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ABSTRACT 
 
Platelets play an important role in the haemostatic process in order to seal damaged blood 
vessels. The platelets form a platelet plug at the damaged area and prevent blood loss. Once 
the damage to the vessel wall has been covered, the platelets retract the coagulum, to allow 
the blood to flow freely in the vessel. Free oscillation rheometry (FOR) can be used for 
analysis of coagulation as measured by clotting time and changes in clot elasticity (G'). Clot 
G' provides information about the fibrin network in the coagulum and the platelets’ ability to 
retract the coagulum. FOR analysis is performed using the ReoRox� 4 instrument. The blood 
sample is added to a cylindrical sample cup, which is set into free oscillation. The frequency 
and damping of the oscillation is recorded over time as the blood coagulates. The change in G' 
is calculated from the frequency and damping measured. Patients with malignant 
haematological diseases are often thrombocytopaenic and require platelet transfusions to 
prevent or stop bleeding. To ensure good haemostatic function in the recipient it is important 
that the quality of the platelets used for transfusion is well preserved. The aim of this thesis 
was to determine the quality of platelet concentrates (PCs), during storage, using various in 
vitro methods, including FOR, and to investigate how various preparation processes affect the 
quality. We also investigated whether FOR can be used to evaluate the haemostatic status in 
subjects at risk for thrombosis or bleeding as well as how the haemostatic status was affected 
by a platelet transfusion. 
 
We show that FOR can provide information about the coagulation properties in subjects at 
risk of thrombosis (pregnant women) or bleeding (thrombocytopaenic patients). We also show 
that the coagulation as measured by FOR is influenced by red blood cells and the fibrinogen 
concentration. However, the presence of functional platelets accounted for 90% of the G'. 
Furthermore we present data that FOR can provide information on the haemostatic effect of 
platelet transfusions and on the function of the transfused platelets. 
 
PCs produced by two different cell separators showed similar quality during storage for 7 
days as assessed by FOR analysis. Leukocytes in the PCs can cause transfusion-associated 
graft-versus-host disease which can be prevented by gamma irradiation of the PCs. Gamma 
irradiation did not affect the quality of PCs during 7 days of storage as analysed by FOR. The 
clotting time was unchanged during the storage period. The capacity of platelets to retract the 
coagulum was reduced from days 1 to 5 of storage as seen by a prolonged time to reach 
maximum G' and the reduced mean change in G' per minute. However, if sufficient time is 
allowed for the platelets to regain their function, the clot will be fully retracted (as seen by a 
well maintained maximum G'). The FOR parameters were similar for 5- and 7-day old PCs, 
which, combined with other in vitro tests (e.g. hypotonic shock response, changes in pH, 
swirling, lactate and glucose), support the prolongation of the platelet storage period to 7 
days. Intercept� treatment of PCs can be performed to inhibit replication of contaminating 
bacteria in PCs. Intercept� treatment of PCs did not diminish the clot-promoting capacity of 
the platelets as assessed by FOR clotting time. 
 
In conclusion, FOR is a promising method for assessing hyper- and hypocoagulability. It can 
provide information on the haemostatic effect of platelet transfusions and the function of the 
transfused platelets. FOR was also shown to be useful for analysing PC quality during 
different preparation and storage conditions. 
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INTRODUCTION 
 
 
 
“The life of the flesh is in the blood”             Leviticus 17:11 
 
 
Blood transfusion is the process of transferring blood or blood-based products from one 
person into the circulatory system of another. Blood transfusions are given to patients 
suffering massive blood loss due to trauma and to replace blood loss that occurs during 
surgery. Blood transfusions may also be used to treat a severe anaemia or thrombocytopaenia 
caused by a blood disease. The present thesis will focus on one of the blood components used 
for transfusion, namely the platelets and their biology, involvement in haemostasis, their 
storage and transfusion. 
 
History of blood transfusion 
 
Long ago blood was recommended for the treatment of various ailments such as lunacy, fits, 
melancholia, palsy and bad disposition. A myth claims that Pope Innocent VIII on his 
deathbed in 1492 received blood from 3 boys as a last attempt at revival [1]. The first 
documented successful transfusion took place in 1665 when blood from a dog was transfused 
to another dog. The first fully documented blood transfusion to humans occurred already in 
1667 when a French philosopher-mathematician and physician, Jean-Baptiste Denis, 
transfused a boy with blood from a sheep. Later in 1667 Denis treated a madman at the 
request of the madman’s wife with blood from a “gentle calf” to treat his lunacy. The 
transfusion was successful, and the madman was transfused once more. This time the man 
developed transfusion reactions. Two months later the madman was transfused again, but he 
died. The madman’s wife accused Denis of having killed her husband, but the subsequent trial 
proved that she had poisoned her husband with arsenic and Denis was exonerated [1]. This 
incident led to the prohibition by the French Parliament of further transfusions to humans. 
The Royal Society in England and the magistrates in Rome followed suit. James Blundell, a 
British obstetrician, performed the first recorded transfusion from human to human in 1818. 
In the following years, Blundell performed 10 transfusions, of which 5 were successful. In the 
hope that it would be less troublesome than blood, milk was introduced in 1873-1880 for 
intravenous therapy. In 1900, Karl Landsteiner discovered the human blood groups A, B and 
O, and in 1907 it was suggested that cross-matching blood between donor and recipient might 
improve the safety of transfusions. The early transfusions were made directly from donor to 
recipient. In the early 20th century, however, it was discovered that by adding anticoagulant 
and refrigeration it was possible to store the blood for a few days prior to transfusion. This 
opened the way for blood banks. In 1943 and 1957, respectively, acid-citrate-dextrose (ACD) 
and citrate-phosphate-dextrose (CPD) were introduced as blood preservatives and made it 
possible to extend the storage period [1]. In the 1930-1940’s, it was discovered that blood 
could be separated into plasma and red blood cells by centrifugation and the components 
could be stored separately with improved quality. In modern transfusion medicine, blood is 
usually separated into its components - red blood cells, platelets and plasma - which are stored 
and transfused separately. Increased knowledge about these products has resulted in better 
storage conditions. 
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Platelets 
 
Any disruption of the vessel wall needs to be repaired. The repair system is called 
haemostasis, which gives rise to a blood clot that seals the damage. It is important that the 
haemostatic system is functional; a dysfunctional system can lead to either bleeding or 
thrombosis. The haemostatic process can be divided into two parts: primary and secondary 
haemostasis. Primary haemostasis involves the platelets that adhere and aggregate at the site 
of the wound, as reviewed by Nieswandt & Watson [2] and Offermanns [3]. Secondary 
haemostasis involves the coagulation cascade, leading to a fibrin network that stabilises the 
platelet plug, as reviewed by Dahlbäck [4] and Monroe & Hoffman [5]. A schematic drawing 
of the process is shown in Figure 1. 
 
It was Bizzozero who, in 1881-1882, first discovered the platelets and their involvement in 
haemostasis [6]. Platelets are fragments released from the megakaryocyte. They circulate at a 
concentration of 150-350 x 109 cells/L and, due to the laminar blood flow, they circulate close 
to the endothelium of the vessel wall and thus can rapidly attach to the vascular damage. 
Platelets are small a-nucleated blood cells with an approximate size of 3.6 x 0.7 �m [7] and 
have a cytoskeleton containing actin which is involved in clot retraction [8]. � granules, dense 
granules and lysosomes are packed into the cytoplasm. The � granules store matrix adhesive 
proteins and glycoprotein (GP) receptors. Dense granules contain adenosine diphosphate 
(ADP), Ca2+ and nucleotides [7]. The platelet lifespan in a healthy individual is 8-10 days. 
Platelets are removed from the circulation due to senescence, which accounts for the majority 
of the loss in a healthy individual, and due to a fixed number of platelets per day required for 
maintenance of the vessel integrity. The survival of platelets in a thrombocytopaenic patient is 
reduced because the majority of the platelets are required for the haemostatic maintenance 
process [9].  
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Figure 1: The formation of a platelet plug at site of vascular injury. 
The laminar flow of the blood cells in an intact vessel with the platelets circulating close to 
the endothelium of the vessel wall (A). The platelets recognise vessel wall damage and adhere 
to the damaged site (B). Platelets undergo shape change, secretion and aggregate, forming a 
platelet plug (C). The platelet plug is stabilised by fibrin formed in the coagulation cascade 
(D). 
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Platelets contain a number of receptors involved in haemostasis (Figure 2). Platelet receptors 
can be classified according to type and signalling mechanism. Here I will focus on a few 
receptors of importance.  
 
Integrins 
Integrins consist of non-covalently associated heterodimers of � and � subunits including 
GPIa/IIa (�2�1) and GPIIb/IIIa (�IIb�3) [3]. These receptors need to undergo a conformational 
change to be able to bind a ligand. GPIa/IIa functions as an adhesion receptor for collagen. 
Activation of GPVI or other receptors results in the activation of GPIa/IIa during which 
GPIa/IIa undergoes a conformational change to a high affinity state [10]. GPIIb/IIIa is a 
receptor for fibrinogen, von Willebrand factor (vWF) and fibronectin [11]. It is absent or 
deficient in patients with Glanzmann’s thrombasthenia [12]. GPIIb/IIIa is involved in platelet-
platelet interactions as well as adhesion to the subendothelium via vWF under high shear 
[13,14]. GPIIb/IIIa is also important for clot retraction, and patients with Glanzmann’s 
thrombasthenia cannot reduce clot volume [15,16]. GPVI interacting with collagen and GPIb 
binding to vWF induce a conformational change in the GPIIb/IIIa complex, enabling it able to 
bind its ligands [17-19]. Binding of ligand to GPIIb/IIIa enables spreading and full 
aggregation [3,20] . 
 
GPIb 
GPIb, which is present as a complex with GPIX and GPV (the GPIb-IX-V complex), is a 
receptor for vWF, thrombin and P-selectin [19,21,22]. It is involved in the initial adhesion of 
platelets to vessel wall damage in vessels with high shear [19]. GPIb functions as a cofactor 
that localises thrombin to the platelet surface supporting the cleavage of the protease-activated 
receptor (PAR), PAR-1 [22]. Thrombin stimulation of platelets results in the internalisation of 
GPIb-IX-V complex concomitant with the exposure of the GPIIb/IIIa complex [23].  
 
GPVI 
GPVI belongs to the immunoglobulin superfamily [24]. Interaction of GPVI with collagen on 
the platelet surface causes clustering of GPVI. This leads to an increase in intracellular Ca2+ 
through a signalling cascade [25,26]. GPVI binds to the glycine-proline-hydroxyproline 
(GPO) sequence in collagen [26]. Collagen-related peptide (CRP) is a synthetic peptide (the 
cross-linked repetitive sequence of GPO) that can activate platelets through the GPVI receptor 
[27] and induces a much greater degree of GPVI activation than collagen [25].  
 
P-selectin 
P-selectin is localised to the � granule membranes in resting platelets [28]. When the platelets 
are activated and the granule content released, the P-selectin translocates to the platelet cell 
surface [29] where it initiates adhesion to leukocytes. P-selectin can also be released in 
soluble form during activation, soluble P-selectin (sP-selectin). It may also be involved in 
aggregation by stabilising platelet aggregates [30].  
 
G-protein coupled receptors 
Guanyl-nucleotide-binding protein (G-protein) coupled receptors are membrane-bound 
receptors with seven transmembrane spanning regions. They include the P2Y1 and P2Y12 
ADP receptors [31] the PAR-1 and PAR-4 thrombin receptors [32,33] and the thromboxane 
A2 (TXA2) receptor [3]. PAR-1, PAR-4 and the TXA2 receptors are coupled to G12/13 and Gq 
[7,34]. P2Y1 is coupled to Gq [31,35]  and P2Y12 is coupled to Gi [31,36]. Both G12/13 and Gq 
signalling results in shape change, aggregation, secretion of ADP and formation/secretion of 
TXA2. The ADP and TXA2 can then bind to their respective G-protein coupled receptors 
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[3,7]. Gi signalling result in decreased adenylyl-cyclase activity and thereby reduced levels of 
the platelet inhibitor cyclic adenosine monophosphate (cAMP) [37].   
 
Activation of P2Y1 by ADP thus leads to an intracellular increase in Ca2+, aggregation and 
shape change [35,38] whereas activation of P2Y12 by ADP results in lower levels of cAMP 
[31,36]. 
 
Activation of the PAR receptors begins when thrombin cleaves the receptor near the N-
terminus to create a new N-terminus that serves as a tethered ligand, which binds to the 
receptor and thereby mediate receptor signalling [32,33,39,40]. Thrombin cleavage of PAR-1 
releases a new N-terminus beginning with the sequence SFLL [32,39]. Synthetic peptides 
mimicking the new N-terminus (beginning with the sequence SFLL i.e. the thrombin receptor 
activating peptide, TRAP) were found to be effective agonists and bypassed the requirement 
for receptor proteolysis [39]. PAR-4 can be activated by the peptide GYPGQV, which mimics 
the thrombin-cleaved N-terminus of PAR-4 [33]. It has previously been thought that PAR-1 
mediates platelet responses at low thrombin concentration and is responsible for a rapid 
response, whereas PAR-4 activation has been thought to result in a more sustained activation 
and only at high thrombin concentrations [41-43]. However, more recent publications suggest 
that this might not be correct [44,45]. 
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Figure 2. Platelet membrane receptors. 
Platelet receptors with their ligands and signalling responses following ligand binding. 
Adenosine diphosphate (ADP); adenosine triphosphate (ATP); collagen-related peptide (CRP); 
cyclic adenosine monophosphate (cAMP); glycoprotein (GP); protease-activated receptor 
(PAR); phospholipase C (PLC); protein kinase C (PKC); thrombin receptor activating peptide 
(TRAP); thromboxane A2 (TXA2,); von Willebrand factor (vWF). 
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Haemostasis 
 
Primary haemostasis 
When a vessel’s endothelial cell layer is damaged, platelets adhere to fibrillar collagen 
exposed in the damaged endothelium. At high flow, as in arteries or capillaries, the platelets 
must first bind via GPIb to wWF immobilised on the damaged endothelium. This causes the 
platelets to roll along the matrix [19,46,47]. The GPVI receptors can then interact with 
collagen. At low shear rate (such as venous flow), GPIb binding is not required, and GPVI 
can interact directly with collagen [2]. 
 
GPVI interacting with collagen and the signals generated by GPIb lead to activation of 
GPIIb/IIIa [18,19] and GPIa/IIa [10]. Firm adhesion and spreading is then mediated by the 
binding of GPIIb/IIIa to vWF, fibrinogen and fibronectin in the matrix [11,13,19,20] and by 
GPIa/IIa binding collagen [18]. Adhesion and platelet activation leads to the production and 
secretion of ADP and TXA2 [3]. The intracellular Ca2+ level increases, resulting in a 
negatively charged surface through exposure of phosphatidylserine (PS) [48]. PS, which is 
normally localised to the cytosolic side of the membrane, translocates to the outer side of the 
membrane [49,50]. The activated platelets undergo shape change, during which the 
cytoskeleton of the platelets is reorganised. New actin filaments are formed, and the filopodia 
are extended. Dense and � granules are centralised through the action of actomyosin 
contractile forces. The centralisation is necessary for efficient secretion. Platelet shape change 
facilitates platelet-platelet interactions [3]. 
 
The released ADP and TXA2 promote further platelet activation and lead to the recruitment of 
more platelets to the injured site. The result is platelet aggregation [3], which is mediated 
through the activated GPIIb/IIIa receptor. Activated GPIIb/IIIa on a platelet can bind its 
ligands fibrinogen or wWF, which in turn bind to an activated GPIIb/IIIa on an adjacent 
platelet, thus creating a cross-linked matrix. Cross-linking via fibrinogen/wWF leads to the 
formation of an aggregate, a platelet plug [51].  
 
Platelet adhesion at the site of injury forms a temporary plug in the damaged vessel and 
localises the procoagulant events to the site of injury. Aggregation of the platelets prevents 
additional blood loss from the injured vessel. 
 
Secondary haemostasis 
Secondary haemostasis involves the coagulation cascade and leads to fibrin formation (Figure 
3).  
 
In the initiation phase, FVIIa associates with tissue factor (TF) on a TF-bearing cell. The 
FVIIa/TF complex activates FX and FIX to FXa and FIXa, respectively [5].  FXa then 
associates with FVa and prothrombin to form prothrombinase complexes on TF-bearing cells 
and prothrombin is cleaved to thrombin [52] This generates a small amount of thrombin. In 
the amplification phase, the thrombin formed during the initiation phase activates platelets 
that are adhered at the site of injury [52] and activates FV, FVIII and FXI on the platelet 
surface [5,53-55]. The amplification phase is followed by the propagation phase. In this 
phase FIXa formed during the initiation phase forms the tenase complex with FX and FVIIIa 
on the negatively charged platelet which activates FX to FXa [56]. FXIa on activated platelets 
can also activate more FIX to FIXa [5]. FXa forms a prothrombinase complex with FVa and 
prothrombin on the platelet surface leading to a burst in thrombin generation [5,57,58]. 
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Thrombin converts fibrinogen into fibrin, which is cross-linked with the action of FXIIIa. The 
cross-linked fibrin stabilises the platelet plug [5]. Activation of FX, FIX and the conversion of 
prothrombin to thrombin require Ca2+ [4,58,59]. 
 
Secondary haemostasis is regulated through the actions of activated protein C, which 
inactivates FVIIIa [56,60] and FVa [61]. Protein C is activated by thrombin bound to the 
membrane protein thrombomodulin on the surface of intact endothelial cells [4]. Thus the 
procoagulant factor thrombin has an anticoagulant activity and thus limits the growth of the 
clot. Another regulatory pathway is by tissue factor pathway inhibitor which forms a complex 
with TF/FVIIa and FXa [62,63] and inhibits thrombin generation. Antithrombin regulates 
secondary haemostasis by inactivating of FXIa, FXa, FIXa and thrombin by complex 
formation [64]. The activity of antithrombin is facilitated by heparin-like molecules present 
on the surface on endothelial cells [4]. 
 
Clot retraction 
Once the clot formation is complete, clot retraction occurs during which the platelets pull the 
fibrin network strands, leading to a reduction in clot volume. This process concentrates the 
clot to the injured area and facilitates clot lysis as well as recanalisation [65,66]. The clot 
retraction involves the GPIIb/IIIa receptors on the platelets and actin/myosin complexes in the 
platelets. The active conformation of the GPIIb/IIIa receptors with bound ligands binds 
myosin that will interact with underlying actin filaments. Once tethered to actin, myosin 
applies the contractile force on the actin filaments [67]. As the clusters of GPIIb/IIIa with its 
bound fibrin are pulled into the open canalicular system of the platelets [8], the clot is pulled 
in on itself, which reduces its overall size.  
 
Fibrinolysis 
When the damaged vessel is repaired, the fibrin network is degraded by the fibrinolytic 
system. Plasminogen binds to fibrin in the clot. The tissue plasminogen activator activates 
plasminogen to plasmin on the fibrin surface [68,69], which in turn degrades the fibrin into 
fibrin degradation products and D-dimer. Fibrinolysis is regulated by inactivation of plasmin 
by �2-antiplasmin [68] or inactivation of tissue plasminogen activator by plasminogen 
activator inhibitor type 1 [70,71]. Fibrinolysis is also regulated through the actions of 
thrombin activatable fibrinolysis inhibitor (TAFI), which inhibits fibrinolysis. For TAFI to 
inhibit fibrinolysis, TAFI needs to be activated by thrombin [5]. 
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Figure 3. The coagulation cascade. 
The coagulation cascade with the initiation phase (A), amplification phase (B) and the 
propagation phase (C) leading to cross-linked fibrin supporting the platelet plug. 
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Platelet transfusions 
 
The successful treatment of malignant haematological diseases is dependent on transfusion of 
blood components as these patients have a lack of blood cells caused by their illness or 
chemotherapy treatment. Platelets are transfused to patients who are severely 
thrombocytopaenic or to patients with platelet dysfunction to prevent bleeding or induce 
primary haemostasis. Platelets must be viable to be effective in haemostasis.  
 
Prophylactic platelet transfusions are widely adopted as standard practice. A platelet count of 
20 x 109 /L was previously used as the target level for prophylactic transfusions [72]. This 
was based on a study from 1962 which reported a quantitative relationship between the 
platelet count and the frequency of haemorrhage in patients with acute leukaemia, showing 
that with a platelet count of �20 x 109 /L, there was less risk of gross haemorrhage [73]. It was 
reported that prophylactic platelet transfusions to patients with acute leukaemia when the 
platelet count was <20 x 109 /L resulted in a lower proportion of patients with bleeding events 
and fewer bleeding events compared with patients who only received therapeutic transfusions 
[74]. More recent studies have shown that lowering the prophylactic platelet threshold to 10 x 
109 /L results in decreased platelet utilisation without increasing major bleedings [75-77].  
 
Preparation and storage of platelet concentrates 
Many factors influence the quality of the platelets during storage. These include the 
preparation method of the platelets [78], the plastic material of the storage bag [79] and the 
ability of bags to exchange gas across its surface [80]. Other important factors that effect the 
quality are the storage temperature [78,81,82], the type of anticoagulant used and the platelet 
concentration in the bag [78]. Agitation during storage has also been found to be important 
[78].  
 
The platelet concentrate (PC) can be prepared by the apheresis method (AP) or from whole 
blood using the buffy-coat (BC) or platelet-rich plasma (PRP) method. The use of AP PCs has 
increased to approximately 75-80% in the U.S.A and 50% in Europe. In the U.S.A, platelets 
derived from whole blood are produced by the PRP method, whereas the BC method is used 
in Europe [83]. 
 
In the AP procedure, the blood from the donor is processed with a cell separator with an in-
line centrifuge for platelet collection. The platelets are transferred to a collection bag, whereas 
the red cells and most of the plasma are returned to the donor. Various cell separators are 
available for platelet collection and have different collection principles, as reviewed by 
Burgstaler [84]. It has previously been reported that the cell separators induce various degrees 
of platelet activation due to their different collection principles [85,86]. 
 
The PRP and BC methods require pooling of platelets from several donors (usually 4-6) to 
obtain a platelet dose equivalent to that which can be obtained from a single donor by AP 
collection [83,87,88]. Since only one donor is required to produce a transfusion unit by AP 
technique the risk for immunisation is reduced as the recipient in this case is exposed to less 
antigen stimulation [89]. 
 
Using the PRP method to prepare PCs, whole blood units are centrifuged by soft spin to 
prepare PRP followed by a high-speed centrifugation to obtain a platelet pellet. Most of the 
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plasma is removed, and the platelets are stored in a reduced volume of remaining plasma. 
Alternatively, the platelets are re-suspended in a synthetic medium [90,91]. 
 
With the BC processing method whole blood is centrifuged at high-speed to prepare a BC. 
The BCs are pooled in a pooling container (often with a storage medium) and centrifuged to a 
platelet-rich supernatant that is transferred to the storage container [91].  
 
Platelets have usually been stored for up to 5 days at room temperature with constant 
agitation, which is necessary for the maintenance of platelet viability [79,92,93]. As early as 
1960 Baldini et al. reported that platelets stored at 4�C had decreased viability compared with 
fresh platelets [81]. In 1969 it was shown that the optimum storage temperature is 22�C [82], 
which was confirmed in other studies [78,94,95]. Recent studies have shown that cooling 
irreversibly reorganises the GPIb-IX-V receptors into clusters on the platelet surface. The 
clustered receptors are recognised by the �M�2 receptor on macrophages which ingest the 
platelets [96]. 
 
Changes in pH in the PCs has been shown to greatly effect platelet viability [78-80]. To 
maintain pH during in vitro storage of platelets at 22�C, containers with sufficient 
permeability for oxygen and carbon dioxide (CO2) are required [80,97]. Early storage bags 
made of polyvinyl chloride (PVC) plasticised with di(2-ethylhexyl) phthalate had poor 
oxygen permeability and therefore only allowed storage up to 3 days. Second-generation 
storage bags made of polyolefin [98] and PVC plasticised with tri(2-ethylhexyl) trimellitate 
[99] had increased gas permeability and allowed the storage period to be extended to 5 days. 
New storage containers made of PVC plasticised with buturyl-tri-n-hexyl-citrate have been 
developed. They have been shown to have good gaseous permeability and result in good 
platelet in vivo viability following transfusion [100,101].  
 
Platelet metabolism 
The main energy source for platelets is the hydrolysis of adenosine triphosphate (ATP). 
Platelets must generate ATP continuously to meet their energy needs [102]. Platelets can 
generate ATP through two different metabolic pathways, as shown in Figure 4. One pathway 
requires oxygen, the tricarboxylic acid cycle (TCA) whereas the other, glycolysis, does not 
require oxygen. It has been suggested that the TCA cycle accounts for 85% of the ATP 
[97,103,104]. In the TCA cycle the substrate is free fatty acids in plasma [105] or acetate (if 
added to a synthetic medium). The end product is CO2 [104]. Glucose metabolism may 
generate 15% of the ATP [104]. During glycolysis, glucose is converted to lactate and a free 
hydrogen ion [104]. The hydrogen ion can be buffered by the bicarbonate in the plasma and 
converted to CO2 and water [90,104]. The buffer capacity of the medium particularly 
bicarbonate will therefore also effect the pH level [106-108]. However, plasma only contains 
enough bicarbonate to buffer a lactate increase to about 28 mmol/L. Above that level, the pH 
will fall rapidly, which might result in a loss in platelet viability [90]. The decrease in pH is 
not entirely attributed to lactate formation. The amount of CO2 also contributes considerably 
to the pH because CO2 is a volatile acid [109]. It is therefore of great importance with gas 
permeable storage bags to keep the glycolysis to a minimum and allow the CO2 that has 
formed to leave the PC through the walls of the container. 
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Figure 4. Platelet metabolism. 
The glycolysis (A) and the tricarboxylic acid cycle, TCA (B). 
 
By using a synthetic medium, it is possible to include components in the storage environment 
that are good for platelet quality. It might also reduce the adverse transfusion reactions as 
most of these are caused by compounds present in plasma [110]. Guppy et al. proposed that 
acetate should be included in the storage medium as an oxidisable fuel because 70-100% of 
the ATP might be produced aerobically [103]. The presence of acetate in the platelet additive 
solution (PAS) was shown to reduce lactate production [107,111]. Based on these findings, 
the additive solution PAS-II (T-Sol�) containing acetate was designed [112]. It is possible to 
store platelets for 7 days in a medium containing 70% PAS-II and 30% plasma [112]. PAS-III 
(InterSol�), an additive solution that is used for pathogen inactivation procedures, has a 
similar composition to PAS-II, with the addition of phosphate [113]. The composition of 
different additive solutions is shown in Table I. 
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Table I: Composition of different platelet storage solutions  
 Plasma-Lyte-A[114] PAS-I[112] PAS-II[112] PAS-III[115] PAS-IIIM[115] Composol[116]

NaCl 90 70 115.5 77 69 90 
KCl 5 10   5 5 
MgCl2 3    1.5 1.5 
Na3 citrate  30 10 10 10 11 
Na acetate 27  30 30 30 27 
Na phosphate  5  26 26  
Na gluconate 23     23 
Mannitol  30     
NOTE. All values are expressed as mmol/L.  
Platelet additive solution (PAS).  
PAS-II is also called T-Sol�, PAS-III is also called InterSol� and PAS-IIIM is also called 
SSP+. 
 

 18



Transfusion reactions 
 
Febrile nonhaemolytic  
Transfusion of platelets can result in transfusion reactions in the recipient. The most common 
of these reactions are the febrile nonhaemolytic transfusion reactions (FNHTR). FNHTR can 
be caused either by human leukocyte antigens (HLA) present on the surface of remaining 
leukocytes in the PC reacting with the antibodies of the recipient, or by cytokines released 
from the leukocytes in the PC. The storage period of the PCs affect the likelihood of such a 
reaction as increased storage results in increased cytokine release. Removal of leukocytes 
reduces the risk. FNHTR is characterised by fever, chills and discomfort [117-119]. 
 
Haemolytic  
Haemolytic transfusion reactions (HTR) can be caused by transfusion of ABO incompatible 
PCs. Antibodies in the plasma of the PC directed against an antigen on red blood cells of the 
recipient can cause haemolysis [120]. The risk is reduced if PAS is used as the storage 
medium. Clinical manifestations include fever, chills, pain, renal failure and disseminated 
intravascular coagulation [120]. 
 
Alloimmunisation 
Platelets express HLA-A, HLA-B and human platelet antigens [119]. Leukocytes in the PCs 
or transfusion of platelets which differ in human platelet antigens to those of the recipient can 
cause alloimmunisation, i.e. platelet-reactive alloantibodies are formed in the 
thrombocytopaenic recipient [119,121]. Antibodies in the recipient directed against donor 
platelets may cause refractoriness to platelet transfusions [122]. Platelets collected by AP 
technique from a single donor expose recipients to a limited number of HLA specificities 
[123] and could thus reduce the risk of alloimmunisation. HLA alloimmunisation is reduced 
by removing contaminating leukocytes from the PC.  
 
Transfusion-related acute lung injury 
Transfusion-related acute lung injury (TRALI) is the leading cause of transfusion-related 
deaths [119]. The main cause is believed to be antibodies in the PC reacting with the 
leukocytes of the recipient leading to leukocyte aggregation and severe pulmonary reaction. 
Clinical manifestations include fever, chills, dyspnoea and hypoxia [118,119,124]. 
 
Transfusion-associated graft-versus-host disease (TA-GVHD) 
Leukocytes in the PCs can also cause transfusion-associated graft-versus-host disease (TA-
GVHD). TA-GVHD is mediated by the engraftment of allogenic T-lymphocytes [125]. The 
risk of developing TA-GVHD depends on the viability and number of contaminating 
lymphocytes, the susceptibility of the recipient’s immune system to their engraftment and the 
degree of HLA disparity between donor and recipient. The risks of TA-GVHD is highest in 
recipients with immunodeficiency [126,127]. TA-GVHD is associated with a more than 90% 
mortality rate [125], and there is no effective therapy.  
 
Leukocyte filtration is not effective enough to produce the level of lymphocyte removal 
required to prevent TA-GVHD [126]. PCs are gamma irradiated prior to transfusion to 
immunosupressed patients to inhibit the proliferation of remaining lymphocytes and thus 
reduces the risk of TA-GVHD [125]. Luban et al. showed that the frequency of proliferating 
T-cells in the PCs decreased with irradiation dose. No growth was detected when a dose of 25 
Gy was used [127]. 
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Conflicting results have been reported with respect to whether gamma irradiation is harmful 
to the in vitro and in vivo properties of platelets [128-131]. An irradiation dose of 25 Gy has 
been recommended, and irradiation can be performed at any time during the storage period 
[126].  
 
Transfusion-transmitted bacteraemia/sepsis 
PCs have been shown to be associated with greater risk of transfusion-transmitted 
bacteraemia than red blood cells. Bacterial infections transmitted by blood transfusion are 
associated with the rapid onset of sepsis and account for >10% of transfusion-associated 
fatalities [132]. Bacterial contamination is a problem because PCs are stored at room 
temperature. The introduction of a small number of contaminating bacteria during component 
preparation can result in high numbers during storage at this temperature [133].  
 
Several methods have been developed to screen for bacteria-contaminating PCs during the 
last decade. These include analysis of glucose levels, oxygen tension, detection by solid-phase 
laser cytometry, dielectrophoresis and automated bacterial culture [119]. 
 
The photochemical treatment (PCT) process with amotosalen HCl (formerly named S-59) 
called the Intercept Blood System for Platelets has been developed by the CERUS 
Corporation for pathogen inactivation. The PCT process inactivates contaminating bacteria, 
viruses, and protozoa [113,133-135]. It also enables storage for longer time than five days 
[113]. The Intercept system inactivates leukocytes and thereby eliminates the need for 
gamma irradiation to prevent TA-GVHD [136,137]. When added to the blood component, the 
amotosalen crosses the membrane or cell wall of the pathogen. Amotosalen reversibly 
intercalates into helical regions of DNA and RNA. Upon illumination with UVA light (320-
400 nm), amotosalen reacts with pyrimidine bases to form both covalent monoadducts and 
cross-links with nucleic acid, preventing replication [138,139]. Platelets, on the other hand, 
are a-nucleated cells and do not need nucleic acid transcription and translation for haemostatic 
function. PAS-III is used in the pathogen inactivation procedure [113]. A transfusion unit is 
suspended in 35% plasma and 65% PAS-III. The mixture, containing 150 �mol/L amotosalen 
HCl, is exposed to 3 J/cm2 long-wavelength ultraviolet light for 3 min to inactivate pathogens. 
The levels of residual amotosalen and free photoproducts are then reduced by compound 
adsorption device (CAD) treatment for 4-16 hours [139]. The time of CAD treatment has 
been shown to influence the platelets [140]. Recently reported studies show that transfusion of 
Intercept� treated PCs reduces in vivo recovery and survival [141], reduces corrected count 
increments (CCI) and shortens transfusion intervals compared with platelets in plasma or 
PAS-II [135,142-145]. Despite these drawbacks, Intercept platelets seem to be able to 
provide adequate haemostasis [143-145]. 
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Quality testing of platelet concentrates 
 
Platelet quality during storage can be evaluated by determining the recovery and survival of 
the transfused platelets in thrombocytopaenic patients [146]. Calculation of CCI corrects for 
the patient’s blood volume and the number of platelets in the PC when evaluating the post-
transfusion platelet count increment. A 1-hour post transfusion CCI of 10-20000 is considered 
a good response while a CCI of less than 7500 is a poor response and indicates transfusion 
failure [147]. An alternative approach is to measure the recovery and survival of fresh or 
stored radiolabelled platelets (51Cr) in healthy volunteers [146]. However, as these in vivo 
studies are expensive and complex to perform, several studies use in vitro tests to assess in 
vivo viability, as discussed below. 
 
Bleeding time 
Ivy bleeding time measurement can be performed if the patient receiving a platelet transfusion 
is relatively stable. The bleeding time has been shown to be inversely proportional to the 
platelet concentration between platelet concentrations of 100–10 x 109 /L [148]. It compares 
the shortening of the bleeding time with the increase in platelet concentration achieved. The 
bleeding time is affected by a number of factors unrelated to the platelet function. It is also 
complex to perform, resulting in operator variability. Because the thrombocytopaenic patients 
are often leukopaenic, there is risk of infection caused by the skin incision [90,149].  
 
Blood gases  
pH, pCO2 and pO2 can be measured in the PCs to evaluate the PC quality. The pH has been 
shown to greatly affect the quality of the PCs. pH falls during storage of PCs at 22�C [79,109] 
which is due to glycolysis [80]. pH values of 6.4-7.4 do not correlate to in vivo viability [150]. 
A pH drop below 6.0 is associated with loss of viability [78,79] as is pH values greater than 
7.4-7.6 [80]. pO2, and pCO2 reflect the permeability of the container. Increased pCO2 leads to 
a pH drop, which could be prevented by CO2 egress from the storage container.  
 
Metabolic parameters 
Glucose and lactate concentrations in the PCs are commonly used as quality parameters. A 
decrease in glucose and an increase in lactate concentration during storage have been reported 
in several studies [151-154]. Depletion of glucose and increase in lactate concentration to 
more than 28 mmol/L can result in low ATP levels and a rapid pH reduction which might 
result in a loss of platelet viability [90,91,155]. Measurement of cytoplasmic leakage of 
lactate dehydrogenase (LDH) can also be used as a quality parameter and reflects platelet 
membrane damage. LDH has been shown to correlate to platelet survival (r=- 0.64; [156]).  
 
Swirling  
Discoid platelets exposed to a light source reflect light and thereby producing the “swirling” 
phenomenon. Swirling is routinely used to evaluate the quality of PCs. Swirling is determined 
by examining a PC against a light source while gently rotating the container or gently 
squeezing the PC [157]. The presence of swirling is informative because it is highly effective 
in predicting a pH value in an adequate range. The presence of swirling was associated in 
94% of cases with a pH value in the range of 6.7-7.5 [157]. This pH range is associated with 
adequate in vivo survival [79,80].  
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Hypotonic shock response (HSR) 
Adding a hypotonic solution to platelets results in initial swelling followed by a gradual 
decline as the platelets resume their baseline size. This can be measured 
spectrophotometrically at 610 nm [158]. Osmotic swelling of a cell increases cytosolic 
calcium and the release of ATP from the cell. This initiates several signalling processes in the 
cell. These responses lead to eventual K+ and Cl- ion and water egress from the cell and 
correction in cell size [159]. Kim & Baldini found that response to hypotonic stress was 
positively correlated with the platelet viability index, which is a combined measure of post-
transfusion platelet recovery and survival [160]. In contrast, Valeri et al. found that it 
correlated with post-storage platelet recovery in vivo but not with survival [158]. 
 
Platelet activation 
Platelets become activated during the preparation and storage of PCs. Platelet activation can 
be measured by the release of P-selectin [28] (soluble or surface bound), the active 
conformation of GPIIb/IIIa [161], and GPIb expression. Surface expression of GPIIb/IIIa, P-
selectin and GPIb can be measured by flow cytometry. Increased P-selectin expression during 
storage has been reported by several authors [85,162-165], whereas GPIb has been shown to 
decrease during storage [164,166]. It is, however, unclear whether the level of in vitro platelet 
activation in stored PCs correlates with in vivo survival and haemostatic function of platelets 
after transfusion [167]. Rinder et al. demonstrated that platelets characterised by increased in 
vitro activity are rapidly cleared from the circulation in vivo [168]. P-selectin and GPIb were 
shown to be involved in regulating post-transfusion platelet clearance by mediating adhesive 
interactions of platelets with counter receptors on macrophages and endothelia cells 
[169,170]. Significant negative correlations between P-selectin exposure and post-transfusion 
platelet recovery and survival have been reported [156,168,171]. However, in a recent study 
no such correlation could be detected [172]. 
 
Aggregation 
PRP is used for measurement of aggregation. PRP is stirred in a cuvette at 37�C between a 
light source and a detector. Aggregation is initiated using an agonist such as collagen, 
thrombin or ADP. When platelets aggregate, the light transmission increases and is recorded 
as the rate of aggregation and maximum response. By comparing responses to different 
agonists platelet defects can be identified [173]. Aggregation measurements on platelets from 
PCs do not appear to be able to predict platelet recovery as platelets stored at 4�C have better 
aggregability than those stored at 22�C [174] despite low recovery and survival. 
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AIMS OF THE THESIS 
 
The overall aim of this thesis was to assess whether coagulation analysis by free oscillation 
rheometry (FOR) can be used in the field of platelet transfusion therapy to evaluate of the 
haemostatic status of thrombocytopaenic patients and to assess the function of platelets in 
PCs.  
 
The thesis had four primary aims:  
1. Evaluate how various blood components influence the FOR analysis. 
2. Determine whether FOR can be used in clinical practice to assess coagulation properties 

in hyper- and hypocoagulable states.  
3. Determine if FOR can be used to study the effects of a platelet transfusion to patients with 

thrombocytopaenia.  
4. Evaluate the quality of PCs using in vitro methods, including FOR, and determine how 

different PC preparation processes affect the platelet quality.  
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METHODOLOGY  
 
Free oscillation rheometry (FOR) 
 
FOR using the ReoRox� 4 instrument (Medirox AB, Nyköping, Sweden) makes it possible to 
monitor the coagulation process and to obtain information about clotting time and coagulum 
elastic properties in whole blood and plasma samples [175,176]. Measurements with the 
ReoRox� 4 can be performed at 37�C. 
 
The ReoRox® 4 is a small, robust and portable instrument that can be used for bedside 
analysis. It can be used for measurements in fresh non-anticoagulated whole blood samples, 
re-calcified citrated whole blood samples and PRP and plasma samples. ReoRox� 4 has four 
measuring channels allowing four samples to be analysed simultaneously. The instrument is 
equipped with a cylindrical sample cup, which is set into free oscillation along its longitudinal 
axis every 2.5 seconds, with a frequency of about 10 Hz. The frequency (Fq) and damping 
(D) of the oscillation are recorded as a function of time [176].  
 
When the blood is in fluid form, the D is low and the Fq high. As the blood begins to 
coagulate, the viscosity increases. The result is an increased D because a larger portion of 
blood participates in the oscillation and the frequency is reduced [175]. When the thrombin 
concentration in the sample has grown sufficiently large to begin the formation of fibrin 
strands, the clotting time is reached. The clotting time is determined as the time when the sum 
of change in D and Fq reach a preset value, C: 
� (�Fq2 + �D2) � C [177] 
 
In the present thesis a “high sensitivity state detector” was used where C=0.01. This algorithm 
results in a clotting time which is almost identical to the time obtained with the manual 
reference method, i.e. visual inspection of tilting tubes in a water bath [177]. The clotting time 
is evaluated using the ReoRox® 4 Viewer v.2.11k (Medirox AB). 
 
One important function of the platelets after a vessel wall injury is to retract the coagulum 
when the injury has been temporarily covered to allow the blood to flow freely in the blood 
vessel. The elasticity (G') measured by FOR gives information about the fibrin network in the 
coagulum and the ability of the platelets to retract the coagulum.  
 
The change in G' over time is measured using a reaction chamber, which consists of a sample 
cup with a 6 mm cylinder (bob) attached to a shaft in the centre of the cup. The sample cup 
and the bob are made of plastic. However, for measurement of whole blood, gold-coated parts 
are advantageous to avoid detachment of the clot due to clot retraction [176]. The change in 
G' can be calculated in SI units from the Fq and D data using the formula G'=1.444 (�2-k), 
where k is chosen so that the minimum of the G' curve is set to 10 Pa. � is calculated using 
the formula � = 2�*f, where f = f0+fs, f0 being the frequency of the empty cup. Maximum 
elasticity (G'max), the maximum change in elasticity per minute (G' max-slope) and the time 
between clotting time and G'max (time to G'max) were evaluated using a program designed 
in-house. The mean change in elasticity per minute (i.e. G'max/time to G'max) was calculated. 
A FOR elasticity curve is shown in Figure 5. 
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Figure 5. A FOR elasticity curve. 
The change in elasticity (G') over time of coagulating blood measured with free oscillation 
rheometry (FOR) using ReoRox� 4. The clotting time, maximum elasticity (G'max), maximum 
change in elasticity per minute (G' max-slope) and time to G'max are indicated in the figure.  
  
Comparison of FOR and thromboelastography Comparison of FOR and thromboelastography 
Thromboelastography, a method similar to FOR, has been widely used to evaluate 
coagulation properties, as reviewed by Luddington [178]. We performed a comparative study 
of the clotting time and the measuring range for clot elasticity between ReoRox® 4 and two 
commercially available thromboelastographs, TEG® 5000 (Haemoscope Corporation, Niles, 
IL, U.S.A) and ROTEM® (Pentapharm GmbH, Munich, Germany). The TEG® 5000 consists 
of an oscillating sample cup. A pin is suspended in the blood sample by a torsion wire and is 
monitored for motion [179,180]. The TEG® analysis gives a curve from which the reaction 
time (R), the � angle (which reflects the kinetics of clot formation) and the maximum 
amplitude (MA; the maximum strength/stiffness of the clot) can be obtained [180]. The 
ROTEM®, in contrast, has a fixed sample cup with a pin suspended in the blood sample. The 
pin oscillates and the movement is registered [181]. The ROTEM® analysis gives rise to a 
curve from which the clot time (CT), � angle, and the maximum clot firmness (MCF) can be 
determined [178].  

Thromboelastography, a method similar to FOR, has been widely used to evaluate 
coagulation properties, as reviewed by Luddington [178]. We performed a comparative study 
of the clotting time and the measuring range for clot elasticity between ReoRox® 4 and two 
commercially available thromboelastographs, TEG® 5000 (Haemoscope Corporation, Niles, 
IL, U.S.A) and ROTEM® (Pentapharm GmbH, Munich, Germany). The TEG® 5000 consists 
of an oscillating sample cup. A pin is suspended in the blood sample by a torsion wire and is 
monitored for motion [179,180]. The TEG® analysis gives a curve from which the reaction 
time (R), the � angle (which reflects the kinetics of clot formation) and the maximum 
amplitude (MA; the maximum strength/stiffness of the clot) can be obtained [180]. The 
ROTEM®, in contrast, has a fixed sample cup with a pin suspended in the blood sample. The 
pin oscillates and the movement is registered [181]. The ROTEM® analysis gives rise to a 
curve from which the clot time (CT), � angle, and the maximum clot firmness (MCF) can be 
determined [178].  
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We compared the ability of the three instruments to measure differences of coagulum 
properties at various platelet concentrations. Platelets from one PC, obtained by the AP 
technique, were diluted in autologous plasma to a concentration of 400, 300, 200, 150, 100, 
50, 10 and 0 x 109 platelets/L. Samples of each dilution were re-calcified with CaCl2 (final 
concentration 0.02 mol/L), activated with thromboplastin (final concentration 0.05 arbitrary 
units (AU)/mL) and added to each instrument in appropriate volumes. All measurements were 
performed at 37ºC. The clotting time and G'max measured with ReoRox® 4 were compared to 
the corresponding parameters R and MA for TEG® and CT and MCF for ROTEM®.  
 
The clotting time was similar for all concentrations with a mean of 3.48 ± 0.19 min for 
ReoRox® 4, 3.11 ± 0.53 min for TEG®, and 3.61 ± 0.10 min for ROTEM�. The ReoRox� 4 
was shown to measure a wider range of elasticity (Figure 6). 
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Figure 6. Maximum clot elasticity measured by ReoRox� 4, TEG� and ROTEM�.  
The maximum clot elasticity (G'max, MA and MCF) measured in plasma with platelet 
concentrations of 0-400 x 109 /L using the ReoRox� 4, TEG� 5000 and ROTEM� instruments. 
The elasticity for each platelet concentration is given as a percentage of the value for plasma 
alone for each instrument. 
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Flow cytometry 
 
Flow cytometry is used for analysis of specific characteristics of single cells. Characteristics 
that can be studied are cell size, cytoplasmic complexity, DNA or RNA and membrane-
located proteins such as receptors. The analysis is based on the differences in the light 
scattering properties of the cells and on fluorescent signals. The cells are arranged in a stream 
in front of a laser beam. Physiological and chemical properties are analysed on single cell 
level. The sample, which must be in a single cell suspension, is carried by a sheat fluid into 
the flow chamber. The pressure of the sheat fluid on the cell sample align the cells in a single 
file in the middle of the stream, so called hydrodynamic focusing. Inside the flow chamber the 
cells pass through a laser beam, usually an argon laser with 488 nm wavelength, causing the 
light to scatter. The light scattered in the extension of the incoming laser light is referred to as 
forward scatter (FS) [182]. The FS detector converts the FS light to a voltage pulse that is 
related to the cell size. The side scatter (SS) light can also be detected and reflects the 
cytoplasmic complexity/granularity of the cell. 
 
Fluorochromes, bound to or incorporated into the cells, that have been excited by the laser 
will emit light of different colours, which can also be detected. The different light colours are 
separated by filters and detected by sensors called photomultiplier tubes (PMTs). The most 
common fluorochromes that can be excited at 488 nm are fluorescein isothiocyanate (FITC), 
phycoerythrin (PE) and peridinin-chlorophyll protein (PerCP). The voltage pulses from the 
FS, SS detectors and the PMTs are amplified and converted to a digital signal, which is 
exported to a computer for analysis [182]. 
 
Flow cytometry is used to characterise phenotypic alterations of platelets that are related to 
cellular activation and haemostatic function [183]. The activation state and reactivity of the 
circulating platelets can be determined [184]. Antibodies directed against activation-
dependent epitopes are used to evaluate activation. Activation markers of interest that can be 
studied in such a way include P-selectin (CD62P), by the use of anti P-selectin, and the active 
conformation of GPIIb/IIIa, by the use of PAC-1 or indirectly by the use of anti-fibrinogen 
[183-185]. Another activation marker that can be studied is the exposure of PS using annexin 
V. In vitro platelet reactivity towards various agonists such as ADP, collagen, TRAP, 
thrombin [184] and CRP can be analysed using flow cytometry. 
 
The platelets in a sample can be detected based on their FS and SS properties as shown in 
Figure 7. As an alternative, the platelets can be detected by the use of an antibody directed 
against the platelet-specific receptor GPIb (CD42b). Once the platelets have been identified 
they can be analysed with respect of the property of interest (i.e. the activation epitope). The 
fluorescent signal can be expressed as the percentage of positive cells (relative to an irrelevant 
(isotype) control antibody) or as the mean fluorescence intensity (MFI) of the entire platelet 
population as shown in Figure 7 [184].  
 
Monoclonal antibodies more reliably saturate all specific epitopes and result in less non-
specific binding than polyclonal antibodies. Thus they are preferable in whole blood flow 
cytometry. Antibodies directly fluorescence-conjugated are preferable because they eliminate 
the need to add secondary antibodies, which could result in higher background fluorescence 
and decreased sensitivity [184] . 
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Figure 7. Flow cytometry plots. 
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ANALYTICAL PROCEDURES 
 
FOR analysis 
 
Paper I 
Non-anticoagulated blood, citrated blood, PRP or plasma samples were activated with CRP 
(final concentration 0.0016 mg/mL), an activator of the platelet receptor GPVI, or 
thromboplastin (final concentrations between 0.00-0.18 AU/mL as indicated in Paper I). 
Coagulation was analysed by FOR with the ReoRox� 4 using gold-coated reaction chambers. 
Citrated blood was also analysed in the presence of GPIIb/IIIa blocker, abciximab (final 
concentration 0.02 mg/mL). Non-anticoagulated blood from a patient with Glanzmann’s 
thrombasthenia was analysed by FOR. Citrated blood without and with extra fibrinogen 
supplemented (+2 and +4 g/L extra) was analysed by FOR. The citrated blood, plasma and 
PRP samples were re-calcified prior to activation with a final CaCl2 concentration of 0.01-
0.02 mol/L to obtain a free CaCl2 concentration of 1.5-1.8 mmol/L. All non-anticoagulated 
samples were analysed immediately after blood collection. The clotting time, G'max and G' 
max-slope were evaluated. 
 
Paper II  
Non-anticoagulated blood was activated with thromboplastin (final concentration 0.055 
AU/mL). The coagulation was monitored over time by FOR using gold-coated reaction 
chambers. FOR analysis was performed immediately after blood collection. The clotting time 
and G'max were evaluated. 
 
Papers III and IV 
The PC sample was diluted to a concentration of 100 x 109 platelets/L in plasma from an AB 
D+ donor. The diluted PC sample was re-calcified with CaCl2 (final concentration 0.02 mol/L 
to obtain a free CaCl2 concentration of 1.5-1.8 mmol/L) and activated with TRAP-6 (amino 
acid sequence SFLLRN, final concentration 0.09 mmol/L). Clotting time and G' were 
analysed by FOR using gold-coated reaction chambers.  The clotting time, G'max, time to 
G'max and mean change in G' per minute were evaluated. 
 
Paper V 
The platelet concentration in the PC samples was adjusted to 100 x 109 /L by dilution in 
plasma from an AB D+ donor. The diluted PC samples were re-calcified with CaCl2 (final 
concentration 0.02 mol/L to obtain a free CaCl2 concentration of 1.5-1.8 mmol/L) and 
activated with TRAP-6 (final concentration 0.086 mmol/L). The clotting time was analysed in 
a polyamide sample cup with ReoRox� 4.  
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Flow cytometry 
 
Paper I 
Dose-response analysis of the GPIIb/IIIa inhibitor abciximab on platelet activation was 
performed by flow cytometry. Platelet activation was measured in blood as platelet-bound 
fibrinogen on activation by TRAP-6. Blood was incubated for 5 min in the presence of 
abciximab at various concentrations between 0 and 0.02 mg/mL. The blood was then 
incubated with anti-GPIb-PE and anti-fibrinogen-FITC for 10 minutes followed by 10 min 
activation with TRAP-6 (final concentration 0.3 mg/mL). Flow cytometry was performed 
with an Ortho Cytoron Absolute Flow Cytometer using the ImmunoCount II software (v 2.00; 
Ortho, Raritan, NY, U.S.A) and 1000 events were collected based on their FS and PE 
expression. The percentage of platelets binding fibrinogen, normalised to the value for an 
irrelevant control antibody with corresponding fluorescence intensity, was determined. 
 
Papers III and IV 
Platelet surface markers were measured by flow cytometry. The sample from the PC was 
diluted in autologous plasma to a platelet concentration of 300 x 109 platelets/L. The diluted 
PC sample was then incubated with anti-CD62P-FITC, anti-insulin-FITC, anti-CD42b-FITC 
or anti-IgG2a-FITC for 20 minutes. The diluted PC sample was also incubated with anti-
CD62P-FITC for 10 minutes followed by 10 minutes activation with TRAP-6 (final 
concentration 0.06 mmol/L). Flow cytometry analysis was performed with the Beckman 
Coulter Epics XL-MCL instrument (Beckman Coulter Inc., Fullerton, CA, U.S.A) with a 
computer software program (Expo 32 ADC, Beckman Coulter Inc.). The fluorescence 
intensity was monitored daily with fluorescent beads (Flow set, Beckman Coulter Inc.). Five 
thousand events were collected based on their forward and side scatter properties. The 
percentage of platelets expressing P-selectin (CD62P) or GPIb (CD42b), normalised to the 
value for an irrelevant control antibody (anti-insulin and IgG2a, respectively), as well as the 
MFI values were determined.  
 
HSR 
 
Papers III and IV 
HSR, which reflects the ability of the platelets to regain normal size after exposure to a 
hypotonic solution, was measured according to Valeri et al. [158]. The platelet concentration 
was adjusted to 300 x 109 platelets/L by dilution with autologous plasma. HSR was measured 
with a dual-beam spectrophotometer (UV-2101 PC, Shimadzu Corporation, Kyoto, Japan) at 
a wavelength of 610 nm. The beams of the spectrophotometer were zeroed simultaneously 
with 0.6 mL of autologous plasma mixed with 0.3 mL of NaCl in the reference and test 
positions. After that, 0.6 mL of diluted PC mixed with 0.3 mL of NaCl was placed in the test 
position and light transmission was recorded for 11 minutes. Finally, 0.6 mL of diluted PC 
mixed with 0.3 mL of water was placed in the test position and transmission was once again 
recorded for 11 minutes. The results were expressed as the percentage of recovery at 10 
minutes after exposure to the hypotonic solution.  
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Statistical analysis 
 
Mean � SD and Student’s T-test were used for statistical analyses. Paired or unpaired two-
tailed Student’s T-test analysis was used for comparisons between groups. Three-way analysis 
of variance (ANOVA), coefficient of variation (C.V.), correlation coefficient and the two-
tailed significance of the correlation were also used for statistical analysis. The median, 
percentiles and outliers are presented in the box plots. 
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RESULTS AND DISCUSSION 
 
Paper I 
 
The purpose of Paper I was to determine the influence of various blood components on the 
FOR analysis. The effect of the oscillation-induced stress on clot G' was assessed. We studied 
how the coagulation process and change in G' over time were influenced by citrate 
anticoagulation, various platelet concentrations (0-200 x 109/L), fibrinogen concentration and 
different haematocrit (0-40%). The importance of the GPIIb/IIIa receptor on platelet function 
was investigated by comparing the FOR parameters of blood in the presence and absence of a 
GPIIb/IIIa receptor inhibitor, abciximab, and by analysing blood from a patient with 
Glanzmann’s thrombasthenia.  
 
The stress induced by the oscillation reduced the elasticity by 8%, which is less than the 50% 
reported for TEG� [186]. Non-anticoagulated blood samples (n=5) and re-calcified citrated 
blood samples (n=5) had similar clotting times and G' max-slope values, whereas G'max was 
higher in non-anticoagulated samples (p<0.05). The clotting time decreased with increasing 
platelet concentration when CRP was used as the activator (n=5) but not with thromboplastin 
(n=4-8). G'max and G' max-slope values increased with increasing platelet concentrations for 
both activators. FOR analysis of blood samples without or with extra fibrinogen 
supplemented (n=10) showed that an increasing concentration of fibrinogen resulted in 
decreased clotting time and increased G'. Analysis of samples with haematocrits of 0%, 20%, 
30% and 40% (n=5) showed that the G' decreased with increasing concentrations of red blood 
cells. The difference was significant (p<0.05) below 30% compared with 40%. Treatment of 
blood samples with the GPIIb/IIIa receptor inhibitor, abciximab, resulted in prolonged 
clotting time (p<0.01) and a reduction in G'. G'max was decreased from 1137 ± 225 Pa to 135 
± 52 Pa with abciximab, demonstrating that the platelets contribute by 90% to the maximum 
elasticity. This is higher than reported for TEG�, where the platelets only contributed 50-55% 
of the maximum elasticity [187,188]. The reason for this discrepancy is the narrow measuring 
range for TEG�. Blood from a patient with Glanzmann’s thrombasthenia also had low G', 
further indicating the importance of functional GPIIb/IIIa receptors. The concentration of 
fibrinogen and red blood cells as well as the concentration and function of the platelets all 
affect the elasticity. The presence of functional platelets was the major determinant of clot 
elasticity 
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Paper II 
 
Paper II sought to test whether FOR can be a used to measure the clot properties of blood 
from subjects at risk of thrombosis or bleeding and to study the effect of platelet transfusions. 
Pregnant women represented subjects at risk of thrombosis as hypercoagulability is known to 
occur during pregnancy. Leukaemia/lymphoma patients with severe thrombocytopaenia 
represented the subjects at risk of bleeding. 
 
Coagulation was measured by FOR in blood obtained from pregnant women in different 
pregnancy trimesters (n=58) and compared with coagulation in blood from non-pregnant 
women (n=30). Coagulation was also analysed in blood from patients with severe 
thrombocytopaenia before and after a platelet transfusion (n=20) and compared with that of 
healthy blood donors (n=60).  
 
There was no difference in platelet concentration between the pregnant women and the female 
blood donors. The clotting time was shorter and the G' higher in pregnant women than in non-
pregnant women. G'max increased gradually during pregnancy and was higher (p<0.01) in all 
pregnancy trimesters compared with that of non-pregnant women. Shorter clotting time and 
high G' suggest increased coagulation. Others, using TEG�, have also reported 
hypercoagulability in pregnant women [189,190]. By the third trimester, G'max had increased 
by 75%, which is higher than the 14-19% increase in elasticity reported by others using TEG� 
[189-191]. 
 
The platelet concentration and G'max were lower in the patients prior to transfusion compared 
with the blood donors (p<0.01). There was an increase in both platelet concentration and 
G'max after the platelet transfusion, but the patients still had lower platelet concentration and 
G'max values after the transfusion compared with blood donors (p<0.01). There were patients 
with similar platelet concentration but different G'max. There was no difference in clotting 
time between the patients and the blood donors. Three of the patients had reported bleeding 
prior to transfusion, all of whom had a G'max below the mean value for the patients. 
 
There was a different increase in G' following platelet transfusion in patients with similar 
platelet count increment after the transfusion, suggesting a difference in the function of the 
transfused platelets. The G' thus provides information on the function of transfused platelets 
in contrast to the post-transfusion platelet count that only gives information on the 
concentration of circulating platelets. The results of this study suggest that the G' provides 
information on the haemostatic status of thrombocytopaenic patients, not only on the platelet 
concentration but also on functional properties of the platelets.  
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Paper III 
 
The use of single-donor PCs has increased worldwide in the recent years [192]. Single-donor 
PCs are collected using the AP technique. Different cell separators are available for collecting 
single-donor platelets. Until recently, PCs have been stored for a maximum of five days due 
to the risk of bacterial contamination. The introduction of bacterial detection systems has 
made it possible to extend the storage period from 5 to 7 days providing the platelet function 
is well maintained. Prolonging the storage period would be advantageous as it would limit 
wastage due to outdating and thereby reduce the costs.  
 
In Paper III, platelet function was assessed by in vitro analyses including FOR of PCs during 
prolonged storage for 7 days to compare the quality of PCs produced by the COBE� 
Spectra� and Trima� Accel� cell separators. The COBE� Spectra� has a dual-stage channel 
for the separation of platelets from other blood cells. In the first stage the red blood cells and 
white blood cells are removed. The platelets then flow into the second stage where they are 
concentrated [84]. The Trima� Accel� has a single-stage channel where the cells separate at 
maximum radius and over full channel circumference [193]. Ten PCs collected with each 
separator were included in the study.  
 
Swirling and the percentage of GPIb-expressing platelets were well maintained for 7 days for 
both Spectra� and Trima�produced PCs. HSR was well maintained during the storage period 
and with no difference between Spectra� and Trima� PCs. HSR has previously been shown 
to be well maintained for 7 days in Spectra� and Trima� PCs [171,194]. Dumont & 
VandenBroeke in contrast reported a decrease of 15% in HSR during 7 days of storage in PCs 
collected by the Spectra� [151]. pH was well maintained during storage and was within an 
acceptable range (6.4-7.4). Glucose decreased and lactate increased during storage (p<0.05) 
as expected, with significant differences between day 5 and 7 but were always at acceptable 
levels (i.e. glucose was always available and lactate was never above 28 mmol/L). Glucose 
and lactate were similar in both types of PCs during the storage period. The platelets were 
gradually activated, as measured by P-selectin expression (both surface bound and soluble), 
during the storage period, with a significant increase between day 5 and 7 (p<0.05). Previous 
studies have also reported increased P-selectin expression on platelets collected by the 
Spectra� and Trima� cell separators [151,171,195,196]. No difference in P-selectin could be 
detected between PCs produced by the two cell separators in our study. Others have reported 
different P-selectin expression on platelets when comparing various separators [197-199]. 
Platelets exhibited reduced response to the activator TRAP-6 during storage as measured by 
P-selectin expression and the response was similar in both types of PCs.  
 
There was no difference in the FOR parameters for Spectra� and Trima� PCs. The clotting 
time was well maintained during the storage period. G'max was slightly increased from day 1 
to 5 (p<0.05). Gutensohn et al. also reported higher elasticity in stored PCs than in fresh PCs 
as assessed by thromboelastography [200]. However, the longer the storage time, the longer 
the time to obtain maximum clot retraction (prolonged time to G'max, reduced mean change 
in G' per minute). The prolonged time to reach G'max could be attributed to a reduction in the 
ability of the platelets to respond to activation. No difference was detected in the FOR 
parameters between 5- and 7-day old PCs.  
 
Several of the in vitro parameters showed that platelets stored for 7 days have a good quality 
(e.g. HSR, pH, swirling and acceptable levels of glucose and lactate) despite a gradually 
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increased activation state and a gradually decreased ability to be activated. The FOR analysis 
also showed that platelets stored for 5 or 7 days have similar clotting properties. AuBuchon et 
al. [152] and Dumont et al. [171] found a reduction in recovery and survival after autologous 
transfusion of platelets stored for 7 days compared with platelets stored for 5 days. Dumont et 
al., however, concluded that the magnitude of the changes would not result in the diminution 
of transfusion efficacy in a clinical situation. These findings support our results suggesting 
that the storage period can be prolonged from 5 to 7 days. 
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Paper IV 
 
A rare, but often lethal, transfusion complication is TA-GVHD. TA-GVHD is caused by 
remaining T-lymphocytes in the blood product. However, the development of TA-GVHD can 
be prevented by gamma irradiation of the blood product.  
 
In Paper IV in vitro methods including FOR analysis, were used to investigate the quality, of 
PCs treated with 25 Gy gamma irradiation during storage for 7 days and compared with non-
irradiated control PCs. Platelets were collected using the AP technique from 20 donors, and 
the platelets from each donation were divided into two standard units (PCs). One PC was 
irradiated; the other, non-irradiated, PC was used as a control.  
 
Swirling, HSR and the percentage of platelets expressing GPIb were well maintained for 7 
days of storage in both types of PCs. Irradiated and non-irradiated PCs had similar HSR, as 
has been shown previously [156]. pH was well maintained during the storage period and at an 
acceptable range (6.4-7.4). No difference could be found in pH between irradiated and control 
PCs, which is in accordance with some previous reports [201,202]. There are also reports that 
have shown a difference in pH between irradiated and control PCs [156,203]. Glucose 
decreased and lactate increased during the storage period (p<0.05) to a similar extent in both 
types of PCs. Others have reported similar levels of glucose and lactate in irradiated and non-
irradiated PCs [156,201]. Surface-bound activation marker P-selectin as well as soluble P-
selectin increased from day 1 to 7 (p<0.05). Previous studies have also reported increased P-
selectin expression in irradiated and non-irradiated AP PCs [153,171,201,204]. The 
percentage of P-selectin expressing cells was higher in the irradiated PCs on day 1 of storage 
but no other difference was detected between irradiated and non-irradiated PCs with respect to 
P-selectin. P-selectin expression induced by TRAP-6 was reduced during storage (p<0.05) in 
both irradiated and control PCs, with no difference between the two types of PCs. Others have 
also found a reduced response to TRAP during storage of AP PCs [153,196,205]. There was 
no difference between irradiated and non-irradiated PCs for any of the FOR parameters. The 
clotting time and G'max of 7-day old PCs were well maintained, and G'max was increased in 
5- and 7-day old PCs (p<0.05). It took longer time to obtain G'max (prolonged time to G'max, 
reduced mean change in G' per minute) in 5- and 7-day old PCs compared with 1-day old 
PCs. This result suggests that the capacity of the platelets to retract the coagulum is reduced 
during storage, but if sufficient time is allowed for the platelets, the clot will be fully 
retracted.  
 
The results presented in this study show that gamma irradiation of platelets does not affect PC 
quality as assessed by in vitro tests including FOR. 
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Paper V 
 
Bacterial contamination of PCs can cause transfusion-transmitted infections. The introduction 
of a few bacteria at component collection can grow to high numbers during room temperature 
storage. A pathogen inactivation procedure has been developed to prevent transfusion-
transmitted infections [113]. This procedure, called the Intercept� Blood System for 
Platelets, uses amotosalen HCl and UVA light to inactivate contaminating viruses and 
bacteria [113]. As this treatment minimises the risk of bacterial transmission, PCs treated with 
Intercept� might be used for an extended period of storage provided platelet function is well 
preserved. 
 
We investigated the quality of fresh Intercept� treated AP PCs (n=27) as measured by FOR 
clotting time and compared it with fresh platelets in the additive solution, T-Sol� (n=47) and 
PCs in plasma (n=46). All PCs were analysed when they were available for transfusion (<26 
hours after collection). Platelets in T-Sol� and plasma had similar clotting time. The 
Intercept� treated platelets responded well to a platelet activator, TRAP-6, as measured by 
clotting time. The clotting time was slightly shorter for Intercept� treated platelets than 
platelets in T-Sol� and plasma. We attribute this to a slight pre-activation of the Intercept� 
treated platelets, as was also shown by higher sP-selectin values for Intercept� PCs.  
 
It has been reported that fresh Intercept� treated platelets respond to TRAP activation to a 
similar extent as non-treated platelets when assayed by P-selectin expression using flow 
cytometry [153]. The study reported that the response of Intercept� treated platelets to TRAP 
was lower than for non-treated platelets from day 5 of storage. We did not address the issue of 
storage time in our study.   
 
The correlation of our FOR results with in vivo viability and function of Intercept� treated 
platelets needs to be further elucidated. It has been reported that Intercept� treated PCs have 
reduced in vivo platelet viability compared with platelets in plasma, T-Sol� and InterSol� 
[135,141,143-145] but the platelets seem to be able to provide adequate haemostasis [143-
145]. 
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GENERAL DISCUSSION  
 
An imbalance in the haemostatic process can lead to thrombotic or bleeding events. Patients 
with thrombocytopaenia are at risk of bleeding events and require platelet transfusion to 
prevent or stop bleeding. The purpose of a platelet transfusion is to supply platelets with good 
haemostatic properties. A recent review stated that an ideal platelet transfusion concentrate 
should contain platelets with a low activation state and a high activation capacity, and lack of 
markers that could result in platelet destruction and removal following transfusion [206]. The 
decision to transfuse platelets and the success of a transfusion is usually based on the number 
of circulating platelets in the patient and the count increment following transfusion. Changes 
in coagulation can be evaluated by analysing clotting factors, D-dimers, prothrombin time and 
activated partial thromboplastin time in plasma. Unfortunately, these methods do not measure 
the combined effect of plasma and cellular components on coagulation. Other available 
methods such as aggregometry and platelet adhesion assay (PFA-100�) are not suitable for 
thrombocytopaenic patients as they require a normal number of platelets. Improved methods 
are required that include contributions from all blood components to identify patients at risk 
of thrombosis or bleeding and that can provide information on the function of the transfused 
platelets. 
 
The quality of PCs can be evaluated by measuring platelet viability following transfusion. 
However such measurements are expensive and complicated to perform, and in vitro methods 
are often used to evaluate PC quality as surrogate tests to in vivo viability. The value of 
currently used tests in predicting in vivo viability is not clear and few of them directly 
measure the platelets haemostatic function. In the 1970’s HSR was shown to correlate to in 
vivo viability [158,160]. However, in a recent study Slichter et al. was unable to detect such a 
correlation [172]. pH in the range of 6.4-7.4 has been shown not to correlate with in vivo 
viability [150], but pH values below 6.0 or above 7.4 have been shown to result in low 
viability [78-80]. The relevance of increased platelet activation on in vivo viability is not 
clear. Some studies have shown a negative correlation between P-selectin expression and in 
vivo viability [85,156,168,171] but some report only a low correlation [85,168]. Furthermore, 
a recent study found no correlation between P-selectin expression and in vivo viability [172]. 
A new technique, the cone and plate analyzer (Impact-R), has recently been tested for 
evaluation of PC quality [196]. As the cone and plate method requires the presence of red 
blood cells, the PC sample must be suspended with red cells, which makes the method 
complicated for analysis of PC quality. Therefore, new improved methods that are easy to use 
are needed to evaluate the haemostatic quality of platelets in PCs during storage and might be 
used to predict the survival and the post-transfusion haemostatic efficacy of the platelets. 
 
FOR analysis using the ReoRox� 4 instrument can be used to monitor the coagulation 
process. ReoRox� 4 is a small portable instrument that can be used for bedside analysis and is 
easy to use. FOR analysis of whole blood offers assessment of clot properties based on 
contribution of all blood components, as is the case in vivo. This makes FOR an interesting 
option when assessing subjects at risk of hyper- or hypocoagulation (i.e. thrombosis or 
bleeding). FOR can also be used to analyse PRP samples and provides information on the 
ability of platelets to support the formation of a clot and to induce clot retraction. Hence, it 
can also be used in analysis of PC quality. 
 
In this thesis we assessed the use of FOR to measure the coagulation properties in subjects at 
risk of thrombosis (i.e. pregnant women) or bleeding (i.e. thrombocytopaenic patients). 
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Moreover, we explored the use of FOR to determine the function of platelets in PCs during 
storage and, in combination with other in vitro tests, to determine the effects of different 
preparation and storage conditions. 
 
FOR was shown to be promising for assessment of clot properties in subjects with 
hypercoagulability and hypocoagulability. As the elastic properties of whole blood are 
influenced by the concentration of the platelets, red blood cells and fibrinogen, it might be 
helpful to measure the concentration of these factors to interpret the elasticity curve.  
The finding that 90% of the maximum elasticity is dependent on functional platelets suggests 
that FOR can be used to measure platelet function. Platelets were shown to contribute only by 
50-55% to the maximum elasticity measured by thromboelastography, a technique similar to 
FOR [187,188]. This result and our data on the wider elasticity measuring range of FOR 
suggest that FOR is to be preferred to thromboelastography for analysing platelet function. 
 
FOR was shown to provide information on the haemostatic function of transfused platelets. 
This makes FOR advantageous to the current method of measuring the post-transfusion 
platelet count increment that only provide information on the increase in the concentration of 
circulating platelets following transfusion. The use of FOR in clinical practice to assess clot 
properties in subjects at risk of hyper- or hypocoagulability needs to be further evaluated.   
 
Until recently, the storage period for PCs has been limited to 5 days mainly because of the 
risk of bacterial growth. The introduction of bacterial detection systems and bacteria 
inactivation procedures has made it possible to extend the storage period from 5 to 7 days 
provided the platelet function is well maintained. An extension of the storage period would 
result in less wastage of PCs caused by outdating and lead to increased PC supply. When 
FOR was used to analyse the platelet quality of PCs during prolonged storage for 7 days, we 
found that the clotting time was well maintained throughout storage. Maximum elasticity 
(G'max) was slightly increased in 5- and 7-day old PCs, and a recent review suggested that 
such an increase in clot elasticity is an indication of increased GPIIb/IIIa signalling [206]. 
Concomitant with the increased G'max, the time to G'max was prolonged and the mean 
change in G' per minute decreased, showing that it takes longer for the platelets to attain full 
clot retraction. The relevance of these changes on in vivo viability and function needs to be 
further studied.  
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CONCLUSIONS 
 
� Free oscillation rheometry (FOR) can be used to analyse clotting time and clot 

elasticity in non-anticoagulated whole blood, re-calcified citrated whole blood, re-
calcified citrated plasma and re-calcified citrated platelet-rich plasma.  

 
� An increased concentration of fibrinogen and reduced concentration of red blood cells 

influence the elasticity as measured by FOR. Functional GPIIb/IIIa receptors are 
important for clotting time and clot elasticity. 

 
� Clot properties, as measured by FOR, vary between subjects at risk of thrombosis or 

bleeding. FOR can detect the progressive increase in hypercoagulability occurring 
during the course of pregnancy. FOR can also provide information about the 
haemostatic status of thrombocytopenic patients and on the haemostatic effect of 
platelet transfusions.  

 
� Single-donor apheresis platelet concentrates (PCs) stored for seven days have good 

quality (i.e. have well maintained hypotonic shock response, swirling, pH, acceptable 
levels of glucose and lactate) despite increased activation. The FOR results further 
support the prolongation of the storage time from five to seven days.  

 
� No difference in platelet quality as analysed by FOR and other in vitro tests was 

observed between Spectra� and Trima� produced PCs despite differences in 
collection principles.  

 
� Platelets gamma irradiated with 25 Gy on the day of collection have similar quality to 

non-irradiated platelets during storage for seven days as measured by FOR and other in 
vitro tests. 

 
� Intercept� treated platelets have good clot-promoting capacity as measured by FOR. 
 
 
 

 

 40



ACKNOWLEDGEMENTS 
 
My deepest gratitude to my supervisor Gösta Berlin. Thank you for giving me the 
opportunity to do this fascinating research. Thank you for your support and invaluable help. 
Despite your busy schedule you have always taken time to discuss our work and I have learnt 
a lot from you.  
 
Tomas Lindahl my co-supervisor, thank you for all your help and support these past years. 
Thank you for always taking the time to listen and giving advice when obstacles have 
occurred in my research.  
 
I would like to thank my colleagues Marie Trinks and Monika Studer for their enthusiasm 
and valuable suggestions during our work. Your friendship and support have been invaluable 
too me. I could not have done this without you. Agneta Seger-Mollén, thank you for making 
it possible for me to do this thesis at the Department of Clinical Immunology and Transfusion 
Medicine.  
 
My co-authors Olof Rugarn and Tuulia Räf, thank you for a nice collaboration with Paper 
II. Mona Hansson and Britt-Marie Johansson at Karolinska University Hospital, thank you 
ever so much for a fruitful collaboration with Paper V. It was a pleasure working with you. 
Per Sandgren, my ph. D student collegue at Karolinska University Hospital, thank you for 
interesting discussions on platelet storage. 
 
I want to thank my friends and colleagues in the Haemostasis group, Kerstin Gustafsson, 
Majid Osman, Karin Vretenbrant-Öberg, Lars Faxälv, Kerstin Arbring, Roza Chaireti, 
Cecilia Jennersjö and Martina Nylander, thank you for your support and all your help. I 
want to give my office roommate, Sofia Ramström, a special thanks. You have been a 
mentor to me and it has been great working with you. Mats Rånby, thank you for your 
friendship and never ending enthusiasm and joy for science. 
 
I want to thank all my friends and colleagues at the Department of Clinical Chemistry for very 
nice coffee break discussions on both serious and not so serious subjects. Thank you all for all 
the fun parties especially my hen party and my 30th birthday party. I also want to thank my 
colleagues at the Department of Clinical Immunology and Transfusion Medicine for 
supplying me with platelets for my research. Thank you for nice parties and making our 
working trips memorable. 
 
Torbjörn Bengtsson and Lillemor Fransson, thank you for giving me the opportunity to 
attend the Biomedical Research School. It was a truly memorable year. My friends from the 
Biomedical Research School, Camilla Gullstrand, Susanne Hilke and Hanna Kälvegren. 
Thank you for your friendship and support.  
 
Thanks to my family, my parents Rita and Jörgen Tynngård, my brother Martin and my 
sister Eva. Thank you for believing in me and encouraging me in my work. 
 
Magnus, my husband, thank you for your love and understanding. Thank you for your 
support and encouragement and for always listening to me and putting up with my detailed 
explanations about my platelets. 

 41



REFERENCES 
 
1 Diamond LK. A history of blood transfusion. In: Wintrobe MM, ed. Blood, pure and 

eloquent. New York: McGraw-Hill Book Company, 1980:659-688. 
2 Nieswandt B, Watson SP: Platelet-collagen interaction: is GPVI the central receptor? 

Blood 2003; 102:449-461. 
3 Offermanns S: Activation of platelet function through G protein-coupled receptors. 

Circ Res 2006; 99:1293-1304. 
4 Dahlbäck B: Blood coagulation and its regulation by anticoagulant pathways: genetic 

pathogenesis of bleeding and thrombotic diseases. J Intern Med 2005; 257:209-223. 
5 Monroe DM, Hoffman M: What does it take to make the perfect clot? Arterioscler 

Thromb Vasc Biol 2006; 26:41-48. 
6 Spaet TH. Platelets: the blood dust. In: Wintrobe MM, ed. Blood, pure and eloquent. 

New York: McGraw-Hill Book Company, 1980:549-571. 
7 Jurk K, Kehrel BE: Platelets: physiology and biochemistry. Semin Thromb Hemost 

2005; 31:381-392. 
8 Fox JE, Shattil SJ, Kinlough-Rathbone RL, Richardson M, Packham MA, Sanan DA: 

The platelet cytoskeleton stabilizes the interaction between alphaIIbbeta3 and its 
ligand and induces selective movements of ligand-occupied integrin. J Biol Chem 
1996; 271:7004-7011. 

9 Brecher ME: The platelet prophylactic transfusion trigger: when expectations meet 
reality. Transfusion 2007; 47:188-191. 

10 Jung SM, Moroi M: Signal-transducing mechanisms involved in activation of the 
platelet collagen receptor integrin alpha(2)beta(1). J Biol Chem 2000; 275:8016-8026. 

11 Plow EF, Srouji AH, Meyer D, Marguerie G, Ginsberg MH: Evidence that three 
adhesive proteins interact with a common recognition site on activated platelets. J Biol 
Chem 1984; 259:5388-5391. 

12 George JN, Caen JP, Nurden AT: Glanzmann's thrombasthenia: the spectrum of 
clinical disease. Blood 1990; 75:1383-1395. 

13 Weiss HJ, Turitto VT, Baumgartner HR: Platelet adhesion and thrombus formation on 
subendothelium in platelets deficient in glycoproteins IIb-IIIa, Ib, and storage 
granules. Blood 1986; 67:322-330. 

14 Weiss HJ, Hawiger J, Ruggeri ZM, Turitto VT, Thiagarajan P, Hoffmann T: 
Fibrinogen-independent platelet adhesion and thrombus formation on subendothelium 
mediated by glycoprotein IIb-IIIa complex at high shear rate. J Clin Invest 1989; 
83:288-297. 

15 Cohen I, Gerrard JM, White JG: Ultrastructure of clots during isometric contraction. J 
Cell Biol 1982; 93:775-787. 

16 Carr ME, Jr., Carr SL, Hantgan RR, Braaten J: Glycoprotein IIb/IIIa blockade inhibits 
platelet-mediated force development and reduces gel elastic modulus. Thromb 
Haemost 1995; 73:499-505. 

17 Shattil SJ, Hoxie JA, Cunningham M, Brass LF: Changes in the platelet membrane 
glycoprotein IIb.IIIa complex during platelet activation. J Biol Chem 1985; 
260:11107-11114. 

18 Nakamura T, Kambayashi J, Okuma M, Tandon NN: Activation of the GP IIb-IIIa 
complex induced by platelet adhesion to collagen is mediated by both alpha2beta1 
integrin and GP VI. J Biol Chem 1999; 274:11897-11903. 

19 Yap CL, Hughan SC, Cranmer SL, Nesbitt WS, Rooney MM, Giuliano S, Kulkarni S, 
Dopheide SM, Yuan Y, Salem HH, Jackson SP: Synergistic adhesive interactions and 

 42



signaling mechanisms operating between platelet glycoprotein Ib/IX and integrin 
alpha IIbbeta 3. Studies in human platelets ans transfected Chinese hamster ovary 
cells. J Biol Chem 2000; 275:41377-41388. 

20 Weiss HJ, Turitto VT, Baumgartner HR: Further evidence that glycoprotein IIb-IIIa 
mediates platelet spreading on subendothelium. Thromb Haemost 1991; 65:202-205. 

21 Romo GM, Dong JF, Schade AJ, Gardiner EE, Kansas GS, Li CQ, McIntire LV, 
Berndt MC, Lopez JA: The glycoprotein Ib-IX-V complex is a platelet 
counterreceptor for P-selectin. J Exp Med 1999; 190:803-814. 

22 De Candia E, Hall SW, Rutella S, Landolfi R, Andrews RK, De Cristofaro R: Binding 
of thrombin to glycoprotein Ib accelerates the hydrolysis of Par-1 on intact platelets. J 
Biol Chem 2001; 276:4692-4698. 

23 Hourdille P, Heilmann E, Combrie R, Winckler J, Clemetson KJ, Nurden AT: 
Thrombin induces a rapid redistribution of glycoprotein Ib-IX complexes within the 
membrane systems of activated human platelets. Blood 1990; 76:1503-1513. 

24 Jandrot-Perrus M, Busfield S, Lagrue AH, Xiong X, Debili N, Chickering T, Le 
Couedic JP, Goodearl A, Dussault B, Fraser C, Vainchenker W, Villeval JL: Cloning, 
characterization, and functional studies of human and mouse glycoprotein VI: a 
platelet-specific collagen receptor from the immunoglobulin superfamily. Blood 2000; 
96:1798-1807. 

25 Pasquet JM, Gross BS, Gratacap MP, Quek L, Pasquet S, Payrastre B, van Willigen G, 
Mountford JC, Watson SP: Thrombopoietin potentiates collagen receptor signaling in 
platelets through a phosphatidylinositol 3-kinase-dependent pathway. Blood 2000; 
95:3429-3434. 

26 Watson SP, Asazuma N, Atkinson B, Berlanga O, Best D, Bobe R, Jarvis G, Marshall 
S, Snell D, Stafford M, Tulasne D, Wilde J, Wonerow P, Frampton J: The role of 
ITAM- and ITIM-coupled receptors in platelet activation by collagen. Thromb 
Haemost 2001; 86:276-288. 

27 Morton LF, Hargreaves PG, Farndale RW, Young RD, Barnes MJ: Integrin alpha 2 
beta 1-independent activation of platelets by simple collagen-like peptides: collagen 
tertiary (triple-helical) and quaternary (polymeric) structures are sufficient alone for 
alpha 2 beta 1-independent platelet reactivity. Biochem J 1995; 306 ( Pt 2):337-344. 

28 Stenberg PE, McEver RP, Shuman MA, Jacques YV, Bainton DF: A platelet alpha-
granule membrane protein (GMP-140) is expressed on the plasma membrane after 
activation. J Cell Biol 1985; 101:880-886. 

29 Berman CL, Yeo EL, Wencel-Drake JD, Furie BC, Ginsberg MH, Furie B: A platelet 
alpha granule membrane protein that is associated with the plasma membrane after 
activation. Characterization and subcellular localization of platelet activation-
dependent granule-external membrane protein. J Clin Invest 1986; 78:130-137. 

30 Merten M, Thiagarajan P: P-selectin expression on platelets determines size and 
stability of platelet aggregates. Circulation 2000; 102:1931-1936. 

31 Daniel JL, Dangelmaier C, Jin J, Ashby B, Smith JB, Kunapuli SP: Molecular basis 
for ADP-induced platelet activation. I. Evidence for three distinct ADP receptors on 
human platelets. J Biol Chem 1998; 273:2024-2029. 

32 Rasmussen UB, Vouret-Craviari V, Jallat S, Schlesinger Y, Pages G, Pavirani A, 
Lecocq JP, Pouyssegur J, Van Obberghen-Schilling E: cDNA cloning and expression 
of a hamster alpha-thrombin receptor coupled to Ca2+ mobilization. FEBS Lett 1991; 
288:123-128. 

33 Xu WF, Andersen H, Whitmore TE, Presnell SR, Yee DP, Ching A, Gilbert T, Davie 
EW, Foster DC: Cloning and characterization of human protease-activated receptor 4. 
Proc Natl Acad Sci U S A 1998; 95:6642-6646. 

 43



34 Klages B, Brandt U, Simon MI, Schultz G, Offermanns S: Activation of G12/G13 
results in shape change and Rho/Rho-kinase-mediated myosin light chain 
phosphorylation in mouse platelets. J Cell Biol 1999; 144:745-754. 

35 Jin J, Daniel JL, Kunapuli SP: Molecular basis for ADP-induced platelet activation. II. 
The P2Y1 receptor mediates ADP-induced intracellular calcium mobilization and 
shape change in platelets. J Biol Chem 1998; 273:2030-2034. 

36 Takasaki J, Kamohara M, Saito T, Matsumoto M, Matsumoto S, Ohishi T, Soga T, 
Matsushime H, Furuichi K: Molecular cloning of the platelet P2T(AC) ADP receptor: 
pharmacological comparison with another ADP receptor, the P2Y(1) receptor. Mol 
Pharmacol 2001; 60:432-439. 

37 Yang J, Wu J, Jiang H, Mortensen R, Austin S, Manning DR, Woulfe D, Brass LF: 
Signaling through Gi family members in platelets. Redundancy and specificity in the 
regulation of adenylyl cyclase and other effectors. J Biol Chem 2002; 277:46035-
46042. 

38 Leon C, Hechler B, Freund M, Eckly A, Vial C, Ohlmann P, Dierich A, LeMeur M, 
Cazenave JP, Gachet C: Defective platelet aggregation and increased resistance to 
thrombosis in purinergic P2Y(1) receptor-null mice. J Clin Invest 1999; 104:1731-
1737. 

39 Vu TK, Hung DT, Wheaton VI, Coughlin SR: Molecular cloning of a functional 
thrombin receptor reveals a novel proteolytic mechanism of receptor activation. Cell 
1991; 64:1057-1068. 

40 Kahn ML, Zheng YW, Huang W, Bigornia V, Zeng D, Moff S, Farese RV, Jr., Tam 
C, Coughlin SR: A dual thrombin receptor system for platelet activation. Nature 1998; 
394:690-694. 

41 Kahn ML, Nakanishi-Matsui M, Shapiro MJ, Ishihara H, Coughlin SR: Protease-
activated receptors 1 and 4 mediate activation of human platelets by thrombin. J Clin 
Invest 1999; 103:879-887. 

42 Covic L, Gresser AL, Kuliopulos A: Biphasic kinetics of activation and signaling for 
PAR1 and PAR4 thrombin receptors in platelets. Biochemistry 2000; 39:5458-5467. 

43 Shapiro MJ, Weiss EJ, Faruqi TR, Coughlin SR: Protease-activated receptors 1 and 4 
are shut off with distinct kinetics after activation by thrombin. J Biol Chem 2000; 
275:25216-25221. 

44 Covic L, Singh C, Smith H, Kuliopulos A: Role of the PAR4 thrombin receptor in 
stabilizing platelet-platelet aggregates as revealed by a patient with Hermansky-
Pudlak syndrome. Thromb Haemost 2002; 87:722-727. 

45 Vretenbrant K, Ramström S, Bjerke M, Lindahl TL: Platelet activation via PAR4 is 
involved in the initiation of thrombin generation and in clot elasticity development. 
Thromb Haemost 2007; 97:417-424. 

46 Savage B, Saldivar E, Ruggeri ZM: Initiation of platelet adhesion by arrest onto 
fibrinogen or translocation on von Willebrand factor. Cell 1996; 84:289-297. 

47 Moroi M, Jung SM, Nomura S, Sekiguchi S, Ordinas A, Diaz-Ricart M: Analysis of 
the involvement of the von Willebrand factor-glycoprotein Ib interaction in platelet 
adhesion to a collagen-coated surface under flow conditions. Blood 1997; 90:4413-
4424. 

48 Williamson P, Bevers EM, Smeets EF, Comfurius P, Schlegel RA, Zwaal RF: 
Continuous analysis of the mechanism of activated transbilayer lipid movement in 
platelets. Biochemistry 1995; 34:10448-10455. 

49 Bevers EM, Comfurius P, van Rijn JL, Hemker HC, Zwaal RF: Generation of 
prothrombin-converting activity and the exposure of phosphatidylserine at the outer 
surface of platelets. Eur J Biochem 1982; 122:429-436. 

 44



50 Bevers EM, Comfurius P, Zwaal RF: Changes in membrane phospholipid distribution 
during platelet activation. Biochim Biophys Acta 1983; 736:57-66. 

51 Kulkarni S, Dopheide SM, Yap CL, Ravanat C, Freund M, Mangin P, Heel KA, Street 
A, Harper IS, Lanza F, Jackson SP: A revised model of platelet aggregation. J Clin 
Invest 2000; 105:783-791. 

52 Monroe DM, Hoffman M, Roberts HR: Transmission of a procoagulant signal from 
tissue factor-bearing cell to platelets. Blood Coagul Fibrinolysis 1996; 7:459-464. 

53 Greengard JS, Heeb MJ, Ersdal E, Walsh PN, Griffin JH: Binding of coagulation 
factor XI to washed human platelets. Biochemistry 1986; 25:3884-3890. 

54 Gailani D, Broze GJ, Jr.: Factor XI activation in a revised model of blood coagulation. 
Science 1991; 253:909-912. 

55 Baglia FA, Walsh PN: Prothrombin is a cofactor for the binding of factor XI to the 
platelet surface and for platelet-mediated factor XI activation by thrombin. 
Biochemistry 1998; 37:2271-2281. 

56 Vehar GA, Davie EW: Preparation and properties of bovine factor VIII 
(antihemophilic factor). Biochemistry 1980; 19:401-410. 

57 Miletich JP, Jackson CM, Majerus PW: Properties of the factor Xa binding site on 
human platelets. J Biol Chem 1978; 253:6908-6916. 

58 Nesheim ME, Taswell JB, Mann KG: The contribution of bovine Factor V and Factor 
Va to the activity of prothrombinase. J Biol Chem 1979; 254:10952-10962. 

59 Osterud B, Rapaport SI: Activation of factor IX by the reaction product of tissue 
factor and factor VII: additional pathway for initiating blood coagulation. Proc Natl 
Acad Sci U S A 1977; 74:5260-5264. 

60 Fay PJ, Smudzin TM, Walker FJ: Activated protein C-catalyzed inactivation of human 
factor VIII and factor VIIIa. Identification of cleavage sites and correlation of 
proteolysis with cofactor activity. J Biol Chem 1991; 266:20139-20145. 

61 Bakker HM, Tans G, Janssen-Claessen T, Thomassen MC, Hemker HC, Griffin JH, 
Rosing J: The effect of phospholipids, calcium ions and protein S on rate constants of 
human factor Va inactivation by activated human protein C. Eur J Biochem 1992; 
208:171-178. 

62 Broze GJ, Jr., Warren LA, Novotny WF, Higuchi DA, Girard JJ, Miletich JP: The 
lipoprotein-associated coagulation inhibitor that inhibits the factor VII-tissue factor 
complex also inhibits factor Xa: insight into its possible mechanism of action. Blood 
1988; 71:335-343. 

63 Girard TJ, Warren LA, Novotny WF, Likert KM, Brown SG, Miletich JP, Broze GJ, 
Jr.: Functional significance of the Kunitz-type inhibitory domains of lipoprotein-
associated coagulation inhibitor. Nature 1989; 338:518-520. 

64 Mann KG: Thrombin formation. Chest 2003; 124:4S-10S. 
65 Carroll RC, Gerrard JM, Gilliam JM: Clot retraction facilitates clot lysis. Blood 1981; 

57:44-48. 
66 Katagiri Y, Hiroyama T, Akamatsu N, Suzuki H, Yamazaki H, Tanoue K: 

Involvement of alpha v beta 3 integrin in mediating fibrin gel retraction. J Biol Chem 
1995; 270:1785-1790. 

67 Hartwig JH. The platelet cytoskeleton. In: Michelson AD, ed. Platelets. San Diego: 
Academic Press, 2007:75-97. 

68 Sakata Y, Aoki N: Significance of cross-linking of alpha 2-plasmin inhibitor to fibrin 
in inhibition of fibrinolysis and in hemostasis. J Clin Invest 1982; 69:536-542. 

69 Hoylaerts M, Rijken DC, Lijnen HR, Collen D: Kinetics of the activation of 
plasminogen by human tissue plasminogen activator. Role of fibrin. J Biol Chem 
1982; 257:2912-2919. 

 45



70 Chmielewska J, Rånby M, Wiman B: Evidence for a rapid inhibitor to tissue 
plasminogen activator in plasma. Thromb Res 1983; 31:427-436. 

71 Nesheim M: Thrombin and fibrinolysis. Chest 2003; 124:33S-39S. 
72 Slichter SJ: Relationship between platelet count and bleeding risk in 

thrombocytopenic patients. Transfus Med Rev 2004; 18:153-167. 
73 Gaydos LA, Freireich EJ, Mantel N: The quantitative relation between platelet count 

and hemorrhage in patients with acute leukemia. N Engl J Med 1962; 266:905-909. 
74 Murphy S, Litwin S, Herring LM, Koch P, Remischovsky J, Donaldson MH, Evans 

AE, Gardner FH: Indications for platelet transfusion in children with acute leukemia. 
Am J Hematol 1982; 12:347-356. 

75 Heckman KD, Weiner GJ, Davis CS, Strauss RG, Jones MP, Burns CP: Randomized 
study of prophylactic platelet transfusion threshold during induction therapy for adult 
acute leukemia: 10,000/microL versus 20,000/microL. J Clin Oncol 1997; 15:1143-
1149. 

76 Rebulla P, Finazzi G, Marangoni F, Avvisati G, Gugliotta L, Tognoni G, Barbui T, 
Mandelli F, Sirchia G: The threshold for prophylactic platelet transfusions in adults 
with acute myeloid leukemia. N Engl J Med 1997; 337:1870-1875. 

77 Wandt H, Frank M, Ehninger G, Schneider C, Brack N, Daoud A, Fackler-Schwalbe I, 
Fischer J, Gackle R, Geer T, Harms P, Loffler B, Ohl S, Otremba B, Raab M, 
Schonrock-Nabulsi P, Strobel G, Winter R, Link H: Safety and cost effectiveness of a 
10 x 10(9)/L trigger for prophylactic platelet transfusions compared with the 
traditional 20 x 10(9)/L trigger: a prospective comparative trial in 105 patients with 
acute myeloid leukemia. Blood 1998; 91:3601-3606. 

78 Slichter SJ, Harker LA: Preparation and storage of platelet concentrates. II. Storage 
variables influencing platelet viability and function. Br J Haematol 1976; 34:403-419. 

79 Murphy S, Sayar SN, Gardner FH: Storage of platelet concentrates at 22 degrees C. 
Blood 1970; 35:549-557. 

80 Murphy S, Gardner FH: Platelet storage at 22 degrees C: role of gas transport across 
plastic containers in maintenance of viability. Blood 1975; 46:209-218. 

81 Baldini M, Costea N, Dameshek W: The viability of stored human platelets. Blood 
1960; 16:1669-1692. 

82 Murphy S, Gardner FH: Effect of storage temperature on maintenance of platelet 
viability--deleterious effect of refrigerated storage. N Engl J Med 1969; 280:1094-
1098. 

83 Vassallo RR, Murphy S: A critical comparison of platelet preparation methods. Curr 
Opin Hematol 2006; 13:323-330. 

84 Burgstaler EA: Blood component collection by apheresis. J Clin Apher 2006; 21:142-
151. 

85 Holme S, Sweeney JD, Sawyer S, Elfath MD: The expression of p-selectin during 
collection, processing, and storage of platelet concentrates: relationship to loss of in 
vivo viability. Transfusion 1997; 37:12-17. 

86 Krailadsiri P, Seghatchian J: Are all leucodepleted platelet concentrates equivalent? 
Comparison of Cobe LRS Turbo, Haemonetics MCS+ LD, and filtered pooled buffy-
coat-derived platelets. Vox Sang 2000; 78:171-175. 

87 Eriksson L, Högman CF: Platelet concentrates in an additive solution prepared from 
pooled buffy coats. 1. In vitro studies. Vox Sang 1990; 59:140-145. 

88 Murphy S, Heaton WA, Rebulla P: Platelet production in the Old World-and the New. 
Transfusion 1996; 36:751-754. 

89 Gmur J, von Felten A, Osterwalder B, Honegger H, Hormann A, Sauter C, 
Deubelbeiss K, Berchtold W, Metaxas M, Scali G, Frick PG: Delayed 

 46



alloimmunization using random single donor platelet transfusions: a prospective study 
in thrombocytopenic patients with acute leukemia. Blood 1983; 62:473-479. 

90 Murphy S: Platelet storage for transfusion. Semin Hematol 1985; 22:165-177. 
91 Gulliksson H: Defining the optimal storage conditions for the long-term storage of 

platelets. Transfus Med Rev 2003; 17:209-215. 
92 Snyder EL, Koerner TA, Jr., Kakaiya R, Moore P, Kiraly T: Effect of mode of 

agitation on storage of platelet concentrates in PL-732 containers for 5 days. Vox Sang 
1983; 44:300-304. 

93 Snyder EL, Bookbinder M, Kakaiya R, Ferri P, Kiraly T: 5-day storage of platelet 
concentrates in CLX containers: effect of type of agitation. Vox Sang 1983; 45:432-
437. 

94 Valeri CR: Hemostatic effectiveness of liquid-preserved and previously frozen human 
platelets. N Engl J Med 1974; 290:353-358. 

95 Simon TL, Murphy S: Normal viability of platelet concentrates obtained from CPDA-
1 blood after storage in CL-3000 blood containers. Vox Sang 1982; 43:20-22. 

96 Hoffmeister KM, Josefsson EC, Isaac NA, Clausen H, Hartwig JH, Stossel TP: 
Glycosylation restores survival of chilled blood platelets. Science 2003; 301:1531-
1534. 

97 Kilkson H, Holme S, Murphy S: Platelet metabolism during storage of platelet 
concentrates at 22 degrees C. Blood 1984; 64:406-414. 

98 Murphy S, Kahn RA, Holme S, Phillips GL, Sherwood W, Davisson W, Buchholz 
DH: Improved storage of platelets for transfusion in a new container. Blood 1982; 
60:194-200. 

99 Simon TL, Nelson EJ, Carmen R, Murphy S: Extension of platelet concentrate 
storage. Transfusion 1983; 23:207-212. 

100 Gulliksson H, Shanwell A, Wikman A, Reppucci AJ, Sallander S, Uden AM: Storage 
of platelets in a new plastic container. Polyvinyl chloride plasticized with butyryl-n-
trihexyl citrate. Vox Sang 1991; 61:165-170. 

101 Turner VS, Mitchell SG, Kang SK, Hawker RJ: A comparative study of platelets 
stored in polyvinyl chloride containers plasticised with butyryl trihexyl citrate or 
triethylhexyl trimellitate. Vox Sang 1995; 69:195-200. 

102 Edenbrandt CM, Murphy S: Adenine and guanine nucleotide metabolism during 
platelet storage at 22 degrees C. Blood 1990; 76:1884-1892. 

103 Guppy M, Whisson ME, Sabaratnam R, Withers P, Brand K: Alternative fuels for 
platelet storage: a metabolic study. Vox Sang 1990; 59:146-152. 

104 Murphy S: The efficacy of synthetic media in the storage of human platelets for 
transfusion. Transfus Med Rev 1999; 13:153-163. 

105 Cesar J, DiMinno G, Alam I, Silver M, Murphy S: Plasma free fatty acid metabolism 
during storage of platelet concentrates for transfusion. Transfusion 1987; 27:434-437. 

106 Moroff G, Friedman A, Robkin-Kline L: Factors influencing changes in pH during 
storage of platelet concentrates at 20-24 degree C. Vox Sang 1982; 42:33-45. 

107 Holme S: Effect of additive solutions on platelet biochemistry. Blood Cells 1992; 
18:421-430. 

108 Murphy S, Shimizu T, Miripol J: Platelet storage for transfusion in synthetic media: 
further optimization of ingredients and definition of their roles. Blood 1995; 86:3951-
3960. 

109 Rock G, Figueredo A: Metabolic changes during platelet storage. Transfusion 1976; 
16:571-579. 

110 de Wildt-Eggen J, Nauta S, Schrijver JG, van Marwijk Kooy M, Bins M, van Prooijen 
HC: Reactions and platelet increments after transfusion of platelet concentrates in 

 47



plasma or an additive solution: a prospective, randomized study. Transfusion 2000; 
40:398-403. 

111 Gulliksson H: Storage of platelets in additive solutions: the effect of citrate and acetate 
in in vitro studies. Transfusion 1993; 33:301-303. 

112 Gulliksson H, Eriksson L, Högman CF, Payrat JM: Buffy-coat-derived platelet 
concentrates prepared from half-strength citrate CPD and CPD whole-blood units. 
Comparison between three additive solutions: in vitro studies. Vox Sang 1995; 
68:152-159. 

113 Lin L, Cook DN, Wiesehahn GP, Alfonso R, Behrman B, Cimino GD, Corten L, 
Damonte PB, Dikeman R, Dupuis K, Fang YM, Hanson CV, Hearst JE, Lin CY, 
Londe HF, Metchette K, Nerio AT, Pu JT, Reames AA, Rheinschmidt M, Tessman J, 
Isaacs ST, Wollowitz S, Corash L: Photochemical inactivation of viruses and bacteria 
in platelet concentrates by use of a novel psoralen and long-wavelength ultraviolet 
light. Transfusion 1997; 37:423-435. 

114 Adams GA, Rock G: Storage of human platelet concentrates in an artificial medium 
without dextrose. Transfusion 1988; 28:217-220. 

115 Gulliksson H, AuBuchon JP, Vesterinen M, Sandgren P, Larsson S, Pickard CA, 
Herschel I, Roger J, Tracy JE, Langweiler M: Storage of platelets in additive 
solutions: a pilot in vitro study of the effects of potassium and magnesium. Vox Sang 
2002; 82:131-136. 

116 Ringwald J, Zimmermann R, Eckstein R: The new generation of platelet additive 
solution for storage at 22 degrees C: development and current experience. Transfus 
Med Rev 2006; 20:158-164. 

117 Heddle NM, Kelton JG. Febrile nonhemolytic transfusion reactions. In: Popovsky 
MA, ed. Transfusion reactions. Bethesda: AABB Press, 1996:45-80. 

118 Miller RL: Blood component therapy. Orthop Nurs 2001; 20:57-65. 
119 Stroncek DF, Rebulla P: Platelet transfusions. Lancet 2007; 370:427-438. 
120 Davenport RD. Hemolytic transfusion reactions. In: Popovsky MA, ed. Transfusion 

reactions. Bethesda: AABB Press, 1996:1-44. 
121 McCullough J: Current issues with platelet transfusion in patients with cancer. Semin 

Hematol 2000; 37:3-10. 
122 Leukocyte reduction and ultraviolet B irradiation of platelets to prevent 

alloimmunization and refractoriness to platelet transfusions. The Trial to Reduce 
Alloimmunization to Platelets Study Group. N Engl J Med 1997; 337:1861-1869. 

123 Heyman MR, Schiffer CA: Platelet transfusion therapy for the cancer patient. Semin 
Oncol 1990; 17:198-209. 

124 Popovsky MA. Transfusion-related acute lung injury (TRALI). In: Popovsky MA, ed. 
Transfusion reactions. Bethesda: AABB Press, 1996:167-183. 

125 Brubaker DB: Human posttransfusion graft-versus-host disease. Vox Sang 1983; 
45:401-420. 

126 Guidelines on gamma irradiation of blood components for the prevention of 
transfusion-associated graft-versus-host disease. BCSH Blood Transfusion Task 
Force. Transfus Med 1996; 6:261-271. 

127 Luban NL, Drothler D, Moroff G, Quinones R: Irradiation of platelet components: 
inhibition of lymphocyte proliferation assessed by limiting-dilution analysis. 
Transfusion 2000; 40:348-352. 

128 Button LN, DeWolf WC, Newburger PE, Jacobson MS, Kevy SV: The effects of 
irradiation on blood components. Transfusion 1981; 21:419-426. 

129 Moroff G, George VM, Siegl AM, Luban NL: The influence of irradiation on stored 
platelets. Transfusion 1986; 26:453-456. 

 48



130 Rock G, Adams GA, Labow RS: The effects of irradiation on platelet function. 
Transfusion 1988; 28:451-455. 

131 Slichter SJ, Davis K, Enright H, Braine H, Gernsheimer T, Kao KJ, Kickler T, Lee E, 
McFarland J, McCullough J, Rodey G, Schiffer CA, Woodson R: Factors affecting 
posttransfusion platelet increments, platelet refractoriness, and platelet transfusion 
intervals in thrombocytopenic patients. Blood 2005; 105:4106-4114. 

132 Kuehnert MJ, Roth VR, Haley NR, Gregory KR, Elder KV, Schreiber GB, Arduino 
MJ, Holt SC, Carson LA, Banerjee SN, Jarvis WR: Transfusion-transmitted bacterial 
infection in the United States, 1998 through 2000. Transfusion 2001; 41:1493-1499. 

133 Lin L, Dikeman R, Molini B, Lukehart SA, Lane R, Dupuis K, Metzel P, Corash L: 
Photochemical treatment of platelet concentrates with amotosalen and long-
wavelength ultraviolet light inactivates a broad spectrum of pathogenic bacteria. 
Transfusion 2004; 44:1496-1504. 

134 Knutson F, Alfonso R, Dupuis K, Mayaudon V, Lin L, Corash L, Högman CF: 
Photochemical inactivation of bacteria and HIV in buffy-coat-derived platelet 
concentrates under conditions that preserve in vitro platelet function. Vox Sang 2000; 
78:209-216. 

135 McCullough J, Vesole DH, Benjamin RJ, Slichter SJ, Pineda A, Snyder E, Stadtmauer 
EA, Lopez-Plaza I, Coutre S, Strauss RG, Goodnough LT, Fridey JL, Raife T, Cable 
R, Murphy S, Howard Ft, Davis K, Lin JS, Metzel P, Corash L, Koutsoukos A, Lin L, 
Buchholz DH, Conlan MG: Therapeutic efficacy and safety of platelets treated with a 
photochemical process for pathogen inactivation: the SPRINT Trial. Blood 2004; 
104:1534-1541. 

136 Grass JA, Wafa T, Reames A, Wages D, Corash L, Ferrara JL, Lin L: Prevention of 
transfusion-associated graft-versus-host disease by photochemical treatment. Blood 
1999; 93:3140-3147. 

137 Corash L, Lin L: Novel processes for inactivation of leukocytes to prevent 
transfusion-associated graft-versus-host disease. Bone Marrow Transplant 2004; 33:1-
7. 

138 van Rhenen DJ, Vermeij J, Mayaudon V, Hind C, Lin L, Corash L: Functional 
characteristics of S-59 photochemically treated platelet concentrates derived from 
buffy coats. Vox Sang 2000; 79:206-214. 

139 Ciaravino V, McCullough T, Dayan A: Pharmacokinetic and toxicology assessment of 
INTERCEPT (S-59 and UVA treated) platelets. Hum Exp Toxicol 2001; 20:533-550. 

140 Janetzko K, Lin L, Eichler H, Mayaudon V, Flament J, Kluter H: Implementation of 
the INTERCEPT Blood System for Platelets into routine blood bank manufacturing 
procedures: evaluation of apheresis platelets. Vox Sang 2004; 86:239-245. 

141 Snyder E, Raife T, Lin L, Cimino G, Metzel P, Rheinschmidt M, Baril L, Davis K, 
Buchholz DH, Corash L, Conlan MG: Recovery and life span of 111indium-
radiolabeled platelets treated with pathogen inactivation with amotosalen HCl (S-59) 
and ultraviolet A light. Transfusion 2004; 44:1732-1740. 

142 van Rhenen D, Gulliksson H, Cazenave JP, Pamphilon D, Ljungman P, Kluter H, 
Vermeij H, Kappers-Klunne M, de Greef G, Laforet M, Lioure B, Davis K, Marblie S, 
Mayaudon V, Flament J, Conlan M, Lin L, Metzel P, Buchholz D, Corash L: 
Transfusion of pooled buffy coat platelet components prepared with photochemical 
pathogen inactivation treatment: the euroSPRITE trial. Blood 2003; 101:2426-2433. 

143 Simonsen AC, Johansson PI, Conlan MG, Jacquet M, Lin JS, Junge K, Lin L, 
Sorensen H, Borregaard N, Flament J: Transfusion of 7-day-old amotosalen 
photochemically treated buffy-coat platelets to patients with thrombocytopenia: a pilot 
study. Transfusion 2006; 46:424-433. 

 49



144 Slichter SJ, Raife TJ, Davis K, Rheinschmidt M, Buchholz DH, Corash L, Conlan 
MG: Platelets photochemically treated with amotosalen HCl and ultraviolet A light 
correct prolonged bleeding times in patients with thrombocytopenia. Transfusion 
2006; 46:731-740. 

145 Murphy S, Snyder E, Cable R, Slichter SJ, Strauss RG, McCullough J, Lin JS, Corash 
L, Conlan MG: Platelet dose consistency and its effect on the number of platelet 
transfusions for support of thrombocytopenia: an analysis of the SPRINT trial of 
platelets photochemically treated with amotosalen HCl and ultraviolet A light. 
Transfusion 2006; 46:24-33. 

146 Slichter SJ: Platelet transfusion therapy. Hematol Oncol Clin North Am 1990; 4:291-
311. 

147 Schlossberg HR, Herman JH: Platelet dosing. Transfus Apher Sci 2003; 28:221-226. 
148 Harker LA, Slichter SJ: The bleeding time as a screening test for evaluation of platelet 

function. N Engl J Med 1972; 287:155-159. 
149 Rodgers RP, Levin J: A critical reappraisal of the bleeding time. Semin Thromb 

Hemost 1990; 16:1-20. 
150 Dumont LJ, AuBuchon JP, Gulliksson H, Slichter SJ, Elfath MD, Holme S, Murphy 

JR, Rose LE, Popovsky MA, Murphy S: In vitro pH effects on in vivo recovery and 
survival of platelets: an analysis by the BEST Collaborative. Transfusion 2006; 
46:1300-1305. 

151 Dumont LJ, VandenBroeke T: Seven-day storage of apheresis platelets: report of an in 
vitro study. Transfusion 2003; 43:143-150. 

152 AuBuchon JP, Taylor H, Holme S, Nelson E: In vitro and in vivo evaluation of 
leukoreduced platelets stored for 7 days in CLX containers. Transfusion 2005; 
45:1356-1361. 

153 Apelseth TO, Bruserud O, Wentzel-Larsen T, Bakken AM, Bjorsvik S, Hervig T: In 
vitro evaluation of metabolic changes and residual platelet responsiveness in 
photochemical treated and gamma-irradiated single-donor platelet concentrates during 
long-term storage. Transfusion 2007; 47:653-665. 

154 Svendsen MS, Rojkjaer R, Kristensen AT, Salado-Jimena JA, Kjalke M, Johansson 
PI: Impairment of the hemostatic potential of platelets during storage as evaluated by 
flow cytometry, thrombin generation, and thrombelastography under conditions 
promoting formation of coated platelets. Transfusion 2007; 47:2057-2065. 

155 Holme S, Heaton WA, Courtright M: Platelet storage lesion in second-generation 
containers: correlation with platelet ATP levels. Vox Sang 1987; 53:214-220. 

156 Sweeney JD, Holme S, Moroff G: Storage of apheresis platelets after gamma 
radiation. Transfusion 1994; 34:779-783. 

157 Bertolini F, Murphy S: A multicenter inspection of the swirling phenomenon in 
platelet concentrates prepared in routine practice. Biomedical Excellence for Safer 
Transfusion (BEST) Working Party of the International Society of Blood Transfusion. 
Transfusion 1996; 36:128-132. 

158 Valeri CR, Feingold H, Marchionni LD: The relation between response to hypotonic 
stress and the 51Cr recovery in vivo of preserved platelets. Transfusion 1974; 14:331-
337. 

159 Okada Y, Maeno E, Shimizu T, Dezaki K, Wang J, Morishima S: Receptor-mediated 
control of regulatory volume decrease (RVD) and apoptotic volume decrease (AVD). 
J Physiol 2001; 532:3-16. 

160 Kim BK, Baldini MG: The platelet response to hypotonic shock. Its value as an 
indicator of platelet viability after storage. Transfusion 1974; 14:130-138. 

 50



161 George JN, Pickett EB, Heinz R: Platelet membrane glycoprotein changes during the 
preparation and storage of platelet concentrates. Transfusion 1988; 28:123-126. 

162 Fijnheer R, Modderman PW, Veldman H, Ouwehand WH, Nieuwenhuis HK, Roos D, 
de Korte D: Detection of platelet activation with monoclonal antibodies and flow 
cytometry. Changes during platelet storage. Transfusion 1990; 30:20-25. 

163 Rinder HM, Snyder EL, Bonan JL, Napychank PA, Malkus H, Smith BR: Activation 
in stored platelet concentrates: correlation between membrane expression of P-
selectin, glycoprotein IIb/IIIa, and beta-thromboglobulin release. Transfusion 1993; 
33:25-29. 

164 Leytin V, Allen DJ, Gwozdz A, Garvey B, Freedman J: Role of platelet surface 
glycoprotein Ibalpha and P-selectin in the clearance of transfused platelet 
concentrates. Transfusion 2004; 44:1487-1495. 

165 Turner CP, Sutherland J, Wadhwa M, Dilger P, Cardigan R: In vitro function of 
platelet concentrates prepared after filtration of whole blood or buffy coat pools. Vox 
Sang 2005; 88:164-171. 

166 Metcalfe P, Williamson LM, Reutelingsperger CP, Swann I, Ouwehand WH, Goodall 
AH: Activation during preparation of therapeutic platelets affects deterioration during 
storage: a comparative flow cytometric study of different production methods. Br J 
Haematol 1997; 98:86-95. 

167 Rinder HM, Smith BR: In vitro evaluation of stored platelets: is there hope for 
predicting posttransfusion platelet survival and function? Transfusion 2003; 43:2-6. 

168 Rinder HM, Murphy M, Mitchell JG, Stocks J, Ault KA, Hillman RS: Progressive 
platelet activation with storage: evidence for shortened survival of activated platelets 
after transfusion. Transfusion 1991; 31:409-414. 

169 Rinder HM, Bonan JL, Rinder CS, Ault KA, Smith BR: Dynamics of leukocyte-
platelet adhesion in whole blood. Blood 1991; 78:1730-1737. 

170 Hoffmeister KM, Felbinger TW, Falet H, Denis CV, Bergmeier W, Mayadas TN, von 
Andrian UH, Wagner DD, Stossel TP, Hartwig JH: The clearance mechanism of 
chilled blood platelets. Cell 2003; 112:87-97. 

171 Dumont LJ, AuBuchon JP, Whitley P, Herschel LH, Johnson A, McNeil D, Sawyer S, 
Roger JC: Seven-day storage of single-donor platelets: recovery and survival in an 
autologous transfusion study. Transfusion 2002; 42:847-854. 

172 Slichter SJ, Bolgiano D, Jones MK, Christoffel T, Corson J, Rose L, Foley J, 
Popovsky M, Baril LL, Corda T, Dincecco DM, Snyder EL: Viability and function of 
8-day-stored apheresis platelets. Transfusion 2006; 46:1763-1769. 

173 Cardigan R, Turner C, Harrison P: Current methods of assessing platelet function: 
relevance to transfusion medicine. Vox Sang 2005; 88:153-163. 

174 Kattlove HE, Alexander B, White F: The effect of cold on platelets. II. Platelet 
function after short-term storage at cold temperatures. Blood 1972; 40:688-696. 

175 Hansson KM, Tengvall P, Lundström I, Rånby M, Lindahl TL: Surface plasmon 
resonance and free oscillation rheometry in combination: a useful approach for studies 
on haemostasis and interactions between whole blood and artificial surfaces. Biosens 
Bioelectron 2002; 17:747-759. 

176 Ramström S, Rånby M, Lindahl TL: Effects of inhibition of P2Y(1) and P2Y(12) on 
whole blood clotting, coagulum elasticity and fibrinolysis resistance studied with free 
oscillation rheometry. Thromb Res 2003; 109:315-322. 

177 Rånby M, Ramström S, Svensson PO, Lindahl TL: Clotting time by free oscillation 
rheometry and visual inspection and a viscoelastic description of the clotting 
phenomenon. Scand J Clin Lab Invest 2003; 63:397-406. 

 51



178 Luddington RJ: Thrombelastography/thromboelastometry. Clin Lab Haematol 2005; 
27:81-90. 

179 Mallett SV, Cox DJ: Thrombelastography. Br J Anaesth 1992; 69:307-313. 
180 Vig S, Chitolie A, Bevan DH, Halliday A, Dormandy J: Thromboelastography: a 

reliable test? Blood Coagul Fibrinolysis 2001; 12:555-561. 
181 Cammerer U, Dietrich W, Rampf T, Braun SL, Richter JA: The predictive value of 

modified computerized thromboelastography and platelet function analysis for 
postoperative blood loss in routine cardiac surgery. Anesth Analg 2003; 96:51-57. 

182 Carter NP, Meyer EW. Introduction to the principles of flow cytometry. In: Ormerod 
MG, ed. Flow cytometry: A practical approach. Oxford: Oxford University Press, 
1990:1-28. 

183 Schmitz G, Rothe G, Ruf A, Barlage S, Tschope D, Clemetson KJ, Goodall AH, 
Michelson AD, Nurden AT, Shankey TV: European Working Group on Clinical Cell 
Analysis: Consensus protocol for the flow cytometric characterisation of platelet 
function. Thromb Haemost 1998; 79:885-896. 

184 Michelson AD, Barnard MR, Krueger LA, Frelinger AL, 3rd, Furman MI: Evaluation 
of platelet function by flow cytometry. Methods 2000; 21:259-270. 

185 Lindahl TL, Festin R, Larsson A: Studies of fibrinogen binding to platelets by flow 
cytometry: an improved method for studies of platelet activation. Thromb Haemost 
1992; 68:221-225. 

186 Burghardt WR, Goldstick TK, Leneschmidt J, Kempka K: Nonlinear viscoelasticity 
and the thrombelastograph: 1. Studies on bovine plasma clots. Biorheology 1995; 
32:621-630. 

187 Reid TJ, Snider R, Hartman K, Greilich PE, Carr ME, Alving BM: A method for the 
quantitative assessment of platelet-induced clot retraction and clot strength in fresh 
and stored platelets. Vox Sang 1998; 75:270-277. 

188 Gottumukkala VN, Sharma SK, Philip J: Assessing platelet and fibrinogen 
contribution to clot strength using modified thromboelastography in pregnant women. 
Anesth Analg 1999; 89:1453-1455. 

189 Steer PL, Krantz HB: Thromboelastography and Sonoclot analysis in the healthy 
parturient. J Clin Anesth 1993; 5:419-424. 

190 Sharma SK, Philip J, Wiley J: Thromboelastographic changes in healthy parturients 
and postpartum women. Anesth Analg 1997; 85:94-98. 

191 Gorton HJ, Warren ER, Simpson NA, Lyons GR, Columb MO: Thromboelastography 
identifies sex-related differences in coagulation. Anesth Analg 2000; 91:1279-1281. 

192 Logistics of platelet concentrates. Vox Sang 2007; 92:160-181. 
193 Ringwald J, Zingsem J, Zimmermann R, Strasser E, Antoon M, Eckstein R: First 

comparison of productivity and citrate donor load between the Trima version 4 (dual-
stage filler) and the Trima Accel (single-stage filler) in the same donors. Vox Sang 
2003; 85:267-275. 

194 Shanwell A, Diedrich B, Falker C, Jansson B, Sandgren P, Sundkvist L, Svensson L, 
Vesterinen M, Gulliksson H: Paired in vitro and in vivo comparison of apheresis 
platelet concentrates stored in platelet additive solution for 1 versus 7 days. 
Transfusion 2006; 46:973-979. 

195 Goodrich RP, Li J, Pieters H, Crookes R, Roodt J, Heyns Adu P: Correlation of in 
vitro platelet quality measurements with in vivo platelet viability in human subjects. 
Vox Sang 2006; 90:279-285. 

196 Jilma-Stohlawetz P, Horvath M, Eichelberger B, Koren D, Jilma B, Panzer S: Platelet 
function under high-shear conditions from platelet concentrates. Transfusion 2008; 
48:129-135. 

 52



197 Stohlawetz P, Hergovich N, Stiegler G, Eichler HG, Hocker P, Kapiotis S, Jilma B: 
Differential induction of P-selectin expression on platelets by two cell separators 
during plateletpheresis and the effect of gender on the release of soluble P-selectin. 
Transfusion 1998; 38:24-30. 

198 Hagberg IA, Akkok CA, Lyberg T, Kjeldsen-Kragh J: Apheresis-induced platelet 
activation:comparison of three types of cell separators. Transfusion 2000; 40:182-192. 

199 Perseghin P, Mascaretti L, Speranza T, Belotti D, Baldini V, Dassi M, Riva M, 
Pogliani EM, Sciorelli G: Platelet activation during plasma-reduced multicomponent 
PLT collection: a comparison between COBE Trima and Spectra LRS turbo cell 
separators. Transfusion 2004; 44:125-130. 

200 Gutensohn K, Geidel K, Kroeger N, Eifrig B, Crespeigne N, Kuehnl P: Platelet 
function testing in apheresis products: flow cytometric, resonance thrombographic 
(RTG) and rotational thrombelastographic (roTEG) analyses. Transfus Apher Sci 
2002; 26:147-155. 

201 Zimmermann R, Schmidt S, Zingsem J, Glaser A, Weisbach V, Ruf A, Eckstein R: 
Effect of gamma radiation on the in vitro aggregability of WBC-reduced apheresis 
platelets. Transfusion 2001; 41:236-242. 

202 van der Meer PF, Pietersz RN: Gamma irradiation does not affect 7-day storage of 
platelet concentrates. Vox Sang 2005; 89:97-99. 

203 Bessos H, Atkinson A, Murphy WG, McGill A, Robertson M, Seghatchian MJ, 
Vickers M, Bishop D, Tandy N: A comparison of in vitro storage markers between 
gamma-irradiated and non-irradiated apheresis platelet concentrates (APC). Transfus 
Sci 1995; 16:131-134. 

204 Apelseth TO, Hervig TA, Wentzel-Larsen T, Bruserud O: Cytokine accumulation in 
photochemically treated and gamma-irradiated platelet concentrates during storage. 
Transfusion 2006; 46:800-810. 

205 Curvers J, van Pampus EC, Feijge MA, Rombout-Sestrienkova E, Giesen PL, 
Heemskerk JW: Decreased responsiveness and development of activation markers of 
PLTs stored in plasma. Transfusion 2004; 44:49-58. 

206 Cauwenberghs S, van Pampus E, Curvers J, Akkerman JW, Heemskerk JW: 
Hemostatic and signaling functions of transfused platelets. Transfus Med Rev 2007; 
21:287-294. 

 
 
 
 
 

 53



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.496 x 9.449 inches / 165.0 x 240.0 mm
     Shift: none
     Normalise (advanced option): 'improved'
      

        
     4
            
       D:20070221161557
       680.3150
       S-5
       Blank
       467.7165
          

     Tall
     1
     0
     Full
     314
     236
    
     None
     Right
     4.5354
     0.0000
            
                
         Both
         9
         AllDoc
         16
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1c
     Quite Imposing Plus 2
     1
      

        
     0
     112
     111
     112
      

   1
  

 HistoryList_V1
 qi2base




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (ISO Coated v2 300% \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (ISO Coated v2 300% \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




