on inflammatory mediator release.

» The effect of preoperative rHUEPO therapy on endogenous EPO response and cytokine

release.

» Whether an intensive autologous blood donation schedule increases EPO levels.

» Whether preoperative rHUEPO therapy enables autologous blood collection in a short

period of time.
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PATIENTS AND METHODS
Patients

The Human Ethics Committee of the University of Géteborg approved the studies and
all patients gave their informed consent. Blood from 12 volunteers and 24 blood donors was
collected and stored under ordinary blood bank conditions at 4 °C for 35 days (I-1I). Forty-
one women with cervical carcinoma scheduled for radical hysterectomy and pelvic
lymphadenectomy were randomised to preoperative autologous blood donation with or
without rHUEPO therapy (III-1V). All patients were scheduled to deposit three units of whole
blood during two weeks prior to operation. At each visit, blood was collected if the capillary
haemoglobin level was > 100 g/l. All patients received the same type of general anaesthesia
during operation and all patients were transfused with one to three units of autologous whole
blood. Transfusion was given intraoperatively when the haemoglobin level decreased to less
than 85 g/l or if the patient showed clinical signs of hypovolaemia. Peripheral venous blood
samples were obtained before blood collection at the preoperative visits. In the rHuEPO
group, samples were also taken 10 minutes after intravenous erythropoietin administration.
Furthermore, samples were taken preoperatively the day before operation or the same day,
one hour after operation, on day 1 after operation, on day S and finally at five weeks after
operation. Analyses were performed of blood concentrations of folates, haemoglobin,
leucocytes, platelets, erythrocyte volume fraction, and reticulocytes. Serum concentrations of
erythropoietin, folates, vitamin B, bilirubin, ferritin, haptoglobin, iron and total iron binding

capacity were also measured.

Blood collection and storage

Paper 1. Whole blood was collected into CPDA-1 blood bags (BB*SCD456P, Terumo,
Tokyo, Japan) and stored as whole blood, or collected into a triple blood bag system (Optipac,
R1693, Baxter, La Chatre, France) and separated into red cells in saline-adenine-glucose-
mannitol (SAGM) medium, plasma and buffy-coat. All units were stored for 5 weeks under
ordinary blood bank conditions. Samples were collected, by sterile technique, on storage days
1,2,3,7, 14, 21, 28 and finally day 35. The complement components C1;.,, C3, C4, C5, C3a,
C5a and SC5b-9 were determined.

Paper II. Eight out of 24 blood units collected from healthy blood donors (450 ml)
were collected into Baxter CPDA-1 single bag KGR 6113B and stored as whole blood. Eight
units were collected into a triple bag system, Baxter CPD-SAGMAN Optipac KGR 7322B,

and separated into plasma, red cells and buffy coat. The final 8 units were collected as whole
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blood into Baxter CPD-SAGMAN Optipac KGR 7487B, and separated into plasma and red
cells after leucocyte filtration with filter ASAHI RZ 2000. Baxter S.A., Maurepas, France,
manufactured all bags. Samples were collected weekly during the storage time for analyses of
potassium, leucocytes, free plasma haemoglobin, C3a, SC5b-9, IL-6, IL-8 and TNF-o..
Blood cultures were taken from the bags (I-II) at the end of storage and they were all
negative.

The autologous whole blood units (III-IV) were collected into CPDA-1 bags containing
327 mg citrate, 251 mg phosphate and 27.5 mg adenine per 100 ml (Baxter, Deerfield,
Illinois, USA).

Erythropoietin therapy

The women in the rHUEPO group received 10.000 IU (150 IU per kg) of rHUEPO every
day for ten days from the first donation visit (III-IV). At the three visits for blood donation, a
nurse administered rHUEPO intravenously after phlebotomy. The other seven days the
patients themselves administered the rHuEPO subcutaneously. No rHuEPO was given

postoperatively.

Erythropoietin determinations

Paper IV. Samples were drawn into tubes for serum with no additives. The samples
were immediately centrifuged for 10 minutes at 4000 rpm to remove the cells. The remaining
plasma was then frozen within 30 minutes and stored at -80 °C until analysis. S-EPO was
measured with a commercially available enzyme-linked immunosorbent assay (ELISA),
(Roche Molecular Biochemicals, Mannheim, Germany). The reference value is 9.9 +2.9 IU/L

All tests were duplicated.

Complement and cytokine determinations

All samples were drawn into tubes containing 0.054 ml of 0.34 M ethylenediamine
tetraacetic acid per 4.5 ml of blood. The tubes were then immediately centrifuged for 10
minutes at 4000 rpm to remove the cells. The supernatant was frozen in separate tubes within
30 minutes and stored at -80 °C until assay. All analyses were performed in duplicate.

Paper 1. The concentrations of the complement components Cliyn, C3, C4, and C5 was
determined with rocket immunoelectrophoresis technique (antibodies from Behring,

Behringwerk AG, Marburg, Germany). ELISA was used to analyse the anaphylatoxin
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C3a/C3agesarg (Progen Biotecnik, Heidelberg, Germany), and C5a/C5a gesarg and SC5b-9
(Behring, Behringwerk AG, Marburg, Germany).

Paper II. C3a and SC5b-9 were analysed with a commercially available ELISA
(Quidel, San Diego, CA, USA). The assay does not distinguish between C3a and C3agesarg.
The cytokines were analysed with an ELISA (Endogen, Woburn, MA, USA). The detection
limits were 1 pg/ml for IL-6 and 2 pg/ml for TNF-a and IL-8.

Paper IV. IL-6 and IL-8 were analysed with an ELISA (R&D Systems Europe Ltd.,
Abingdon, UK).

Statistical methods

Papers I-1V: The values are given as medians and 25-75 % percentiles or ranges of the
values. The Mann-Whitney test, two-tailed, was used for all comparisons between the two
groups. Assessment of changes within groups was performed by Friedman’s test, which can
be considered a nonparametric method of ANOVA for repeated measures. If significant
changes were found, comparisons within groups were performed by using Wilcoxon’s test for
pair comparisons, two-tailed. Differences were considered significant at p<0.05.

In paper 11, a linear regression analysis was performed for each bag and each
laboratory variable, with time as the independent variable and the different laboratory
variables as the dependent one. Within each blood component group we tested for each
variable whether there was a significant change over time by applying Wilcoxon’s test for
paired comparisons to the sample of regression coefficients. Comparisons between plasma
and filtered plasma were performed by Mann-Whitney’s test with respect to the regression
coefficients and with respect to the level at day 21, calculated by the regression function of
each bag. Day 21 was chosen as the centre of the studied time period. By performing the
analysis this way, we limited the number of comparisons in order to reduce the risk of
significances by chance. Two-tailed tests were used.

In paper III, the left tail (below 125 g/1) of haemoglobin distribution was assumed to
coincide with a normal distribution. The maximum likelihood estimate of the mean and SD of
that distribution was determined by a special program (Anders Odén, Kungilv, Sweden).

The correlation coefficient between EPO and IL-6 in paper IV was calculated by

simple linear correlation (Pearson’s method).
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RESULTS
Complement activation during storage of blood components

Complement concentrations in whole blood, plasma and buffy coat increased during
storage (I). High concentrations of C3a were found in plasma and buffy coat after 14 days of
storage (Figure 3). The concentrations of anaphylatoxins C3a and C5a in whole blood
increased significantly during storage (Figure 4). Increased C5a levels were observed already
after 7 days of storage and C3a after 21 days of storage. Anaphylatoxin C5a was significantly
increased in buffy coat after 7 days. Concentrations of C3a, C5a, SC5b-9, Cli,, C3, C4 and

C5 were low or undetectable in the red cell concentrates.
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Figure 3. C3a in plasma during storage. Median values and range.
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Figure 4. C3a and C5a in whole blood during storage. Median values and range.
*=p<0.05, **= p<0.01 and ***= p<0.001.
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Complement activation and prestorage leucocyte filtration of plasma

Elevated levels of C3a and SC5b-9 were found in filtered plasma from the beginning of

storage (II). The concentrations of anaphylatoxin C3a increased continuously during storage

of whole blood, plasma and filtered plasma (Figure 5). There was a significant increase in

C3a in whole blood and plasma (p<0.01, respectively). There was a higher rate of increase

during storage in C3a in plasma compared with filtered plasma (p<0.01). In filtered plasma,

SC5b-9 was elevated from the beginning of storage and there was a significant decrease

during storage (p<0.05). The SC5b-9 levels in plasma remained below the reference value

throughout the storage period (Figure 6).
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Figure 5. C3a levels during storage. Median values.
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Figure 6. SC5b-9 levels during storage. Median values.
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Effects of prestorage filtration and storage on cytokine release
IL-8 and TNF-a in whole blood increased significantly during storage, whereas IL-6
decreased significantly (II; Figure 7-8). The cytokine levels generated in plasma and filtered

plasma were low or undetectable.
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Figure 8. TNF-a in whole blood during storage. Median levels.
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Erythropoietic response

Thirty-seven women predeposited three units of autologous blood each (III). The last
occasion of blood donation before operation is the most critical one with respect to a
haemoglobin level of at least 100 g/I. Three patients in the control group (no rHUEPO
therapy) and one patient in the rHuEPO group had venous haemoglobin levels below 100 g/l
at this time. Prior to operation, six patients in the control group but none in the rHuEPO group
had haemoglobin levels below the limit. The probability of not fulfilling this criterion of a
haemoglobin level of 100 g/l was calculated for the two groups by use of the left tail of the
distribution of haemoglobin, which was assumed to coincide with a normal distribution. The
estimated mean and SD of that distribution were 118 and 10 for the rHuUEPO group and 108
and 9 for the control group. The calculated probability of a haemoglobin level below
100 g/l was 3.4 % and 17.8 %, respectively, for the two groups. In order to obviate one patient
with a haemoglobin below 100 g/l, the number of patients needed to be treated was 7 =
1/(0.178-0.034).

The haemoglobin median concentrations dropped during precollection in both groups,
significantly less in the rHUEPO group (figure 9). The drop was 12 g/l lower with rtHUEPO
therapy. After the surgery there was no difference between the groups but on postoperative
day 1 there was a significant difference with the highest haemoglobin value in the rHUEPO
group. On postoperative day 5 and after 5 weeks there was no longer any significant
difference between the two groups. The reticulocyte count increased in both groups during
autologous donation, but earlier and to significantly higher values in the rHuEPO group
(Figure 9).

In paper IV we followed s-EPO concentrations in the 30 patients who only received
autologous blood transfusion (Figure 10). During the preoperative donation period, median s-
EPO levels in the control group increased moderately from 7 to 14.4 IU/I (p<0.05). In the
rHuEPO group, s-EPO increased continuously from 5 to 85 IU/I (p<0.001). There was an
increase in s-EPO concentrations early postoperatively in the rHUEPO group compared with
the control group (p<0.001). One day after operation the levels in both groups remained

significantly increased as compared with initial values.
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Figure 9. Median blood values of haemoglobin and reticulocytes in the rHuEPO (@) and

control (0) groups during the pre- and postoperative follow-up. 25-75 % percentiles are also
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Immune response

No changes in cytokine concentrations of IL-6 and IL-8 were found preoperatively and
there was no significant difference in cytokine concentrations before and after intravenous
administration of rHuUEPO (IV; figure 11). There was a significant increase in IL-6 and IL-8
concentrations in both groups one hour after surgery and transfusion compared with initial
values, p<0.001 for IL-6 and p<0.01 for IL-8.
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Figure I1. The cytokine levels in the control (white) and rHuEPO (grey) groups during the

pre- andpostoperative follow-up. Median values and 25-75 % percentiles.
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DISCUSSION
Activation of inflammatory mediators during storage of blood components
Complement

The components usually prepared when separating whole blood are red cells, plasma
and platelets. Plasma is either frozen or stored as fluid plasma at 4 °C for several weeks. Fluid
plasma is ready for immediate transfusion to patients (AABB, 1999). The changes during
storage of such plasma have been studied earlier regarding fibrinolytic and kallikrein
activation, and coagulation factors (Nilsson ef al., 1983; Blombick e al., 1984). Complement
activation was investigated during storage in paper L. The concentrations of anaphylatoxins
C3a and C5a increased during storage of whole blood, plasma and buffy coat (Table 1). The
highest levels of complement were found in plasma, with a C3a maximum median
concentration of 5735 ng/ml at the end of storage. Low or non-detectable levels of
complement components were found in red cell concentrates. This indicates that complement
proteins were removed when the red cells were separated from plasma and buffy coat.
Furthermore, erythrocytes undergo major changes during storage and transfusion and it has
been demonstrated that there is a continuous deposition of complement on stored erythrocytes
(Szymanski et al., 1984). The clinical significance of complement levels in blood components
remains unclear, but they may be significant in transfusion reactions especially following
massive transfusion. It is speculated that complement in transfused blood components may
have an additive and detrimental effect on the complex activated immune network in severe

conditions (Kristiansson ef al., 1996).

Table 1. Complement levels (ng/ml) in blood products.

C3a C5a SC5b-9
Whole blood* 1015 (840-1445) | 11.4 (3.3-250) |235(157-295)
Red cells* <137.5 0.2 (0.08-1.0) | <60 (<60-91)
Plasma* 5735 (660-22110) 1.0 (1.0-3.0) 186 (140-215)
Fresh-frozen plasmaf | 1350 (10-2040) 9.0 (1.7-18.6)
Platelets] 9440 + 1376 70+ 10

* Hyllner et al., 1997. Expressed as median and range, storage for 35 days.
T Sonntag et al., 1997. Expressed as median and range, samples collected after thawing.

1 Schleuning et al., 1994. Expressed as mean and standard deviation, storage for 7 days.
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Cytokines

IL-8 in whole blood increased significantly during storage, whereas IL-6 decreased (II).
TNF-a remained within low limits during the storage time, although there was a significant
increase in the levels. Cytokines seem to be released from residual leucocytes in the blood
products and are related to the leucocyte content and storage time (Muylle & Peetermans,
1994; Aye et al., 1995). The viability of leucocytes in platelet concentrates is higher than 80
% after 5 days of storage (Hartwig et al., 2002). The study suggests that cytokines are actively
produced, and not passively leaked. Adverse transfusion reactions include immunologic
responses and reactions to passively transferred biologic response modifiers e.g. cytokines.
The transfusion of wound drainage blood leads to significantly increased plasma
concentrations of IL-6, which is most likely the result of the high cytokine content of the
transfused blood (Avall ef al., 1999). Transfusion reactions are more frequently associated
with platelet transfusion (30.8 %) than with red cell transfusion (6.8 %) (Heddle et al., 1993;
Patterson et al., 2000). High concentrations of leucocyte- and platelet-derived cytokines have
been demonstrated in stored platelet concentrates (Table 2; Bubel ef al., 1996, Wadhwa et al.,
2002). Most FNHTRs following platelet transfusion do not involve an immune-mediated
event but appear to be caused by cytokines (Heddle ef al., 1994a; Muylle ef al., 1996). There
are various methods of preparing platelets concentrates. The highest level of leucocyte
contamination is found in random donor platelet-rich plasma products, which also accumulate
the highest cytokine levels (Wadhwa ef al., 1996). The temperature during storage has also
been shown to affect cytokine production. Storage of platelet concentrates at 22 °C, as
compared with 4 °C, increased the cytokine production considerably (Table 2; Heddle et al.,
1994b).

The cytokine concentrations in red cell concentrates are lower than in platelets (Table 2;
Heddle, 1999; Lin et al., 2002). However, the reported levels of IL-8 in red cell concentrates
are about 10 times higher than the levels found in whole blood, despite the lower leucocyte
content of red cells (Table 2; Kristiansson et al., 1996; Weisbach et al., 1999). Erythrocytes
have receptors for IL-8 and act as a reservoir for IL-8 (Darbonne et al., 1991). A possible
explanation could be that the bound IL-8 is released from these receptors during storage of
red cell concentrates. Patients who experience FNHTRs after red cell infusion show increased
intravascular levels of IL-6 and IL-8, and this is not related to the age or cytokine content of
the transfused products (Sacher ef al., 1993; Lin et al., 2002). The release of cytokines is

suggested to be endogenous in response to the immune challenge of transfusion.
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Table 2. Cytokine concentrations (pg/ml) in blood components.

TNF-a IL-1 IL-6 IL-8
Whole blood* |5.1(2.8-10.1) 1.3 (0.2-77.3) 16.6 (13.3-27.5)
Whole blood} |2.4+ 1.4 5217 1.5 38.7+143
Red cellst 0.3 (0-2.4) 6.9 (3.1-12.6) 0.3(0-1.4) 261 (125-332)
Red cells§ 512 + 543
Plasma* 0 1.4 (0-4.6) 4.6 (2.5-7.2)
Platelets 48 (2-320) 2395 (112-8576) |32438 (250-70000)

* Hyllner et al., in press. Expressed as median and range, storage for 35 days.

+ Grunenberg et al., 1995. Expressed as mean * standard deviation, storage for 35 days.
1 Shanwell et al., 1997. Expressed as median and range, storage for 42 days.

§ Stack et al., 1995. Expressed as mean * standard deviation, storage for 42 days.

9 Wadhwa et al., 1996. Expressed as mean and range, storage for 5 days.

Effect of universal leucocyte reduction of plasma

The levels of anaphylatoxin C3a and terminal C5b-9 complement complex in prestorage
leucocyte filtered plasma were elevated from the very beginning of storage, proving
complement activation by the prestorage leucocyte filtration process (II). Leucocyte reduction
filters may adsorb or activate anaphylatoxins depending on the electrostatic force between
highly basic positively charged anaphylatoxins and filter membranes with different surface
charge (Matsuda et al., 1988; Cardigan et al., 2001).

The levels of TNF-a., IL-6 and IL-8 generated in plasma and filtered plasma are low and
not influenced by prestorage filtration. The cytokine levels are lower than reported for red
cells (Stack et al., 1995; Kristiansson et al., 1996). This may be explained by low leucocyte
counts in plasma as well as filtered plasma. It has previously been reported that a leucocyte
count below 3 x 10° per 1 does not lead to cytokine synthesis (Muylle ef al., 1993). The
cytokine levels generated in plasma and filtered plasma are unlikely to cause adverse
transfusion reactions.

Prestorage leucocyte filtration of platelet concentrates and red cells diminishes the
accumulation of leucocyte-derived cytokines during storage (Shanwell et al., 1997; Wadhwa

et al., 2002). However, transfusion reactions are reduced but not eliminated (Uhlmann et al.,
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2001; Heddle et al., 2002). The activation and accumulation of complement anaphylatoxins

may be one explanation of the remaining reactions.

How to store autologous blood

Autologous blood is predominantly predeposited and stored as whole blood in contrast
to allogeneic blood, which is separated into components (Table 3). The current practice of
separating allogeneic blood into components before storage and transfusion seems
appropriate. Theoretically, this would also be an advantage for autologous blood. However,
the volumes transfused and the storage time are limited for autologous blood. The clinical
significance of processing autologous blood may therefore not be of vital importance.

An increasing number of blood banks have introduced universal leucoreduction by
prestorage filtration of allogeneic blood components. Some countries have applied the
standards of allogeneic transfusion to autologous blood and recommend leucocyte depletion
of autologous whole blood or the preparation of red cells and plasma before storage. This is
questioned though, because there is no evidence so far that leucocyte depletion of autologous
blood will benefit the patient, and the production cost is considerably increased. There is a
risk that guidelines recommending the processing of autologous blood will change transfusion
practice without an improvement in quality.

The pro-inflammatory cytokines IL-8, TNF-a and the anaphylatoxins C3a and C5a are
increased in whole blood (I-II). When autologous whole blood is retransfused to healthy
volunteers a moderate immunomodulation occurs with a transient increase in plasma C3a and
IL-6 concentrations (Frietsch ef al., 2001a). The impact of transfused cytokines, complement
and leucocytes with the autologous blood may be negligible in comparison to the amounts
generated by operation and anaesthesia. The humoral or cellular immune response in hip
surgery was not altered by transfusion of autologous whole blood or autologous red cells and
fresh-frozen plasma (Frietsch et al., 2001b; Tolksdorf ef al., 2001). Furthermore, the study

demonstrates no difference in infection rate or length of hospital stay.
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Table 3. Allogeneic vs. autologous blood.

Allogeneic Allogeneic Autologous
red cells plasma whole blood
Complement activation no high moderate
Cytokine release low low moderate
Universal leucoreduction
-Complement increased moderate
Universal leucoreduction
-Cytokines reduced low
Infectious disease yes yes no
transmission
Immunosuppression yes yes no
Immunologic reactions yes yes no

Preoperative autologous blood donation

In cancer surgery, the immunosuppression of allogeneic blood may be detrimental and it
is attractive to offer PABD. The time period for collection of autologous blood is limited for
patients with cancer as the time from diagnosis until operation should be short. The donation
schedule 1as to be more aggressive than for elective operations. We have demonstrated that
women scheduled for cancer operation can predeposit three units of blood in two weeks prior
to operation (III). All patients received autologous blood transfusion intraoperatively.
Eighteen units of predeposited blood were not reinfused (15.5 %). This seems to be a
reasonablk wastage since a smaller amount deposited would result in a larger percentage of
patients rzceiving allogeneic blood. Four patients in the rHuEPO group and three patients in
the control group received additional allogeneic blood transfusions in connection with
surgery. On the other hand, more than three units predeposited would most likely result in
even more units not being reinfused.

Wezkly PABD schedules have resulted in only a small increase in endogenous EPO
levels in autologous donors, with a speculated suboptimal effect on erythropoiesis (Lorentz et
al., 1991 . Despite a more intensive precollection program, we found only a moderate

increase m s-EPO levels in the control group and the s-EPO levels stayed within the reference
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values throughout the donation period (IV). The administration of rHuEPO is needed to

increase EPO levels and erythropoiesis.

The role of recombinant erythropoietin in PABD

RHuEPO is expensive. The dose 100.000 IU used in paper III costs almost 10.000
SEK/patient. Although rHUEPO increases erythropoiesis its role in PABD is limited to a few
situations, such as when the patient is already anaemic or needs to donate an unusually large
amount of blood in a short time (Mercuriali ef al., 1993). Guidelines for better identification
of those patients who would benefit most from PABD and rHuEPO therapy, would increase
the efficiency and reduce the costs of PABD.

We found no evidence of IL-6 or IL-8 release during rHUEPO therapy as the cytokine
levels stayed within reference values preoperatively and there was no release of cytokines
after intravenous administration of rHuEPO (IV). About 15-20 % of dialysis patients show a
poor response to rHUEPO therapy and one mechanism of unresponsiveness may be the
induction of cytokines. RHUEPO stimulates the in vitro production of TNF-a and IL-1p, and
this is reported as one explanation of persistent anaemia in dialysis patients receiving rHuEPO
therapy (Takemasa et al., 1996, 2000). Anaemia in critically ill patients and in chronic disease
may be the result of an inadequate EPO response to the low haemoglobin levels, mediated by
pro-inflammatory cytokines. Laboratory studies have shown that the cytokines IL-1a, IL-1j,
IL-6 and TNF-a suppress EPO gene expression (Jelkmann, 1998).

The early postoperative endogenous EPO response was increased after rHUEPO therapy
(IV). This is a novel result and the underlying mechanism is unclear. In an animal model it
has been demonstrated that mice previously stimulated, conditioned, by rHUEPO injection
produce more EPO in response to hypoxia than mice not previously stimulated (Bozzini et al.,
1994, 1997). Although there was no hypoxia in the patients we studied there was a decrease in
haemoglobin concentration during operation. Conditioning from rHuEPO therapy
preoperatively may explain why the women in the treated group required a higher EPO level
for effect in response to operation-induced anaemia. Other reports have indicated that surgical
procedures and rHUEPO therapy may suppress postoperative endogenous EPO production in
response to anaemia (Levine er al., 1991; Biesma et al., 1993). This would be a clinically
important disadvantage of rHUEPO therapy as regards postoperative haemoglobin recovery.

Endogenous EPO production and haemoglobin recovery after PAD and operation with

and without rHUEPO therapy was investigated in 38 patients undergoing total hip joint
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replacement operation (Avall et al., 2003). Patients donated whole blood at three, two and one
week before operation. The EPO group received 10.000 IU/week at each donation visit and
twice the last preoperative week, in all 50.000 [U. In patients with normal preoperative
haemoglobin levels, rHUEPO therapy did not improve haemoglobin levels, nor reduce the
need for allogeneic blood transfusion.

Previous studies compare doses in the 150-600 IU/kg range, often given daily, but there
is evidence that lower doses than those used earlier are sufficient and it seems reasonable to
begin rHUEPO therapy with doses of 100 to 150 IU/kg (Crosby, 2002). Therapy should be
started at least two weeks before an operation and subcutaneous administration is as effective
as intravenous administration (McMahon et al., 1990). Weekly doses of epoetin alfa may be
at least as effective and more convenient than daily administration (Goldberg et al., 1996).
Oral iron supplementation is usually effective (Olijhoek ef al., 2001). Patients undergoing
more extensive operations with substantial blood loss may derive maximum benefit from a

combination of rtHUEPO therapy and aggressive PABD (Crosby, 2002).

Cost-effectiveness

Viral transmission and transfusion reactions are avoided with the use of autologous
blood. However, it is often considered as expensive and logistically difficult, and the
controversy about its cost-effectiveness is not yet settled. Decision models arrive at different
costs depending on the effects considered. “Dollars per life-year saved” is a commonly used
measure of a medical intervention and represents the cost in dollars to extend the life of a
patient for one year. PABD can increase the cost considerably. Other models that consider the
immunomodulatory effect of allogeneic transfusion on the rate of postoperative infection
suggest the PABD is cost-effective (Blumberg et al., 1996). Thus, it depends on what is
considered. The additional cost of autologous blood depends primarily on the labour-intensive
donation process and wastage of units donated but not transfused. Better identification of the
patients most likely to benefit from autologous donation, would increase the efficiency and
reduce the costs of PABD, as would more careful estimate of autologous blood needs. Nuttall
et al. (2000) have derived guidelines for PABD and rHuEPO therapy based on retrospective
analysis of 165 patients undergoing total hip arthroplasty. A patient with a predonation
haemoglobin level higher than 147 g/l does not need PABD. Men with a predonation
haemoglobin level less than 147 g/l and women with haemoglobin levels 132-147 g/l are
recommended PABD. In women with a haemoglobin level less than 132 g/I, rHUuEPO therapy
should accompany PABD.
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The discard rate is one of the variables that affect the cost-effectiveness and the rate
varies considerably between Europe and the USA. The amount of blood discarded in
orthopaedic operations in a recent European study was 13 % compared with 50 % reported for
US medical centres (Rosencher et al., 2003). There is a history of overcollection in the US

since some states passed laws mandating the option of PABD.

“The safest blood is your own”

Autologous donations and transfusions increased dramatically with discovery of the
human immunodeficiency virus. PABD is now the blood conservation strategy most often
used. In 1997, about 4 % of transfused blood in Europe was autologous (Politis & Richardson,
2001). In the USA, 5 % autologous transfusions are reported the same year. PABD is most
frequent in Italy with 8.9 %, but less than 1 % is reported from the Scandinavian countries.
Overall, more than 670.000 autologous units were collected in Europe in 1997. In 2001,
according to the Swedish National Board of Health and Welfare, 867 autologous units were
collected compared with 451.447 allogeneic units (~0.2 %).

The public remains concerned about the safety of allogeneic transfusions and many
patients would even be willing to pay a substantial amount of money for autologous services
(Lee et al., 1998). Despite information about the low risks of complications from allogeneic
transfusions, an aversion to allogeneic transfusion persists as well as a willingness to pay for
PABD.

There are a lot of pros and cons with PABD, depending on different beliefs and values.
Patients who are healthy enough to undergo elective surgery will be able to donate blood
preoperatively (III). Whose blood would you like to be transfused with if you could choose?
What if you don’t have a choice? Today, organisation for PABD at Swedish hospitals is very
limited. Most patients receive no information about PABD as an alternative to allogeneic
transfusion and can not be offered a choice. In some countries, patients have to sign a consent
form where they agree to surgery and blood transfusion. This is one way to urge patients to
decide on blood transfusion. A closer co-operation with the Blood Bank would make it

possible to offer patients the advantage of autologous blood.
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CONCLUSIONS

» The complement anaphylatoxins C3a and C5a are released during storage of whole blood,

plasma and buffy coat. Low levels are detected in red cell concentrates.

» IL-8 in whole blood increased during storage. [L-6 decreased and TNF-a remained within
low limits during the storage time. Cytokine levels in stored plasma and filtered plasma
are low. It is clear that complement is activated and cytokines are released during the
processing and storage of whole blood and blood components. Despite this, the current
practice of separating blood into components before storage and transfusion seems

accurate for allogeneic blood, but may not be appropriate for autologous blood.

» Leucocyte reduction by prestorage filtration of plasma with filter ASAHI RZ 2000
activates the complement cascade from the very beginning of storage with high levels of
C3a and SC5b-9. Cytokine release is not influenced. It should be considered that
leucocyte reduction filters might have different qualities, which will result in different

activation of inflammatory mediators.

» The use of rHUEPO therapy to optimise PABD increases the postoperative endogenous
EPO response. RHUEPO therapy does not influence IL-6 and IL-8 release. Thus, the

present thesis could not demonstrate unsatisfactory effects of rHUEPO therapy.

» Short preoperative donation intervals resulted in only moderately increased s-EPO levels,

and erythropoiesis was not increased compared with weekly PABD schedules.

» Women scheduled for cancer operation could predeposit three units of whole blood in
only two weeks without the development of severe anaemia. A haemoglobin level below
the 100 g/l donation limit can be prevented in one patient out of seven by treating women
with rHUEPO. The present thesis suggests that PABD can be offered to female patients
undergoing cancer surgery. The additional use of rHuEPO is limited to a few situations,

e.g. when the patient is anaemic at the first visit for blood collection.
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SAMMANFATTNING PA SVENSKA

Blodet innehaller komplexa kaskadsystem och substanser som kan aktiveras vid framstillning
av blodkomponenter och under lagring. Allogent blod (bankblod) separeras normalt i olika
komponenter fore lagring och transfusion, medan autologt blod (patientens eget blod) ofta anvinds
som helblod. Transfusion av bankblod dr forenat med ett antal olika risker och dirfor har
egenblodgivning infor en planerad operation blivit ett etablerat alternativ. For cancerpatienter kan den
immunosupprimerande effekten av bankblod vara skadlig, men det ir svért att hinna med
egenblodgivning eftersom man inte vill férdréja operationen. Egenblodgivningen bérjar vanligen 4-6
veckor fore en planerad operation och blod tappas en gang i veckan. Behandling med erythropoietin
okar volymen av eget tappat blod infér en planerad operation. Emellertid sa indikerar andra studier att
erythropoietinbehandling kan undertrycka den kroppsegna postoperativa produktionen av
erythropoietin och stimulera friséttning av inflammatoriska mediatorer. Syftet med denna avhandling
har varit att studera effekterna pa blodnybildning och pa frisittningen av inflammatoriska mediatorer
under tappning och lagring av eget blod.

I denna studien tappades friska blodgivare pa blod som lagrades som helblod eller delades upp i
komponenter. Komplementaktivering och frisittning av pro-inflammatoriska cytokiner studerades
under lagringstiden. Dessutom studerades effekten av leukocytfiltrering fore lagring pa frisittningen
av inflammatoriska mediatorer. For kvinnor som skulle genomga radikal hysterektomi planerades
egenblodgivning av tre pasar blod under tva veckor infor operation, med eller utan
erythropoietinbehandling. Effekten pa blodnybildning och immunsvar foljdes fore och efter operation.

Resultaten visar att komplementsystemet aktiveras under lagring av helblod och plasma, och att
cytokinen IL-8 frisitts i helblod. Leukocytfiltrering av plasma aktiverar komplementsystemet men
paverkar inte cytokinfrisdttningen. Helt klart sa kan kvinnor tappas pa tre pasar blod under bara tvé
veckor fore en planerad operation. Genom att behandla kvinnor med erythropoietin férhindras en av
sju patienter att hamna under blodvirdesgrinsen pa 100 g/l for tappning. Erythropoietinbehandling
okar det postoperativa kroppsegna erythropoietin svaret men paverkar inte cytokinfrisittningen.
Avhandlingen foreslér att egenblodgivning kan erbjudas kvinnor som ska genomga cancerkirurgi, och

att autolog blod kan transfunderas som helblod.

41



M Hyllner

ACKNOWLEDGEMENTS

I wish to express my sincere gratitude to everyone who has in some way contributed to

this thesis, especially

Anders Bengtsson and Jan-Peter Bengtson, my scientific supervisors and friends for their
never-ending enthusiasm, scientific guidance, support and invaluable advice.

Professor Hengo Haljamée, for great support and encouragement.

Klaus Kirng, my chief at the Department of Cardiothoracic Anaesthesia, for important
support, and giving me time off from clinical work to finish this thesis.

My co-authors, Anders Avall, for a wonderful collaboration, Jan Petter Arnestad, for
introducing me to this project, Maria Tylman, for excellent laboratory assistance and high-
calorie products, Lennart Rydberg, for thoroughly explaining about blood components and
Birgitta Swolin, for support and guidance in the world of erythropoiesis.

Gunilla Wilén, for valuable help with organising sample collection and analyses.

Elisabeth Olsson and Agneta Ebeling, for never failing enthusiasm and organisation of
PABD.

Anders Odén, my statistical adviser, for tremendous help with statistical data analyses.
June Abrahamsson, for excellent language correction of this thesis.

Eva Jensen and Johan Pontén, for valuable and constructive criticism.

All colleagues and friends.

Karin Kleiven Thiringer, my best friend, for always being there, and Silver, for layout of the
front page.

My parents Tibor and Piroska, and my sister Margareta, for their great encouragement,
support and love throughout all years.

My husband Johan, the first doctor in the family, for love, a lot of patience and valuable
advice. My children Erik and Sofie, for their unconditioned love and putting up with an

absent-minded mother, and our rabbit Bimbo, for exercise during the last sedentary weeks.

This study was supported by grants from the Swedish Medical Research Council, the
Faculty of Medicine, Goteborg University and the Géteborg Medical Society.

42



Preoperative deposit of blood

REFERENCES

AABB: American Association of Blood Banks, Bethesda, Maryland. Blood component preparation,
storage, shipping, and transportation. Technical Manual, 1999; 13th edition, Chapter 8

Abraham PA, Halstenson CE, Macres MM, Opsahl JA, Rank BH, Schwenk MH, et al. Epoetin
enhances erythropoiesis in normal men undergoing repeated phlebotomies. Clin Pharmacol Ther
1992; 52: 205-213

Allon M, Kleinman K, Walczyk M, Kaupke C, Messer-Mann L, Olson K, et al. Pharmacokinetics and
pharmacodynamics of darbepoetin alfa and epoetin in patients undergoing dialysis. Clin
Pharmacol Ther 2002; 72: 546-555

Aye MT, Palmer DS, Giulivi A & Hashemi S. Effect of filtration of platelet concentrates on the
accumulation of cytokines and platelet release factors during storage. Transfusion 1995; 35:
117-124

Balkwill FR & Burke F. The cytokine network. Immunol Today 1989; 10: 299-304

Bellomo R. The cytokine network in the critically ill. Anaesth Intensive Care 1992; 20: 288-302

Bennett WM. Side effects of erythropoietin therapy. Am J Kidney Dis 1991; 18: 84-86

Bergstrom J. New aspects of erythropoietin treatment. J Intern Med 1993; 233: 445-462

Biesma DH, Kraaijenhagen RJ, Marx JJ & van de Wiel A. The efficacy of subcutaneous recombinant
human erythropoietin in the correction of phlebotomy-induced anemia in autologous blood
donors. Transfusion 1993; 33: 825-829

Blajchman MA. Immunomodulation and blood transfusion Am J Ther 2002; 9: 389-395

Blombick M, Chmielewska J, Netré C & Akerblom O. Activation of blood coagulation, fibrinolytic
and kallikrein systems during storage of plasma. Vox Sang 1984; 47: 335-342

Blumberg N, Chuang-Stein C & Heal JM. The relationship of blood transfusion, tumor staging, and
cancer recurrence. Transfusion 1990; 30: 291-294

Blumberg N, Kirkley SA & Heal JM. A cost analysis of autologous and allogeneic transfusions in hip-
replacement surgery. Am J Surg 1996; 171: 324-330

Bondurant MC & Koury MJ. Anemia induces accumulation of erythropoietin mRNA in the kidney
and liver. Mol Cell Biol 1986; 6: 2731-2733

Bonsdorff E & Jalavisto E. A humoral mechanism in anoxic erythrocytosis. Acta Physiol Scand 1948;
16: 150-170

Bozzini CE, Alippi RM, Barcelé AC, Conti MI, Bozzini C, Lezon CE, et al. The biology of stress
erythropoiesis and erythropoietin production. Ann N Y Acad Sci 1994; 15: 83-92

Bozzini CE, Barcel6 AC, Conti MI, Martinez MP, Lezén CE, Bozzini C, et al. Unexpected hypoxia-
dependent erythropoietin secretion during experimental conditions not affecting tissue oxygen
supply/demand ratio. Kidney Int 1997; 51: 413-415

Bubel S, Wilhelm D, Entelmann M, Kirchner & Kliiter H. Chemokines in stored platelet concentrates.
Transfusion 1996; 36: 445-449

43



M Hyllner

Cardigan R, Sutherland J, Garwood M, Krailadsiri P, Seghatchian J, Beard M, et al. The effect of
leucocyte depletion on the quality of fresh-frozen plasma. Br J Haematol 2001; 114: 233-240

Carnot P & Deflandre CL. Sur I’activité hémopoiétique du sérum au cours de la régénération du sang.
C R Acad Sci Paris 1906; 143: 384-386

Carson JL, Altman DG, Duff A, Noveck H, Weinstein MP, Sonnenberg FA, et al. Risk of bacterial
infection associated with allogeneic blood transfusion among patients undergoing hip fracture
repair. Transfusion 1999; 39: 694-700

Cavaillon JM, Fitting C & Haeffner-Cavaillon N. Recombinant C5a enhances interleukin 1 and tumor
necrosis factor release by lipopolysaccharide-stimulated monocytes and macrophages. Eur J
Immunol 1990; 20: 253-257

Cavarocchi NC, Pluth JR, Schaff HV, Orszulak TA, Homburger HA, Solis E, et al. Complement
activation dhring cardiopulmonary bypass. Comparison of bubble and membrane oxygenators. J
Thorac Cardiovasc Surg 1986; 91: 252-258

Chalandon Y, Mermillod B, Beris P, Doucet A, Chapuis B, Roux-Lombard P, et al. Benefit of
prestorage leukocyte depletion of single-donor platelet concentrates. Vox Sang 1999; 76: 27-37

Chang H, Hall GA, Geerts WH, Greenwood C, McLeod RS & Sher GD. Allogeneic red blood cell
transfusion is an independent risk factor for the development of postoperative bacterial
infection. Vox Sang 2000; 78: 13-18

Cotes PM. Immunoreactive erythropoietin in serum. I. Evidence for the validity of the assay method
and the physiological relevance of estimates. Br J] Haematol 1982; 50: 427-438

Crosby E. Perioperative use of erythropoietin. Am J Ther 2002; 9: 371-376

Damas P, Canivet JL, De Groote D, Vrindts Y, Albert A, Franchimont P, et al. Sepsis and serum
cytokine concentrations. Crit Care Med 1997; 25: 405-412

Darbonne WC, Rice GC, Mohler MA, Apple T, Hébert CA, Valente AJ, et al. Red blood cells are a
sink for interleukin 8, a leukocyte chemotaxin. J Clin Invest 1991; 88: 1362-1369

Dinarello CA, Cannon JG, Wolff SM, Bernheim HA, Beutler B, Cerami A, et al. Tumor necrosis
factor (cachectin) is an endogenous pyrogen and induces production of interleukin 1. J Exp Med
1986; 163: 1433-1450

Edvardsen L, Taaning E, Dreier B, Christensen LD, Mynster T & Nielsen HJ. Extracellular
accumulation of bioactive substances during preparation and storage of various platelet
concentrates. Am J Hematol 2001; 67: 157-162

Finkel MS, Hoffman RA, Shen L, Oddis CV, Simmons RL & Hattler BG. Interleukin-6 (IL-6) as a
mediator of stunned myocardium. Am J Cardiol 1993; 71: 1231-1232

Fisher JW. Erythropoietin: physiology and pharmacology update. Exp Biol Med 2003; 228: 1-14

Flaharty KK, Caro J, Erslev A, Whalen JJ, Morris EM, Bjornsson TD, et al. Pharmacokinetics and
erythropoietic response to human recombinant erythropoietin in healthy men. Clin Pharmacol
Ther 1990; 47: 557-564

44



Preoperative deposit of blood

Frietsch T, Fessler H, Kirschfink M, Nebe T, Wascke KF & Lorentz A. Immune response to
autologous transfusion in healthy volunteers: WB versus packed RBCs and FFP. Transfusion
2001a; 41: 470-476

Frietsch T, Krombholz K, Tolksdorf B, Nebe T, Segiet W & Lorentz A. Cellular immune response to
autologous blood transfusion in hip arthroplasty: whole blood versus buffy coat-poor packed red
cells and fresh-frozen plasma. Vox Sang 2001b; 81: 187-193

Goldberg MA, McCuthen JW, Jove M, Di Cesare P, Friedman RJ, Poss R, et al. A safety and efficacy
comparison study of two dosing regimens of epoetin alfa in patients undergoing major
orthopedic surgery. Am J Orthop 1996; 25: 544-552

Goodnough LT, Rudnick S, Price TH, Ballas SK, Collins ML, Crowley JP, et al. Increased
preoperative collection of autologous blood with recombinant human erythropoietin therapy. N
Engl J Med 1989; 321: 1163-1168

Grant FC. Autotransfusion. Ann Surg 1921; 74: 253-254

Hakim RM, Breillatt J, Lazarus JM & Port FK. Complement activation and hypersensitivity reactions
to dialysis membranes. N Engl J Med 1984; 311: 878-882

Hartwig D, Hirtel C, Hennig H, Miiller-Steinhardt M, Schlenke P & Kliiter H. Evidence for de novo
synthesis of cytokines and chemokines in platelet concentrates. Vox Sang 2002; 82: 182-190

Hecke F, Schmidt U, Kola A, Bautsch W, Klos A & K&hl J. Circulating complement proteins in
multiple trauma patients--correlation with injury severity, development of sepsis, and outcome.
Crit Care Med 1997; 25: 2015-2024

Heddle NM, Klama LN, Griffith L, Roberts R, Shukla G & Kelton JG. A prospective study to identify
the risk factors associated with acute reactions to platelet and red cell transfusions. Transfusion
1993; 33: 794-797

Heddle NM, Klama L, Singer J, Richards C, Fedak P, Walker I, et al. The role of the plasma from
platelet concentrates in transfusion reactions. N Engl ] Med 1994a; 331: 625-628

Heddle N, Tan M, Klama L. & Shroeder J. Factors affecting cytokine production in platelet
concentrates. Transfusion 1994b; 34: 67S

Heddle NM. Pathophysiology of febrile nonhemolytic transfusion reactions. Curr Opin Hematol 1999;
6: 420-426

Heddle NM, Blajchman MA, Meyer RM, Lipton JH, Walker IR, Sher GD, et al. A randomized
controlled trial comparing the frequency of acute reactions to plasma-removed platelets and
prestorage WBC-reduced platelets. Transfusion 2002; 42: 556-566

Hughes RT, Cotes PM, Oliver DO, Pippard MJ, Royston P, Stevens JM, et al. Correction of the
anaemia of chronic renal failure with erythropoietin: pharmacokinetic studies in patients on
haemodialysis and CAPD. Contrib Nephrol 1989; 76: 122-130

45



M Hyllner

Hugli TE. Complement anaphylatoxins as plasma mediators, spasmogens and chemotaxins. In: Bing
DH, ed. The chemistry and physiology of the human plasma proteins. New York (NY):
Pergamon Press. 1979; 255-280

Hugli TE. Structure and function of the anaphylatoxins. Springer Semin Immunopathol 1984; 7: 193-
219

Hugli TE & Marceau F. Effects of the C5a anaphylatoxin and its relationship to cyclo-oxygenase
metabolites in rabbit vascular strips. Br J Pharmacol 1985; 84: 725-733

Ibojie J, Greiss MA & Urbaniak SJ. Limited efficacy of universal leucodepletion in reducing the
incidence of febrile nonhaemolytic reactions in red cell transfusions. Transfus Med 2002; 12:
181-185

Ikeda K, Sannoh T, Kawasaki N, Kawasaki T & Yamashina . Serum lectin with known structure
activates complement through the classical pathway. J Biol Chem 1987; 262: 7451-7454

Jelkmann W. Erythropoietin: Structure, control of production, and function. Physiol Rev 1992; 72:
449-489

Jelkmann W. Proinflammatory cytokines lowering erythropoietin production. J Interferon Cytokine
Res 1998; 18: 555-559

Jensen LS, Kissmeyer-Nielsen P, Wolff B & Qvist N. Randomised comparison of leucocyte-depleted
versus buffy-coat-poor blood transfusion and complications after colorectal surgery. Lancet
1996; 348: 841-845

Kickler TS & Spivak JL. Effect of repeated whole blood donations on serum immunoreactive
erythropoietin levels in autologous donors. JAMA 1988; 260: 65-67

Kishimoto T. The biology of interleukin-6. Blood 1989; 74: 1-10

Kristiansson M, Soop M, Saraste L & Sundqvist KG. Cytokines in stored red blood cell concentrates:
promoters of systemic inflammation and simulators of acute transfusion reactions? Acta
Anaesthesiol Scand 1996; 40: 496-501

Kunkel SL, Standiford T, Kasahara K & Strieter RM. Interleukin-8 (IL-8): the major neutrophil
chemotactic factor in the lung. Exp Lung Res 1991; 17: 17-23

Lacombe C, Da Silva JL, Bruneval P, Fournier JG, Wendling F, Casadevall N, et al. Peritubular cells
are the site of erythropoietin synthesis in the murine hypoxic kidney. J Clin Invest 1988; 81:
620-623

Lee SJ, Liljas B, Churchill WH, Popovsky MA, Stowell CP, Cannon ME, et al. Perceptions and
preferences of autologous blood donors. Transfusion 1998; 38: 757-763

Levine EA, Rosen AL, Sehgal LR, Gould SA, Egrie JC & Moss GS. Erythropoietin deficiency after
coronary artery bypass procedures. Ann Thorac Surg 1991; 51: 764-766

Lin JS, Tzeng CH, Hao TC, Hu HY, Ho YT, Lyou JY, et al. Cytokine release in febrile non-
haemolytic red cell transfusion reactions. Vox Sang 2002; 82: 156-160

46



Preoperative deposit of blood

Liszewski K & Atkinson JP. The complement system. In: Paul WE, ed. Fundamental Immunology:
New York (NY), Raven Press. 1993; 917-939

Lorentz A, Jendrissek A, Eckardt KU, Schipplick M, Osswald PM & Kurtz A. Serial immunoreactive
erythropoietin levels in autologous blood donors. Transfusion 1991; 31: 650-654

Lotz M, Zuraw BL, Carson DA & Jirik FR. Hepatocytes produce interleukin-6. Ann NY Acad Sci
1989; 557: 509-511

Marty C, Misset B, Tamion F, Fitting C, Carlet ] & Cavaillon JM. Circulating interleukin-8
concentrations in patients with multiple organ failure of septic and nonseptic origin. Crit Care
Med 1994; 22: 673-679

Matsuda T, Iwata H, Takano H, Akutsu T, Kishimoto T & Maekawa M. Development of an
anaphylatoxin scavenging device. Principle, surface molecular design, and selective adsorption.
ASAIO Trans 1988; 34: 556-558

McAlister FA, Clark HD, Wells PS & Laupacis A. Perioperative allogeneic blood transfusion does not
cause adverse sequelae in patients with cancer: a meta-analysis of unconfounded studies. Br J
Surg 1998; 85: 171-178

McMahon FG, Vargas R, Ryan M, Jain AK, Abels RI, Perry B, et al. Pharmacokinetics and effects of
recombinant human erythropoietin after intravenous and subcutaneous injections in healthy
volunteers. Blood 1990; 76: 1718-1722

Meduri GU, Headley S, Kohler G, Stentz F, Tolley E, Umberger R, et al. Persistent elevation of
inflammatory cytokines predicts a poor outcome in ARDS. Chest 1995; 107: 1062-1073

Mercuriali F, Zanella A, Barosi G, Inghilleri G, Biffi E, Vinci A, et al. Use of erythropoietin to
increase the volume of autologous blood donated by orthopedic patients. Transfusion 1993; 33:
55-60

Minghini A, Britt LD & Hill MA. Interleukin-1 and interleukin-6 mediated skeletal muscle arteriolar
vasodilation: in vitro versus in vivo studies. Shock 1998; 9: 210-215

Miyake T, Kung CK & Goldwasser E. Purification of human erythropoietin. J Biol Chem 1977; 252:
5558-5564

Muylle L, Joos M, Wouters E, De Bock R & Peetermans ME. Increased tumor necrosis factor o
(TNFa), interleukin 1, and interleukin 6 (IL-6) levels in the plasma of stored platelet
concentrates: relationship between TNFo and IL-6 levels and febrile transfusion reactions.
Transfusion 1993; 33: 195-199

Muylle L & Peetermans ME. Effect of prestorage leukocyte removal on the cytokine levels in stored
platelet concentrates. Vox Sang 1994; 66: 14-17

Muylle L, Wouters E & Peetermans ME. Febrile reactions to platelet transfusion: the effect of
increased interleukin 6 levels in concentrates prepared by the platelet-rich plasma method.

Transfusion 1996; 36: 886-890

47



M Hyllner

Miiller-Eberhard HJ. The membrane attack complex of complement. Annu Rev Immunol 1986; 4:
503-528

Nilsson L, Hedner U, Nilsson IM & Robertson B. Shelf-life of bank blood and stored plasma with
special reference to coagulation factors. Transfusion 1983; 23: 377-381

Nonnast-Daniel B, Schiffer J & Frei U. Hemodynamics in hemodialysis patients treated with
recombinant human erythropoietin. Contrib Nephrol 1989; 76: 283-291

Nuttall GA, Santrach PJ, Oliver WC, Ereth MH, Horlocker TT, Cabanela ME, et al. Possible
guidelines for autologous red blood cell donations before total hip arthroplasty based on the
surgical blood order equation. Mayo Clin Proc 2000; 75: 10-17

Olijhoek G, Megens JG, Musto P, Nogarin L, Gassmann-Mayer C, Vercammen E, et al. Role of oral
versus [V iron supplementation in the erythropoietic response to rHUEPO: a randomized,
placebo-controlled trial. Transfusion 2001; 41: 957-963

Opelz G & Terasaki PI. Improvement of kidney-graft survival with increased numbers of blood
transfusions. N Engl J Med 1978; 299: 799-803

Patterson BJ, Freedman J, Blanchette V, Sher G, Pinkerton P, Hannach B, et al. Effect of
premedication guidelines and leukoreduction on the rate of febrile nonhaemolytic platelet
transfusion reactions. Transfus Med 2000; 10: 199-206

Peters WR, Fry RD, Fleshman JW & Kodner 1J. Multiple blood transfusions reduce the recurrence rate
of Crohn’s disease. Dis Colon Rectum 1989; 32: 749-753

Politis C & Richardson C. Autologous blood donation and transfusion in Europe. Vox Sang 2001; 81:
119-123

Rauh MA, Bayers-Thering M, LaButti RS & Krackow KA. Preoperative administration of epoetin alfa
to total joint arthroplasty patients. Orthopedics 2002; 25: 317-320

Rosencher N, Kerkkamp HE, Macheras G, Munuera LM, Menichella G, Barton DM, et al. Orthopedic
Surgery Transfusion Hemoglobin European Overwiew (OSTHEO) study: blood management in
elective knee and hip arthroplasty in Europe. Transfusion 2003; 43: 459- 469

Sacher RA, Boyle L & Freter CE. High circulating interleukin 6 levels associated with acute
transfusion reactions: cause or effect? Transfusion 1993; 33: 962-963

Saegusa Y, Ziff M, Welkovich L & Cavender D. Effect of inflammatory cytokines on human
endothelial cell proliferation. J Cell Physiol 1990; 142: 488-495

Salmonson T, Danielson BG & Wikstrom B. The pharmacokinetics of recombinant human
erythropoietin after intravenous and subcutaneous administration to healthy subjects. Br J Clin
Pharmacol 1990; 29: 709-713

Schleuning M, Béck M & Mempel W. Complement activation during storage of single-donor platelet
concentrates. Vox Sang 1994; 67: 144-148

Schobersberger W, Hobisch-Hagen P, Fuchs D, Hoffmann G & Jelkmann W. Pathogenesis of anaemia
in the critically ill patient. Clin Intensive Care 1998; 9: 111-117

48



Preoperative deposit of blood

Sevast'ianov VI & Tseytlina EA. The activation of the complement system by polymer materials and
their blood compatibility. J Biomed Res 1984; 18: 969-978

Shanwell A, Kristiansson M, Remberger M & Ringdén O. Generation of cytokines in red cell
concentrates during storage is prevented by prestorage white cell reduction. Transfusion 1997;
37: 678-684

Silliman CC, Clay KL, Thurman GW, Johnson CA & Ambruso DR. Partial characterization of lipids
that develop during the routine storage of blood and prime the neutrophil NADPH oxidase. J
Lab Clin Med 1994; 124: 684-694

Silliman CC, Boshkov LK, Mehdizadehkashi Z, Elzi DJ, Dickey WO, Podlosky L, et al. Transfusion-
related acute lung injury: epidemiology and a prospective analysis of etiologic factors. Blood
2003; 101: 454-462

Sonntag J, Stiller B, Walka MM & Maier RF. Anaphylatoxins in fresh-frozen plasma. Transfusion
1997; 37: 798-803

Stack G, Baril L, Napychank P & Snyder EL. Cytokine generation in stored, white cell-reduced, and
bacterially contaminated units of red cells. Transfusion 1995; 35: 199-203

Stitt JT. Prostaglandin E as the neural mediator of the febrile response. Yale J Biol Med 1986; 59:
137-149

Stockenhuber F, Kurz RW, Geissler K, Jahn C, Hinterberger W, Balcke P, et al. Recombinant human
erythropoietin activates a broad spectrum of progenitor cells. Kidney Int 1990; 37: 150-156

Sugarman BJ, Aggarwal BB, Hass PE, Figari IS, Palladino MA & Shepard HM. Recombinant human
tumor necrosis factor-a.: effects on proliferation of normal and transformed cells in vitro.
Science 1985; 230: 943-945

Szymanski 10, Swanton RE & Odgren PR. Quantitation of the third component of complement on
stored red cells. Transfusion 1984; 24: 194-197

Takemasa A, Yorioka N & Yamakido M. Stimulation of interleukin-1 3 production may be involved
in unresponsiveness to erythropoietin therapy. Int J Artif Organs 1996; 19: 633-637

Takemasa A, Yorioka N, Ueda C, Amimoto D, Taniguchi Y & Yamakido M. Stimulation of tumour
necrosis factor-o. production by recombinant human erythropoietin may contribute to failure of
therapy. Scand J Urol Nephrol 2000; 34: 131-135

Tasaki T, Ohto H, Hashimoto C, Abe R, Saitoh A & Kikuchi S. Recombinant human erythropoietin
for autologous blood donation: effects on perioperative red-blood-cell and serum erythropoietin
production. Lancet 1992; 339: 773-775

Thomas MJ, Gillon J & Desmond MJ. Preoperative autologous donation. Transfusion 1996; 36: 633-
639

49



M Hyllner

Tolksdorf B, Frietsch T, Quintel M, Kirschfink M, Becker P & Lorentz A. Humoral immune response
to autologous blood transfusion in hip surgery: whole blood versus packed red cells and plasma.
Vox Sang 2001; 81: 180-186

Toy PT & Kerr K. Preoperative autologous blood donation. AACN Clin Issues 1996; 7: 221-228

Uhlmann EJ, Isgriggs E, Wallhermfechtel M & Goodnough LT. Prestorage universal WBC reduction
of RBC units does not affect the incidence of transfusion reactions. Transfusion 2001; 41: 997-
1000

Wadhwa M, Seghatchian MJ, Lubenko A, Contreras M, Dilger P, Bird C, et al. Cytokine levels in
platelet concentrates: quantitation by bioassays and immunoassays. Br J Haematol 1996; 93:
225-234

Wadhwa M, Krailadsiri P, Dilger P, Gaines Das R, Seghatchian MJ & Thorpe R. Cytokine levels as
performance indicators for white blood cell reduction of platelet concentrates. Vox Sang 2002;
83:125-136

Vamvakas EC, Carven JH & Hibberd PL. Blood transfusion and infection after colorectal cancer
surgery. Transfusion 1996; 36: 1000-1008

Van de Watering LM, Hermans J, Houbiers JG, van den Broek PJ, Bouter H, Boer F, et al. Beneficial
effects of leukocyte depletion of transfused blood on postoperative complications in patients
undergoing cardiac surgery. Circulation 1998; 97: 562-568

Van de Watering LM, Brand A, Houbiers JG, Klein Kranenbarg WM, Hermans J & van de Velde CJ.
Perioperative blood transfusions, with or without allogeneic leucocytes, relate to survival, not to
cancer recurrence. Br J Surg 2001; 88: 267-272

Van Dervort AL & Danner RL. Interleukin 8 (IL-8) primes human neutrophils for enhanced
production of superoxide (O,¢) Crit Care Med 1990; 18: S251

Van Snick J. Interleukin-6: an overview. Annu Rev Immunol 1990; 8: 253-278

Weisbach V, Wanke C, Zingsem J, Zimmermann R & Eckstein R. Cytokine generation in whole
blood, leukocyte-depleted and temporarily warmed red blood cell concentrates. Vox Sang 1999;
76: 100-106

Videm V, Mollnes TE, Bergh K, Fosse E, Mohr B & Hagve TA. Heparin-coated cardiopulmonary
bypass equipment. II. Mechanisms for reduced complement activation in vivo. J Thorac
Cardiovasc Surg 1999; 117: 803-809

Vignali A. A single unit of transfused allogeneic blood increases postoperative infections. Vox Sang
1996; 71: 170-175

Yasuura K, Okamoto H & Matsuura A. Transfusion-associated graft-versus-host disease with
transfusion practice in cardiac surgery. J Cardiovasc Surg 2000; 41: 377-380

Zhu 'Y & D’Andrea AD. The molecular physiology of erythropoietin and the erythropoietin receptor.
Curr Opin Hematol 1994; 1: 113-118

50



Preoperative deposit of blood

Avall A, Hyllner M, Bengtson JP, Carlsson L & Bengtsson A. Postoperative inflammatory response
after autologous and allogeneic blood transfusion. Anesthesiology 1997; 87: 511-516

Avall A, Hyllner M, Bengtson JP, Carlsson L & Bengtsson A. Greater increase in cytokine
concentration after salvage with filtered whole blood than washed cells, but no difference in
postoperative hemoglobin recovery. Transfusion 1999; 39: 271-276

Avall A, Hyllner M, Swolin B, Bengtson JP, Carlsson L & Bengtsson A. Increased serum
erythropoietin concentration after allogeneic compared with autologous blood transfusion.
Transfus Apheresis Sci 2002; 27: 203-210

Avall A, Hyllner M, Bengtson JP, Carlsson L & Bengtsson A. Recombinant human erythropoietin in
preoperative autologous blood donation did not influence the haemoglobin recovery after

surgery. Acta Anaesthesiol Scand 2003; 47: 687-692

51



M Hyllner




P& grund av upphovsrittsliga skl kan vissa ingdende delarbeten ej publiceras har.
For en fullstindig lista av ingaende delarbeten, se avhandlingens borjan.

Due to copyright law limitations, certain papers may not be published here.
For a complete list of papers, see the beginning of the dissertation.

GOTEBORGS UNIVERSITET



Vasastadens
Bokbinderi AB
g

e o
Bokbinderi & Tryckeri

Tel: 031 - 29 20 45 * Mail: info@vasastadensbokbinderi.se









