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GeneralGeneral Introduction 

GENERALL  INTRODUCTIO N 

Togetherr with the coagulation system, platelets constitute a major defence of 
thee organism against blood loss. Among circulating blood cells, platelets are the 
smallest.. They have a diameter of about 4 u,m, are about 1 u,m thick and their 
volumee is about 7 femtoliter [1]. Main platelet constituents are granules, containing 
coagulationn factors and other solutes such as calcium, ADP, ATP, B-
thromboglobulin,, platelet factor 4, fibrinogen, platelet-derived growth factor, factor 
V,, thrombospondin, fibronectin, albumin histidine-rich protein, high-molecular 
weightt kininogen (HMWK), alpha-antitrypsin etc. On the outer cell membrane, 
plateletss express membrane glycoproteins that function as receptors for agonists. 
Thesee receptors can induce platelet activation (granule secretion) and play a role in 
platelett aggregation, binding to leukocytes and adhesion to surfaces such as a 
damagedd vascular wall and artificial surfaces. The processes of adhesion, 
aggregationn and release of platelet constituents are essential for the formation of the 
haemostaticc plug. 

Inn healthy individuals, platelet numbers vary between 150 and 300 x 109 per 
litree of blood. Due to a variety of diseases, serious blood loss or treatment with 
cytostaticc agents, platelet numbers may drop below a critical level, which poses 
seriouss risks, including death. Because platelets are essential for the prevention of 
spontaneouss or posttraumatic bleeding, there may be a need to transfuse platelets 
whenn serious shortage exists or is pending. Besides determination of the platelet 
count,, the bleeding time is one of the parameters to measure the effectiveness of 
platelett transfusions. The bleeding time is prolonged when the platelet count has 
droppedd below 50 x 109 per litre or when platelet function is disturbed (such as after 
administrationn of certain drugs). 

Platelett transfusions are indicated in patients with a serious shortage of 
plateletss combined with an increased risk of bleeding. A less restrictive transfusion 
policyy wil l enhance the risk of alloimmunisation, which complicates further 
therapy.. Clinical studies suggest that platelet transfusions are only needed in the 
absencee of overt bleeding when the number of platelets is 10 x 109 platelets per litre 
off  blood or less [2-4]. For this purpose, a dose of 240-300 x 109 platelets per 
transfusionn is administered. These platelets are collected by apheresis or from 4-6 
wholee blood donations and pooled after isolation. 

Inn The Netherlands, about 225,000 out of a total number of 713,000 donor 
unitss of whole blood collected in 1998 were used for preparation and transfusion of 
platelett concentrates (PCs). Besides PC derived from whole blood units, about 
2,6000 PCs were prepared via apheresis and used for transfusion. During the last 
decade,, the number of units used for PC preparation increased from 118,000 in 
19866 to 233,000 in 1996; thereafter, the number more or less stabilised. The 
numberr of apheresis PC increased from 1,600 in 1987 to 2,600 units in 1995, with a 
minimumm of 1,300 units in 1989 (Annual reports 1995 and 1998 of Sanquin Blood 
Supplyy Foundation, The Netherlands). 
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1.11 Origi n of platelets 
Plateletss are anucleated fragments of megakaryocytes. Megakaryocytes are 

derivedd from pluripotent hematopoietic stem cells in the bone marrow, through a 
processs that is regulated by cytokines and growth factors. The growth of the most 
primitivee human stem cells (so-called high-proliferative-potential colony-forming-
unitt megakaryocytes) is regulated by several not yet precisely characterised factors. 
Inn murine models, however, comparable cells differentiate through IL-1, IL-3, IL-6, 
IL-111 into burst-forming-unit megakaryocytes, which express CD34 (stem cell 
marker)) and c-kit (stem cell factor receptor) molecules on their surface [5;6]. These 
cellss are capable of producing numerous colony-forming unit-megakaryocytes, 
whichh differentiate in promegakaryoblasts and subsequently into megakaryoblasts. 
Uponn maturation, megakaryoblasts acquire specific platelet membrane integrins 
suchh as glycoprotein lb (Gplb) and GpIIb/ Ilia, after which mitosis is not possible 
anymore.. These cells have the unique ability to carry out endoreduplication that 
resultss in mature megakaryocytes with tabulated nuclei and abundant cytoplasm, 
producingg hyperploid cells up to 128N. After invagination of the megakaryocyte 
celll  membrane (demarcation membrane containing Gplb and GpIIb/IIIa), platelets 
aree formed by a process of shedding. It is thought that this occurs via 
transendotheliall  pseudopods that arise from the megakaryocyte and traverse the 
vascularr endothelium, allowing megakaryocyte cytoplasmic fragments access to the 
circulatingg blood. In healthy individuals about 200 x 109 platelets per day are 
formedd through this process. About 30% of these platelets are initially stored in the 
spleen,, where they are exchanged with circulating platelets. After a life span of 9 to 
144 days, circulating platelets are broken down by the reticuloendothelial system 
[5]--

1.22 Blood coagulation, function of platelets 
Forr haemostatic plug formation, platelets form aggregates after adhesion, 

activationn and secretion of their granule contents, while the process of coagulation 
producess fibrin deposits through a series of enzymatic steps that culminate in 
thrombinn and fibrin generation [7;8]. Haemostasis is a complex system of activating 
andd inhibiting processes in which blood vessels, platelets, coagulation factors and 
coagulationn inhibitors and fibrinolysis play a role. 

Thee principal function of platelets is the formation of an aggregate 
(thrombus)) or haemostatic plug and to provide substances, which stimulate the 
releasee reaction and aggregation of platelets and activation of the coagulation 
system.. The process of platelet activation starts with adhesion of platelets to 
collagenn fibres in the vessel wall upon vascular injury [9; 10]. Within a few seconds 
foreignn surfaces may also induce platelet adhesion and activation [11]. Collagen 
fibress activate both platelets and clotting factor XII via so-called contact activation 
[12].. Activated factor Xll a initiates the intrinsic coagulation cascade [11], a series 
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GeneralGeneral Introduction 

off  closely linked proteolytic reactions during which clotting factors are converted 
fromm an inactive into an activated state, finally leading to fibrin formation (fig. 1.1). 
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Fig.. 1.1 - The intrinsic and extrinsic coagulation pathway 

Fibrinn fibres function as a net to capture platelets, leukocytes and red cells, and 
oncee a thrombus is formed, clot retraction expels water from the plug. The second 
coagulationn pathway, called extrinsic, starts when tissue thromboplastin is set free 
afterr injury and forms a complex with factor VII that, in turn, becomes activated. 
Activatedd factor VII initiates activation of factor X (after which both coagulation 
pathwayss follow a common route) which starts the conversion of prothrombin into 
thrombin.. This leads to conversion of fibrinogen in fibrin monomers that after 
polymerisationn form fibrin fibres mainly formed outside the blood vessel [13]. For 
furtherr details see Hutton et al. [5]. 

Besidess collagen fibres, platelets are also activated by agonists such as von 
Willebrandd factor (vWF), which is synthesised by endothelial cells and 
megakaryocytes.. vWF is stored in endothelial secretory granules, called Weibel-
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Paladee bodies, and in alpha granules of platelets. Thrombin, histamine, and other 
mediatorss of thrombosis or inflammation can cause acute release of Weibel-Palade 
bodiess through an increase in intracellular free calcium and a cascade of 
intracellularr reactions [14-16]. Activation of platelets involves a number of trans-
membranee signalling events, oxygen consumption and cytoplasmic 
reorganisation/pseudopodd formation, accompanied by granule secretion. Agonists 
likee collagen, thrombin, ADP, phorbol esters and epinephrine induce platelet alpha-
granulee release. Following the release of alpha granules and Weibel-Palade bodies, 
freee vWF can bind to membrane glycoproteins on collagen and platelet membranes 
[14;16-19]. . 

Platelett adhesion to sub-endothelium or perivascular connective tissue upon 
vessell  wall damage requires a high shear rate and binding between Gplb and vWF 
[7;20].. It has been hypothesised that high shear rates (600-3000 s"1) alter the 
conformationn of Gplb and/or vWF, whereas at static conditions, Gplb and vWF 
havee no affinity for each other. Gplb is a disulphide-bonded heterodimer composed 
off  an alpha (143 kDa) and beta (22 kDa) chain. This dimer is non-covalently 
associatedd with a separate glycoprotein IX. This complex (GpIb-IX) is the surface 
receptorr for platelet adhesion (fig. 1.2). vWF forms a bridge between type VI-
collagenn expressed on the sub-endothelial surface and Gplb in the complex. 
Vascularr endothelial cells secrete vWF to both the lumen and the sub-endothelial 
surface. . 

\\ Platelet cytoskeleton / 

,, rlatelei membrane 
-s-s-jj  i I 

GpIX X 

ii  -<mmB> | 
Gplb b 

Fig.. 1.2 - Gplb, a disulphide-bonded heterodimer composed of an alpha and beta 
chain. . 

Adhesionn of platelets is not related to vWF and Gplb interaction and occurs at shear 
ratess less than 600 s"1. Activated as well as non-activated platelets are both involved 
inn adhesion. Molecules on the platelet membrane belonging to the integrin family of 
receptorss mediate platelet adhesion [5]. 
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Too activate the coagulation system and promote clot formation, platelets 
containn the following structures: 

1.. A plasma membrane covered with adsorbed proteins such as von 
Willebrand-factorr (GpIb-IX), [5]; 

2.. A cytoskeleton existing of microtubili and different proteins that 
maintainss the discoid shape of the platelet [5]; 

3.. Secretion granules which can be divided in dense granules, alpha 
granuless and lysosomal granules [5;21]; 

4.. A tubular system that can be divided into surface connecting tubules 
thatt function as excretory duct, and a dense tubular system where 
prostaglandinn synthesis and calcium deposit are situated [5]; 

5.. Mitochondria in which the oxygen-dependent energy supply is located 
[5]; ; 

6.. Glycoproteins (membrane receptors) on the outer membrane that can 
bindd to white cells and other platelets after activation [22; 23]. 

Forr more detailed information about the regulation of haemostasis and the role of 
platelets,, see Hutton etal. [5]. 

1.33 Platelet abnormalities 
Platelett abnormalities include abnormal platelet number as well as decreased 

platelett function. In transfusion practice, severe thrombocytopenias are treated with 
platelett transfusions. Thrombocytopathies, which indicate disorders due to platelet 
functionn aberrations, are usually not treated by platelet transfusions except for cases 
inn which an acute bleeding crisis occurs. Thrombocytopathies will not be discussed 
inn this introduction (for further reading see Bellucci-Sessa et al. [24].) 

AA severe drop in the number of platelets (thrombocytopenia) may occur as a 
resultt of de-creased platelet production due to bone-marrow failure in diseases such 
ass leukaemia, myelodysplastic syndrome and by certain drugs, or infiltration of 
bonee marrow by solid tumour metastases. Furthermore, thrombocytopenia is a 
frequentt side effect of cancer therapy due to toxic effects on bone-marrow cells. 

AA second mechanism for the development of thrombocytopenia is excessive 
platelett consumption, which occurs in patients with various auto-immune disorders 
suchh as idiopathic thrombocytopenic purpura, splenomegaly, sepsis and diffuse 
intravascularr coagulation (for detailed review see George et al. [25]). 

Itt is now possible to discriminate between a lack of platelets due to increased 
platelett destruction versus decreased production, by measuring the glycocalicin 
levell  and the thrombopoietin (TPO) level in plasma or serum [26-29]. Glycocalicin, 
aa proteolytic fragment of Gplb on the platelet membrane containing the vWF-
bindingg site, is set free in the supernatant after platelet activation or destruction. 
TPOO is a growth factor of megakaryocytes that stimulates maturation and 
proliferationn of these cells, thus influencing the platelet number. In primary and 

15 5 



ChapterChapter 1 

secondaryy idiopathic autoimmune thrombocytopenia (AITP), TPO levels are within 
thee normal range or in slightly increased some cases, whereas glycocalicin levels 
aree normal. In contrast, patients with amegakaryocytic thrombocytopenia have 
markedlyy elevated TPO levels and significantly decreased glycocalicin levels. In 
thrombocytopeniaa accompanying various disorders, elevated TPO levels are only 
foundd when platelet production is depressed. The mean level of glycocalicin in 
thesee patients is decreased compared to that in both controls and patients with 
AITP,, but not as low as in amegakaryocytic thrombocytopenia. 

1.44 Indications for  platelet transfusions 
Whenn the number of platelets drops below a critical level, a risk of bleeding 

occurs.. Therapeutic platelet transfusions are given when there is overt bleeding and 
thee platelet count is lower than 50 x 109 per litre. 

Inn the absence of other conditions that may increase the bleeding tendency, 
suchh as trauma or surgery, a threshold of 10-20 x 109 platelets per litre is set as a 
requirementt for prophylactic platelet transfusions. Higher threshold levels are 
appliedd when other factors leading to increased bleeding are present such as sepsis 
andd concurrent use of drugs (e.g. antibiotics) that affect platelet function. 

Prophylacticc transfusions are needed to prevent bleeding mainly in patients 
withh haematological malignancies with bone marrow failure. Based on the expected 
postpost transfusion recovery and life span of transfused platelets, a dose of about 50 x 
100 platelets/kg body weight has been recommended. 

1.55 Preparation of platelet concentrates 
Plateletss are transfused as concentrates prepared from whole-blood units or 

collectedd by apheresis. When prepared from whole blood, two methods are used: 
thee platelet-rich plasma (PRP) method, mainly used in North America, and the 
buffy-coatt (BC) method which is mainly used in Europe. When apheresis is used, 
onee platelet concentrate is made from one donation. In this case, platelets and 
plasmaa are removed from donor blood while red cells are returned to the donor 
duringg the apheresis process. This is achieved by simultaneous centrifugation of the 
collectedd blood during a donation, allowing the immediate return of the red cells to 
thee donor and collecting the separated platelets and plasma from the blood. 
However,, the latter method which provides platelet concentrates with low leukocyte 
contaminationn is rather time-consuming (60-90 minutes) compared to the collection 
off  whole blood units as starting material (about 10 minutes). 
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1.5.11.5.1 Platelet concentrates prepared by the platelet-rich plasma (PRP) method 
Applyingg the PRP method, PCs are prepared from whole blood units (which 

cann be stored overnight at 20°C). With a soft-spin centrifugation step, the blood is 
separatedd into red cells, leukocytes, and a supernatant fraction, platelet-rich plasma. 
PRPP is transferred to a second bag and then centrifuged at high speed to pellet the 
platelets.. The surplus of plasma is removed and the pelleted platelets are 
resuspendedd in 60 ml of residual plasma (fig. 1.3). The process of pelleting platelets 
againstt the plastic container may cause platelet activation [32]. 

1.5.21.5.2 BC-derivedplatelet concentrates 
Afterr (overnight) storage at 20°C, whole blood is centrifuged and separated 

intoo plasma, BC and red cells [30]. The BC, which contains >90% of platelets, 
>75%% of leukocytes and only 5% of red cells [31], is used as the source of platelets. 
Afterr a second centrifugation, platelet-rich supernatant is separated from pelleted 
whitee cells and red cells and transferred into a special container or an empty SAGM 
containerr (fig. 1.3). In this way, PCs of about 60 ml with an average concentration 
off  about 1 x 109 platelets per ml are produced from a single BC. Although 
contaminatingg leukocytes (about 3 x 106) are still present, the number of leukocytes 
inn PC from BC is remarkably lower when compared to concentrates prepared via 
thee PRP method (20-200 x 106). Compared to the PRP method, platelets are less 
activatedd and the platelet recovery is higher [32]. 

Forr transfusion, usually five single PCs are pooled into a volume of about 
3000 ml. For the pooled BC method, 4-6 BCs and a unit of plasma or synthetic 
mediumm are pooled and centrifuged (soft spin). The resulting platelet-rich 
supernatantsupernatant is transferred into a storage bag with high gas-permeability capacity. 
Beforee transfer to the storage bag, PCs may be filtered to remove residual 
leukocytes. . 
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Fig.. 1.3 - Schematic drawing of different PC preparation methods: PPP = platelet-
poorr plasma; PRP = platelet-rich plasma; RBC = red blood cells 

Pooledd and single PCs are stored on a horizontal flatbed shaker at 22°C for a 
maximumm of 5 days. BCs can also be pooled before preparation of PC. After adding 
plasmaa or platelet-additive solution, this pool is centrifuged at soft spin and the 
platelet-richh supernatant is transferred in special PC storage bags. When the pooled-
BCC method is used, the leukocyte concentration is lower and the platelet recovery 
higherr compared to the single-BC method. PCs prepared via the pooled-BC method 
havee to be stored on a horizontal flatbed shaker for a maximum of 5 days in special 
storagee bags with an increased surface for gas exchange. 

Thee main differences between PC prepared by the BC method and by the 
PRPP method are listed in table 1.1. 
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Tablee 1.1: Differences between BC en PRP-prepared PC 

PCC via PRP method PCC via pooled-BC method 
Leukocytee number [33] 

Platelett activation [32;34] 

Platelett yield [34] 

Plasmaa yield [34] 

Approx.. 5% of initial 
donorr unit 

Moree activation during first 
twoo days of storage and 

prolongedd storage 

60-75% % 

Approx.. 0.5% of initial 
donorr unit 

Lesss platelet activation 
duringg storage 

60-75% % 

755 ml more plasma yield 
thann PRP method 

1.66 Risks of platelet transfusion 
Transfusionn of platelets carries a risk of viral, bacterial, and protozoal 

transmissionn and may cause transfusion reactions due to immunomodulation, 
alloimmunisation,, cytokines and/or platelet refractoriness. 

1.6.11.6.1 Viruses 
Viruses,, such as cytomegalo virus (CMV), Human T-cell Lymphotropic 

Viruss type I (HTLV I) and Epstein-Barr Virus (EBV), Hepatitis A, B and C (HAV, 
HBV,, HCV), human immunodeficiency virus (HIV), can be transmitted via various 
bloodd products including platelet concentrates. Leukocyte filtration markedly 
decreasess transmission of some of these viruses and is generally accepted as an 
alternativee for CMV screening [35-37]. 

1.6.21.6.2 Bacteria 
Duee to storage of PC for a maximum of 5 days at 22°C and pooling, there is 

ann increased risk of transfusion-associated infections caused by bacterial 
contamination.. The following micro-organisms have been implicated: 
StreptococcusStreptococcus pyogenes, Staphylococcus aureus, Escherichia coli, Bacillus cereus, 
EnterobacterEnterobacter cloacae, Streptococcus mitis, and Staphylococcus epidermidis [38]. 
Bacteriaa can multiply during storage to high concentrations that can cause serious 
complicationss and even death in recipients. The reported incidence of bacterial 
contaminationn in PC varies from 0.1 to 2.5% depending on culture method used, 
typee of PC (single or pooled units derived from whole blood or apheresis and shelf 
lif ee at time of sampling) [39-41]. The incidence of transfusion-associated infections 
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provenn to be caused by transfusion of bacterially contaminated PCs is much lower, 
i.e.i.e. in the range of 0.005% to 0.14% [42-44], again depending on type and age of 
PCC used for transfusion. These data show that not all bacterially contaminated units 
leadd to detectable transfusion reactions. 

1.6.31.6.3 Infectio us prion protein 
Althoughh it has never been proven, there is concern that the neuro-

degenerativee Creutzfeld-Jakob disease (CJD) may be transmitted by blood or blood 
products.. Besides CJD, there is a new variant (nvCJD) of this disease caused by the 
bovinee spongiform encephalopathy (BSE) agent. This agent, called a prion protein 
(PrPSc,, causing scrapie in sheep and goats), is transmitted by the consumption of 
meatt of BSE-infected cows. Normal prion proteins (PrPc, conventional) are present 
att high levels in neurons and astrocytes within the central nervous system and at 
loww levels in peripheral tissues, including reproductive tract, heart, lungs and 
lymphoidd tissues, such as spleen, tonsils and appendix. Infection with PrPSc can turn 
normall  PrP in PrPSc by conformational changes. Till now, transmission of PrPSc via 
bloodd or blood products has never been proven. In mice, differentiated B cells are 
cruciall  for neuro-invasion by scrapie, regardless of the specificity of their receptors. 
Itt is thought that these cells, which transport prions to the nervous system, do not 
needd to express PrPc for uptake and transportation of prion protein [45;46]. In 
countries,, such as the United Kingdom and Portugal, these findings have led to the 
introductionn of routine leukocyte filtration of all blood components. In recent 
studiess [47;48] however, no infectivity was detected in lymphocytes from 
peripherall  blood. PrPc was expressed at low levels in lymphocytes and at higher 
levelss in follicular dendritic cells, which do not reside in the peripheral blood. It 
wass speculated that there is a possible role of the lymphoreticular system in 
processingg PrPSc before the prions can spread to the central nervous system. 

1.6.41.6.4 Protozoal transmission 
Malariaa and Chagas' disease are of greatest concern when protozoal 

transmissionn via blood transfusion is studied. In particular geographical areas or 
circumstances,, babesia, leishmania and toxoplasmosis may also offer risk. For more 
detailss of the latter three diseases, one is referred to Dodd [49]. 

Chagas'' disease {Trypanosomaniasis) is caused by Trypanosoma cruzi, 
mainlyy found in South America and rarely in North America and Europe, and can 
bee transmitted by blood products. Filtration can remove the protozoa to a great 
extentt [50]. 

Inn addition, malaria can be transmitted by blood; therefore, infected 
individualss who have travelled in endemic areas will be a risk factor for blood 
donationn in non-endemic areas. A one-year deferral for those who have travelled to 
malariouss areas and a longer deferral (up to three years) for those who report a 
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historyy of malaria or those who have been resident in a malaria-endemic country 
cann prevent possible transmission. 

1.6.51.6.5 Cytokines 
Duringg PC storage the concentration of cytokines produced by white cells 

increases,, notably in non-filtered PCs. Therefore, the incidence of febrile, non-
haemolyticc reactions is higher among recipients of non-leukocyte-reduced PCs 
storedd for 4-5 days compared to those stored for 1-2 days. Muylle et al. [51] found 
highh cytokine concentrations (IL-6 and TNF-alpha) in stored PCs, which, after 
transfusion,, caused febrile reactions. These investigators also measured the effect of 
prestoragee removal of leukocytes by filtration and BC removal in PC on the 
cytokinee levels during storage [52] and concluded that this might prevent febrile 
transfusionn reactions. Cytokines do not accumulate during storage of PC collected 
byy apheresis, due to a low initial leukocyte concentration. Heddle et al. [53] found 
thatt cytokine concentrations (IL-1B and IL-6) increased during storage, which did 
nott occur when PC were filtered. With respect to PC preparation, BC-PC is 
preferablee over PRP-PC because of its low leukocyte concentrations and thus lower 
concentrationn of cytokines after storage [52]. 

1.77 Platelet refractoriness 
Althoughh there is no universally accepted definition of "platelet 

refractoriness",, most authors use this term to indicate inadequate platelet increment 
uponn two consecutive platelet transfusions in the absence of clinical factors known 
too affect the platelet response [54-57]. Factors such as platelet quality, non-
alloimmunee conditions and alloimmune factors influence platelet refractoriness. 
Thee PC quality depends on the number of platelets transfused, leukocyte 
contamination,, storage duration, type of storage bags and temperature of storage. 
Non-alloimmunee factors include platelet quality, fever, infection, disseminated 
intravascularr coagulation, circulating immune complexes, bone marrow 
transplantation,, splenomegaly, auto-antibodies and drug-related antibodies. HLA 
antibodies,, platelet-specific antibodies and ABO antibodies may evoke strong 
transfusionn reactions with destruction of donor cells and febrile reactions of the 
patient.. (For overview see Novotny [54]). Leukocyte filtration greatly reduces HLA 
alio-immunisationn through transfusion of PC, although it cannot completely prevent 
platelett refractoriness [54;55]. The method for PC preparation also influences the 
incidencee of non-haemolytic febrile transfusion reactions. Transfusion of PC 
preparedd by the BC method causes significantly less non-haemolytic transfusion 
reactionss compared to PRP-prepared PC [58]. When less than 5 x 106 leukocytes are 
presentt in PC, the formation of HLA antibodies drops to less than 5% of transfused 
patientss [59;60]. However, for prevention of secondary HLA allo-immunisation, 
filtrationfiltration of PC resulting in less than 5 x 106 leukocytes per PC is not effective [61]. 
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1.88 Filtratio n of platelet concentrates 
Dependingg on the preparation method, PCs are contaminated with variable 

numberss of leukocytes, which can cause adverse reactions in patients. These 
adversee reactions can partially be prevented by leukocyte filtration. In some blood 
banks,, this is a routine procedure for all PC, while in other blood banks PCs are 
onlyy filtered when indicated. After April 1, 2000, all PCs prepared in The 
Netherlandss will be filtered. Besides a higher cost aspect, a disadvantage of 
filtrationn is a loss of platelets due to the filtration step. 

1.8.11.8.1 Removal of leukocytes 
Leukocytee filtration of PCs reduces the formation of allo-antibody-mediated 

refractorinesss to platelets given during intensive chemotherapy [54;55]. As 
mentionedd above, antibodies against allo-antigens present on donor platelets and 
leukocytess are major causes of refractoriness to platelet transfusions in patients with 
thrombocytopenia.. These antibodies usually arise in response to HLA class-I 
antigenss on leukocytes and platelets, and less frequently from maternal-foetal 
incompatibilityy or repeated blood transfusions [54]. 

Inn The Netherlands, in single PCs of 40-70 ml, not a maximum of 50 x 106 

leukocytess are allowed in at least 95% of all PCs. In pooled concentrates from 4-6 
units,, a maximum of 300 x 106 leukocytes is allowed. In filtered units (single as 
wellwell as pooled PC) these concentrations should be less than 5 x 106 and preferably 
lesss than 1 x 106 in at least 90% of the PCs. 

1.8.21.8.2 Loss of platelets due to filtration 
Duringg the filtration process, some platelets stick to the filter material or stay 

inn the "dead volume" of the filter. These trapped platelets are not recovered in the 
filtratefiltrate and are lost for transfusion purposes [62-65]. The total loss, which usually is 
aboutt 15%, depends on the number of filtered platelets, because after saturation of 
thee filter, no more platelets adhere to the filter [66]. To minimise the interaction of 
thee filter material and platelets, materials are modified to induce high platelet 
recovery. . 

1.8.31.8.3 Platelet compatibility of filter material 
Plateletss easily become activated by foreign surfaces [12]). By increasing the 

hydrophilicityy or hydrophobicity or both, protein adsorption towards these surfaces 
cann be minimised, leading to reduced adsorption of adhesive proteins and resulting 
inn less platelet interaction with the filter surface [67]. Hydrophilic surfaces also 
inducee less conformational changes of proteins that in turn give less platelet 
interaction.. Despite low protein adsorption on hydrophobic surfaces, these surfaces 
aree not suitable for filtration due to low wettability capacity. Another advantage of 
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hydrophilicc surfaces is the pronounce adhesion of leukocytes [68-70]. Coating of 
non-wovenn poly(ethylene terephthalate) [NW-PET] surfaces with certain polymers 
preventss protein interaction and creates platelet-compatible surfaces under static 
conditionss [67;71]. Under flow conditions, platelet compatibility is different, due to 
conformationall  changes of adhesive proteins as mentioned before (1;2). Under 
staticc conditions, for example Amiji used triblock copolymers consisting of 
poly(ethyleneoxide)) [PEO] and poly(propyleneoxide) [PPO] chains in the form of 
PEO-PPO-PEO.. The hydrophobic PPO middle part of the triblock copolymer 
adsorbss to the surface (glass) while the PEO parts, through a mechanism of steric 
repulsion,, repels fibrinogen and platelets. A minimal length of the PPO part seemed 
too be essential for platelet compatibility. For more detailed information, see the 
introductionn of chapter 5 of this thesis. 

1.8.41.8.4 Possible hypotensive reactions after transfusion of filtered PC 
Inn rare cases, patients develop hypotensive reactions to platelet suspensions 

filteredfiltered with a negatively charged white cell reduction filter. These reactions are 
mostlyy observed by using bedside filtration and in patients taking angiotensin-
convertingg enzyme (ACE) inhibitor drugs [72-74]. ACE inhibitor inactivates 
enzymess that catabolise vasoactive substances such as bradykinin, which plays an 
importantt role in inflammatory reactions. It is a strong vasodilator, increases 
capillaryy permeability and stimulates nerve endings, thus producing pain [75]. 
Bradykininn is catabolised by ACE and has a plasma half-life time of only a few 
seconds.. Filters containing electro-negatively charged fibre material may induce 
bradykininn production in plasma-containing platelet and red cell concentrates, by 
triggeringg kallikrein formation after the activation of prekallikrein activator (PKA = 
FXIIa)) [76]. Due to the rapid destruction of bradykinin and the neutralisation of 
PKAA by CI-esterase inhibitor, prestorage filtration of PC can prevent possible 
hypotensivee reactions caused by bradykinin. This is one of the reasons to prefer 
prestoragee filtration to bedside filtration as well as to prefer artificial crystalloid 
storagee media to plasma. [77;78]. 

1.99 Quality control of stored platelet concentrates 
Duringg storage, the quality of PC and the composition of the storage medium 

undergoo changes that limit the usage of PC for transfusion. Furthermore, the 
survivall  of platelets in vivo is short [79;80]. These are two of the main reasons why 
plateletss are stored for a maximum of 5 days. 

Thee quality of PCs can be tested in various ways. First, the degree of platelet 
activationn can be measured, and depends on factors such as storage medium, 
storagee duration, storage bag, storage temperature and leukocyte contamination. 
Duringg the platelet activation process, concentrations of intra- and extracellular 
metabolitess change and granular contents are gradually released. Furthermore, 
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expressionn of membrane antigens and concentrations of blood gasses (02 and C02) 
inn the storage medium change from day to day. The increase in C02 induces a drop 
inn pH. It is not known which of these in vitro parameters correlates best with in vivo 
survivall  of stored platelets. A combination of activation parameters will be the best 
choicee [81]. A literature study from the BEST Task Force revealed the hypotonic 
shockk response, morphology score according to Kunicki, extent of shape change 
andd swirling ("shimmering*') have stood the test of time, and many laboratories 
havee used them successfully. Measurements for quality control which are widely 
usedd include: platelet concentrate volume, platelet count, pH at completion of 
storage,, determination of swirling and leukocyte count when the aim is to prepare a 
leukocyte-depletedd product [82]. Some parameters, such as pH and swirling, can 
easilyy be measured before transfusion of PC. Moreover, a rapid drop in the pH may 
indicatee the growth of bacteria. 

1.100 Purpose of the studies described in this thesis 
Thee goal of the study described in this thesis was to optimise the quality and 

safetyy of PC for transfusion by improving methods for the preparation, leukocyte 
filtrationn and storage of PC and by developing sensitive methods for monitoring the 
qualityy of PC. 

Forr various reasons, the presence of leukocytes has deleterious effects on the 
qualityy of PC and the clinical effectiveness of PC transfusions. Although the 
numberr of leukocytes in some of the currently used PC (BC-PC) is low, the degree 
off  contamination is still too high to guarantee optimal quality. 

Inn this thesis, a preparation method is described to achieve lower leukocyte 
countss in PC without using filtration. A combination of optimal centrifugation, 
buffy-coatt size and composition and shape of the BC bag has been tested. 

Too achieve optimal leukocyte depletion of PC, NW-PET filter material with 
goodd leukocyte-depletion properties was modified. Two different techniques were 
tested,, a dry-chemical method (radio frequent glow discharge process (RFGD) [70]) 
andd a wet-chemical process (coating with different polymers). These modified 
materialss were tested in a mini filter that allowed the measurement of leukocyte and 
plateletss recoveries. 

Goodd gas exchange of the PC storage bags, which is essential for platelet 
survival,, is one of the most important factors for platelet storage. We compared the 
effectss of storage conditions on PC in special PVC bags with long chain plasticizer 
andd in polyolefin plastic bags. This was done by measuring platelet metabolism and 
platelett activation, as well as the influence of increased oxygen and carbon dioxide 
exchangee properties of this new storage container. 

Sensitivee platelet activation assays, such as the platelet morphology score and 
B-thromboglobulinn (6-TG) content in the supernatant of the PC, which are currently 
usedd to monitor the quality of PC, have certain disadvantages. In this thesis, two 
ELISAA assays for activation markers (P-selectin and glycocalicin) in the 
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supernatantt of PC are described that overcome some of the limitations of the 
currentt assays. The sensitivity of these ELISA assays has been compared to the 
existingg platelet activation assays. 
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LOWW LEUKOCYT E CONTAMINATIO N WITHOU T FILTRA -
TIONN BY PREPARATION OF PLATELE T CONCENTRATES IN 
CYLINDRICA LL  BAGS WIT H THE BUFFY-COAT METHOD 

E.H.. Kostelijk, J.A. Loos, H.A. Veldman and D. de Korte 

Sanquinn Blood Supply Foundation, Division CLB, Amsterdam, The Netherlands 

Abstract t 

BACKGROUNDBACKGROUND AND OBJECTIVES: The bufïy-coat (BC) method for platelet 
concentratee (PC) preparation was modified in order to obtain leukocyte-depleted 
PCss from single BCs without filtration. 
MATERIALSMATERIALS AND METHODS: BCs were centriruged in cylindrically shaped BC 
bags,, and the optimal centrifugation conditions and optimal haematocrit were 
determined. . 
RESULTS:RESULTS: With optimal conditions, a tenfold lower leukocyte contamination was 
obtainedd compared to the conventionally shaped, wide BC bag (0.3 9 versus 
3.00  1.71 x 106 leukocytes per PC; 85-mI BCs). The platelet yield obtained with 
thee cylindrical bag did not differ significantly from the yield obtained with the 
conventionall  bag (56  16.4 versus 61  15 x 109 platelets per PC). Furthermore, 
whenn PCs were prepared from 100-ml BCs in cylindrical bags, a leukocyte 
contaminationn of 0.2  0.11 x 106 and a platelet number of 61  13.5 x 109 per PC 
weree obtained. 
CONCLUSION:CONCLUSION: The use of cylindrical BC-bags reduced the leukocyte 
contaminationn in PCs to a level required for leukocyte-depletion without affecting 
thee platelet recovery. 
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INTRODUCTIO N N 

Thee preparation of platelet concentrates (PCs) from bufry coats (BCs) is 
basedd on the separation of the platelets from other blood cells by velocity 
sedimentationn [83]. Since the introduction of the Compomat [84] it is possible to 
separatee BCs accurately from red cells and plasma. These BCs contain >90% of the 
platelets,, >75% of the leukocytes and only 5% of the red cells [31] and can be used 
too prepare single PCs or can be combined to prepare PC from pooled BCs. 
However,, during preparation of single PCs in the currently available (wide and 
short)) BC bags, the interface containing leukocytes, is mixed rather easily with the 
platelet-richh supernatant. This is due to the shape of the BC-bags, because for 
optimall  separation this shape requires a centrifuge rotational speed near the 
resonancee frequency of blood bag centrifuges. Moreover, the width of the BC-bag 
itselff  (120 mm) renders the interface between supernatant and sediment rather 
unstable,, in particular during the release of the BC bag from the centrifuge cup and 
whenn mounting the bag on the separation device. Remodelling the shape of the BC 
bagg might increase the length of the path available for separation (currently 60 
mm),, simultaneously decrease the bag's diameter, and thus prevent disturbance by 
resonancee and reduce the width of the interface. 
Wee designed cylindrical bags with a similar nominal volume (100 and 120 ml) as 
thee current wide BC bags, with fixed diameters (50 mm) and variable lengths (115 
orr 160 mm). The length of the 120-ml cylindrical BC bag was comparable with that 
off  a 500-ml blood collection bag (170 mm). Adapted bag holders (tightly fitting 
cylinders)) were required to keep these bags upright and prevent wrinkling during 
centrifugation.. With these bags we studied the optimal conditions for the 
productionn of PCs with a volume of 65 ml, an acceptable yield of platelets [85;86] 
andd a negligible contamination with leukocytes. 

MATERIAL SS AND METHOD S 

BloodBlood collection and buffy-coat preparation 
5000  50 ml of whole blood was collected in 70 ml of citrate-phosphate-

dextrosee (CPD-blood) in PVC/DEHP quadruple bag systems (NPBI, Emmer 
Compascuiim,, The Netherlands). After storage at 20  2°C for 12-16 hours, this 
CPD-bloodd was the source material for processing [30]. 

Thee CPD blood was centrifuged to buoyant density equilibrium (8 min, 2700 
rpm,, radius 280 mm measured til l bottom of cup, acceleration time 70 s, 
decelerationn time 270 s; 20°C; Hettich Roto Silenta R/P, Dépex, De Bilt , The 
Netherlands). . 

BCss (containing >90% of the platelets, >75% of the leukocytes and 5% red 
cells)) were separated from plasma and red cells by use of a Compomat [84](NPBI; 
versionn G4 used) with an optimal separation programme giving minimal red cell 
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losss combined with maximal platelet and leukocyte removal [31]. For preparation 
off  BCs with a higher than usual (35% instead of about 12%) Ht, the amount of 
plasmaa added to the BC was decreased, by adapting the Compomat programme. 

BCss with a standardised volume, a standard amount of platelets and 
leukocytes,, but a variable Ht were prepared to study the influence of Ht on the 
qualityy of PC separation. Pools of 6 BCs with a high Ht derived from CPD-blood of 
thee same ABO- and RhD- blood groups were mixed in transfer bags (NPBI). From 
thesee pools, standard amounts of BC were filled up to 100 ml with cell-free plasma 
(obtainedd after centrifugation at 5000 x g, 10 min, Hettich, Roto Silenta), and 
leukocyte-depleted,, ABO, RhD compatible red cells to obtain the required Ht. 
Sterilee syringes (50 ml, Becton Dickinson, San Jose, CA, USA), cylindrical BC 
bagss (120 ml, NPBI), and aseptic techniques were used. In this way, comparable 
BCss with 5 different Ht values could be made from one pool of six BCs. 

Thee 4 bag systems (NPBI) were adapted to the required configuration by 
replacingg the standard (Wide) BC bags by sterile cylindrical bags (100 or 120 ml) 
withh the aid of a sterile connection device (SCD, Haemonetics, Braintree, MA, 
USA)) after the blood collection and prior to the BC separation. 

PreparationPreparation of PCs 
Forr PC preparation in cylindrical bags, BCs were centrifuged in cups 

providedd with tightly fitting (cylindrical) holders (radius 280 mm, measured til l 
bottomm of cup). The wide BC- bags were centrifuged in the same cups without 
speciall  holders at 800 to 1000 rpm, for 5 min, brake 3, at 20 °C (200-
313xg)(Hettichh Roto Silenta). 

BCss (with fixed volume and different Ht) made from a BC pool, in 
cylindricall  bags, were centrifuged at 1700 to 2700 rpm (905-2282xg) for 5 min, 
brakee 3, at 20°C (Hettich Roto Silenta). 

Afterr centrifugation, PCs were transferred to a transfer bag either manually 
orr by using an automated separation device (Compomat-G4, NPBI) with an adapted 
(Compomaster)) programme for cylindrical and conventional BC bags. 

PlateletPlatelet and leukocyte counts 
Plateletss were counted with an electronic counter. Either a Cell-Dyn 

(Sequoia-Turnerr Co, Mountain View, CA, USA) or an AcTIO (Coulter Electronics 
Ltd.,, Dunstable, GB) was used. 

Leukocytess were counted in PCs after staining of the leukocytes with a 
fluorescentt dye. The PCs were 5 times diluted with either Sytol 1 staining solution 
too a final concentration of 5 (M (Molecular Probes, Leiden, The Netherlands) or an 
acridinee orange solution (final concentration 2.5 mg/1 Phosphate-buffered-salt-
solution).. A Nageotte bright-line counting-chamber (Superior, Bad Mergentheim, 
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Germany)) and a fluorescence microscope (Leitz, Wetzlar, Germany) were used for 
countingg the leukocytes. 

Haematocrit Haematocrit 
Thee Ht of BC samples was measured in micro Ht tubes (Vitrex, Modulohm 

A/S,, Den-mark), which were centrifuged for 5 minutes at 10,000-20,000xg [15,000 
rpm](Haematokrit,, Hettich, Germany). 

StatisticalStatistical analysis 
Statisticall  comparisons (Student-t, two-sided) were made with the computer 

programmee Instat2 (GraphPad Software, San Diego, CA, USA), p-Values <0.05 
weree considered significant and corrected for multiple comparison analysis (Tukey, 
Bonferroni).. Values are given as mean  SD. 

RESULTS S 

OptimalOptimal platelet yield with minimal leukocyte contamination in wide BC-bags 
Loww volume BCs (84 0 ml) with a low Ht (12%) were obtained by 

applyingg the method described by de Korte et al [31]. It was expected that low Ht 
off  the BC might improve the PC separation, as it increases the available path length 
off  separation. Therefore, the centrifugation conditions for PC preparation from 
thesee BCs, in wide BC-bags, were re-evaluated. 

PCss were prepared by centrifugation of the wide BC bags for 5 min at a 
varietyy of rotational speeds (800-1000 rpm). The yield of platelets and the 
contaminationn with leukocytes was measured and the means and SDs were plotted 
ass bars (Y-axis) against the rotational speeds (X-axis, fig.2.1). 
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88 0 0, n =1 1 9 0 0, n = 22 1 0 0 0, n = l 2 

rpm,, 5 min 

g-values:: 200 254 313 

Fig.. 2.1 - Platelet (solid bars) and leukocyte (shaded bars) numbers in PCs derived 
fromm single BCs, centrifuged for 5 minutes in conventional submarine-shaped BC bags at 
differentt speeds (rpm, X-axis). 

Theree was no significant difference between platelet yields and between 
leukocytee contaminations for the different centrifugation speeds. At 900 rpm 
(250xg),, PCs (n=22) contained 61  15 x 109 platelets and 3.0  1.7 x 106 

leukocytes.. This was comparable with results obtained before [87]. 
Itt was concluded that for wide BC-bags variations in volume and Ht do not 

resultt in significant effects on the final composition of the PC 

EffectsEffects of cylindrical shape ofBC- bags on PC-preparation from low volume 
BCs BCs 

BCss with a low volume (86  2.6 ml) and Ht (12%) were now prepared in 
cylindricall  bags (nominal volume 100 ml) which replaced the wide BC bags in the 
4-bagg systems. Platelets were concentrated from these BCs by a variety of speeds 
duringg 5 min of centrifugation and were separated from the cell sediment with a 
Compomat-G44 (adapted Compomaster programme). Platelet yields and leukocyte 
contaminationss of the PCs were measured, and the means and SDs were plotted as 
barss (Y-axis) against the rotational speeds (X-axis, fig. 2.2). 
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Att 1700 rpm the platelet yield was 56  16.4 x 10 platelets with a 
contaminationn of 0.3  0.19 x 10 leukocytes, in a volume of 64  4.5 ml PC 
(n=17).. At 1800 rpm a yield of 56  12.5 x 109 platelets with a contamination of 0.2 

 0.20 x 106 leukocytes per PC of 63  3.2 ml was obtained (n=l 1). At 1600 rpm 
thee yield of platelets (62.1  12.8 x 109) rose, but this rise was accompanied by a 
slightt increase of the contamination to 0.5  0.44 x 106 leukocytes per PC (not 
significant,, small differences). The volume of the PCs was 64  3.3 ml (n=12). 
Thesee results indicated that in cylindrical bags the effects of the path length of 
separationn came to expression, because the separation of platelets and leukocytes 
wass greatly (almost tenfold) improved as compared to the wide BC-bags. However, 
furtherr study on any particular effect of the Ht was needed, as the mere change of 
thee shape of the bag itself might have provided already the optimal path length of 
separation. . 

3D D 

3D D 

10 0 

1400,,  n-1 7 1500 ,  n-1 2 1600 ,  n-1 2 1700 ,  n-1 7 1800 ,  n-1 1 

g-values: : 

rpm,, 5 min 
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Fig.. 2.2 - Platelet (solid bars) and leukocyte (shaded bars) numbers in PCs derived 
fromfrom single BCs (Ht 12%, volume 86  2.6 ml, n = 69), centrifuged for 5 minutes in 100-ml 
cylindricall  BC bags at different speeds (rpm, X-axis). 
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UseUse of BC pools for determination ofoptimal Ht and volume for PC preparation 
AA proper study on the influence of the Ht of the BC on the platelet yield and 

leukocytee contamination of PCs during their preparation required the elimination of 
alll  biological variations in the composition of the source material. 

Thereforee BCs made from pooled BCs, cell-free plasma and leukocyte-
depletedd red cells to 5 different Ht values were used. The volume of the composed 
BCss had to be increased (99  1.2 ml, mean  SD, n=20) to allow the same content 
off  leukocytes and platelets per BC at different Ht values. The increase of the 
volumee of the BCs itself had an additional advantage, as it provided a better fillin g 
off  the cylindrical bags. After centrifugation of the BCs for 5 minutes at 2300 rpm, 
PCss were made. The Compomaster programme did only allow preparation of PCs 
fromm BCs with a fixed Ht. Therefore, automated PC preparation with the 
Compomatt G4 was rather unsuitable for this kind of experiments, and the PCs had 
too be made manually. 

Onlyy one rotational speed (2300 rpm) was chosen based on results of 
preliminaryy experiments with 100-ml BCs in cylindrical bags. The PC-preparations 
weree repeated 4 times with 4 different series of composed BCs. The yield of 
plateletss and the contamination with leukocytes were measured and the means and 
SDss were plotted as bars (Y-axis) against the Ht (X-axis, fig.2.3). 
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Fig.. 2.3 - Platelet (solid bars) and leukocyte (shaded bars) numbers in PCs derived 
fromm BCs (volume 99  1.2 ml) with different Ht values (HtBC, X-axis) centrifuged at 2300 
rpmm for 5 minutes. The optimal yield of platelets 53  0.8 x 109 was found at an Ht of 19
1.1%.. The leukocyte contamination was 5  3.6 x 106 at an Ht of 10  0.6%, decreased to 
0.99  0.45% at an Ht of 19  1.1%, but showed a tendency to increase again at higher Ht 
valuess (no significant differences). 
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OptimalOptimal centrifugation speed for PC-preparation from high volume BCs with 
20%20% Ht in cylindrical BC bags 

Highh volume BCs (113  2.8 ml) with a standard Ht (21  0.6%) were 
composedd from a BC-pool, cell-free plasma and leukocyte-depleted red cells as 
describedd previously. These BCs were centrifuged at a variety of speeds (1900 to 
27000 rpm), for 5 minutes in cylindrical bags with a nominal volume of 120 ml. PCs 
weree prepared manually. 

Thee yield of platelets and the leukocyte contamination were measured and 
plottedd as bars (Y-axis) against the rotational speeds (fig. 2.4). At a rotational speed 
off  2400 and 2500 rpm the platelet yield was similar (71  6.4 x 109 platelets) and 
thee leukocyte contamination was decreased to a minimum (0.3  0.13 x 106 

leukocytes.. Due to the correction of the p-values for multivariance analysis, no 
significantt differences were measured, but there was ~a significant linear trend 
towardd lower leukocyte contamination at higher speeds. The platelet recovery with 
respectt to the BCs was 65  5.4% and the PC volume was 80  2.6 ml. Above 2500 
rpm,, the platelet recovery showed a decrease and then no further reduction of the 
leukocytee contamination was obtained. These results confirmed that in cylindrical 
bags,, each combination of volume and Ht of the BCs needed optimisation of the 
centrifugationn conditions to prepare an optimal PC. 

OptimisationOptimisation of centrifugation conditions f or PC preparation from random single 
BCsBCs with low Ht by adapting volume. 

Singlee BCs were prepared automatically from 500-ml units of CPD blood 
withh a minimum loss of haemoglobin as described previously [31]. The cylindrical 
BCC bags (nominal volume 120 ml) were part of the 4-bag system during 
preparation.. The volumes of the BCs were now adapted to 99  12.7 ml by addition 
off  extra plasma during the BC preparation with the Compomat, resulting in an Ht of 
177  5.3% (n=56). Deformation of the BC-bags during centrifugation was avoided, 
ass they were now completely filled. Therefore the variation of the rotational speed 
wass the only parameter during - optimisation of the conditions for platelet 
preparationn (fig. 2.2). 

PCss were prepared manually from these BCs, after centrifugation for 5 min, 
att different speeds. The yield of platelets and the leukocyte contamination were 
measuredd and plotted as bars (Y-axis) against the rotational speeds (X-axis, fig. 
2.5).. At 2300 rpm PCs of the favourite specifications were obtained. These PCs 
containedd 61  13.5 x 109 platelets and 0.2  0.11 x 106 leukocytes (significantly (p 
<< 0.01) lower than at 2100 rpm) in a volume of 68  2.8 ml (n = 10). At higher 
speedss of centrifugation almost similar high platelet yields and low leukocyte 
contaminationss were found. However, at these speeds (2400-2500 rpm), the PCs 
hadd a volume of 80  2.9 ml, which is above the preferred volume for clinical use 
[88]. . 
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Fig.. 2.4 - Platelet (solid bars) and leukocyte (shaded bars) numbers in PCs derived 
fromm single high volume BCs (Ht 21  0.6%, volume 113  2.8 ml), centrifuged in 120-ml 
cylindricall  BC bags at different speeds (rpm\ n-value; X-axis) for 5 minutes. 
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Fig.. 2.5 - Platelet (solid bars) and leukocyte (shaded bars) numbers in PCs derived 
fromm single BCs with low Ht (Ht 17  5.3%, n=56), centrifuged in 120-ml cylindrical BC 
bagss at different speeds (rpm, X-axis) for 5 minutes. 
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DISCUSSION N 

Forr the preparation of PCs, the BCs are centrifuged until the platelets are 
separatedd from the other blood cells by velocity sedimentation, according to their 
differencess in cell size. In addition, the concentration of platelets in the supernatant 
iss promoted by the upward displacement of plasma induced by the sedimentation of 
redd cells [89]. 

PCss prepared from a pool of BCs had lower leukocyte contamination than 
expectedd on the basis of the calculated contamination for the same number of single 
PCss [90;91]. The preparation of PCs from a pool of BCs was performed in a 500-ml 
transferr bag, whereas PCs from single BCs were made in the 100-ml submarine-
shaped,, wide BC bag of the 4-bag system. These findings and identical findings of 
Mrowiecc et ah [92] indicated that the shape and stabilisation of the bag in which the 
PCss are prepared from BCs influence the quality of separation. Therefore, optimal 
separationn is dependent on the path length available for separation and on the 
centrifugall  force that drives the blood components, viz. the height of the BC-bag, 
thee volume ratio of cells and plasma, and the rotational speed during a constant time 
off  centrifugation. 

Cylindricall  BC bags enabled us to evaluate the effects of the volume of the 
BCs,, of the volume ratio of cells and plasma in the BCs, and of the effects of the 
centrifugationn speed on the concentration and separation of the platelets. 

Biologicall  variations in BCs were eliminated, by composing a variety of Ht 
valuess through combining standard amounts of pooled compatible BCs with 
differentt amounts of cell-free plasma and leukocyte-depleted red cells. 

First,, we showed that the mere increase of the path length of separation by 
usingg cylindrical bags decreased the leukocyte contamination of the PCs more than 
six-foldd (fig. 2.2). 

Thee evaluation of the effects of variation of the Ht on the separation appeared 
too be rather complicated. Variation of the Ht induced four (sometimes opposing) 
effects: : 

1.. the lower the Ht the longer the path length of separation 
2.. the lower the Ht the smaller the draw and duration of the upward 

plasmaa displacement induced by the red cell sedimentation 
3.. the lower the Ht the lower the rotational speed required for optimal 

separation n 
4.. the lower the Ht the greater the volume of the recovered PC. 

Therefore,, the optimal platelet yield with the minimal leukocyte 
contaminationn that could be reached at a fixed speed of centrifugation (2300 rpm) 
wass found at an Ht of 20% (fig. 2.3). The optimal leukocyte depletion (0.3  0.13 x 
1066 leukocytes per PC) that could be reached at this Ht was at a higher rotational 
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speedd of 2400-2500 rpm (fig. 2.4). However, this resulted in quite high volumes (80 
 2.6 ml), not longer suitable for practical clinical use [88]. 

Withh these results it was now possible to adapt the volume of random BCs 
andd to find the optimal conditions for the preparation of PCs with a leukocyte 
contaminationn below the level required for leukocyte-depletion (fig. 2.5). The draw 
andd duration of the upward displacement of plasma is inversely related to the Ht, as 
thesee parameters (upward plasma displacement and Ht) are both proportional to the 
volumee of the sedimenting red cells. The combined effects of the Ht variation, 
therefore,, resulted in opposing influences on the movements of the platelets during 
thee separation from the other blood cells. 

Itt was concluded that each combination of Ht and volume needs its own 
optimisationn of the rotational speed for the improvement of the PC separation. After 
optimisation,, the PCs thus obtained had a volume, a platelet concentration and 
platelett yield in accordance with the most favourite requirements (small volume, 
highh platelet amount [88]) for single donor platelets (fig. 2.5). 

Wee conclude that cylindrical BC bags, with a nominal volume of about 100 
ml,, made it possible to obtain leukocyte-depleted PCs without filtration, from single 
donations.. Single PCs are very helpful in paediatrics because they are ready to use. 
Moreover,, single PCs can be matched individually with the recipient before they 
aree combined to a pool with the dose of platelets required for adults. 
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FILTRATIO NN OF PLATELE T CONCENTRATES USING H 20 OR C02 

GLOWW DISCHARGE TREATED NON-WOVEN PET 

A.J.A.. Klomp1, E.H. Kostelijk2, G.H.M Engbers1, J.G.A.Terlingen1, D. de Korte2, 
W.G.vann Aken1'2 and J. Feijen1. 

'Polymerr Chemistry and Biomaterials, Department of Chemical Technology, 
Universityy of Twente, Enschede, The Netherlands, 
2Sanquinn Blood Supply Foundation, Division CLB, Amsterdam, The Netherlands 

Abstract t 

BACKGROUNDBACKGROUND AND OBJECTIVES: Leukocyte filters containing unmodified 
poly(ethylenee terephthalate) non-wovens (NW-PET) are not suitable for the 
preparationn of leukocyte-poor platelet concentrates (PCs), because of the high loss 
off  platelets due to adhesion of platelets to the non-woven surface. Improved platelet 
recoveriess may be obtained by surface modification of NW-PET by radio frequency 
gloww discharge (RFGD). The improvement of the filtration characteristics of NW-
PETT after H20 and C02 RFGD treatment were evaluated. 
MATERIALSMATERIALS AND METHODS: The filtration characteristics of RFGD-treated non-
wovenss were studied with a filtration test system for laboratory scale filters. 
Miniaturisingg the filter size allows paired studies of several filter materials with one 
unitt of freshly prepared PC using the buffy coat method. 
RESULTS:RESULTS: The RFGD-treated NW-PET showed improved filtration characteristics 
comparedd with NW-PET (63 %). Filters containing NW-PET-H20 showed 
significantlyy improved filtration characteristics (83 %) compared with NW-PET 
filters.filters. Moreover, NW-PET-H20 filters gave a significantly higher platelet recovery 
thann NW-PET-C02 filters (76 %) (p < 0.0005). 
CONCLUSIONS:CONCLUSIONS: The results of this study show that H20 RFGD treatment of NW-
PETT is an excellent method to obtain platelet-compatible non-wovens that can be 
usedd in leukocyte filters for PC. 
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INTRODUCTION N 

Itt has been demonstrated that leukocyte filters with polyester non-wovens, 
whichh are used for the removal of leukocytes from red cell concentrates, are not 
suitablee for the preparation of leukocyte-poor platelet concentrates (PCs), because 
off  the high loss of platelets [93]. Recently, it was shown that H20 and C02 radio 
frequencyy glow discharge (RFGD) treatment of non-woven poly(ethylene tereph-
thalate)) (NW-PET) yield materials (NW-PET-H20 and NW-PET-C02, 
respectively)) that showed less interactions with platelets than did NW-PET during 
filtrationn of PC [94]. Air RFGD-treated NW-PET also gave a reduction in the 
interactionn with platelets as compared with NW-PET. However, after prolonged 
RFGDD treatment, shrinkage of the materials took place, preventing their application 
inn filters. 

Onlyy H20-RFGD treatment of NW-PET yielded materials that significantly 
improvedd the platelet recovery. Differences in platelet recoveries between NW-
PET-H200 and NW-PET-C02 were rather small and are probably caused by 
differencess in the chemical composition of the surfaces. For instance, NW-PET-
C022 contained a significantly higher surface concentration of carboxylic acid 
groupss than did NW-PET-H20 [95]. 

Inn an earlier study [94], NW-PET was treated under various RFGD 
conditionss and the most promising materials NW-PET-H20 and NW-PET-C02 with 
respectt to platelet compatibility were selected for further evaluation. In this article, 
thee filtration characteristics of NW-PET-H20 and NW-PET-C02 were studied in 
detaill  with a PC filtration test system with a higher non-woven surface area to PC 
volumee ratio as used before. This wil l also increase the filter capacity for leukocyte 
removal.. To obtain a maximal difference in platelet recovery between the two test 
filters,filters, the PC load per test filter has to be preferably as low as possible. However, 
thee PC load per test filter should not be too low, because otherwise the percentage 
off  the PC lost in the dead volume of the filter becomes too large, which negatively 
influencess the overall platelet recovery. The PC load per test filter should not be too 
highh either, because in that case the test filters can be overloaded with leukocytes, 
causingg a large decrease in the leukocyte retention. For the modified test system, a 
maximall  PC loss of 8% in the dead volume of the filter was accepted, together with 
aa minimal fraction of retained leukocytes of 90%. Since water rinsing of the RFGD-
treatedd non-wovens significantly changed the surface composition of both C02 and 
H200 RFGD-treated non-woven, resulting in a decreased number of carboxylic acid 
groupss at the surface of both non-wovens [95], the effect of water rinsing on the 
filtrationfiltration characteristics of C02 and H20 non-woven was also studied in detail. For 
comparison,, a non-woven from a commercial leukocyte filter for PC was included 
throughoutt the whole study. 
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EXPERIMENTA LL  SECTION 

FilterFilter  materials 
Polyethylenee terephthalate) non-woven (abbreviated with NW-PET) was 

obtainedd from NPBI International BV (Emmer-Compascuüm, The Netherlands). 
Thee control material was obtained from the Sepacell PL10(II)A filter (Asahi 
Medicall  Co., Tokyo, Japan), which contains 33 layers non-woven divided into four 
sections.. Going from the inlet side to the outlet side of the filter, the structure of the 
non-wovenn changes from coarse (section I) to fine (section IV). All sections contain 
44 layers, except for section four, which contains 21 layers. Only fabrics from 
sectionn IV (abbreviated as NW-PET-S,IV) were used as control material in the 
biologicall  evaluation. The physical characteristics of the non-wovens were 
determinedd according to the methods described elsewhere [96], summarised in table 
3.1. . 

Tablee 3.1: Physical characteristics of NW-PET and NW-PET-SJV (mean  SD; n>3) 

porosity33 BET surface areab Average fibre 
MFPdd diameter0 MFPd 

Non-wovenn (%) (m2/gram) (urn) (urn) 

NW-PETT 84 2 0.74 9 2.6 2 8 1 
NW-PET-SJVV 88  0.9 0.83 5 2 1 

"thee porosity of the non-wovens was determined from the weight and volume of dry 
samples,, in which the mass of air was neglected and using a specific mass of polyester of 
1.388 g/cm3; bthe BET surface area was determined by gas adsorption measurements on a 
Micromeriticss ASAP2400; ethe average fibre diameter was determined from the diameters 
off  200 to 300 fibres using Scanning Electron Microscopy (SEM); ̂ he Mean Flow Pore size 
(MFP)) of non-wovens was measured using a Coulter® Porometer (type I). 

Chemicals Chemicals 
Porofil,, Leukoplate (plaxan) and phosphate-buffered saline (PBS, pH = 7.4) 

weree purchased from Coulter Electronics GMBH (Krefeld, Germany), Labo 
Internationall  (Maarssen, The Netherlands) and NPBI, respectively. Air (purity > 
99.5%)) and C02 (purity > 99.995%) were purchased from Hoekloos (Schiedam, 
Thee Netherlands). Water was deionised with a Milli-Q-plus system (Millipore, 
Molsheim,, France). All other chemicals were purchased from Merck (Darmstadt, 
Germany). . 
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RFGDRFGD treatment of NW-PET 
RFGDD treatments of NW-PET were performed in a tubular reactor with a 

lengthh of 80 cm and an internal diameter of 6.5 cm equipped with three externally 
placed,, capacitively coupled electrodes. The powered (hot) electrode was placed at 
thee centre of thee tubular reactor. On both sides of the powered electrode, a grounded 
(cold)) electrode was placed at a distance of 13 cm from the powered electrode. The 
electrodess were connected to a 13.56 MHz radio frequency generator (ENI Power 
Systems,, Rochester, New York, USA) through a matching network (ENI Power 
Systems)) [97]. 

NW-PETT (71.5 cm2) was mounted in a glass frame, exposing 63 cm2 of the 
non-wovenn to the gas plasma. Two glass frames were loaded in the reactor, each 
placedd in the middle between a grounded electrode and the powered electrode. 
Afterr evacuating the reactor to a pressure below 0.01 mbar, a gas flow of 25 
cm3/minn for CO2 and a gas flow of approximately 2.5 + 0.5 cm3/min for H20 was 
established.. The pressure was raised to 0.32 mbar. The RFGD treatment was 
computer-controlled.. After 5 minutes, a pulsatile glow discharge (30 pulses, 1 
secondd on, 1 second off) was applied with an input power of 50 watt. After the 
pulsatilee glow discharge treatment, the gas flow was maintained for two minutes 
andd the reactor was brought to atmospheric pressure with air. The H20 and C02 

RFGD-treatedd NW-PET (abbreviated by NW-PET-H20 and NW-PET-C02, 
respectively)) were removed from the reactor and stored in storage containers at 4°C 
too prevent surface rearrangements, until further use [97], 

RinsingRinsing of RFGD-treated non-woven with water 
NW-PET,, NW-PET-H20 and NW-PET-C02 were cut into discs with a 

diameterr of 26 mm. The discs were washed in water (50 ml) on a Vibrax VXR 
flatbedd shaker (1 cycle/s, Labortechnik, Staufen, Germany) at room temperature 
(RT).. After one hour, the discs were rinsed once with fresh water (25 ml, for 30 
seconds).. All samples were dried overnight in vacuo. All water-washed samples are 
markedd with the superscript: (w). 

PreparationPreparation of pooled BC-PC 
Unitss of whole blood (500 ml) in the Biopack Compoflex triple systems 

(NPBI)) were centrifuged (Hettich Roto Silenta RP, Dépex, De Bilt, The 
Netherlands)) for 15 minutes at 4000 x g, break 3, 20°C. The units were separated 
intoo components (plasma and red cells) with the Optipress (Baxter Fen wall, 
Lessiness Belgium) leaving a buffy coat (BC) of approximately 65 ml in the 
collectionn bag (500 ml). 5 BCs (65  5 ml, Ht: 49  3 %) were stored overnight on a 
horizontall  flatbed shaker (1 cycle/s, Helmer labs inc., Noblesville, IN, USA) at 20
2°C.. Subsequently, the BCs and one unit of thawed, fresh frozen human plasma 
(3188  16 ml, with CPD of the same ABO blood group) were pooled at RT. The 
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pooll  of BCs and plasma was centrifuged for 4 minutes at 1,507 x g, break 3, 20°C. 
BC-PCC was transferred into a 300-ml transfer bag (NPBI) by means of a plasma 
extractorr (Baxter Fenwall) until the red cells were approximately 1 cm from the top 
seal.. The pooled BC-PC was stored at 20  2°C on a flat bed shaker (1 cycle/s, 
Helmerr labs inc.) until the filtration experiments were carried out. 

CharacterisationCharacterisation of pooled BC-PC 
Platelett numbers in BC-PC were determined with a Sysmex K-4500 (Charles 

Goffinn Medical Systems, Tiel, The Netherlands). Leukocyte numbers were 
determinedd by light microscopy (Olympus, Tokyo, Japan) with a Nageotte 
haemocytometerr (Superior, Bad Mergentheim, Germany). For the Nageotte 
haemocytometerr measurement, 50 uJ of BC-PC were diluted with 450 \i\ of 
Leukoplate.. Thereafter, the samples were incubated for 10 minutes at 22  2°C. 
Afterr fillin g the Nageotte chamber, the Nageotte haemocytometer was placed for 20 
minutess in a humidified atmosphere and leukocyte numbers were counted in one 
compartmentt of 50 ul at a magnification of 250. 

FiltrationFiltration procedure 
Homee made filter holders (University of Twente, The Netherlands) with a 

flowflow area of 5.3 cm2 were used for the filtration of PC. The filter holders contained 
66 discs (unless mentioned otherwise) of NW-PET, NW-PET-C02, NW-PET-H20 or 
NW-PET-S,IV.. Filtration experiments with PC were performed according to the 
methodd described by Klomp [96]. 

PCC (50 ml, unless mentioned otherwise) was transferred into a 50-ml 
Combitipp (Eppendorf, Hamburg, Germany). The filtrate was collected in a 50-ml 
samplingg tube (Greiner Labortechnik, Alphen a/d Rijn, The Netherlands). The 
distancee between the reservoir and the filter outlet was set at 29 cm and the flow 
ratee was controlled by gravity. Starting from the moment that PC had stopped 
enteringg the filter, a leak-out time of 2 minutes was taken into account for all filters. 
Thee test filter was considered to be blocked when the flow rate of filtered PC 
droppedd below 2 ml/min. Unless mentioned otherwise, the filtered PC was collected 
inn three subsequent fractions of about 10, 15 and 25 ml. 

Thee filters were evaluated with respect to the hold-up volume (dead volume) 
off  the filter, the platelet recovery and the leukocyte retention. Volumes of BC-PCs 
weree calculated by dividing the net weight of BC-PC sample by the specific density 
off  plasma (1.026 g/cm3). For calculating the leukocyte retention, the platelet 
recoveryy and the surface concentration of adhered platelets, the fraction of 
recoveredd platelets and the fraction of retained leukocytes, the following formulas 
weree used: 
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totall  number of leukocytes after filtration 
1.. Leukocyte retention (%) = {1 —— }  x 100% 

totall  number of leukocytes before filtration 

Lx V V 
== {1 }x l00 % 

LQQ x VQ 

totall  number of platelets after filtration 
2.. Platelet rec. (%) = {  }  x 100% 

totall  number of platelets before filtration 

TxV V 
{{  }  xl00% 

T0xV 0 0 

numberr of adhered platelets (T0 - T) x V 
3.. Surface cone, of adhered platelets = {  }= 

totall  surface area A 

T T 
4.. Fraction of recovered platelets = 

To o 

L L 
5.. Fraction of recovered leukocytes = {1 - } 

Lo o 

LL = leukocyte concentration in total filtered PC (sum of fractions); L0 = leukocyte 
concentrationn in PC before filtration; T = platelet concentration in total filtered PC; T0 = 
platelett concentration in PC before filtration; V = PC-volume after filtration; V0 = PC-
volumee before filtration; A = total filter surface area (cm2). 
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StatisticalStatistical evaluation 
Unlesss indicated otherwise, all values are expressed as the mean  standard 

deviationn (SD). Statistical analyses were performed using the Student t-test (t-test, 
twoo tailed; paired or unpaired, as appropriate) or Wilcoxon's signed rank test 
(WSR-test,, one-tailed) [98;99]. 

Inn case of the Student t-test, the differences between several non-wovens 
withh respect to surface composition and the differences between several filters with 
respectt to flow rate and platelet recovery were considered significant in case the p-
valuee was lower than 0.05. The Student t-test was performed with the computer 
programmee InStat 2.03 (GraphPad Software Inc., San Diego, California, USA). 

Inn case of the WSR-test, the differences between several filters with respect 
too flow rate, platelet recovery and leukocyte retention were considered significant 
whenn the p-value of the overall zero-hypothesis was lower than 0.10. In accordance 
withh the Bonferroni method, the p-value has been corrected for multiple 
comparisons.. When comparing differences between two filters, only the data of 
pairedd filtration experiments were taken into account. When the difference between 
twoo filters was found significant, both the p-value and the number of paired 
filtrationn experiments are given. The WSR-test was performed with a computer 
programmee (SPSS/for HP-UX, Chicago, USA). 

RESULTS S 

ImprovementImprovement of test system 
Too improve the sensitivity of the earlier developed test system [96], the effect 

off  the filter surface area on the filtration characteristics was studied by comparing 
filterss with 2, 4 and 6 non-woven layers. The non-woven surface area per filter was 
inn between 873 and 2620 cm2 for NW-PET and NW-PET-H20, and in between 772 
andd 2316 cm2 for NW-PET-S,IV. 

Thee data in figure 3.1 show that the mean flow rate of PC was lower with 
NW-PETT than with NW-PET-H20 or NW-PET-SJV. Furthermore, the mean flow 
ratee decreased with increasing surface area of non-woven for all materials. 

Thee leukocyte retention increased with increasing surface area of non-woven 
inn the filter. However, the increase in leukocyte removal was not linear. The 
differencee in the leukocyte retention between NW-PET-H20 and NW-PET-SJV 
wass small (2-6%) and decreased with increasing surface area of non-woven in the 
filter.. The leukocyte retention was above 92% for all filters with six non-woven 
layers. . 

Thee platelet recovery decreased with increasing surface area of non-woven. 
Forr filters with two layers of non-woven the difference in platelet recovery between 
NW-PETT and surface- treated non-wovens was about 5%. When using filters with 
sixx layers of non-woven, the difference in platelet recovery between NW-PET and 
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NW-PET-H200 increased to about 43%, while the difference between NW-PET-H20 
orr N W-PET-SJV remained about 2%. 
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Figg 3.1 - Mean flow rate, platelet recovery and leukocyte retention of NW-PET, 
NW-PET-H200 and NW-PET-S,IV as a function of the surface area of non-woven. The 
filterss were evaluated with a pooled BC-PC (1.2 x 109 platelets/ml and 6.0 x 104 

leukocytes/ml,, n=2). 

Thee number of platelets adhering to the non-woven surface can be estimated by 
subtractingg the total number of recovered platelets and the total number of platelets 
inn the dead volume from the total number of platelets in the initial platelet 
concentrate.. The platelets in the dead volume were considered not to adhere to the 
non-wovenn surface. 

Thee data in figure 3.1 show an increasing surface concentration of adhered 
plateletss with an increasing surface area of NW-PET. For both NW-PET-H20 and 
NW-PET-SJVV a small decrease of the surface concentration of adhered platelets 
withh increasing surface area of the filter is observed, while for NW-PET a large 
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increasee of surface concentration of adhered platelets with increasing filter surface 
areaa is noted (figure 3.2). 
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Fig.. 3.2 - Surface concentration of adhered platelets for NW-PET, NW-PET-H20 
andd NW-PET-S,IV as a function of the non-woven surface area of the filter. The filters were 
evaluatedd with a pooled BC-PC (1.2 x 109 platelets/ml and 6.0 x 104 leukocytes/ml, n=2). 
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Figg 3.3 - The fraction of recovered platelets (figure A) and the fraction of retained 
leukocytess (figure B) for NW-PET-H20 as a function of the filtered PC-volume (total 
volumee is 150 ml). The filters were evaluated with pooled BC-PC (1.3  0.25 x 109 

platelets/ml,, n=4) with different leukocyte concenrations. 
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Too determine the optimal BC-PC load per filter, filters with six layers NW-PET-
H200 and NW-PET-SJV were used for filtration of 150 ml pooled BC-PC (figures 
3.33 and 3.4). The results of this experiment show that the fraction of recovered 
plateletss of both filters levelled off to about 97% with increasing filtered PC 
volume.. However, after filtration of about 50 ml PC, the fraction of retained 
leukocytess for both filters decreased substantially. 

Basedd on these results, filters with 6 layers of non-wovens and a BC-PC 
volumee of 50 ml were used for further testing of the filtration characteristics of PET 
non-wovens.. With the modified test system, the filtration characteristics of NW-
PET,, NW-PET-C02, NW-PET-H20 and NW-PET-S,IV were extensively tested. 

FlowFlow characteristics for filters with PET non-woven 
Tablee 3.2 shows the results of the filtration characteristics of NW-PET, NW-

PET-C02,, NW-PET-H20 and NW-PET-S.IV. Blocking of NW-PET and NW-PET-
C022 filters occurred in 24% and 5%, respectively, of the cases. None of the NW-
PET-H200 and NW-PET-S,IV filters were blocked. The results of the blocked filters 
weree left out for calculation of the overall filtration data of the filters. 

Thee mean flow rate for NW-PET (9 ml/min) was significantly lower than for 
NW-PET-C022 (12 ml/min, WSR-test, p = 0.0002, n = 17), NW-PET-H20 (15 
ml/min,, WSR-test, p < 0.0001, n = 23) and NW-PET-SJV (21 ml/min, WSR-test, p 
<< 0.0001, n = 17). The mean flow rate for NW-PET-SJV was significantly higher 
thann for NW-PET-C02 (WSR-test, p = 0.0079, n = 13) and NW-PET-H20 (WSR-
test,, p = 0.0002, n = 29). The mean flow rate for NW-PET-H20 did not 
significantlyy differ from the mean flow rate for NW-PET-C02 (WSR-test, p = 
0.0294,, n= 18). 
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Fig.. 3.4 - The fraction of recovered platelets (figure A) and the fraction of retained 

leukocytess (figure B) for N W-PET-H20 as a function of the filtered PC-volume (total 
volumee is 150 ml). The filters were evaluated with a pooled BC-PC (1.3  0.25 x 109 

platelets/mll and 25.0  17.3 x 104 leukocytes/ml, n = 4). 

Tablee 3.2: Number of blocked filters, the mean flow rate, loss of BC-PC in the dead volume 
off the filter and the platelet recovery of NW-PET, NW-PET-C02, NW-PET-H20 and 

NW-PET-S,IV.. The filtration experiments were performed using pooled BC-PC containing 
approximatelyy 1.1  0.16 x 109 platelets/ml 

numberr of mean loss of platelet' 
numberr of blocked flow rate BC-PC recovery 

Filterr experiments filters (ml/min) (%) (%) 

NW-PET T 

NW-PET-C02 2 

NW-PET-H2O O 

NW-PET-SJV V 

34 4 

20 0 

38 8 

32 2 

8 8 

1 1 

0 0 

0 0 

99 8 

8 8 

155 0 

211 6 

1 1 

6  1.2 

5  1.5 

1 1 

633  7.9 

766  10.2 

833  5.4 

888 4 
'Platelett recovery (%) = (TxV/(T0x V0)) x 100 %. 
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PlateletPlatelet recovery for filters with PET non-woven 
Noo significant difference in the percentage of BC-PC loss (5-8%) in the dead 

volumee of the filter was found between any of the filters. 
Thee platelet recovery for NW-PET (63%) and NW-PET-C02 (76%) was 

significantlyy lower than for NW-PET-H20 (83%, WSR-test, p < 0.0001 (n = 23) 
andd p = 0.0002 (n = 18), respectively) and NW-PET-S,IV (88%, WSR-test, p < 
0.00011 (n = 18) and p = 0.0005 (n = 13), respectively). The platelet recovery for 
NW-PET-C022 was significantly higher than for NW-PET (WSR-test, p < 0.0001, n 
== 17). In addition, the platelet recovery for NW-PET-H20 was significantly lower 
thann for NW-PET-S,IV (WSR-test, p < 0.0001, n = 30). 

Figuree 3.5 shows the platelet recovery for the different non-wovens as a 
functionn of the platelet concentration before filtration. The platelet recovery for 
NW-PET-H200 and NW-PET-S,IV was not influenced by the platelet concentration 
off BC-PC before filtration. However, the platelet recovery for NW-PET slightly 
decreasedd when the platelet concentration of BC-PC decreased. 
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Fig.. 3.5 -The platelet recovery for NW-PET, NW-PET-C02, NW-PET-H20 and 
NW-PET-S,IVV as a function of the platelet concentration before filtration. The non-wovens 
weree evaluated with a pooled BC-PC. 
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Thee fraction of recovered platelets (T/To) and the surface concentration of 
adheredd platelets were determined as a function of the collected BC-PC volume. 
Thee results of the experiments are shown in figure 3.6. 

Figuree 3.6A shows that the fraction of recovered platelets for NW-PET-S,IV 
increasedd with increasing BC-PC load from 82% after 10 ml of BC-PC to 92% after 
477 ml of BC-PC. After filtration of 10 ml of BC-PC, the fraction of recovered 
plateletss for NW-PET-H20 was about 17% lower than for NW-PET-SJV, but after 
477 ml, the difference between NW-PET-H20 and NW-PET-S,IV with respect to the 
fractionn of recovered platelets had decreased to about 4%. 

Withh increasing volume of filtered PC, the surface concentration of adhered 
plateletss increased for all non-wovens. For NW-PET this increase was larger than 
forr the surface-treated non-wovens. The difference in surface concentration of 
adheredd platelets between NW-PET and NW-PET-C02 was small after filtration of 
aboutt 10 ml BC-PC, but became larger after filtration of more BC-PC. 
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Fig.. 3.6 - The fraction of recovered platelets (figure A, T/T0) and the concentration 
off platelets per surface area non-woven (figure B) as a function of the collected PC volume. 
Thee non-wovens were evaluated using a pooled BC-PC (1.1  0.16 x 109 platelets/ml, n > 8, 
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Afterr collecting 47 ml PC, the surface concentration of adhered platelets for 
NW-PET-H200 (2.4 xlO6 platelets/cm2) was lower than for NW-PET (6.7 xlO6 

platelets/cm2)) and NW-PET-C02 (4.4 xlO6 platelets/cm2). Moreover, the surface 
concentrationn of adhered platelets for NW-PET-H20 was lower than for NW-PET-
S,IVV (3.2 xlO6 platelets/cm2). 

LeukocyteLeukocyte retention for filters with PET non-woven 
Thee leukocyte concentration in the pooled BC-PC was about 16.5  11.92 x 

1044 leukocytes per ml (n - 18). The filters removed between 86.2 and 95% of the 
leukocytess (table 3.3). Using NW-PET-H20 (93%) significantly more leukocytes 
weree removed than with NW-PET (88%, WSR-test, p = 0.0004, n = 13). The 
leukocytee retention for NW-PET-SJV (95%) was significantly higher than for NW-
PETT (WSR-test, p = 0.0001, n = 10) and NW-PET-H20 (WSR-test, p = 0.013, n = 
15).. Other differences in leukocyte retention were not significant. 

Tablee 3.3: Leukocyte concentration in pooled BC-PC before and after filtration and the 
leukocytee retention for NW-PET, NW-PET-C02, NW-PET-H20 and NW-PET-S,IV 

numberr leukocyte concentration 
off before after leukocyte1 

numberr of blocked filtration filtration retention 
Filterr experiments filters (xl04ml'') (xlO4 ml"1) 

NW-PETT 18 5 16.5 2 2.2 3 88 2 

NW-PET--
cc®2®2 10 1 13.8 9 2.6 4 86 8 

NW-PET--
H200 18 0 16.5 2 1.5 7 93  5.4 

NW-PET--
S.IVV 15 0 17.0 6 1.2 8 95 1 
Leukocytee retention (%) = (1- total number of leukocytes after filtration/total number of 

leukocytess before filtration) x 100. 
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Fig.. 3.7 - The leukocyte concentration in BC-PC after filtration as a function of the 
leukocytee concentration in PC before filtration. The filters NW-PET, NW-PET-C02, NW-
PET-H200 and NW-PET-SJV were evaluated using a pooled BC-PC. 

Figuree 3.7 shows the leukocyte concentration of BC-PC after filtration using NW-
PET,, NW-PET-C02 , NW-PET-H20 and NW-PET-S,IV as a function of the 
leukocytee concentration before filtration. When filtering BC-PCs with less than 20 
xlO44 leukocytes/ml, both NW-PET, NW-PET-C02 and NW-PET-H20 gave a 
residuall leukocyte concentration of < 1.5 x 104 leukocytes per ml, while NW-PET-
SJVV gave a residual leukocyte concentration of < 0.5 x 104 leukocytes per ml. 
However,, when filtering BC-PCs with more than 20 xlO4 leukocytes/ml, the 
leukocytee concentration of all filters increased rapidly. 

Stabilit yy of RFGD-treated non-wovens: the effect of rinsing 
Thee effect of water rinsing and subsequent overnight drying in vacuo of NW-

PET,, NW-PET-C02 and NW-PET-H2O on the filtration characteristics was 
investigated.. The filtration data are shown in table 3.4. 
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Tablee 3.4: Number of blocked filters, the mean flow rate, loss of BC-PC in dead volume of 
thee filter, and the platelet recovery for NW-PET, NW-PET-C02, and NW-PET-H20, before 
andd after rinsing with water. The index (w) indicates that the non-wovens were rinsed with 
waterr and subsequently dried to the filtration experiments. The filters were evaluated pair-

wisee using pooled BC-PC (1.1  0.16 x 109 platelets/ml) 

Filter r 

NW-PET T 

NW-PETW W 

NW-PET-C02 2 

NW-PET-C02
w w 

NW-PET-H20 0 

NW-PET--
H2O

w w 

numberr of 
experiment t 

s s 

6 6 

6 6 

6 6 

6 6 

6 6 

6 6 

numberr of 
blocked d 
filters s 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

mean n 
floww rate 
(ml/min) ) 

88 8 

9  1.9 

111 7 

122 3 

144 6 

17=1=3.8 8 

losss of 
BC-PC C 

(%) ) 

7  1.6 

88 2 

8 8 

9 9 

9 9 

6  1.9 

platelet t 
recovery y 

(%) ) 

600  7.2 

633  4.6 

755  8.3 

722 3 

799 0 

811 7 

'washedd with water and subsequently dried overnight in vacuo prior to filtration 

Tablee 3.4 shows that water rinsing and drying did not significantly change 
thee mean flow rate of BC-PC during filtration. The mean flow rate for NW-PETW (9 
ml/min)) was significantly lower than for NW-PET-C02

w (13 ml/min, t-test, p = 
0.0052)) and NW-PET-H2O

w (17 ml/min, t-test, p = 0.0049). Moreover, the mean 
floww rate for NW-PET-C02w was lower (not significantly) than for NW-PET-H2O

w 

Thee loss of PC in the dead volume of the filters for water-rinsed non-wovens 
wass the same as for non-water-rinsed non-wovens (6-8%). Water rinsing and 
overnightt drying in vacuo of non-wovens prior to filtration did not significantly 
changee the platelet recovery of the filters. The platelet recoveries for NW-PET-
H2O

ww (81%) and NW-PET-C02
w were significantly higher than the platelet 

recoveryy for NW-PETW (63%, t-test, p < 0.0001 and p = 0.0214, respectively). 
Moreover,, the platelet recovery for NW-PET-H2O

w was higher (not significant) 
thann for NW-PET-C02

w (72%, t-test, p = 0.0655). 
Thee results in figure 3.8 show that during filtration of the first 10 ml of BC-

PCC more platelets were recovered by NW-PET-H2O
w than by NW-PETW and NW-

PET-C02
ww Thereafter, NW-PET-C02

w recovered more platelets than NW-PETW. 
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Afterr collecting 47 of ml BC-PC, the surface concentration of adhered platelets for 
NW-PET-H2O

ww (2.3 x 106 platelets/cm2) was lower than for NW-PETW (6.1 x 106 

platelets/cm2)) and NW-PET-C02
w (4.0 x 106 platelets/cm2). 

T/To o NW-PETW W 

NW-PET-H20 0 

NW-PET-C02
w w 

volumee (ml) 

Fig.. 3.8 - The fraction of recovered platelets (A, T/T0) and the surface concentration 
off adhered platelets (B) as a function of the collected PC volume. Prior to filtration, the non-
wovenss were rinsed with water and subsequently dried overnight in vacuo. The filtration 
experimentss were performed with pooled BC-PC containing 1.0  0.15 x 109 platelets/ml 
(n>6,,  SD). 

DISCUSSION N 

Thee described test system (see also Klomp et al [96]) was optimised to 
enablee a detailed evaluation of the filtration characteristics of surface modified non-
wovens.. In the optimised test system the ratio of non-woven surface area and BC-
PCC volume was increased with respect to the system used earlier [96]. The filtration 
experimentss were performed with six layers of non-woven per filter and a BC-PC 
loadd of 50 ml, which corresponds to 9.4 ml BC-PC per cm2 flow area. When using 
moree than 50 ml BC-PC, the capacity for leukocyte removal of NW-PET-H20 and 
NW-PET-SJVV filters was too low. 
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Withh the use of the new test system settings, a maximal loss of BC-PC in the 
deadd volume of the filter of 6% and a minimal fraction of retained leukocytes of 
93%% were obtained. Platelet recovery varied between 39% for NW-PET and 84% 
forr NW-PET-S,IV (figures 3.1 and 3.3). Compared to the 10% difference in platelet 
recoveryy between NW-PET and NW-PET-SJV for the test system reported by 
Klompp [96], the new system enables a better differentiation between the 
characteristicss of different filter materials. 

Alsoo with this new setting it was shown that RFGD treatment of NW-PET 
withh water vapour or carbon dioxide led to a significant improvement of the 
filtrationn characteristics. Besides a significantly higher mean flow rate, H20 RFGD 
treatmentt of NW-PET resulted in non-wovens giving a significantly higher 
leukocytee retention and platelet recovery as well. C02 RFGD treatment of NW-PET 
significantlyy improved the mean flow rate and platelet recovery only. Moreover, the 
improvementimprovement of the platelet recovery by a C02 RFGD treatment of NW-PET was 
significantlyy less than the improvement of the platelet recovery by an H20 RFGD 
treatmentt of NW-PET (tables 3.2 and 3.3). 

Thee highest loss of platelets occurred at the beginning of the filtration. All 
filterss showed a relatively high percentage of retained platelets in the first fraction 
off about 10 ml of filtered BC-PC (figure 3.4). Elias-Elias [100] also observed the 
samee effect for the commercial leukocyte filter Pall PL 100. 

Remarkablee is the difference between H20 and C02 RFGD treatment of NW-
PETT with respect to platelet adhesion. The surface concentration of adhered 
plateletss for NW-PET-C02 during the first stage of the filtration was comparable to 
thatt of NW-PET. Only during the following stages of the filtration of BC-PC, NW-
PET-C022 exhibited a better platelet compatibility than NW-PET. NW-PET-H20 
showedd a better compatibility throughout the whole filtration procedure. 

Thiss difference in platelet compatibility can be explained by differences in 
surfacee chemistry between NW-PET-C02 and NW-PET-H20. RFGD treatment of 
NW-PETT with water vapour leads to a lower surface concentration of oxygen-
containingg functional groups than does C02 RFGD treatment [95]. This difference 
inn degree of surface oxidation is most likely caused by differences in oxygen 
concentrationn available for oxidation during RFGD treatment and results in a large 
differencee in surface concentration of carboxylic acid groups between NW-PET-
H200 and NW-PET-C02. 

Probably,, NW-PET-C02 contains active sites that (indirectly) stimulate 
platelett adhesion. During filtration of BC-PC, proteins and platelets cover the active 
sitess at NW-PET-C02. Thereafter, further adherence of platelets is diminished. 
Mostt likely, NW-PET-H20 contains a lower surface concentration of active sites 
thann NW-PET-C02. Consequently, NW-PET-H20 shows directly from the start of 
thee filtration of BC-PC resistance to platelet adhesion. 

Inn spite of the 1.4 times higher surface concentration of adhered platelets 
measuredd for NW-PET-SJV, a significantly higher platelet recovery was obtained 
withh this material than with NW-PET-H20. The surface concentration of adhered 
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plateletss remained constant when increasing the surface area of NW-PET-SJV 
(figuree 3.2), but decreased slightly with increasing surface area of NW-PET-H20. 
Mostt likely, platelets are preferably removed in the first layers of filters with NW-
PET-H20.. This was also observed for filters with two layers of NW-PET-H20 of 
whichh the top layer showed more adhered platelets than the bottom layer [94]. 
Probably,, the resistance to platelet adhesion is mediated by plasma protein 
adsorption. . 

NW-PET-S,IVV showed a significantly higher leukocyte retention than NW-
PET.. This can be explained by differences in the physical characteristics of the 
filter,, such as porosity, fibre diameter distribution and pore size distribution [96]. 
Thee leukocyte retention of NW-PET was improved by H20 RFGD treatment. This 
mightt be caused by the improved accessibility of the non-woven for leukocytes 
(lesss platelets adhere to the non-woven surface) or by improved leukocyte adhesion 
(granulocytes). . 

Finally,, rinsing of NW-PET and RFGD-treated non-wovens with water and 
dryingg in vacuo prior to the filtration of BC-PC did not change the filtration 
characteristics.. Moreover, the remarkable difference in platelet adhesiveness 
betweenn NW-PET-C02 and NW-PET-H20 remained present (figure 3.8). 

CONCLUSIONS S 

Itt is concluded that the test system developed can be used to better 
discriminatee between surface-treated non-wovens with respect to their interaction 
withh platelets. H20 RFGD-treated NW-PET showed a better platelet recovery 
duringg filtration of BC-PC than C02 RFGD-treated NW-PET. Although rinsing 
withh water did have an effect on the chemical composition of the surfaces, the 
filtrationfiltration characteristics of these materials for BC-PC did not differ with respect to 
non-washedd RFGD-treated non-wovens. 
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Abstract t 

BACKGROUNDBACKGROUND AND OBJECTIVES: Non-woven polyethylene terephthafate] 
(NW-PET)) filter fabric, usually used for leukocyte removal of red cells, was 
modifiedd by water vapour glow discharge (WVGD) treatment to improve platelet 
compatibility. . 
MATERIALSMATERIALS AND METHODS: Modified filter material was evaluated with 
differentt kinds of platelet concentrates (PCs). In addition, modified filter materials 
weree y-sterilised and tested after different time intervals at different storage 
conditions. . 
RESULTS:RESULTS: Modification of the filter material resulted in an improved platelet 
recoveryy after filtration of PC from 57 to about 80 %. No significant difference in 
platelett recovery was observed when filtering either freshly prepared (79  3.5 %, 
meann  SD), overnight-stored single BC-PC (78 3 %), overnight-stored single 
PRP-PCC (75  8.8 %) or overnight-stored pooled BC-PC (79  8.9 %). However, 
freshlyy prepared pooled BC-PC gave a significantly higher platelet recovery (84
3.55 %). Leukocyte depletion did not differ significantly between the different types 
off PC. y-Sterilisation and subsequent storage of the modified filter material for 5, 
144 and 26 weeks at 20 °C or 37 °C had no significant influence on the filtration 
resultss of overnight-stored pooled BC-PC. 
CONCLUSIONS:CONCLUSIONS: The results of the present study show that WVGD-treated NW-
PETT is platelet compatible and can be used for leukocyte removal from preferably 
BC-PC.. It can be y-sterilised and stored for at least 6 months prior to filtration 
withoutt affecting the platelet recovery and leukocyte removal. 
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INTRODUCTIO N N 

Transfusedd platelet concentrates (PCs) containing leukocytes may cause 
adversee reactions such as HLA allo-immunisation and (non-)febrile transfusion 
reactionss [101]. These reactions can be minimised by removal of leukocytes 
throughh filtration of PCs with leukocyte reduction filters [55;59;102;103]. Common 
wholee blood or red cell concentrate filters are not suitable for PC, because platelets 
becomee activated, resulting in low platelet recoveries. Water vapour glow discharge 
(WVGD)) treatment of non-woven poly(ethylene terephthalate) (NW-PET) has been 
shownn to render the material more platelet-compatible [70]. During this process, 
hydrophilicc groups are formed at the surface of the NW-PET. 

Thee modified material was tested in a downscaled filtration set-up by 
measuringg flow rate, platelet recovery and leukocyte redaction of small amounts of 
PC.. Because the preparation of PC varies, resulting in different qualities [32], the 
filtrationfiltration characteristics may differ. Therefore, the WVGD-treated NW-PET filters 
weree tested with several types of PC prepared via the platelet-rich plasma (PRP) 
methodd [104] (after overnight storage of the PC), the single-buffy-coat (BC) 
methodd [87] (either freshly prepared or overnight-stored) and the pooled-BC 
methodd [105] (either freshly prepared or after overnight storage). 

Too test the effects of sterilisation on the WVGD treatment, filter material was 
subjectedd to sterilisation. Because steam autoclaving places a severe burden on the 
NW-PETT and ethylene oxide is no longer used because of environmental concerns, 
itt was decided to study the effect of 25 kGray gamma radiation treatment on 
modifiedd NW-PET with respect to filtration characteristics with PC. The stability of 
thee WVGD treatment and the y-sterilisation on the NW-PET were tested after both 
treatmentss and after storage at 20 and 37°C for at the maximum 26 weeks. During 
storagee of the modified NW-PET, the oxidised non-woven surface shows 
rearrangementss resulting into a decrease of the wettability as result of loss of 
oxygenn containing groups into the top layer of the sample. Therefore, rinsing the 
modifiedd material with HC1 and water tested the stability of the hydrophilic groups 
onn the NW-PET formed by the WVGD modification. After rinsing, the filters were 
storedd at 20°C. All stored and treated filters were tested by filtration with overnight-
storedd pooled BC-PC. 

MATERIAL SS AND METHOD S 

BloodBlood collection and PC preparation 
PCss were prepared from whole blood in three different ways, the PRP 

methodd [104], the single BC method [87] and the pooled BC method [105]. 
5000  50 ml of whole blood was collected in 70-ml of citrate-phosphate-

dextrosee (CPD) in PVC/DEHP quadruple systems (Biopack Compoflex, NPBI, 
Emmer-Compascuiim,, The Netherlands). The pooled BC-PC were prepared in 
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bottom-and-topp bags (NPBI). After storage at 20  2°C for 12-16 hours on butane-
dioll cooling plates [30], whole blood donations were processed into PRP-PC, single 
BC-PCC or pooled BC-PC. 

PRP-PC PRP-PC 
Forr PRP-PC, blood was first separated into red cells and PRP by 

centrifugationn for 7 min at 1,000 x g, brake 3, 20°C (Hettich Roto Silenta R/P, 
Dépex,, De Bilt, The Netherlands). PRP was pressed under reduced flow into an 
emptyy satellite bag by an automated device for component preparation, i.e. 
Compomatt (G4) with Compomaster software [84](NPBI). PRP was subsequently 
centrifugedd for 6 min at 3,000 x g at 20°C. The Compomat was then used to remove 
plasmaa until about 70 ml of plasma was left. The platelet pellet with 70 ml of 
plasmaa was left undisturbed for 90 min at room temperature before manual 
resuspension.. Before pooling, PRP-PC were stored overnight in 600-ml 
PVC/DEHPP bags in a platelet incubator (22  2°C) on a horizontal flatbed shaker (1 
cycle/s)) (Helmer labs Inc, Noblesville, IN, USA). Prior to filtration, the platelet 
concentrationn in the PRP-PC was measured and pools of 2 PRP-PC were made by 
meansmeans of a sterile connecting device (SCD 312, Haemonetics, Braintree, MA, USA) 
soo that an equal platelet concentration was reached in each pool. This pool was split 
again,, and PCs originating from one pool were used for paired filtrations with 
WVGD-treatedd filter material and control material (Sepacell). 

SingleSingle BC-PC 
Bloodd for single BC-PC was processed to PC from single donations [87] by 

usee of a Compomat according to standard methods as described before [106]. 
Forr each paired experiment, 4 single BC-PCs were pooled by means of a 

sterilee connecting device (SCD 312, Haemonetics). This pool was split in four BC-
PCss again and two BC-PCs were used directly for filtration, while the other two 
weree stored overnight in a platelet incubator until filtration on the next day. This 
allowedd pairing for different filter types and fresh versus overnight PC storage. The 
wholee procedure was repeated 7 times. 

PooledPooled BC-PC 
BCss of the same ABO and Rhesus blood group were prepared in bottom-and-

topp triple bags (NPBI). Blood was separated into plasma and red cells by 
centrifugationn at 3,990 x g for 15 min., brake 5, 18°C. BCs were prepared by means 
off a Compomat G4 with Compomaster software. After preparation, BCs were left 
undisturbedd for 1 hour at room temperature. For pooling, 4 BCs and a plasma unit 
weree connected via a sterile docking device, and plasma was added until a net 
weightt of about 550 g. After homogenisation, pools were centrifuged at 1,252 x g 
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forr 4 min., brake 3, whereafter PCs were pressed into Thrombo pool bags, 1000 ml 
(Compoflexx F501, NPBI). These PCs were directly used or stored overnight in a 
platelett incubator prior to filtration. 

CellCell counts 
Platelett counting was performed on a Cell-Dyn whole blood counter 

(Sequoia-Turnerr Co, Mountain View, CA, USA). Prior to filtration, leukocytes 
weree counted electronically with a Coulter Multisizer II (Coulter Electronics, 
Mijdrecht,, the Netherlands). After filtration, leukocytes were counted by 
fluorescencee light microscopy in a Nageotte bright-line counting chamber 
(Superior,, Bad Mergentheim, FRG). For this measurement 100-uJ of filtered PC 
wass added to 400 ul of acridine orange solution (0.05 mg/ml in PBS). 

WaterWater vapour glow discharge treatment of NW-PET 
NW-PETT filter material (obtained from NPBI) was treated with WVGD in a 

radioo frequent glow discharge process [94;95] during which water vapour is 
broughtt into a reactor in which the NW-PET is placed. A discharge process initiates 
reactivee plasma formation of the water vapour, producing ions and radicals. This 
reactivee plasma initiates formation of hydrophilic groups on the surface of the NW-
PETT [95]. 

Preparation,Preparation, sterilisation, storage and rinsing of the filters 
Filterr discs were cut with a diameter of 26 mm from untreated and WVGD-

treatedd NW-PET material. To remove water soluble polymer surface groups, part of 
thee gas-plasma-treated NW-PET material was rinsed with 50 ml, lOmM HC1 
solutionn on a Vibrax VXR flatbed shaker (1 cycle/s, Labortechnik, Staufen, 
Germany)) for 1 hour at room temperature [95]. Rinsing with water (25 ml for 30s) 
andd drying overnight at room temperature followed this treatment. Subsequently, all 
gloww discharge-treated NW-PETs including the rinsed ones were y-sterilised 
(25kGray,, Gammaster, Ede, the Netherlands). The gas-plasma-treated NW-PET 
discss (non-sterilised, y-sterilised and, rinsed and y-sterilised material) were stored at 
roomm temperature in closed containers. For accelerated ageing, y-sterilised WVGD-
treatedd NW-PET material was stored at 37°C in closed containers. 
Sepacelll filter material (PLIO(II)A, Asahi, Medical CO., Tokyo, Japan) was used as 
control.. For this purpose, 6 filter discs with a diameter of 26 mm were cut out of the 
non-coarsee section (21 layers most close to the outlet) of the Sepacell filter. 
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DoDo wnscaledfiltration 
Too allow performance of paired experiments with limited volumes of PC a 

6:11 downscaled filtration was performed. For each filtration experiment, 6 filter 
discss of the same type were put in a specially made perspex filter holder (made at 
thee University of Twente or at the CLB). For filtration, 50 g of PC were poured in 
ann 50-ml disposable Combitip (Eppendorf, Hamburg, Germany) which was 
connectedd to the filterholder with 15.5-cm tube (3 x 4.55 mm, NPBI). The distance 
betweenn the upper edge of the Combitip and the filter discs inside the filter holder 
wass 26 cm and 29 cm till the outlet. 

Thee time between entrance of the PC in the filter and the first visible drop in 
thee outlet of the filter was called the wetting time. The filtration time was measured 
ass the time between PC entering the filter holder and the first air entering the filter 
holderr after the PC had flowed through. Weights were converted into volume by 
applyingg specific gravity for PC (plasma) of 1.026 g/cm3. When the flow rate 
becamee lower than 2 ml/min for more than 60 s or when the total filtration time 
exceededd 720 s, filtration was stopped. This filter was called blocked.The leukocyte 
retentionn and platelet recovery were calculated as follows: 

totall number of leukocytes after filtration 
Leukocytee retention (%) = {1 _ _ \ x ioo% = 

totall number of leukocytes before filtration 

LxV V 
== {1 }x 100% 

L0xx V0 

totall number of platelets after filtration 
Platelett rec. (%) = { . } x 1 0 0 o / o = 

totall number of platelets before filtration 

TxV V 
== { }xl00% 

T0xV0 0 

LL = leukocyte concentration in total filtered PC (sum of fractions); L0 = leukocyte 
concentrationn in PC before filtration; T = platelet concentration in total filtered PC; T0 = 
platelett concentration in PC before filtration; V = volume of the filtered PC; V0 = volume of 
PCC used for filtration 
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PlateletPlatelet morphology 
Forr morphological evaluation of the PC, 50 ul of PC was fixed with 250 uL 

off 0.5% glutardialdehyde in PBS and stored for future evaluation at 4°C. 
Morphologyy was judged by a modification of the Kunicki score [107] evaluated by 
lightt microscopy (Leitz, Wetzlar, Germany) with oil immersion (lOOOx). The 
numberr of cellular discs per 100 cells was multiplied by 4, the number of filled 
dendritess by 2 and the number of spheres by 1. A score higher than 250-300 
indicatedd a good PC quality. 

StatisticalStatistical analysis 
Statisticall comparisons and correlation coefficient calculations were carried 

outt with the computer programmes Instat 2.03 (GraphPad Software, San Diego, 
CA,, USA) for two-tailed Student t-tests. The statistical programme SPSS (SPSS7.5, 
SPSSS Inc., Chicago, Illinois, USA) was used for multiple comparison analysis in 
casee of the filter storage study, p-values < 0.05 were considered significant. 

RESULTS S 

PreparationPreparation of different types of PC 
Tablee 4.1 shows quality characteristics of the different PCs. All PC had 

comparablee platelet concentrations (1 x 109/ml). The leukocyte concentration in 
overnight-storedd single PRP-PC was significantly higher than in fresh and 
overnight-storedd single BC-PC. PRP-PC and overnight-stored pooled BC-PC 
scoredd lower in morphology (p < 0.01 and p < 0.001) compared to single BC-PC, 
freshh and stored overnight, and pooled BC-PC, stored overnight. 
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PCC type 

singlee PRP-PC 
overnight t 

singlee BC-PC 
overnight t 

singlee BC-PC 
fresh fresh 

pooledd BC-PC 
overnight t 

pooledd BC-PC 
fresh h 

12 2 

platelet t 
concentration n 

(*109/ml) ) 

0.99 8 

2 2 

1.00 9 

0 0 

1.11 3 

leukocyte e 
concentrationn morphology 

(*106/ml)) score 

0.244  0.086 

0.066  0.029 

0.077  0.025 

0.17  0.127 

0.255  0.257 

2633  35 

3355 4 

3466 7 

2499  37 

3533 5 

PCC type and number (n) prepared in different ways, with platelet and leukocyte 
concentrationss and morphology scores before filtration. Every filtration with an overnight-
storedd single BC-PC was paired with a filtration with a fresh single BC-PC. 

TestingTesting downscaled set-up with control material 
Too monitor the downscaled filtration set-up, besides NW-PET, for every PC 

ann aliquot was filtered with control material (6 layers of Sepacell) as well. The 
Sepacelll filter material never blocked and gave platelet recoveries of 88  5.5% 
(meann  SD; n = 34; range 70-96%). The average flow rate was 14.8  5.20 ml/min. 
Leukocytee reduction was 96  2.2% (n = 34). 

UntreatedUntreated NW-PET 
Beforee using NW-PETs modified by WVGD treatment, these filters were 

testedd without this modification [70]. For this purpose, overnight-stored pooled-BC-
PCC were used. Including 3 out of 12 experiments in which the untreated filter was 
blocked,, we found a platelet recovery of 57  14% (n = 12). 

InfluenceInfluence of different types of PC onfütration results tested with PET-H20 
Platelett recovery did not differ significantly between freshly prepared or 

overnight-storedd single BC-PC or overnight-stored PRP-PC. However, freshly 
preparedd pooled BC-PC showed a significant higher platelet recovery compared to 
thee other types of PC (table 4.2). Flow rates of freshly prepared pooled BC-PC were 
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significantlyy higher (p < 0.05) than those of single or pooled overnight-stored 
pooledd BC-PC, flow rates of single freshly prepared BC-PC were higher than those 
off overnight-stored pooled-BC-PC (table 4.2). Leukocyte reduction and flow rate 
didd not differ significantly per type of PC and between control (Sepacell material) 
andd WVGD-treated NW-PET material (table 4.2; Sepacell data not shown). 
Morphologicall scores before and after filtration did not differ significantly (scores 
afterr filtration not shown). 

Tablee 4.2: Filtration characteristics of differently prepared PC 

PCC type Prec. Lred. Flow rate 
(%)) (%) (ml/min) 

Singlee PRP-PC overnight 75  8.8 
(n=8) ) 

Singlee BC-PC overnight 78  3.3 
(n=6) ) 

Singlee BC-PC fresh 79 5 
(n=6) ) 

Pooledd BC-PC overnight 79  8.9 
(n=4) ) 

Pooledd BC-PC fresh 84  3.5 
(n=4) ) 

Platelett recovery (P rec; %) and leukocyte reduction (L red.; %) after filtration and flow 
ratee (ml/min) during filtration measured with different PC types filtered with 6 layers of 
waterr vapour gas-plasma-treated NW-PET material. 

InfluenceInfluence of storage, y-sterilisation and rinsing with HCl on WVGD-treated 
filters filters 

WVGD-treatedd NW-PET filters were tested after storage of the filters for 5, 
144 and 26 weeks with overnight-stored pooled BC-PC. After y-sterilisation, filters 
weree stored at room temperature or at 37°C. The stability of WVGD treatment was 
testedd after rinsing these filters with HCl before y-sterilisation and storage. Filter 
materiall that had been stored at room temperature and not y-sterilised was used for 
controll experiments. After 5, 14 and 26 weeks of storage, no difference in overall 
platelett recovery was measured after filtration. Storage temperature, y-sterilisation 
orr rinsing with HCl did not influence the results (table 4.3). After 26 weeks, platelet 
recoveriess of filtrations with the non-sterilised material, stored at 20°C, gave a high 
standardd deviation (SD), caused by two out of four filtrations that blocked (total 
filtrationn time longer than 720 s). Due to this high SD and the low number of tests, 
aa significant difference with other filter types was not demonstrable. 

944 4 

955  0.6 

933 6 

999  0.3 

966  2.4 

100 7 

100 2 

155 8 

77 0 

155 8 
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Theree was no influence of the treatments and storage conditions on the flow 
ratess of PC through the filters (table 4.3). Moreover, flow rates of PC through 
filterss with Sepacell control material and WVGD-treated NW-PET did not differ 
(dataa not shown). However, glow discharge-treated NW-PET material stored at 
20°C,, without y-sterilisation, showed variation in flow rate due to blockage of two 
filterss out of 4. The y-sterilised NW-PET showed a more reproducible flow rate and 
gavee no blockage. Leukocyte reduction did not differ significantly for different 
treatmentss of the WVGD-treated filters (99.0-99.9%). Morphological scores before 
andd after each filtration were not significantly different (248  37.5 and 250  37.1 
respectively). . 

Tablee 4.3: Filtration characteristics after storage of WVGD-treated NW-PET filter material 
underr different circumstances 

Filterr type 
Storagee time 

(weeks) ) 
H200 PET 

5 5 
14 4 
26 6 

H200 PET, Y 

5 5 
14 4 
26 6 

H200 PET, y, 37°C 
5 5 
14 4 
26 6 

H200 PET, y, HCl 
5 5 
14 4 
26 6 

PP rec. (%) 
(n=4) ) 

799  8.9 
855  5.1 
544 7 

833  5.2 
877 4 
833  4.2 

822 4 
844  4.5 
833 8 

811 1 
833  4.8 
822  1.9 

Floww rate 
(ml/min) ) 

77 0 
66 0 
55 8 

7  1.7 
7 7 
1 1 

66 9 
66 2 
66 2 

77 9 
6  1.9 

5 5 

—__ v. .„„.5 ,„, „„„ 11V,„ ,„„,, v'""""1v "' uuiercnuy ireaiea WVUL» INW-
PETT material at different time points, filtered with overnight-stored pooled BC-PC. 
Modifications:: y-sterilisation (y), storage at 37°C (37°C) and rinsing with HCl (HCl). 

72 2 



WaterWater vapour glow discharge treated NW-PET, different types of PC 

DISCUSSION N 

Morphologicall scores of platelets are used to assess the quality, notably the 
degreee of platelet activation of PC [108]. The unexpected differences in 
morphologicall scores between the differently prepared PC could not completely be 
explainedd by the preparation method or handling of the PC. In case of PRP-PC, the 
loww morphology score correlates with a higher activation rate of this type of PC 
[32],, due to the preparation method in which platelets are pelleted against the 
plasticc container. In contrast to the PRP-PC, we have no explanation for the 
unexpectedlyy low morphology score of the overnight-stored pooled BC-PC. 
However,, we observed this effect in other (unpublished) studies as well, in which 
thee morphology score improved within the first 3 days of storage. According to 
morphologicall score, overnight-stored pooled BC-PC and PRP-PC are the most 
activatedd PC. However, in comparison with single BC-PC, which were not 
activated,, these ones do not give a lower platelet recovery after filtration. So, the 
degreee of platelet recovery after filtration cannot be explained by the degree of 
activationn of the PC, because in activated and in non-activated PC, platelet 
recoveriess after filtration are similar. 

Afterr storage of the treated filters for 26 weeks at room temperature or 37°C, 
aa statistically significant decline in filter performance is not demonstrable. 
However,, the filtration results from non-sterilised filters vary more than the 
filtrationn results from y-sterilised filters, including blockage of some non-sterilised 
filters.filters. This might be caused by a stabilising effect of y-sterilisation on the surface 
characteristicss of WVGD-treated NW-PET. An explanation could be a possible 
cross-linkingg effect of the WVGD-treated NW-PET by y-sterilisation. Good 
filtrationfiltration results were obtained with WVGD-treated NW-PET stored at 37°C for 26 
weeks,, indicating that this modification of the material might be stable till almost 
twoo years at room temperature (storage at 37°C is used for accelerated ageing: 26 
weekss storage at 37°C is approximately similar to 2 years storage at room 
temperaturee [109; 110]). 

Inn all filtration experiments, the control material (Sepacell) shows a 
significantlyy higher platelet recovery than did WVGD-treated NW-PET 
(differencess between 5 and 16%). This can be due to the total filter surface of this 
material,, which is smaller than the NW-PET. Experiments by Klomp et al [70] 
showedd that 1.4 times more platelets adhere to the Sepacell surface compared to the 
NW-PETT (2.4 versus 3.2 x 106 platelets/ cm2). This means that if equal filter 
surfacess (of NW-PET and Sepacell filter material) are compared with each other 
insteadd of equal layers, the difference might be minimal. The leukocyte reduction 
forr WVGD-treated NW-PET filters and the control (Sepacell) material does not 
differr significantly. 

Wee conclude that WVGD treatment of NW-PET modifies the surface of the 
NW-PET,, which changes the chemical composition of the surface structure of this 
material,, resulting in a material that is more platelet-compatible. If used as a filter 
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material,, this results in significantly improved filtration characteristics, an increased 
floww rate, increased leukocyte retention and increased platelet recovery [70]. 
Subsequentt y-sterilisation seems to be essential to stabilise WVGD treatment-
inducedd modifications. 
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CHEMICA LL  COATING S FOR IMPROVIN G PLATELE T 
COMPATIBILIT YY OF NON-WOVEN PET USED FOR FILTRATIO N OF 
PLATELE TT CONCENTRATES 

E.H.. Kostelijk, C.W.N. Gouwerok and D. de Korte. 

Divisionn CLB of Sanquin Blood Supply Foundation, Amsterdam, The Netherlands. 

Abstract t 

Non-wovenn PET (NW-PET) material is widely used for leukocyte removal 
fromm red blood cell concentrates. It is, however, not platelet-compatible. Because of 
goodd leukocyte removal properties and low-cost aspects, it is interesting to modify 
thiss material into platelet-compatible material for development of a leukocyte 
removall filter for platelet concentrates (PC). 

Basedd on literature study, experimental coatings that were hydrophilic and 
protein-compatiblee were selected and used for coating of NW-PET material. After 
testingg the wettability and stability of experimentally coated NW-PET, filter 
materiall was tested in triplo with three different PCs in a downscaled filtration set
up. . 

Afterr coating of NW-PET with different polymers (block copolymers from 
poIy[ethyleneoxide](PEO),, poly[propyleneoxide](PPO) and polysiloxanes), the 
wettabilityy increased. These coatings were not stable after gamma-sterilisation and 
duringg filtration. The downscaled filtration set-up is an excellent way of testing a 
maximumm amount of filters with minimal amounts of PC. According to the 
filtrationn results with different PCs, only PEO-polydimethylsiloxane-PEO type 4 
seemedd to be platelet-compatible. This material might be used for further 
developmentt of a leukocyte removal filter for PC. The predicted protein and platelet 
compatibilityy under static conditions according to the literature did not correlate 
withh platelet compatibility under flow conditions. 
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INTRODUCTION N 

Inn leukocyte-depletion of blood or blood components by filtration, three 
mechanismss are involved: mechanical sieving direct adhesion and indirect adhesion 
[111].. Leukocytes can bind directly to the filter surface but also indirectly when 
leukocytess adhere to platelets that have already adhered to the filter material. 
Granulocytess are removed by all three mechanisms, monocytes are mainly removed 
byy adhesion and mechanical sieving, while lymphocytes are removed by sieving 
only.. Therefore, lymphocyte removal mainly depends on the pore size and 
granulocytee and monocyte removal mainly depends on chemical properties of the 
filterr surface. Residual leukocytes in buffy-coat (BC)-derived PC are mainly 
lymphocytess [87; 112], thus removal of leukocytes from PC should mainly depend 
onn a mechanical sieving mechanism. For platelet concentrate (PC) filtration, a filter 
thatt does not induce platelet adhesion is necessary. For this purpose, the filter 
surfacee can be modified to obtain a non-adhesive surface for platelets. The effect of 
aa platelet-compatible surface on adhesion of granulocytes and monocytes is 
unknownn but of minor importance because of the low concentration of these cells in 
PC. . 

Forr removal of leukocytes from red blood cell concentrates, non-woven 
poly(ethylenee terephthalate) (PET) filter material is frequently used. However, this 
materiall is not platelet-compatible and has to be modified to render it suitable as a 
leukocyte-removall filter for PC. For this purpose, biocompatible polymers were 
selectedd from the literature and tested as coatings on the NW-PET material. 

Severall ways of surface modification to increase blood compatibility exist, 
whichh can be divided in five main groups [113]: 
1.. change of hydrophilicity or hydrophobicity of the surface 
2.. applying a negative charge on the surface 
3.. immobilisation of physiologically active compounds on the surface 
4.. masking of the surface with coatings 
5.. combinations of one of the above-mentioned methods 

AdAd 1. For maximum platelet compatibility, the adsorption of adhesive 
proteinss needs to be minimised. Some adhesive proteins possess the Arg-Gly-Asp 
(RGD)) sequence. This sequence is responsible for specific binding to the platelet 
integrinn aiit>63 (GpIIb/HIa), which is present in closed conformation on non-
activatedd platelets. The RGD sequence is present in fibrinogen, von Willebrand 
factorr (vWf), fibronectin, vitronectin and thrombospondin. These proteins are 
calledd adhesive proteins, in contrast to albumin, which lacks the RGD binding site. 
Thesee adhesive proteins bind to aiibB3 on activated platelets when the open (active) 
conformationn is present. 

Byy increasing the hydrophilicity or hydrophobicity or both, protein 
adsorptionn on a (filter) surface can be minimised, resulting in less platelet 
interactionn with the filter surface [67]. Hydrophilic surfaces also induce less 
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conformationall changes of proteins, which, in turn leads to less platelet interaction. 
Despitee the low protein adsorption on hydrophobic surfaces, these surfaces are not 
suitablee for filtration due to low wettability capacity of the hydrophobic surface. A 
combinationn of hydrophobic and hydrophilic surfaces (domain structure) shows a 
loww platelet interaction as well. Proteins keep their native conformation when 
adheredd to this type of surface. The hydrophobic as well as the hydrophilic part of 
thee protein can bind to a specific domain. In this way, proteins can cover the 
surface.. However, the wettability of this surface type is not optimal and depends on 
thee relative amount of hydrophilic domains compared to the hydrophobic domains. 

Inn conclusion, hydrophilic surfaces induce the lowest protein/platelet 
interactionn combined with the highest wettability capacity, rendering these surfaces 
thee most preferable for development of platelet-compatible filter material. 

AdAd 2. Cell membranes of platelets and leukocytes have a negative charge 
underr physiologic conditions. A positively charged surface will have a strong 
interactionn with both cell types. A negatively charged surface will repulse both and 
thuss cause a decreased platelet adhesion, which is preferable for platelet filters. 

AdAd 3. For immobilisation of physiologically active compounds at the 
surface,, anti-platelet compounds such as prostaglandins, aspirines, apyrases and 
heparinn can be used. These have an inhibiting effect on platelet deposition. Besides 
thiss platelet-deposition-inhibiting effect, heparin also has an inhibiting effect on the 
intrinsicc pathway of the coagulation. 

AdAd 4. By covering the surface with body-compatible material, the surface 
cann be masked and will not be recognised as non-corporal material. There are three 
differentt methods to accomplish this: 
** simulation of physiologic surface of arteries and veins (endothelialisation) 
** immobilisation of non-adhesive proteins to the surface 
** simulating of the blood cell surface by applying phospholipids [114-116] 

Endothelialisationn is not suitable for filtration material due to storage 
instability,, high costs, difficult sterilisation and processing. Immobilisation of non-
adhesivee proteins, such as albumin, to the surface is possible, but also creates 
storagee problems and infection possibilities. However, simulating of the blood cell 
surfacee by applying phospholipids is a good possibility, but costly [114; 117]. 

AdAd 5. Combination of one of the above-mentioned methods. 
Forr example, surfaces can be covered by poly[ethy!ene-oxide] (PEO) chains with a 
terminall sulfate group. These can function as negatively charged tails. By applying 
aa negative charge to the surface, the hydrophilicity of the surface will increase as 
well. . 
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Inn our study we decided to make the surface of the NW-PET more 
hydrophilic.. For this purpose, we used a number of block copolymers consisting of 
variablee numbers of hydrophobic and hydrophilic blocks. The hydrophobic block of 
thee copolymers binds via irreversible adsorption to the filter surface, whereas the 
hydrophilicc tails (connected to the hydrophobic block) give the filter a hydrophilic 
surfacee character. We mainly used the hydrophilic polymer PEO, which is known 
forr its platelet-compatible property [67]. As hydrophobic block, 
poly[propyleneoxide]] (PPO) and polysiloxane polymers were tested. The 
hydrophobicc polymers were bound to the PEO and tested in different structures. We 
usedd for example ABA and AB structures. In case of ABA structure, two tails (A) 
off PEO are hold together by the hydrophobic middle part (B), whereas the AB 
structuree contained only one hydrophilic tail. 

Thee stability of the coating depends on the" interaction between the 
hydrophobicc part and the NW-PET. It was expected that a long hydrophobic block 
wouldd result in multiple interaction sites with PET and therefore in a stable coating. 
Ass surface-active compounds we used several block-copolymers, including PEO-
PPO-PEOO compounds, which were tested with (1) an increasing PPO content (more 
interactionn with filter surface) with equal PEO content: type 1 < type 2 or (2) an 
increasingg content of PEO (increasing hydrophilicity) with equal PPO content: type 
33 < type 4 < type 5. Applying these block copolymers can lead to a homogeneous 
coatingg of 60-lOOA [67;71]. Also AB structures (PS1 and PS2) were tested in 
whichh the hydrophobic part consisted of hydrophobic polysiloxanes (PS). 
Polysiloxaness were tested in the ABA block copolymer structures as well: PS3 and 
PS44 (PEO-poly(dimethylsiloxane)-PEO), DBE1-3 (dimethyl siloxane-
ethyleneoxidee (EO) block copolymers) and DBP1 (dimethyl siloxane-
poly(propyleneoxide-ethyleneoxide)) block copolymers) are all ABA block 
copolymers. . 

Beforee biological evaluation, coated materials were tested with respect to 
stabilityy of the coating, hydrophilicity and wettability. An iodine complexation test 
wass performed to test the amount of coating adhering to the filter surface. 

Thee modified non-wovens were tested with platelet concentrates (PCs) in a 
downscaledd filtration set-up. We focused on platelet compatibility. This was done 
byy filtration experiments in which the platelets of the initial PC and in various 
fractionss of the filtrate were analysed (platelet counts and morphological 
evaluationss before and after filtration). With this approach, many leukocyte counts 
weree omitted, allowing more filtration experiments to be performed in parallel on 
onee day. In filtrates from filters with an acceptable platelet recovery (> 70%), 
leukocytess were counted as well. 
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MATERIAL SS AND METHOD S 

PreparationPreparation of PC 
Platelett concentrates were made according to the single-BC method. 

Donationss of (500  50 ml) whole blood from the same ABO-Rh blood group were 
collectedd in 70-ml of citrate-phosphate-dextrose (CPD) in quadruple systems 
(Biopackk Compoflex, NPBI, Emmer-Compascuüm, The Netherlands). After storage 
att 20  2°C for 12-16 hours on butane-diol cooling plates [30], whole blood 
donationss were processed to single BC-PC [87] by means of an automated device 
(Compomatt G4, NPBI, Emmer-Compascuüm, The Netherlands) according to 
standardd methods as described before [106]. After platelet counts had been made, 
BC-PCC were stored overnight in a platelet incubator (22  2°C) on a horizontal 
flatbedd shaker (1 cycle/s) (Helmer labs Inc, Noblesville, IN, USA) until filtration on 
thee next day. Before filtration, the BC-PC were pooled to suspensions of 
approximatelyy 300 ml and with platelet counts of 0.8-1.2 x 109/ml. For this purpose, 
aa sterile connecting device was used (SCD 312, Haemonetics, Braintree, USA)! 
Onee pool of PC was used for 6 downscaled filtration experiments. After pooling, 
thee PC pool was split in two equal parts. One part was directly used for 3 filtrations 
whilee the other part was kept in the platelet incubator until use for the next 3 
filtrations. . 

CellCell counts 
Platelett counting was performed on a Cell-Dyn whole blood counter 

(Sequoia-Turnerr Co, Mountain View, CA, USA). Prior to filtration, the leukocytes 
weree counted electronically with a Coulter Multisizer II (Coulter Electronics, 
Mijdrecht,, The Netherlands). After filtration, the leukocytes were counted by 
fluorescencee light microscopy in a Nageotte bright-line counting chamber 
(Superior,, Bad Mergentheim, FRG). For this measurement 100 ul filtered PC was 
addedd to 400 ul acridine orange solution (0.05 mg/ml in PBS). Leukocyte counting 
wass only performed in starting point material and in filtrates when the platelet 
recoveryy was more than 70%. 

CoatingCoating of filter material 
Filterr discs of 26 mm were cut from non-woven polyethylene terephthalate 

(PET)) material and chemically coated by submerging the material in a 0.5% (w/v) 
surfactantt solution in water for 15 minutes. Subsequently, unbound surfactant was 
removedd by extensively rinsing the filter with water. The filters were dried in air on 
filtrationfiltration paper. 
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WettabilityWettability test 
Too test the wettability, water drops were placed on the surface. Unmodified 

NW-PETT did not absorb water at all. After coating, drops were absorbed directly. 
Thee scoring was qualitative: good, average and bad (+,  and -)• Unmodified NW-
PETT was judged as bad (-). 

IodineIodine complexation test 
Iodinee forms complexes with ethers. The amount of ethers can be measured 

byy depletion of iodine from an iodine solution. Because the stochiometric 
complexationn of iodine with (adsorbed) ether compounds is unknown, only relative 
measurementss were performed. The non-woven filter material (about 0.4 g) was 
submergedd for 15 minutes in 10 ml I2 solution (0.005 M) containing HC1 (0.1 M 
(fromm 1M solution, Merck, Darmstadt, Germany)). The extinction before and after 
complexationn was measured with a spectrophotometer at a wavelength of 500 nm. 
Inn this way, the depletion of iodine was calculated. The amount of I2 was expressed 
ass umol I2/g NW-PET material. 

StabilityStability tests for coatings 
Thee stability of the coatings was tested by comparing wettability and iodine 

complexationn of the materials before and after submerging in PBS. Coated NW-
PETT had been submerged in PBS or albumin solution in PBS (4 g/1) for 30 minutes 
andd was subsequently rinsed three times with water and thereafter dried on filtration 
paper. . 

GammaGamma sterilisation of filter discs 
Filterr discs were gamma sterilised with 25 kGray at Gammaster (Ede, The 

Netherlands). . 

Coatings Coatings 
Surfacee active compounds (PEO-PPO-PEO) (ICI, Middlesbrough, UK) were 

testedd in homologous series with increasing PPO content combined with a 
comparablee amount of PEO: 

typee 1 < type 2 
orr increasing PEO contents combined with comparable PPO content: 

typee 3 < type 4 < type 5. 
Wee also tested various dimethylsiloxane block copolymers (PS 1-4, DBE1-3 

andd DBP1) from Gelest (Tullytown, PA, USA). Coatings from Gelest were not 
testedd for wettability and iodine complexation. Physical and chemical data from the 
manufacturerr were used instead. 
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PreparationPreparation of filters 
Perr filtration, 6 coated discs with a diameter of 26 mm were used and put in a 

home-madee filter holder. Sepacell filter material (PLIO(II)A, Asahi, Medical CO., 
Tokyo,, Japan) was used as control. For this purpose, 6 filter discs with a diameter 
off 26 mm were cut out of the non-coarse section (the 21 layers closest to the outlet) 
off the Sepacell filter. 

DoDo wnscaledfiltration 
Too allow performance of experiments with limited volumes of PC, a 6:1 

downscaledd filtration was performed that allowed 6 paired filtration experiments 
withh one PC of about 300 ml. For each filtration experiment, 6 filter discs of the 
samee type were put in a specially made Perspex filter holder (made at CLB), also 
describedd in chapter 3 and 4. For each filtration, 50 g of PC was poured in a 50-ml 
disposablee Combitip (Eppendorf, Hamburg, Germany) that was connected to the 
filterr holder with 15.5 cm of PVC tube. The distance between the upper edge of this 
tipp and the filter discs inside the holder was 26 cm. 

Thee time between entrance of the PC in the filter and the first visible drop in 
thee outlet of the filter was called the wettability time. The filtration time was 
measuredd as the time between PC entering the filter holder and the first air entering 
thee filter holder after the PC had gone through. The filtrate was collected in three 
parts,, i.e. the first two parts of 5 ml and the remaining part. 

Sampless for platelet counting and morphology were taken from the pool 
beforee every filtration and after filtration from the first, second and remaining 
fractionn of the filtrate and the pool of filtration fractions. Samples for leukocyte 
countss were taken from the pool and, if necessary, from the total filtrate. 

Weightss were converted into volume by using a specific gravity for PC 
(plasma)) of 1.026 g/cm3. When the flow rate became lower than 2 ml/min for more 
thann 60 s, or when the total filtration time exceeded 480 s, filtration was stopped 
andd called blocked. The volume of the filtrate after 480 s flow time was used for 
calculationss of the flow rate. 
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Thee leukocyte retention and platelet recovery were calculated as follows: 

totall number of leukocytes after filtration 
Leukocytee retention (%) = {1 - } x 100% = 

totall number of leukocytes before filtration 

LxV V 
== {1 }xl00% 

L0xx V0 

totall number of platelets after filtration 
Platelett rec. (%) = { } x 100% = 

totall number of platelets before filtration 

TxV V 
== { }xl00% 

T0xV0 0 

LL = leukocyte concentration in total filtered PC (sum of fractions); L0 = leukocyte concentration in PC 
beforee filtration; T = platelet concentration in total filtered PC; T0 = platelet concentration in PC 
beforee filtration; V = volume of the filtered PC; V0 = volume of PC used for filtration 

PlateletPlatelet morphology 
Forr morphological evaluation of the PC, 50 JJ.1 of PC was fixed with 250 ul 

off 0.5% glutardialdehyde in PBS and stored at 4°C for future evaluation. 
Morphologyy was judged by a modification of the Kunicki score [107] with light 
microscopyy (Leitz, Wetzlar, Germany) with oil immersion (lOOOx). The number of 
discoidd cells per 100 cells was multiplied by 4, the number of filled dendrites by 2 
andd the number of spheres by 1. A score of 250-300 indicated a good PC quality. 

StatisticalStatistical analysis 
Statisticall comparisons and correlation coefficient calculations were carried 

outt with the computer programme Instat 2.03 (GraphPad Software, San Diego, CA, 
USA)) for two-tailed Student t-tests. p-values < 0.05 were considered significant. 
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RESULTS S 

PhysicalPhysical and chemical testing of filter materials 
NW-PETT coated with block copolymers from PEO-PPO-PEO 1-5 were 

evaluatedd by iodine complexation tests and wettability tests. For this evaluation 
materialss were not subjected to gamma sterilisation. Only limited decreases for the 
iodinee complexation were found upon rinsing of the coated filters (table 5.1), with 
noo strong effects on wettability, leading to the conclusion that the coatings were 
stable. . 

Tablee 5.1: Coating of NW-PET with PEO-PPO-PEO compounds. Results of iodine 
complexationn tests and wettability tests. After coating, the materials were rinsed with PBS 

orr albumin solution (4 g/1) (see Materials and Methods). 

Surfactant t 

Non n 

PEO-PPO-PEO O 
Typee 1 

PEO-PPO-PEO O 
Typee 2 

PEO-PPO-PEO O 
Typee 3 

PEO-PPO-PEO O 
Typee 4 

PEO-PPO-PEO O 
Type5 5 

Rinsingg solution 

PBS S 
Albumin n 

PBS S 
Albumin n 

PBS S 
Albumin n 

PBS S 
Albumin n 

PBS S 
Albumin n 

PBS S 
Albumin n 

Iodinee Comple 
(umol/g)) (n= 

5.1 1 
2.3 3 
5.1 1 

16.0 0 
8.5 5 
9.0 0 

18.7 7 
7.9 9 
10.9 9 

39.0 0 
28.4 4 
30.8 8 

17.5 5 
11.0 0 
13.2 2 

19.0 0 
16.4 4 
14.9 9 

;xation n 
=1-2) ) 

Wettability y 
) ) 

--

+ + 
+ + 
+ + 

+ + 
+ + 
+ + 

+ + 
+ + 
+ + 

+ + 
+ + 
+ + 

+ + 
+ + 
+ + 

86 6 



ChemicalChemical coatings for improving platelet compatibility 

TestingTesting filter holder 

-- Plasma filiations 
Beforee using the filter holder with PC the flow properties were tested with 

plasmaa (n = 3). The filter holder was filled either with 6 layers of uncoated NW-
PETT or PEO-PPO-PEO type-5-coated NW-PET. There was a significant difference 
(pp = 0.0061) in wettability time between coated and untreated NW-PET filter 
material,, whereas recovery and flow rate were similar (table 5.2). 

Tablee 5.2: Testing filter holders with 6 layers of untreated or 6 layers of PEO-PPO-PEO 
type-5-coatedd NW-PET by means of plasma filtrations (n = 3). 

Plasmaa filtrations 6 layers untreated 6 layers PEO-PPO-PEO type 5 

Floww rate (ml/min) 15.8  1.99 16.8  1.60 
Wettabilityy time (s) 9 * 

Productt recovery (%) 2 2 
*:: significant difference (p < 0.01) 

-Filtrations-Filtrations with Sepacell material 
PEO-PPO-PEOO type 5 was used as control in the first filtration experiments 

butt due to some blockages we decided to use Sepacell material as control in further 
experiments,, because of former good results with this filter type [chapter 4; 105]. 
Forr this purpose we performed filtration experiments with 6 layers of Sepacell 
material.. Every PC was tested with Sepacell material to rule out possible filter 
blockagess that were caused by the filtration set-up or by the PC itself. For Sepacell 
material,, we found a platelet recovery of 92  3.5%, flow rate 16.0  4.38 ml/min 
andd a wettability time of 2  0.3 s (n = 19). Morphology scores before and after 
filtrationfiltration were not significantly different (319  30). 

-- Filtrations with uncoated NW-PET 
Uncoatedd NW-PET material (3, 6 and 12 layers) was used for filtrations with 

PC.. Increasing numbers of layers caused increasing wettability times, increasing 
numberss of blockages and decreasing platelet recoveries. During filtration, when no 
blockagee was seen, the amount of platelets increased in the subsequent filtration 
fractions.. In case of blockage, a decreasing amount of platelets was counted in 
subsequentt filtration fractions. However, for almost all filtrations with 6 or 12 
layerss of untreated material the overall platelet recovery was low (table 5.3). 
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Tablee 5.3: Platelet (P) recovery and flow rate of PC filtered with 3, 6 and 12 layers of 
untreatedd NW-PET material 

Numberr of Wettability time P recovery Flow 
filterr layers (s) (%) (ml/min) 

33 2 81 2 7 6 
66 14 7 41 * X 13x 

122 45 7 blockagexx blockagexx 34 
x:: For 3 out of 16 filtrations it was impossible to make trustworthy calculations because the 
totall filtration times were longer than 30 minutes, xx: total filtration time longer than 30 
minutess (after these filtrations the experiments were restricted to 480 s, see Materials and 
Methodss section). 

FiltrationsFiltrations with coated NW-PET 

-Stability-Stability of coating after gamma-sterilisation 
Non-wovenss coated with PEO-PPO-PEO type 1-5 and subsequently gamma-

sterilised,, were tested in a filtration set-up with PC. Filtrations blocked and gave 
platelett recoveries lower than 20% (n = 3 for each coating type). After these tests, 
thee stability of the gamma-sterilised coatings was tested. Upon rinsing with albumin 
orr PBS, the iodine complexation measurements showed that no coating was left on 
gamma-sterilisedd NW-PET (data not shown). Therefore, it was decided to perform 
biologicall evaluations with PC in first instance with non-sterilised material. 

-Filtrations-Filtrations with PEO-PPO-PEO type 5 coated NW-PET 
Sixx NW-PET discs coated with PEO-PPO-PEO type 5 were used as (non-

sterilised)) filter material and put in a filter holder. In general, bad filtration results 
weree observed (n = 13) with large variability in platelet recovery, flow rate and 
platelett counts in the subsequent filtration fractions. In the subsequent filtration 
fractions,, both increasing and decreasing amounts of platelets were seen. Flow rates 
weree low (2.7  0.76 ml/min) and platelet recoveries were around 30% (28
16.5%).. This was due to blockage: all filtration times were longer than 480 s and 
artificiallyy stopped at that time. With this filtration time calculations were made. 
Thee wettability time was 5  1.3 s. Due to filtration, the morphology score 
decreasedd (p < 0.01) from 305  18 to 202 . 

-Filtrations-Filtrations with polysiloxane based coatings on NW-PET 
Filtrationss were performed with 6 layers of NW-PET coated with a group of 

88 different polysiloxane-containing coatings. Filters were not gamma-sterilised. The 
filtrationfiltration results showed a lot of variability. Because initial results with PS1 were 
hopeful,, we performed more than 3 filtrations with this coating, but in additional 
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filtrationss several blockages (5 in 12 filtrations) occurred. With PS1 coating, 
morphologyy scores before and after filtration did not differ significantly (324  16 
(before)) and 278  94 (after)). Filtration results of all polysiloxane coatings are 
summarisedd in table 5.4. In case of blockage, platelet recoveries were calculated 
afterr artificially ending the filtration at 480 s. For all coatings the wettability time 
wass significantly reduced compared to untreated material (tables 5.3 and 5.4), with 
slightlyy higher values for DBP1. This coating is, due to the propyleneoxide content 
inn the hydrophilic block, somewhat less hydrophilic than the other coatings. Only 
thee results with respect to platelet recovery and flow rate for PS4 are promising, 
especiallyy because no effects on platelet morphology were found. 

Tablee 5.4: Platelet recovery (P rec), flow rate, wettability (time of first drop) and 
morphologyy scores of PC filtrations with 6 layers of polysiloxane NW-PET material (n = 3 

exceptt when indicated differently). 

Siloxane e 
coating g 

PS11 (n= 
PS2 2 
PS3 3 
PS4 4 

DBE1 1 
DBE2 2 
DBE3 3 
DBP1 1 

=12) ) 

Prec. . 
(%) ) 

733 9 
300 9 
244 2 
822 1 

433 1 
277  5.8 
588  20.2 
455 1 

Floww rate 
(ml/min) ) 

7.11 3 
2.66 2 
2.33  0.20 
8.88 1 

8 8 
2.22  0.29 
4.44 5 
3.44 9 

Wettability y 
(s) ) 

33 5 
33 0 
33 0 
33 6 

33 0 
33 0 
44 0 
55 6 

Morphology y 
before e 

3244 6 
3355 9 
3355 9 
3355 9 

3355 9 
3133 4 
3133 4 
3133 4 

Morphology y 
after r 

2788  94 
3355 9 
3355 9 
3355 9 

3355 9 
255(n=2) ) 
2455 8 
2455 (n=2) 

Severall characteristics of the polysiloxane coatings, such as molecular weight 
and/orr viscosity are shown in table 5.5. In general, viscosity is a good indication for 
molecularr weight: the higher the viscosity, the higher the molecular weight (see 
dataa for DBE1-3 and DBP1). The percentage of non-siloxanes is an indication for 
thee ratio between the hydrophobic backbone and the hydrophilic tails. 
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Tablee 5.5: Properties of tested polysiloxane coatings according to the manufacturer. 

Coating g 

PS-1 1 
PS-2 2 
PS-3 3 
PS-4 4 
DBE-1 1 
DBE-2 2 
DBE-3 3 
DBP-1 1 

%% Non-
sii loxane 

82 2 
80 0 

45-55 5 
75-80 0 

75 5 
80 0 

80-85 5 
65-70 0 

Viscosity y 
(Nms2) ) 

130 0 
45 5 

300-350 0 
250-350 0 

20 0 
40-50 0 
125 5 
1800 0 

Molecular r 
weight t 

nda a 
nda a 

2200-2600 0 
1000-1500 0 

600 0 
1000 0 
3600 0 

20,000 0 

Water r 
solubility y 

+ + 
+ + 

nda a 
nda a 
+ + 
+ + 
+ + 
+ + 

Prefix:: PS = dimethylsiloxane-ethyleneoxide copolymer; D = dimethylsiloxane; B = block; 
EE = poly[ethyleneoxide]; P = propyleneoxide-ethyleneoxide copolymer; nda = no data 
available. . 

-- Fractionated collection of filtrate 
Thee filtrate was collected in 3 fractions of 2 times 5 ml and the remaining 

volume.. In all 3 subsequent fractions, platelets were counted. Platelet 
concentrationss in filtration fractions were expressed as a percentage of the platelet 
concentrationss in the unfiltered PC (fig. 5.1). In all filtration experiments with 
coatedd filters there was an increase in platelet concentration between the first and 
secondd filtration fraction. However, between the second and third filtration fraction 
theree was either an increase or decrease in platelet concentration, reflected in the 
largee vertical error bars for the points related to the third fraction. A decrease in 
platelett concentration between the second and third fraction resulted in all cases in a 
blockagee of the filter (volume of filtered PC « 50 ml), after variable filtered 
volumes,, reflected in the large horizontal error bars. Some examples of change in 
platelett concentrations in subsequent filtration fractions are shown in figure 5.1, in 
whichwhich filtration characteristics of various coated NW-PET filters and control 
Sepacelll filter material are shown. Unblocked filtrations led to a filtration volume 
off almost 50 ml (figure 5.1), whereas in case of blockage, this volume was never 
reached.. Filtrations with untreated filter material gave variable results (table 5.3); 
thiss would mean rising and descending lines. A drawing of a line calculated from 
thee average would not depict an average behaviour of this filter type and is 
thereforee omitted. 
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200 30 40 

cumulativee filtrate volume (ml) 

Fig.. 5.1 - Relative concentrations of platelets flowed through the filter (%) in the 
cumulativee subsequent filtration fractions. During filtration, the platelet counts in the 
subsequentt filtration fractions were related to that in the unfiltered PC (%). This was plotted 
againstt the cumulative volume of the subsequent filtration fractions (ml). Filtration 
characteristicss of 4 filters are shown: Sepacell (n = 12)(+); NW-PET coated with PS-1 (n = 
12)(ü);; DBP-1 (n = 3)(A) and PS-2 (n = 3)(x). 

DISCUSSION N 

Priorr to evaluation of the coated non-wovens, the test system was validated. 
Controll experiments with our home-made filter holders were performed with 
plasmaa instead of PC, with uncoated and PEO-PPO-PEO type-5-coated NW-PET. 
Resultss of plasma filtrations with uncoated or coated NW-PET showed a good flow 
andd a high product recovery with different wettability times (as expected), proving 
thee system was suitable for our filtration experiments. Sepacell filter material was 
usedd as a control for filtrations with platelets, because it is 
knownn for its good platelet compatible properties. Experiments with Sepacell 
materiall showed that filtrations with PC in our test system are possible and give 
goodd filtration results (high flow and high platelet recovery). Filtrations with PC in 
thee same system with untreated NW-PET resulted in low recoveries and/or 
blockage.. Thus, using the downscaled filtration set-up with 6 layers of NW-PET, 
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platelett compatibility properties of coated NW-PET can be investigated. Platelet 
compatibilityy is good when platelet recovery as well as flow rate are high, as shown 
byy the results obtained with Sepacell material (> 90% recovery and flow > 10 
ml/min). . 

Althoughh the wettability and the iodine complexation test of PEO-PPO-PEO 
typee 1-5 coating on NW-PET were promising, filtration results with PC were 
disappointingg after gamma-sterilisation of the coated material. It might be possible 
thatt released coating material activates the platelets, resulting in blocked filters. 
Therefore,, we tested PEO-PPO-PEO type 5 and 3 in additional control experiments 
inn which PCs (n = 3) were incubated with these coatings for 10 minutes in 
concentrationss higher than, equal to or lower than those maximally present during 
filtrationsfiltrations (calculated on the assumption that all coating was released in a limited 
volume).. None of the concentrations showed any influence on platelet morphology 
orr platelet aggregation response towards ADP (data not shown). Thus, platelet 
incompatibilityy of the coating itself is not playing a role in our experiments. 

Becausee the coated NW-PET that were evaluated after gamma-sterilisation 
resultedd in blocked filters, it was concluded that coatings were not stable upon 
gamma-radiation.. This was confirmed by physical and chemical analysis of the 
coatedd material, because iodine complexation as well as wettability was much less 
afterr rinsing with PBS. Therefore, we decided to delete the gamma-sterilisation step 
fromm initial platelet compatibility tests of coated NW-PET. 

Accordingg to the literature, PEO-PPO-PEO coating [67;71;113;118] should 
givee a blood-compatible coating. However, the fibrinogen adsorption and platelet 
adhesionn in the study of Amiji et al [67] were tested under static conditions. We 
testedd under flow-conditions and it is possible that due to local high shear stress, the 
conformationn of glycoprotein-Ib (Gplb) on the platelet membrane and/or vWf 
changess [7]. This can induce binding of vWf to Gplb and binding of this complex 
(presentt on the platelet membrane) to available groups on the filter surface. PEO 
tailss may not be suitable to prevent this binding by complete masking of the surface 
characteristics.. Other unknown processes specific to the coating are possible as 
well.. Filtrations with Sepacell material (also non-woven PET) did not show any 
blockage,, indicating that in this filter the NW-PET is completely modified by the 
coating,, allowing no adhesion of adhesive proteins. 

Beforee filtration experiments, stability of the coating was tested by iodine 
complexationn and wettability tests after rinsing the coated filter material with 
albuminn solution or PBS. These tests gave good iodine complexation and 
wettabilityy results, which both increased after coating compared to uncoated 
materiall (table 5.1). This indicates that the coating is still present on the filter 
surfacee after rinsing with albumin solution or PBS. However, this test does not 
seemm to be representative for plasma-adhesive proteins which may specifically bind 
too the coating. Klomp [70] have described the importance of the amount (and 
conformation)) of fibrinogen adsorption as an important factor for platelet 
incompatibility.. This was not tested in our preliminary tests in which albumin was 
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used.. It also might be possible that the hydrophobic part of the coating connected to 
PETT is competing with plasma proteins and (partially) replaced by those. Another 
factorr is the flow rate during filtration, something that was not tested during the 
albuminn rinsing experiments, which were performed under almost static conditions. 

Thee filtration results obtained with PS1 and PS2 were quite different, and 
tablee 5.5 shows that PS1 and PS2 differ most in viscosity (a molecular weight 
indication),, whereas the percentage of non-siloxane (hydrophilicity indication) is 
comparable.. The different filtration results of PS1 and 2 might be caused by a 
differencee in stability of the coating, because in general a higher molecular weight 
andd longer polymer chains result in a higher stability of the coating. For the DBE 
compounds,, the best results were found with the highest molecular weight and the 
highestt percentage of non-siloxanes. 

Thee differences in recoveries between PS3 and 4, as well as the results 
obtainedd with DBE 1-3 and DBP1 indicate that a high percentage of non-siloxane is 
importantt for biocompatibility of the coating. With respect to the differences 
betweenn PS1 and PS4, both coatings with relatively high platelet recoveries and 
thereforee potentially interesting, the ABA structure of PS4 compared to the AB 
structuree of PS1 might explain the better results, because the hydrophilicity will be 
higherr for the ABA structure. However, due to the limited number of tests with 
PS4,, we have to be careful to launch PS4 as a promising candidate, as we learned 
fromm further experiments with PS1. Despite this precaution, PS4 is the only coating 
thatt seems worthwhile to investigate in more detail, especially with respect to 
stability,, in more extensive tests. 

CONCLUSION N 
Thee downscaled filtration system is suitable for testing new filter materials 

forr leukocyte-depletion of platelet concentrates. Only coating PS4 might be a 
promisingg candidate for further investigations. The predictive value of wettability 
andd iodine complexation tests is very limited and not suitable for judgements about 
possiblee platelet compatibility. 

Alsoo plasma and albumin compatibility shown in static test systems are not 
suitablee to predict platelet compatibility in a filtration set-up. Therefore, more 
researchh has to be performed to find factors that are involved in specific platelet 
compatibilityy under these circumstances. 
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Abstract t 

Duringg storage of platelet concentrates (PCs), the quality of the platelets 
deterioratess gradually, which is partially dependent on gas exchange. 

UPX800 (JMS, Japan) 1-L platelet storage PVC containers with increased gas 
transportt capacity were compared with 1- and 1.5-L polyolefin (PO) containers 
(NPBI,, The Netherlands) with filtered PC stored either in GAC (gluconate-acetate-
citrate,, < 10% plasma) or in plasma, for 8 days. In total 32 PCs, were made (260-
3300 x 109 platelets per concentrate), and equally divided over different bags and 
storagee media. During storage, gas exchange, metabolic, physical and activation 
parameterss were measured. 

Noo consistent differences for all parameters were observed between UPX80 
andd PO containers (1 L or 1.5 L). Blood gas parameters indicated better gas 
exchangeexchange for UPX80 containers compared with PO containers. Good morphology 
wass observed in UPX80, and metabolic functions were not significantly different 
comparedd with PO containers. During prolonged storage (after day 6), some 
significantt differences in CD62P and CD63 expression were found, indicating a 
higherr degree of platelet activation in UPX80 containers, especially in GAC. 

UPX800 PC containers are suitable for storage of PC. Although in UPX80 
betterr gas exchange takes place, compared with PO containers, this does not 
improvee the platelet quality during storage for 6 days, indicating that gas exchange 
abovee the level of PO containers has no effect on the switch to aerobic metabolism 
inn platelets. 
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INTRODUCTION N 

Logisticss of platelet transfusions greatly benefit from the possibility to store 
plateletss for several days prior to transfusion. Although for storage longer than 5 
dayss several bag types are available, the maximal storage time is restricted to 5 days 
duee to concern about bacterial contamination [43;88]. During storage, the quality of 
thee platelets needs to be preserved, which is greatly dependent on adequate 
exchangee of gasses such as C02 and 0 2 [119;120]. High 0 2 permeability induces 
aerobicc metabolism, producing less lactate compared with anaerobic conditions in 
whichh glycolysis takes place. Furthermore, C02 produced during metabolism of 
glucosee or acetate can acidify the medium as well. Therefore, high C02 

permeabilityy is necessary. Theoretically, too high gas exchange can result in high 
pHH values (> 7.4), with negative effects on platelet in vitro quality [121]. However, 
itt was shown by Bannai [122], that the negative effect of high pH values was 
minimall when using gentle agitation, e.g. on flat bed devices. 

Neww containers have been developed to improve the quality of platelets 
duringg storage [123]. In the present study, a platelet container, UPX80 from JMS 
(Hiroshima,, Japan), made of PVC with a long-chain plasticizer (di-undecyl-
phthalate)) and with an increased surface area, was tested and compared with 
containerss made of polyolefm (PO)(Compoflex; NPBI, Emmer Compascuüm, the 
Netherlands).. The plasticizer and the increased surface area of the container were 
expectedd to increase the gas exchange [124]. According to the manufacturer of 
UPX80,, who compared its gas permeability with common PVC (gas permeability 
sett at 100%), this material should increase the oxygen permeability to 360% and the 
carbon-dioxidee permeability to approximately 400%. For the tested PO bags a 
similarr comparison would lead to 260-310% for 0 2 exchange, and 210-230% for 
C022 gas. Thus, UPX80 has a 1.16-1.38 times higher 0 2 permeability and a 1.73-
1.933 higher C02 permeability than PO. Containers made from PO are already being 
widelyy used for platelet storage with satisfying results [106]. The specifications of 
thee manufacturer for the new 1000-ml UPX80 containers indicated a maximal 
fillingg of 200-400 ml of plasma containing 3.0-6.0 x 10" platelets. The 
manufacturerr showed that the toxicity of UPX80 (di-undecyl-terephthalate) is lower 
thann di-ethyl-hexyl phthalate (DEHP), the commonly used plasticizer in PVC 
containers.. The LD50 of UPX80 in male rats is 835.875 mg/kg and in female rats 
978.7100 mg/kg compared with the LD50 of 250 mg/kg in case of DEHP (personal 
communicationn Dr. Suzuki, JMS, Hiroshima, Japan). 

Wee tested gas exchange parameters and an extended set of in vitro quality 
parameterss that are sensitive indicators for platelet activation, and compared 
UPX800 of 1 L with two differently sized (1-L and 1.5-L nominal volume) PO 
containers.. The UPX80 containers were tested in eight-fold with platelet 
concentratess (PCs) in plasma as well as in synthetic medium (GAC, gluconate-
acetatee citrate). Because of the well-known characteristics of PO [105; 125], these 
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containerscontainers were tested in four-fold per size (1-L and 1.5-L). Per size we tested 4 PC 
storedd in plasma and 4 stored in GAC. 

GACC was tested because of its good storage properties [106] and to test the 
influencee of various storage media on storage properties of the new UPX80 
container. . 

MATERIAL SS AND METHOD S 

PreparationPreparation of PC 
Thee study was performed in 4 series of experiments, each series consisting of 

88 PCs. For each series, 40 whole-blood units (500  50 ml, blood group A positive) 
weree collected from normal blood donors in PVC-DEHP bottom-and-top containers 
withh 70 ml of citrate-phosphate-dextrose (CPD) (T&B, Biopack, Compoflex NPBI, 
Emmer-Compascuüm,, The Netherlands). After collection, the whole blood was 
storedd overnight at 20°C on butane-diol cooling plates [30] until the next day (day 0 
off storage, dO), at which PCs were prepared from pooled buffy coats (BCs). Whole 
bloodd units were centrifuged (8 minutes, 2817 x g, brake 3, start-up time 70 s, slow
downn time about 270 s, 20°C; Hettich Roto Silenta R/P, Dépex, De Bilt, The 
Netherlands). . 

Afterr centrifugation, BCs were collected by means of an automated device 
forr component preparation, the Compomat; version G4) with Compomaster 
softwaree (NPBI). Five BCs were pooled to prepare one PC. Plasma or GAC 
(gluconate,, acetate, citrate: 90 raM NaCl, 23 mM sodium gluconate, 27 mM sodium 
acetate,, 5 mM KC1, 3 mM MgCI2, 0.32% (w/v) trisodium citrate, 294 mosm, pH 
7.4)) was added to the BC pool until a gross weight of 500 g was reached. One 
mediumm type was used for each series. BC pools in plasma were centrifuged at 704 
xx g for 5 minutes (brake 3, 20°C), BC pools in GAC were centrifuged at 313 x g for 
55 minutes (brake 3, 20°C). The platelet-rich supernatants were transferred to a 
satellitee container. After this, PC were filtered within 10 minutes after preparation 
overr Sepacell PL-10A filters (Asahi, Japan) and stored either in UPX80 platelet 
storagee containers (JMS1000, JMS, Hiroshima, Japan) (4 per run) or PO containers 
(Compoflex,, NPBI), of either 1.5 or 1 L (nominal volume, 4 per series, one type per 
series).. Volumes of the pooled PC were calculated by dividing the net weight of the 
PCC by the specific gravity of plasma (1.026 g/cm3) or GAC with less than 10% 
remainingg plasma (1.002 g/cm3). 

PCPC storage and sampling 
Concentratess were stored in a platelet incubator (22  2°C) on a horizontal 

flatbedd shaker (1 cycle/sXHelmer labs Inc, Noblesville, IN, USA). Samples were 
takenn aseptically via a sampling site coupler (NPBI) on day 0 (directly after 
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preparationn and filtration, i.e. about 16 hours after blood collection), day 1, 3, 6 and 
8. . 

PlateletPlatelet and leukocyte counts 
Plateletss and leukocytes in each PC were counted with an electronic counter 

(AcTIO,, Coulter Electronics, Mijdrecht, The Netherlands), after dilution (1:4) in 
PBS.. After filtration, the filtrate was diluted (1:5) in PBS containing acridine 
orangee (2.5 mg/1) and leukocytes were counted in a Nageotte bright-line counting 
chamberr (Superior, Bad Mergentheim, Germany) by fluorescence microscopy 
(Leitz,, Wetzlar, Germany). 

BloodBlood gas parameters 
Withinn 5 minutes after sampling, PCs were used for blood gas measurements 

(pH,, pC02, p02) in a blood gas analyzer (Ciba Corning 238 pH/Blood Gas 
Analyzer,, Chiron Diagnostics NV, Houten, The Netherlands). Measurements were 
performedd at 37°C. 

SwirlingSwirling patterns and platelet morphology 
Swirlingg patterns were determined according to Fratantoni et al. [126]. This 

wass done independently by two individuals. Swirling inhomogeneity visible 
throughoutt the whole bag, with contrast observable as fine detail received a score of 
3.. The same without fine detail received a score of 2 and some inhomogeneity 
visiblee in only a few places and with poor contrast obtained a score of 1. No 
inhomogeneityy before and after squeezing the bag scored 0. For platelet 
morphology,, 50 pi of PC was fixed in 250 u,l of glutardialdehyde (0.5% in PBS, 
v/v)) and stored at 4°C. Samples for morphology were stored for a maximum of 4 
dayss and scored according to a slight modification of the method of Kunicki et 
al.[107]al.[107] by light microscopy (Leitz, Wetzlar, Germany) with oil immersion 
(lOOOx).. A total of 100 platelets was scored; the number of perfect discs and almost 
flatflat platelets (with dendrites) was multiplied by 4, filled discs with dendrites by 2 
andd spheres by 1. 

NucleotideNucleotide content and nucleobase release 
Thee nucleotide content of platelets was analysed with an anion-exchange 

HPLCC method after perchloric acid extraction as described before [127]. The 
neutralisedd samples were kept at -80°C until HPLC analysis. Columns were 
prepackedd Partisphere Partisil-5 SAX cartridges (125 x 4.6 mm internal 
dimensions,, Whatman, Clifton, NY, USA). 
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Thee nucleobase release by platelets as a measure of degradation of 
nucleotidess was determined by analysing the level of hypoxanthine, xanthine, uric 
acid,, adenine and adenosine in perchloric acid extracts of supernatants after 
centrifugationn (12,000 x g, 5 min) by reversed phase HPLC according to Van 
Gennipp [128]. The C18 columns used were Partisphere 5 CI8 (125 x 4.6 mm 
internall dimensions, Whatman). 

Thee concentrations of the different substances were calculated by comparison 
withh highly purified standards (Sigma Chem.Co., St. Louis, MO, USA). 

Activation-dependentActivation-dependent antigens 
Too measure activation of platelets, the following murine monoclonal 

antibodiess (MoAbs) directed against human platelet antigens were used as 
describedd before [125;129]: MoAb CLB-Thromb/7 against GpIIb (CD41 antigen), 
MoAbb Y2 against GpIIIa (CD61 antigen), MoAb CLB-Thromb/6 against P-selectin 
(CD62P),, MoAb CLB-gran/12 against a 53-kD protein (CD 63 antigen) and MoAb 
CLB-CD42bb (all from CLB, Amsterdam, The Netherlands). 

GlucoseGlucose and lactate concentrations 
Glucosee and lactate concentrations were measured in PC supernatants 

(12,0000 x g, 5 min) as described before [130]. 

fi-thromboglobulinfi-thromboglobulin release and protein concentration 
Thee supernatants of PC were used for protein assays and 6-TG assays. PC 

weree centrifuged for 5 minutes at 12,000 x g, supernatants were isolated and stored 
att -80°C until analysis. 6-TG release was measured with a RIA (Kodak Clinical 
Diagnosticss Ltd, Amersham, UK) and protein concentration was measured with a 
BCAA Protein Assay (Pierce, Rockfield, IL, USA). 6-TG concentrations were 
calculatedd per platelet. The protein concentrations were used for calculation of the 
plasmaplasma percentage in the PC stored in GAC. 

SolubleSoluble P-selectin concentrations 
Solublee P-selectin (sP-selectin) was measured in the PC supernatants (12,000 

xx g, 5 minutes) and quantified by a sandwich type ELISA [131]. Two non
competitivee monoclonal antibodies were used; one of which was biotinylated. sP-
selectinn purified from plasma by immuno-absorption was used as a standard. sP-
selectinn concentrations were calculated per platelet. 
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StatisticalStatistical analysis 
Statisticall analysis was performed with Student's two-tailed t-test for paired 

andd unpaired observations, and differences were mentioned if significant (p < 0.05). 
Whenn appropriate, significance levels were adjusted for multiple comparison 
accordingg to the method of Bonferroni-Holm [132]. For significance, the total 
experiment-wisee error was chosen to be lower than 0.05. Results are presented as 
thee mean  SD, except for the figures. In the figures we did not incorporate error 
bars,, to avoid confusion with overlapping ranges. Instead, we included in the 
legendss the range for the coefficient of variation (CV), to give an impression of the 
variation.. Relevant statistical differences are mentioned in the text. 

RESULTS S 

CharacteristicsCharacteristics of PC before and after filtration 
Platelett recovery after filtration of GAC PC was significantly lower than 

plasmaplasma PC whereas the initial concentration and volume was similar. Concentrates 
storedd in GAC had a very low plasma concentration (table 6.1) due to the use of a 
Compomatt for preparation of BC with maximal plasma removal. During storage for 
88 days, the number of platelets decreased in all PC to a similar degree. The platelet 
andd leukocyte concentrations between different series were comparable. The 
numberr of leukocytes after preparation ranged from 23 to 221 x 106 leukocytes per 
unit,, which were effectively removed by filtration until less than 1% of the original 
concentrationn (table 6.1). 
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Tablee 6.1: Properties of platelet concentrates (PCs) before and after filtration and during 
storage.. Except when stated otherwise, data for PO containers are not split per container 

volumee because this is not relevant for the given parameters. Mean values  SD are shown. 

PC,, bag 
type e 
and d 
medium m 

PO, , 
plasma a 
(n=8) ) 

UPX80, , 
plasma a 
(n=8) ) 

PO, , 
GAC C 
(n=8) ) 

UPX80, , 
GAC C 
(n=8) ) 

Plt.b b 

xx 109/ml 
(dayy 0) 

0.998 8 

0.129 9 

1.002 2 

0.151 1 

0.963 3 

0.244 4 

1.054 4 

0.153 3 
Footnotess table 6.1: 
Pit.. = 
aa _ 

bb _ 

Leuk.. = 

%% Pit. 
deer. . 
duee to 
filtr. . 

(dayy 0) 

7 7 

4.3 3 

10 0 

4 4 

16 6 

8.8 8 

20 0 

17.6 6 

platelett number 
afterr filtration 
beforee filtration 
leukocytee number per 

Total l 
pit. . 

content* * 
xlO9 9 

332 2 

32 2 

311 1 

48 8 

266 6 

80 0 

294 4 

98 8 

PO O 
UPX80 0 
GAC C 

PC C 

Volume" " 
(ml) ) 

359 9 

28 8 

346 6 

30 0 

329 9 

28 8 

342 2 

35 5 

%% Pit. 
decrease e 
dayy 0-8 

5 5 

3.7 7 

9 9 

3.6 6 

5 5 

5.2 2 

7 7 

4.4 4 

Total l 
leuk.b b 

xx 106 

59 9 

53 3 

40 0 

12 2 

39 9 

12 2 

62 2 

65 5 

== polyolefin container 
== new JMSS container 
== platelet storage solution 

Total l 
leuk.a a 

xlO3 3 

<48 8 

52.5 5 

40 0 

23.1 1 

139 9 

25.9 9 

75 5 

40.6 6 

%% Plasma 
inn stor. 

medium m 

100 0 

100 0 

(1L) ) 

(15L L 

7 7 

1.2 2 

PhysicalPhysical parameters of the PC 
Plateletss stored in plasma in 1-L PO containers acidified faster than platelets 

storedd in 1.5-L PO containers (fig. 6.1). Differences already became significant (p < 
0.05)) at day 1 of storage. The pH in (1-L) UPX80 containers was significantly 
higherr than in 1-L PO (day 1, 3 and 6) and 1.5-L PO containers (day 1 and 3). 

Inn GAC, the changes in pH showed an opposite pattern to that seen with 
plateletss stored in plasma. A marked increase in pH was seen after day 6. From day 
00 until day 8, no significant differences in pH between UPX80 and PO (1-L and 
1.5-L)) were observed. At day 6 and 8, the pH was higher (p < 0.05) in UPX80 
comparedd with 1.5-L PO and at day 8 compared with 1-L PO. In all PCs stored in 
plasmaa as well as in GAC, the pH remained in the range 7.3-6.8 during storage for 
88 days. 
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Figuress 6.1-6.7: Changes in platelet parameters during storage in plasma or GAC in UPX80 
andd PO containers. PCs stored in plasma (solid symbols) and GAC (open symbols); either in 
POO 1.5-L (circle), PO 1- L (square) or UPX80 (triangle) containers. As mentioned in 
Materialss and Methods, no error bars are shown in the figures (to avoid crowding); instead, 
thee ranges for the coefficients of variation (CVs) are given between brackets. 

Fig.. 6.1 - Changes in pH (range of CVs: 0.141-1.88%). 

Thee pC0 2 of platelets stored in plasma started to become lower in UPX80 
containerss compared to 1-L PO containers at day 0 (p < 0.05) and 1.5-L PO 
containerss at day 1 (p < 0.01) (fig. 6.2). The pC0 2 of GAC-stored PC was lower (p 
<< 0.05) in UPX80 compared to 1-L PO containers at day 6 and 8 and to 1.5-L PO at 
dayy 8. 
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Fig.. 6.2 - Changes in pC02 (range of CVs: 5.54-26.8%). 
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p022 in plasma-stored PC was higher (p < 0.05) in UPX80 containers than in 
1-LL PO containers at day 1, 6 and 8 (fig. 6.3). In GAC-stored PC, no differences in 
p022 were observed between the different storage containers. 

storagee time (days) 

Fig.. 6.3 - Changes in p02 (range of CVs: 9.31-39.2%). 

Swirlingg changed during the eight days of storage as described previously 
[133]] and ranged from a score of 3 at the first day of storage till 1 at day 8. 
Differencess between storage containers were not observed. At day 8, GAC-stored 
PCss showed a higher swirling score than plasma-stored PCs. 

Whenn platelets were stored in plasma, all containers gave a satisfactory 
maintenancee of platelet morphology that slightly decreased during storage and 
startedd for 1-L containers (PO and UPX80) at quite low values (fig. 6.4). A 
significantt difference between UPX80 containers and 1.5-L or 1-L PO containers 
wass not observed except for day 0 when 1.5-L PO containers had a much higher 
morphologyy score than UPX80 containers (p < 0.001) and 1-L PO containers (D < 
0.01).. VF 

Inn GAC, there was an increase in morphology score between day 0 (directly 
afterr preparation and filtration) and day 1. At day 0, 1.5-L PO gave a lower (D < 
0.05)) score than 1-L PO. 

Loww scores of 1.5-L PO at day 0 in plasma as well as in GAC were not 
causedd by bag size, because morphology was measured directly after preparation 
Plateletss stored in 1-L PO or 1.5-L PO were prepared on different days, and 
possiblee day-to-day variances are the only explanation, because the experimental 
conditionss were the same on all preparation days. A consistent difference in 
morphologyy score between UPX80 and PO containers during the whole storage 
periodd of 8 days was not demonstrated in GAC or in plasma. 
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storagee time (days) 

Fig.. 6.4 - Changes in morphology score according to Kunicki (range of CVs 0.273-
35.9%). . 

Tablee 6.2: Metabolic parameters in 1- and 1.5-L (1-L and 1.5-L) polyolefin (PO) and 
UPX800 containers. Mean values  SD are shown 

Lactate" " 

Adenylic c 
acidb b 

ATPC C 

ATP/ / 
ADP P 
ratio o 

Day y 

1 1 
3 3 
6 6 
8 8 

1 1 
3 3 
6 6 
8 8 

8 8 

1 1 
3 3 
6 6 
8 8 

PO O 
plasma a 
1.5-L L 
(n=4) ) 

8 8 
6 6 
7 7 
9 9 

7 7 
5 5 
2 2 
9 9 

5 5 

3 3 
8 8 
8 8 
8 8 

PO O 
plasma a 

1-L L 
(n=4) ) 

2 2 
6 6 
2 2 
0 0 

9 9 
6 6 
6 6 
3 3 

0 0 

6 6 
0 0 
5 5 
5 5 

UPX80 0 
plasma a 

1-L L 
(n=8) ) 

7.0Ü.21 1 
4 4 
6 6 
6 6 

6 6 
2 2 
1 1 
1 1 

0 0 

8 8 
11 8 

0 0 
8 8 

PO O 
GAC C 
1.5-L L 
(n=4) ) 

0 0 
5 5 
0 0 
3 3 

7 7 
1 1 
9 9 
0 0 

1 1 

4 4 
1 1 
7 7 
4 4 

PO O 
GAC C 
1-L L 

(n=4) ) 

8 8 
7 7 
1 1 
6 6 

7 7 
2 2 

1 1 
3 3 

9 9 

0 0 
0 0 
5 5 
5 5 

UPX80 0 
GAC C 
1-L L 

(n=8) ) 

8 8 
3 3 
6 6 
2 2 

2 2 
8 8 
1 1 

66.9Ü5.5 5 

2 2 

6 6 
4 4 
0 0 
1 1 

Footnotess table 6.2: 
Cumulativee production in pmol per platelet 
b(AMP+ADP+ATP)) pmol per 106 platelets 
'percentagee of the value on day 1 
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MetabolicMetabolic parameters 
Thee lactate concentration in the supernatant was related to the platelet count 

att day 1. No differences were found between the various containers (table 6.2). 
Lactatee production divided by the glucose consumption ranged from about 1.2 to 
1.99 over the whole storage period (data not shown), indicating at least partial 
aerobicc glycolyis. 

Adenylicc acid was expressed as the sum of AMP, ADP and ATP amount per 
1066 platelets. At the various storage days no differences were observed between the 
differentt container types and between the two storage media. Over the whole 
storagee period, the decrease in adenylic acid was 20  16.4% in all storage 
containerss (table 6.2). 

Thee ATP content at day 8 as percentage of the ATP present on day 1 is also 
shownn in table 6.2. The ATP concentration in plasma PC in PO containers on day 3 
(1-L:: 107  8.4%; 1.5-L: 110  4.7%) was increased compared to the first day of 
storage.. This was different from the 94  6.4% observed on the same day for 
UPX800 containers, indicating a good metabolic condition of the platelets and a net 
productionn of ATP due to aerobic phosphorylation. Compared to GAC-stored 
platelets,, a significantly higher plasma ATP concentration was found at day 8 in 
1.5-LL PO containers and in UPX80 containers. The ATP/ADP ratio was always 
betweenn 1.8-2.3 and did not differ between the GAC- and the plasma-stored PC 
(tablee 6.2). The rise in the ATP/ADP ratio as observed during storage in plasma 
indicatess some decrease of the storage pool content (dense granules; [134]), which 
containn ATP and ADP in a much lower ratio than does the metabolic pool. 

Thee increase in hypoxanthine concentrations was in conformity with the 
observedd decrease in adenylic acid. Hypoxanthine concentrations were higher in 
GACC than in plasma-stored PC on day 1, 3 and 6 (data not shown). 

fi-thromboglobulinfi-thromboglobulin and P-selectin release 
6-TGG and soluble P-selectin amounts (sP-selectin) were related to the platelet 

countt and expressed as ng per 109 platelets. In plasma, on day 6 and 8, the 
supernatantss of PC in PO containers (1-L and 1.5-L) showed a lower (p < 0.05) 6-
TGG concentration than those from PC in UPX80 containers (fig 6.5). 8-TG 
concentrationss in GAC in (1- and 1.5-L) PO containers were comparable with those 
inn UPX80 containers at all time points. 

Inn plasma as well as in GAC there was no difference in sP-selectin 
concentrationn related to the platelet count when UPX80 containers were compared 
withh PO containers (fig 6.6). 
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storagee time (days) 

Fig.. 6.5 - Changes in fi-thromboglobulin concentrations related to platelet numbers 
(rangee of CVs: 14.0-44.7%). 
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Fig.. 6.6 - Changes in soluble P-selectin (sP-selectin) concentrations related to 
platelett numbers (range of CVs: 9.65-73.1%, high CVs are caused by large range of values 
forr healthy individuals). 

Activation-dependentActivation-dependent antigens 
Noo differences were observed between the mean fluorescence intensity of 

plateletss labelled with anti-CD42b (Gplb) in plasma and in GAC or between 
UPX800 containers and 1.5-LPO containers. Moreover, platelets stored in 1-and 
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1.5-LL PO containers showed no significant differences in CD42b expression either 
(dataa not shown). 

22 3 4 3 6 7 8 

storagee time (days) 

Fig.. 6.7 - Changes in CD62P expression (P-selectin) on the platelet membrane (range 
off CVs: 9.35-40.0%). 

Thee CD61 (GpIIIa) expression on platelets stored in plasma or in GAC 
showedd no differences between the three container types. CD62P expression in 
plasmaa was higher (p < 0.01) at day 6 when UPX80 were compared with 1.5-L PO 
containerss and at day 8 when compared with both PO containers (fig 6.7). In GAC, 
differencess (p < 0.05) in expression were found between 1- and 1.5-L PO containers 
att day 8. CD62P expression in UPX80 was higher than in PO containers at day 6 
andd 8 (p < 0.01). 

Thee CD63 expression increased during storage of PC in plasma. The CD63 
expressionn was higher in UPX80 containers at day 6 compared with 1.5-L PO 
containerss and at day 8 compared with 1- and 1.5-L PO containers (p < 0.01). In 
GAC,, UPX80 gave higher CD63 expression at day 8 compared to 1-L PO 
containerss (p < 0.05) (data not shown). 

DISCUSSION N 

Filtrationn of PC prepared in GAC/pIasma medium resulted in a higher 
platelett loss than filtration of PC prepared in plasma. Similar results were described 
previouslyy by Shimizu et al. [135]. Low initial morphology scores of GAC PC 
indicatee a high activation degree directly after preparation and filtration and might 
bee an explanation for the high platelet loss during filtration. However, platelets 
storedd in GAC showed a recovery of morphology score between day 0 (directly 
afterr preparation and filtration) and day 1 in PO and UPX80 containers. 
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UPX800 containers, developed for increased gas exchange showed better 
bloodd gas values compared to PO containers. In plasma, UPX80 yields lower pCC>2 
andd higher p02 values than PO on different storage days, starting at day 1. In 
contrastt to plasma, in GAC there is only a lower pC02 in UPX80 compared to PO 
att day 6 and 8 of storage, whereas p02 was similar in both container types. The pH 
maintenancee in plasma and GAC in UPX80 containers is better than in PO 
containers,, due to the increased C02 exchange because the production of lactate is 
similar. . 

Thee increase in pH between day 6 and 8 in GAC can be explained by the 
nearlyy complete absence of bicarbonate and carbonic anhydrase, which are both 
presentt in plasma. These systems compete for C02 with the diffusion of C02 

throughh the storage bag. C02, easily escapes in absence of both systems {i.e. in 
GAC),, resulting in an increase in pH. 

Duringg normal shelf life, UPX80 compared to PO containers do not 
demonstratee differences in activation degree for the various activation parameters 
CD62P,, CD63, soluble P-selectin and 6-TG. However, during prolonged storage 
(dayy 6 and 8), the CD63 and CD62 expression and fi-TG release are significantly 
higherr in UPX80 compared to PO, indicating more activation in UPX80. 

Wee conclude that containers made from UPX80 show good gas exchange, 
goodd morphology of the platelets and a platelet metabolism that is not different 
fromm PO containers [105]. The degree of activation is similar during the normal 
shelff life of PC (5 days) for platelets stored in UPX80, compared to PO containers. 
Afterr storage longer than 5 days, studied to simulate bad conditions and to show 
possiblee differences more easily, the degree of activation in UPX80 became 
significantlyy higher, but this was not consistent for all measured activation markers. 
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Abstract t 

Platelett concentrates stored at room temperature deteriorate. The so-called 
storagee lesion is characterised by morphological changes and a loss of functionality. 

Too develop an assay for early platelet activation in platelet concentrates, the 
morphologicall score, B-TG release and P-selectin expression were determined and 
comparedd with the amount of soluble P-selectin. An ELISA was used to quantify 
solublee P-selectin in the storage medium. 

Wee found a significant correlation between the amount of soluble P-selectin 
andd the percentage of P-selectin-positive platelets (flowcytometric analysis) (r = 
0.7449;; p < 0.0001) or the amount of B-TG release (r = 0.6837; p < 0.0001). The 
morphologicall score also correlated significantly (negative) with the amount of 
solublee P-selectin (r = -0.7669; p = 0.0002). From day 0 to day 8, the amount of 
solublee P-selectin increased constantly from 219  49.2 ng/ml to 556  102.3 ng/ml. 

Thee detection of soluble P-selectin can be used to quantify activation of 
plateletss during storage. The immuno-assay for soluble P-selectin is more sensitive 
thann the flowcytometric analysis of the percentage of P-selectin-positive cells and 
allowss earlier detection of platelet activation. 
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INTRODUCTIO N N 

Plateletss stored as concentrates gradually deteriorate, with morphological 
changess and loss of functionality. This is the so-called 'platelet storage lesion' [136]. 
Withh tests in which the morphology score, the expression of activation antigens or 
thee release of C-thromboglobulin (G-TG) is determined, the quality of stored 
plateletss can be (semi-)quantified [107; 129]. 

Thee CD62P antigen (P-selectin, GMP-140 or PADGEM), a platelet ct-
granulee protein (Mr 140 kD), is re-distributed to the plasma membrane during 
platelett activation and degranulation [137; 138]. Surface-expressed P-selectin 
mediatess the binding of activated platelets to neutrophils and monocytes [139-142] 
involvedd in early inflammatory reactions. 

Duee to alternative splicing there are two different isoforms of P-selectin in 
platelets:: one with and one without a transmembrane part [142; 143]. Upon 
activationn of platelets, P-selectin without a transmembrane part is released from the 
a-granules,, whereas membrane-integrated P-selectin can be partially released by 
proteolysis.. Both types of soluble P-selectin in the medium can be quantified with a 
sandwichh immuno-assay in which two monoclonal antibodies directed against 
differentt epitopes of the P-selectin molecule are used [144]. In this study the 
amountt of soluble P-selectin is compared with three other activation parameters of 
activation:: morphology, percentage of cells expressing P-selectin and the amount of 
releasedd 6-TG. 

MATERIAL SS AND METHOD S 

BloodBlood collection and platelet concentrate preparation 
Platelett concentrates (PC) were prepared in two different ways, i.e. the 

platelet-richh plasma (PRP) method [104] and the buffy-coat (BC) method [87]. 
5000  50 ml blood were collected in 70-ml of citrate-phosphate-dextrose 

(CPD)) in PVC/ DEHP quadruple systems (NPBI, Emmer-Compascuüm, The 
Netherlands).. After storage at 20  2°C for 12-16 hours [30], the blood was 
processedd to PRP-PC or BC-PC. For PRP-PC, the blood was first separated into red 
cellss and PRP by centrifugation for 7 min at 1,000 g at 20°C. The PRP was pressed 
underr reduced flow into an empty satellite bag by an automated device for 
componentt preparation, the Compomat with Compomaster software [84](NPBI). 
Thee PRP was subsequently centrifuged for 6 min at 3,000 g at 20°C. The 
Compomatt was then used with a different programme to remove the plasma until 
aboutt 70 ml of plasma was left. The platelet pellet with the 70 ml of plasma was left 
undisturbedd for 90 min at room temperature before manual resuspension. 
Subsequently,, the PRP-PC were stored overnight in 600-ml PVC/DEHP bags, in a 
platelett incubator (22  1°C) on a horizontal flatbed shaker (1 cycle/s ) (Helmer labs 
Inc,Inc, Noblesville, IN, USA) before pooling. 
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Fivee PRP-PC of the same ABO blood group were pooled with the use of a 
sterilee connecting device (SCD 312, Haemonatics, Braintree, MA, USA). The 
individuall PRP-PC were selected by platelet count so that the final platelet 
concentrationn was similar in all 8 pools used in this study. 

Thee blood for BC-PC was processed to PC from single donations [87] with 
thee use of a Compomat according to standard methods as described before [106]. 

Filtration Filtration 
Onlyy the pools of PRP-PC were filtered through the PL50HF leukocyte 

depletionn filter (Pall Biomed. Products CO., Glen Cove, N.Y., USA), according to 
thee instructions of the manufacturer. Because of their low initial leukocyte numbers 
(<< 0.1 *106/ml), BC-PCs were not filtered. 

Morphology Morphology 
Forr morphological evaluation, 50 ul of a platelet sample were fixed with 250 

ull of 0.5% glutardialdehyde in phosphate-buffered saline (room temperature) and 
storedd for future evaluation at 4°C. Morphology was judged by a modification of 
thee Kunicki score [107] by light microscopy (Leitz, Wetzlar, Germany) with oil 
immersionn (lOOOx). The number of discs per 100 cells was multiplied by 4, the 
numberr of dendrites by 2 and the number of spheres by 1. 

fi-thromboglobulinfi-thromboglobulin release 
Thee release of B-TG in the supernatant of platelet concentrates was measured 

afterr centrifugation of a sample (5 min at 12,000 x g). The supernatants were stored 
att -80°C. B-TG was measured with a RIA (Kodak Clinical Diagnostics Ltd, 
Amersham,, UK). 

Membrane-expressedMembrane-expressed P-selectin 
Thee expression of P-selectin on platelets was measured with the CLB-

Thromb/66 monoclonal antibody against P-selectin. In short, flowcytometric analysis 
wass performed and the percentage of platelets that reacted with the monoclonal 
antibodyy CLB-Thromb/6 was calculated. IgGl against the cat-antigen was used as a 
negativee control [129]. 

SolubleSoluble P-selectin concentration 
Too quantify soluble P-selectin, a sandwich-type ELISA was set up; two non

competitivee monoclonal antibodies were used, one of which was biotinylated. P-
selectinn purified from plasma by immuno-absorption was used as a standard. The 
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inter-assayy and intra-assay variation for P-selectin was 8 and 7%, respectively (n = 
8). . 

Inn 37 control samples of plasma from freshly drawn blood, the concentration 
off soluble P-selectin was 155  24 ng/ml (mean  SD). 

StatisticalStatistical analysis 
Statisticall comparisons and correlation coefficient calculations were made 

withh the computer programme Instat2 (GraphPad Software, San Diego, CA, USA). 
P-valuess < 0.05 were considered significant. 

RESULTS S 

ChangesChanges between collection and component preparation 
Thee amount of soluble P-selectin in plasma was measured within a half-hour 

andd 17 hours after blood collection and was found to increase from 167  49.9 
ng/mll to 219  49.2 ng/ml (p < 0.0001) (fig. 7.1). The blood was stored as whole 
bloodd on butane-diol cooling plates [30]. Plasma was prepared by centrifugation (5 
minn at 12,000 g). During processing of the blood to prepare PRP-PC or BC-PC and 
storagee for 1 day, the soluble P-selectin concentration significantly increased in the 
platelett concentrates prepared by the PRP method (277  42.6 ng/ml; p < 0.05) but 
nott in those prepared by the BC method (260  72.8 ng/ml). On day 1, a 
significantlyy higher percentage of P-selectin-positive platelets was found in PRP-
PCC (17.6  3.1%) compared with platelets in concentrates prepared with the BC 
methodd (12.4  5.6%; p < 0.05). 
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Fig.. 7.1 - Soluble P-selectin concentrations (mean  SD; open bars) in plasma were 
measuredd directly after blood collection (WB(0)), after overnight storage as whole blood 
(WB(17))) and one day after preparation of BC PC (BC(41)) or PRP-PC (PRP(41)). WB is 
wholee blood; number in parentheses is time in hours since blood collection. For comparison 
thee percentage of P-selectin-positive cells for BC-PC and PRP-PC is also shown (mean
SD;; shaded bars). 

StorageStorage of filtered PRP-PC 
Duringg 8 days of storage, a constant increase was seen of soluble P-selectin 

andd of the percentage of P-selectin-positive cells in filtered pools of PRP-PC (r = 
0.7449;; p < 0.0001) (fig. 7.2). These two parameters correlated significantly. An 
increasee in the concentration of soluble P-selectin occurred between day 1 and 3 
andd between day 3 and 6 (p < 0.0001). The concentration did not differ between day 
66 and 8. The percentage of P-selectin-positive cells differed significantly between 
dayy 3 and 6 as well as between day 6 and 8 (p < 0.0005). 

Il l 
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Fig.. 7 
positivee cells 
PRP-PC. . 

.22 - Soluble P-selectin (mean  SD; open bars) and percentage of P-selectin-
(meann  SD; shaded bars) were measured during storage for 8 days of filtered 

Theree was a significant correlation between the amount of soluble P-selectin 
andd B-TG release (r = 0.6837; p < 0.0001). The B-TG concentration increased and 
showedd a pattern identical to the soluble P-selectin concentration between day 1 and 
33 and between day 3 and 6 (p < 0.005). There was no difference between day 6 and 
88 (fig. 7.3). 
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Fig.. 7.3 - Soluble P-selectin (mean  SD; open bars) and B-TG concentration (mean 
 SD; shaded bars) were measured during storage for 8 days of filtered PRP-PC. 
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Thee morphological score showed a negative correlation with the amount of 
solublee P-selectin (fig. 7.4), a decline in morphology went together with an increase 
inn soluble P-selectin concentration (r = -0.7669; p < 0.0001). A decrease in the 
morphologyy score occurred during storage between day 1 and 3, day 3 and 6 and 
betweenn day 6 and 8 (p < 0.0001). 

u u 

storagee time (days) 

Fig.. 7.4 - Soluble P-selectin (mean  SD; open bars) and morphology score 
accordingg to Kunicki (mean  SD; shaded bars) were measured during storage for 8 days of 
filteredfiltered PRP-PC. 

AnalysisAnalysis of the time dependency of the correlation 
Whenn combining the data of percentage of P-selectin-positive cells and the 

amountt of soluble P-selectin obtained in either PRP-PC (pooled, filtered) or BC-PC 
(single,, low leukocyte count), a significant correlation between these two 
parameterss was found over the whole storage period of 8 days (table 7.1). However, 
comparingg the data at different storage intervals, it was found that the correlation 
coefficientt was higher during the first days than during the final days of storage 
(tablee 7.1), ending up with a non-significant correlation for the data obtained at day 
66 and 8 of storage. 
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Tablee 7.1: Time dependency of the correlation between soluble P-selectin and the 
percentagee of P-selectin- positive cells 

Correlation n 
Storagee days coefficient n p-value 

1,3,6,88 0.7423 32 PRP O.0001 
222 BC 

1,3,66 0.7196 24 PRP O.0001 
222 BC 

3,6,88 0.4351 24 PRP <0.005 
111 BC 

6,88 0.1912 16 PRP 0.1697 
111 BC 

Thee correlation coefficient between the concentration of soluble P-selectin and the 
percentagee of P-selectin-positive cells was calculated with all available data for PRP-PC and 
BC-PCC during a specified storage period. 

DISCUSSION N 

Wee consider the amount of soluble P-selectin a valid and sensitive parameter 
forr detection of platelet activation in vitro. 

Thee marked change in the amount of soluble P-selectin correlated with 
changess in the other tested parameters, commonly known as activation markers 
[32;; 106; 129; 145]. Also, the increase in the amount of soluble P-selectin in 
concentratess prepared by the PRP method, in which platelets are pelleted, was 
significantlyy greater than in concentrates prepared by the BC method. This is in 
accordancee with the increase in the percentage of P-selectin-positive cells in a 
previouss study [32]. Thus, the amount of soluble P-selectin is a valid parameter for 
platelett activation, as also found by Divers et ah [146]. 

Wee found that already during storage as whole blood on cooling plates the 
concentrationn of soluble P-selectin increases significantly. In an earlier study, we 
foundd that the percentage of P-selectin-positive platelets was not significantly 
differentt immediately after blood collection and after overnight storage and 
preparationn of the platelet concentrates [129]. A further increase in the amount of 
solublee P-selectin was found during storage of platelet concentrates from day 1 to 6, 
whereass the increase in the percentage of P-selectin-positive cells was only 
significantt between day 3 and 6. Thus, the amount of soluble P-selectin is a more 
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sensitivee marker for platelet activation than the percentage of P-selectin-positive 
cells,, especially during the first days of storage. 

Inn the BC-PC, stored as single concentrate with a low leukocyte content, 
theree was a significant correlation between the percentage of P-selectin-positive 
cellss and the soluble P-selectin concentration during storage for 6 days. In general, 
thee correlation coefficient between these parameters decreased during storage. This 
iss due to the fact that the number of P-selectin-expressing cells still increased 
duringg the final days of storage, when the amount of soluble P-selectin remained 
nearlyy constant. This might be due to proteolysis of soluble P-selectin in this phase. 

Att no time did we find a correlation between the percentage of P-selectin-
positivee cells and the soluble P-selectin concentration in samples from non-filtered 
PRP-PCC (leukocyte contamination 70 x lOVpool). This might be explained by 
bindingg of P-selectin to leukocytes [147-149]. This is being further investigated and 
shouldd be considered as a limitation of the concentration of soluble P-selectin as a 
parameterr for the quality of platelets. 

Thee quantitative assay for soluble P-selectin, based on an ELISA, has a 
logisticc advantage for routine use in the laboratory, because plasma samples can be 
storedd at -80°C. To determine the percentage of P-selectin-expressing platelets, 
concentratess must be fixed in glutardialdehyde and analysed by flowcytometry 
withinn one day. 
Thee strong correlation of known parameters of platelet activation with the soluble 
P-selectinn concentration in combination with the sensitivity and easy handling of 
thee assay makes soluble P-selectin quantification a useful tool for monitoring 
(early)) platelet activation. 
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INCREASEE IN GLYCOCALICI N LEVEL S IN PC STORED IN PLASMA 
ANDD SYNTHETI C MEDIU M FOR 8 DAYS: COMPARISON WIT H OTHER 
PLATELE TT ACTIVATIO N MARKER S 

E.H.. Kostelijk, C.C. Folman, C.W.N. Gouwerok, CM. Kramer, A.J. Verhoeven 
andd D. de Korte. 

CLB,, Sanquin Blood Supply Foundation, Dept. of Transfusion Technology, 
Laboratoryy for Experimental and Clinical Immunology, Academical Medical 
Centre,, University of Amsterdam, Amsterdam, The Netherlands. 

Abstract t 

BACKGROUNDBACKGROUND AND OBJECTIVES: Glycocalicin (GC) is a proteolytic fragment 
off Gplb and can conveniently be measured in supernatants of platelet concentrates 
(PCs)) by means of a sandwich ELISA. Because of convenience of the assay and 
easyy sample storage, we tested its suitability as a sensitive platelet activation 
parameterr during PC storage. 
MATERIALMATERIAL AND METHODS: Filtered PC in plasma or additive solution were 
madee from 5 pooled buffy coats and were subsequently stored during 8 days at 22
22 °C. Correlation coefficients (r) were calculated after comparison of GC levels 
withh platelet parameters. 
RESULTS:RESULTS: A significant increase in GC concentration was found between all 
subsequentt sampling days. PC stored in plasma showed GC levels that correlated 
welll with the soluble P-selectin levels (r = 0.7506), P-selectin (CD62P) expression 
onn the platelet membranes (r = 0.8843), morphology scores according to Kunicki (r 
== -0.7102), lactate concentrations (r = 0.9216), glucose concentrations (r = -0.8913) 
andd 6-thromboglobulin (6-TG) concentrations (r = 0.8913). In PC stored in additive 
solution,, the correlation coefficients with these markers were 0.9209 with soluble 
P-selectin,, 0.7161 with CD62P expression, -0.7474 with morphology score, -0.8908 
withh glucose concentrations, 0.8923 with lactate concentrations and 0.8908 with B-
TGG concentrations. 

CONCLUSIONS:CONCLUSIONS: The GC concentration correlates well with sensitive platelet 
(activation)) parameters, rendering it a sensitive and convenient parameter for 
platelett activation. 
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INTRODUCTIO N N 

GlycocalicinGlycocalicin (GC) is a proteolytic fragment of the a-chain of Gplb. It is the 
bindingg site for von Willebrand Factor and can be shed during platelet activation or 
duringg platelet destruction. It is present in normal plasma ([3637]) and its function 
iss still unknown. Glycocalicin levels in plasma are dependent on the platelet count 
andd the platelet turnover [27; 150]. We used a sandwich ELISA [27] to quantitate 
GCC and correlated the GC levels to other (activation) parameters of platelet 
concentratess (PCs). 

Becausee platelets become activated during storage of PC, the degree of 
activationn is measured as a parameter of the quality of the platelets. To measure PC 
quality,, various assays are used. In general, the assays now available need to be 
performedd on the day of sampling, which is time- and reagent-consuming, because 
sampless from the different storage days cannot be stored and analysed in one run. 
Wee already introduced the soluble P-selectin assay as a convenient and sensitive 
assayy that can be performed after storage of the plasma samples at -80 °C [131]. 
However,, with this assay, during prolonged PC storage, no differences in activation 
betweenn day 6 and 8 were detected, which can be necessary when performing 
comparisonn studies. Although assays for GC applied to PCs during storage have 
beenn described before [151-154], these reports did not compare the results with a 
sett of other platelet parameters during storage of PC, so the additional value of this 
testt in PC storage is still unknown. 

Inn the present study, sensitive PC activation assays were compared with the 
GCC assay, and correlation coefficients were calculated to show the relation of GC 
levelss to other parameters. We also tested for the presence of microvesicle-
associatedd GC. 

MATERIAL SS AND METHOD S 

PreparationPreparation of PCs 
Thee study was performed in 4 experiments, each with 8 PCs, thus in total 32 

PCss were tested. For each experiment, 40 whole blood units (500  50 ml, blood 
groupp A positive) were collected from normal blood donors in PVC-DEHP bottom-
and-topp containers with 70 ml of citrate-phosphate-dextrose (CPD) (T&B, Biopack, 
Compoflex,, NPBI, Emmer-Compascuüm, The Netherlands). After collection, 
wholee blood was stored overnight at 20°C on butane-diol cooling plates [30] until 
thee next day, when PCs were prepared from pooled buffy coats (BCs). Whole-blood 
unitss were centrifuged (8 minutes, 2817 x g, brake 3, start-up time 70 s, slow-down 
timee about 270 s, 20 °C; Hettich Roto Silenta R/P, Dépex, De Bilt, The 
Netherlands).. After centrifugation, BCs were collected by means of an automated 
devicee for component preparation, the Compomat [84](version used, G4) with 
Compomasterr software (NPBI). Five BCs were pooled to prepare one PC. Plasma 
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orr GAC (gluconate, acetate, citrate: 90 mM NaCl, 23 mM sodium gluconate, 27 
mMM sodium acetate, 5 mM KC1, 3 mM MgCl2, 0.32 % (w/v) trisodium citrate, 294 
mosm,, pH 7.4) was added to the BC pool up to a gross weight of 500 g. One 
mediumm type was used for each experiment. BC-pools in plasma (n = 16) were 
centrifugedd at 704 x g for 5 minutes (brake 3, 20°C). BC-pools in GAC (n = 16) 
weree centrifuged at 313 x g for 5 minutes (brake 3, 20°C). The platelet-rich 
supernatantss were pressed and transferred to a satellite container. PCs were filtered 
withinn 10 minutes after preparation over Sepacell PL-10A filters (Asahi, Japan) and 
weree stored in UPX80 platelet storage containers (JMS1000, JMS, Hiroshima, 
Japan)) or PO containers (Compoflex, NPBI) (each type of container 8 plasma PCs 
andd 8 GAC PCs). Volumes of the pooled PCs were calculated by dividing the net 
weightt of the PCs by the specific gravity of plasma (1.026 g/cm3) or GAC with less 
thann 10% remaining plasma (1.002 g/cm3). 

PCPC storage and sampling 
Concentratess were stored in a platelet incubator (22  2°C) on a horizontal 

flatbedd shaker (1 cycle/s)(Helmer labs Inc, Noblesville, IN, USA). Samples were 
takenn aseptically via a sampling site coupler (NPBI) on day 0 (directly after 
preparationn and filtration), days 1, 3, 6 and 8. For preparation of supernatants, 1 ml 
off PC was centrifuged at 12,000 x g for 5 min. The supernatants were stored at 
-80°CC until analysis. 

PlateletPlatelet and leukocyte counting 
Plateletss and leukocytes were counted with an electronic counter (AcTIO, 

Coulterr Electronics, Mijdrecht, The Netherlands). For this purpose, PCs were 
dilutedd (1:4) in PBS. Leukocytes were counted after filtration in 5 times diluted PCs 
withh acridine orange (2.5 mg/L PBS) in a Nageotte bright-line counting chamber 
(Superior,, Bad Mergentheim, Germany) by fluorescence microscopy (Leitz, 
Wetzlar,, Germany). 

BloodBlood gas parameters 
Withinn 5 minutes after sampling, PCs were used for blood gas measurements 

(pH,, pC02, p02) in a blood gas analyser (CBI Corning 238 pH/Blood Gas 
Analyzer,, Chiron Diagnostics NV, Houten, The Netherlands). 

GlycocalicinGlycocalicin assay 
Thee GC concentration (in arbitrary unites (A.U.)/mI) in the supernatants of 

PCss was determined with a sandwich enzyme-linked immuno-sorbent assay 
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(ELISA)) with two non-competitive monoclonal antibodies, as previously described 
[27]. . 

SolubleSoluble P-selectin assay 
Thee soluble P-selectin concentration was quantified by a sandwich-type 

enzyme-linkedd immuno-sorbent assay (ELISA) [131] in the supernatants of the PC 
samples.. Two non-competitive monoclonal antibodies were used; one of which was 
biotinylated.. P-selectin purified from plasma by immuno-absorption was used as a 
standard. . 

FACSFACS analysis ofCD62P 
Too measure CD62P expression on platelets, the monoclonal antibody CLB-

Thromb/66 (CLB, Amsterdam, The Netherlands) against P-selectin (CD62P antigen) 
wass used. In short, flowcytometric analysis was performed, and the percentage of 
plateletss that reacted with the monoclonal antibody CLB-Thromb/6 was calculated. 
IgGll against an irrelevant murine control antigen was used as a negative control 
[129]. . 

GlucoseGlucose and lactate concentrations 
Glucosee and lactate concentrations were measured in the supernatants of PCs, 

ass previously described [130]. 

fi-thromboglobulinfi-thromboglobulin release 
Thee amount of Ö-TG in supernatants was measured with a radio-immuno 

assayassay (RIA) (Kodak Clinical Diagnostics Ltd, Amersham, UK). 

PlateletPlatelet morphology 
Forr platelet morphology, 50 ul of PC were fixed in 250 |il of 

glutardialdehydee (0.5% in PBS, v/v) and stored at 4°C. Samples for morphology 
weree stored for a maximum of 4 days and scored according to a slight modification 
off the method of Kunicki [107] by light microscopy (Leitz, Wetzlar, Germany) with 
oill immersion (lOOOx). A total of 100 platelets was scored: for calculations the 
numberr of perfect discs and almost flat platelets (with dendrites) was multiplied by 
4,, filled discs with dendrites by 2 and spheres by 1. 
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UltracentrifugationUltracentrifugation of PC supernatants 
Too check whether GC was microvesicle-associated in the form of Gplb, PC 

supernatants,, prepared as described above, were subjected to centrifugation for 15 
minn at 100,000 x g (Airfuge, Beekman Instruments, Palo Alto, CA, USA) [155]. 
GCC assays were performed in the pellet and in the supernatant obtained after this 
high-speedd centrifugation step. 
StatisticalStatistical analysis 

Statisticall comparisons (two-tailed Student-t) and correlation coefficient 
calculationss (Spearman rank) were made with the computer programme Instat2 
(GraphPadd Software, San Diego, CA, USA). P-values < 0.05 were considered 
significant. . 

RESULTS S 

CompositionComposition of PC 
PCC contained 301  70.5 x 105 platelets in a volume of 344  30.9 ml. The 

totall leukocyte numbers were below 7.7 x 105, resulting in a depletion of more than 
95.5%.. The PC stored in GAC contained 7  1.3% plasma (n = 16) (further referred 
too as GAC). 

IncreaseIncrease in glycocalicin levels during storage of PC 
Duringg 8 days of storage, the GC levels increased in plasma PC as well as in 

GACC PC (fig. 8.1). For the sake of clarity, only data for UPX80 containers are 
shownn (data from PO bags showed a similar pattern). The increase in GC 
concentrationn was significant between all subsequent PC sampling days (p < 0.05, n 
== 8, plasma; p < 0.003, n = 8, GAC). In a group of healthy volunteers, the mean GC 
concentrationn in plasma was 294  75 AU/ml (n = 95). 
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Fig.. 8.1 - The increase in GC concentration during storage of PC stored in plasma 
(solidd line) or GAC (broken line). 
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OtherOther platelet activation markers during storage 
Thee changes in the different (activation) parameters in PC during storage for 

88 days in PO as well as in UPX80 storage containers were comparable with 
previouss studies [106; 133]. Figure 8.2a-f shows the levels of the different 
parameterss during storage in UPX80 containers, which were comparable with those 
inn PO containers. The pH levels decreased slightly during storage but were still 
abovee 6.8 at day 6 and above 6.7 at day 8. p02 recovered to stable values (90-110 
mmHg)) during storage after an initial decrease between day 0 and 1, and pC02 

slightlyy decreased (initial value 75 and 22 mmHg, respectively, for plasma or GAC) 
followedd by stabilisation during the storage period, indicating good gas exchange in 
combinationn with metabolic activity. 

ii  i 

2a. . storagee time (clays) 2b. . 
11 4 S « 

storagee time (days) 

2c. . storagee time (days) 2d. . storagee lime (days) 

2e. . storagee time (days) 

Fig.. 8.2a-f - Changes in platelet (activation) parameters during storage of PC in GAC 
andd plasma. Concentrations or scores of different platelet (activation) parameters during 
storagee of PC in plasma (solid lines) or GAC (broken lines); soluble P-selectin (a), CD62P 
expressionn (b), morphology score (c), glucose concentration (d), lactate concentration (e) 
andd 6-TG release (f). 
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CorrelationCorrelation of gfycocalicin levels with other activation markers 
Thee correlation coefficients of GC levels with the other (activation) 

parameterss of PC are shown in table 8.1. For this comparison, all data of PO and 
UPX800 containers for day 1, 3, 6 and 8 were used, resulting in a considerable 
numberr of observations for this analysis. The correlation coefficients were highly 
significantt (p < 0.0001). 

Tablee 8.1: Correlation coefficients for comparisons of GC with other parameters 

GCC correlated with: 

sP-selectinn cone. 
CD62PP (P-sel. expr.) 
morphology y 
glucose e 
lactate e 
fl-TG fl-TG 

Plasma a 

0.7506 6 
0.8843 3 
-0.7102 2 
-0.8913 3 
0.9216 6 
0.8622 2 

GAC C 

0.9209 9 
0.7161 1 
-0.7474 4 
-0.8908 8 
0.8923 3 
0.8921 1 

forr calculations of correlation coefficients. 

Whenn the data for day 8 were excluded (because no glucose was left in the 
GACC PC after day 6), similar results were obtained (not shown). 

SolubleSoluble and microvesicle-bound GC 
Too ensure that GC found in the PC supernatants was soluble GC released 

fromm platelets and not bound (in the form of Gplb) to microvesicles that might be 
formedd during storage [156; 157], PC supernatants were ultracentrifuged. After this 
centrifugation,, more than 80% of the GC was recovered in the supernatant, 
indicatingg that, indeed, the GC had been released from platelets and was not bound 
too a high degree to microvesicles (table 8.2). 
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Tablee 8.2: Effect of ultracentrifugation on GC levels 

Sample e 

GACC day 1 
GACC day 8 
plasmaa day 1 
plasmaplasma day 8 

Totall in SN 
GCC (AU/ml) 

56 6 
280 0 
448 8 
920 0 

GCC (AU/ml) 
in n 

ultraa SN 

48 8 
272 2 
240 0 
1024 4 

GCC (AU/ml) in 
ultraa pellet 

b.d. . 
48 8 
48 8 
96 6 

%% GC in 
ultraa pellet 

0 0 
15 5 
17 7 
9 9 

Glycocalicinn (GC) concentrations in supernatants (SN), in ultracentrifuged supernatants 
(ultraa SN) and in pellets of ultracentrifuged SN (ultra pellet) of PCs stored in GAC and 
plasmaa for 1 and 8 days. The % GC in the pellet fractions was calculated, taking the sum of 
thee pellet and supernatant values after ultracentrifugation as 100%. b.d.: below detection 
level. . 

DISCUSSION N 

Duringg storage of PC, a continuous increase in glycocalicin (GC) is found, 
releasedd from Gplb on the platelet membranes by proteolytic splicing. The increase 
inn GC levels is significant 
betweenn all subsequent storage days for PC stored in plasma or GAC. The fact that 
alreadyy on day 1, the GC level in GAC-stored PC is 100 AU/ml means that about 
800 AU/ml are shed between blood collection and day 1 of storage (starting level of 
GCC concentration in GAC is caused by the 7% of normal plasma GC value (294 
AU/ml),, i.e. 20 AU/ml). Compared to the plasma concentration of GC in healthy 
donors,, no significant increase in GC concentration between blood collection and 
dayy 1 of storage for PC in plasma is observed. Early platelet activation between 
bloodd collection and day 1 of PC storage [32; 131] can explain early shedding of 
GC. . 

Thee average increase in GC per day in plasma stored PC is 75 AU/ml and in 
GACC 45 AU/ml. So, in contrast to a study of Kunishima et al. [158] of PC in a 15% 
plasmaa + Seto solution, we found differences (p < 0.0001) in kinetics of GC 
increasee by platelets stored in synthetic medium (GAC) or plasma. This slower 
increasee in GAC in our study can probably be explained by the very low plasma 
concentrations,, resulting in low amounts of plasma proteases {i.e. calpain, plasmin, 
trypsinn and elastase) [159; 160] These proteases cleave Gplbct, generating soluble 
GCC in the supernatant. This stabilising effect of GAC was not seen with the other 
(activation)) parameters, which are not influenced by proteases. Therefore, the 
amountt of plasma should be taken into account if media are compared by means of 
GCC measurements. 
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Becausee GC concentrations in PC supernatants after ultracentrifugation were 
similarr to those before ultracentrifugation, we conclude that the GC we measured is 
forr the most part soluble and not associated with platelet-derived microvesicles 
[155]] in the form of Gplb. To quantify microvesicles, it is desirable to use a platelet 
antigenn that is not sensitive to proteolytic cleavage. Preliminary data obtained in our 
laboratoryy suggest that GpIV (or CD36 antigen) might be suitable for this purpose. 

Inn a previous study [131], in which soluble P-selectin levels were measured, 
noo significant differences in sP-selectin between storage day 6 and 8 were observed. 
Thiss means that the assay is not longer discriminating at that time. However, the 
GCC assay showed significant differences in GC levels between day 6 and 8; thus, 
thiss assay is still discriminating for changes after prolonged storage. 

Comparedd to other platelet storage parameters, such as P-selectin expression, 
morphologymorphology score, fl-TG concentration, lactate concentration and glucose 
concentration,, highly significant correlations are found with the GC concentration 
dataa over the whole storage period. 

Too check whether GC is a suitable parameter for platelet storage lesion, we 
sett up an additional limited study (n = 2) with paired PCs stored under normal and 
underr unfavourable conditions (limited gas exchange, in containers covered with 
plasticc labels). The limited gas exchange resulted in PCs with low morphology 
scores,, low swirling, low pH values and high CD62P expression compared to PCs 
storedd under normal conditions. In these PCs, the release of GC was at the third, 
sixthh and eighth day of storage 103, 41 and 31% higher, respectively, compared to 
thosee in PCs stored under normal conditions. The supernatants of PCs stored under 
limitedd gas exchange contained at day 8 almost the total amount of GC. 

Inn conclusion, we consider the GC sandwich ELISA as a valuable parameter 
forr platelet storage studies for the following reasons 
-- (1) the GC sandwich ELISA is a convenient assay, because samples can be stored 
att -80 °C pending analysis, with results correlating well with other commonly used 
parameters; ; 
-- (2) besides the 13-TG assay it is the only platelet activation parameter that can be 
measuredd after storage of the samples for longer than a week and still showing 
differencess in activation between days 6 and 8. In contrast to the 6-TG assay, no 
radioactivee material is needed. 
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Summary Summary 

SUMMARY Y 

Platelett concentrates (PCs), which are essential for modern transfusion 
practice,, have a number of limitations regarding quality, safety and logistics. In this 
thesis,, various studies about the preparation, leukocyte reduction by filtration, as 
welll as quality measurements during storage of PC are described. Leukocyte 
reductionn of PC was studied by a modification of the preparation method of PC via 
thee buffy coat (BC) and by using new leukocyte reduction filters for PC. Quality 
testingg of PC during storage was extended by two parameters (glycocalicin and 
solublee P-selectin) of which the concentrations gradually increased in the 
supernatantt of PC during storage and which could easily be measured by ELISA 
assays.. These parameters correlated well with sensitive platelet activation 
parameters. . 

Chapterr  1, a general introduction, describes the origin and function of 
platelets,, the use of PC in transfusion practice, and the preparation methods of PC 
viaa BC and platelet-rich plasma (PRP) method, or via platelet pheresis. 
Furthermore,, specific problems, such as platelet refractoriness, PC leukocyte-
reductionn by filtration and the risks of platelet transfusion, are reviewed. 

Inn Chapter  2, a method for the preparation of PC with low leukocyte 
concentrationss meeting the requirements of leukocyte-depleted PC is described. The 
effectss of variations in volume, shape and the haematocrit (Ht) of the BC and 
centrifugationn forces on BC, which may affect the quality of the subsequently 
preparedd PC, were studied. It is concluded that when BCs are centrifuged in long 
cylindricall containers that create a longer separation column, the quality of the PCs 
iss improved. Combined with optimal Ht and volume of BC, this leads to a tenfold 
lowerr leukocyte contamination compared to the conventional BC bag, i.e. in 0.3
0.199 x 106 leukocytes per single donor PC of 64  4.5 ml. Platelet recovery was not 
affectedd by this method. 

Leukocyte-reductionn in PC via filtration is described in Chapter  3. The 
filtrationn characteristics of C02 and H20 radio frequent glow discharge (RFGD)-
treatedd non-woven polyethylene terephthalate) NW-PET were determined with a 
miniaturisedd filtration set-up. The downscaled test system for PC filtrations was 
shownn to work well for research purposes and enabled good differentiation between 
differentt filter materials. NW-PET material, which is commonly used for red-cell 
filtration,filtration, is not platelet-compatible. Hydrophilic groups formed during RFGD 
treatmentt on the surface of NW-PET create a surface that was expected to be more 
platelet-compatible.. Due to the RFGD treatment with water vapour or C02, the 
filterr surface was significantly more compatible for platelets than the untreated 
NW-PETT reflected by a significantly higher platelet recovery and flow rate. With 
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waterr vapour RFGD-treated NW-PET, leukocyte reduction was also significantly 
higherr compared to untreated NW-PET. 

Becausee water vapour RFGD-treated NW-PET showed a higher platelet 
recoveryy than did C02 RFGD-treated NW-PET, the robustness of the first treatment 
wass tested by filtration of different types of PC. For these experiments, described in 
Chapterr  4, the miniaturised filtration set-up was used with 5 different types of PC, 
i.e.i.e. freshly prepared and overnight-stored single BC-PC, overnight-stored single 
PRP-PC,, overnight-stored pooled BC-PC and freshly prepared pooled BC-PC. In 
alll filtration experiments, commercially available Sepacell material was used as a 
control.. This study showed that leukocyte depletion did not differ significantly 
betweenn the different types of PC, and that platelet recovery from freshly prepared 
pooledd BC-PC was significantly higher compared to the other four types of PC. 
Furthermore,, the filtration results of water vapour RFGD-modified NW-PET, tested 
withh freshly prepared pooled BC-PC, did not change after y-sterilisation or rinsing 
withh HC1 and subsequent storage at 20 °C or 37 °C for a maximum of 26 weeks. 

Anotherr approach for surface modification of NW-PET, by wet chemical 
treatment,, is described in Chapter  5. Different PEO-PPO-PEO block copolymers 
weree coated on NW-PET. After testing the wettability and the stability of the 
coatingg (after rinsing with PBS or with albumin solution), the coated filter material 
wass tested in the miniaturised filtration set-up with freshly pooled BC-PC. The 
resultss of these studies demonstrated that the miniaturised filtration set-up was an 
ideall method for testing a large number of filters in paired experiments with a small 
amountt of PC. However, despite good wettability and stability upon rinsing with 
PBSS or albumin of the test matrices, this did not result in good filtration 
characteristicss with PC, probably due to instability induced by y-sterilisation. Other 
blockk copolymers, with polysiloxanes as the hydrophobic backbone, which are 
platelett compatible under static conditions according to the literature, also failed to 
givee good results in the filtration mini set-up, with the exception of PS4. 

Inn Chapter  6, the test results of a new platelet storage container (UPX80) are 
describedd and compared with a polyolefin (PO) container. Both containers have 
increasedd gas exchange properties compared to first-generation PVC containers. 
However,, the gas exchange capacity of the UPX80 is more than 43% higher 
comparedd to PO containers. We tested these containers with freshly prepared, 
pooledd and filtered BC-PC. PCs were made and tested in plasma as well as in 
syntheticc medium (gluconate-acetate-citrate, GAC) with a very low (<8%) plasma 
content.. Platelet metabolic, physical and activation parameters were measured. It 
wass found that increased gas exchange did not result in improved platelet survival 
orr decreased platelet activation during PC storage. From this study, we conclude 
thatt although the increased gas exchange of UPX80 compared with PO results in 
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significantt lower pC02 and higher pH and p02 concentration values, these changes 
doo not result in significantly lower platelet activation during storage. 

Chapterr  7 describes the correlation between soluble P-selectin, which is set 
freee in plasma during platelet deterioration at storage, and other platelet activation 
parameters.. Soluble P-selectin correlated well with sensitive platelet activation 
parameterss such as the morphology score, B-thromboglobulin concentration and the 
percentagee of P-selectin-positive cells. During storage, the concentration of soluble 
P-selectinn after various periods of storage (1, 3 and 6 days) increased significantly. 
Furthermore,, soluble P-selectin concentrations in plasma samples taken directly 
afterr blood collection or just before preparation of PC differ significantly, indicating 
thatt already during storage of whole blood on butane-diol cooling plates (which 
takess about 17 hours) platelet activation takes place. This difference in activation 
degreee was not found when the percentage of P-selectin-positive cells at t = 0 and t 
== 17 hours were compared, indicating that the soluble P-selectin assay is more 
sensitive.. Moreover, P-selectin can easily be measured in stored supernatants with a 
convenientt ELISA, whereas B-thromboglobulin was measured by a radio-immuno 
assay.. Another advantage of the assay for soluble P-selectin is that samples can be 
storedd at -80 °C until testing, whereas fixed PC samples are required for 
measurementt of the percentage of P-selectin-positive cells as well as for the 
morphologyy score. Both of these last two assays have to be performed within 1 to 2 
days. . 

Besidess P-selectin, another soluble marker -glycocalicin-, which correlates 
withh platelet activation parameters, is described in Chapter  8. Glycocalicin, a 
proteolyticc fragment of glycoprotein lb, is shed from the platelet membrane during 
platelett ageing. Apart from its diagnostic significance in differentiating between 
variouss types of thrombocytopenia, it also appeared to be a sensitive parameter for 
platelett activation. Glycocalicin correlated well with other platelet activation 
markers.. In contrast to soluble P-selectin and other sensitive platelet activation 
parameters,, glycocalicin levels increase significantly between the 6th and 8th day of 
storage.. The conveniences of the ELISA, which can be performed on stored plasma 
samples,, and its high sensitivity especially for platelet activation during prolonged 
storagee of PC, render glycocalicin a valuable platelet activation parameter. 
Additionall experiments demonstrated an increasing GC concentration also during 
platelett deterioration due to limited gas exchange. However, storage of platelets at 
44 °C did not show a marked increase in GC concentration, indicating that the so-
calledd cold activation of platelets does not resemble other forms of platelet 
activation. . 
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ConcludingConcluding remarks 
Theree is an increasing demand for high-quality platelet concentrates for 

transfusions.. The quality of PCs depends on collection and subsequent storage of 
wholee blood. Furthermore it depends on the PC preparation method, the degree of 
leukocytee reduction and the PC storage conditions. Although some limits 
concerningg storage and preparation seem to be reached there still is a need for 
improvementt of PC quality. Further standardisation and research on blood 
collectionn can be a next step. 

Forr further research on improving PC quality, the way of collection of whole 
bloodd will be an interesting topic. Finding an optimal method of mixing whole 
bloodd with anti-coagulant during collection and further standardisation (uniformity 
throughoutt whole Europe) of the blood collection and processing can both have a 
greatt impact on general PC quality. With respect to optimal mixing, a method of 
directt mixing the right amount of anti-coagulant with whole blood during collection 
hass to be developed. Nowadays, during collection of whole blood, the first drop of 
bloodd is collected in a surplus of anti-coagulant. Only the last few millilitres are 
collectedd in a proper concentration (when properly mixed) of anti-coagulant. This 
cann be of great influence on platelet function and quality. Research on a new 
methodd of mixing the anti-coagulant in the right concentration already directly 
duringg collection would be challenging. Further standardisation (throughout 
Europe)) will possibly reduce the variation in PC quality and is hopefully one of the 
nextt steps in improving PC quality for transfusion. 
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SAMENVATTING G 

Bloedplaatjess zijn nodig voor de bloedstolling. Als iemand een tekort heeft 
aann bloedplaatjes kan dit tot bloedingen leiden. Om een tekort te voorkomen of aan 
tee vullen kan men bloedplaatjes toedienen via een transfusie. Dit gaat in de vorm 
vann concentraten van bloedplaatjes, de zogenaamde plaatjesconcentraten (PCs). 
Dezee worden gemaakt uit meerdere (vier of vijf) donaties bloed. 

Tekortenn aan bloedplaatjes kunnen ontstaan door massaal bloedverlies, door 
auto-immuunziekten,, door erfelijke afwijkingen of door geneesmiddelen. 

PCss worden veelvuldig gebruikt in de bloedtransfusiepraktijk. Tegenwoordig 
tredenn tekorten bij patiënten niet zelden op door het gebruik van cytostatica 
(chemotherapie).. Deze medicijnen verhinderen de aanmaak van nieuwe cellen en 
duss ook van bloedplaatjes. 

Hett gebruik van PCs kent enkele beperkingen. Zo is een PC maar vijf dagen 
houdbaar.. Dit betekent dat de voorraad erg afhangt van het aantal bloeddonaties van 
dee afgelopen vijf dagen. Verder kunnen er na een transfusie met PC 
transfusiereactiess optreden. Dit komt hoofdzakelijk door de aanwezigheid van 
restjess witte bloedcellen (leukocyten) van de donoren in het PC en in uitzonderlijke 
gevallenn ook door de plaatjes. De toegediende leukocyten en plaatjes zijn 
lichaamsvreemdd voor de patiënt en kunnen worden afgebroken. Dit kan gepaard 
gaann met heftige reacties die gevaarlijk zijn voor de patiënt. Het beste is dus om 
PCss toe te dienen met zo min mogelijk leukocyten. 

Inn dit proefschrift is onderzoek beschreven dat gericht is op leukocyt-
verminderingg in de PCs en op het optimaal bewaren van de PCs. 

Hett verminderen van de leukocytenconcentratie kan door middel van filtratie 
vann de PCs over een leukocytenfilter, maar ook door de bereidingsmethode uit 
bloedd nog verder te optimaliseren. Beide methodes zijn onderzocht en beschreven 
inn dit proefschrift. 

Voorr het optimaal bewaren van de PCs zijn bewaarstudies uitgevoerd. 
Tijdenss deze studies worden PCs bewaard onder gecontroleerde omstandigheden en 
wordenn er monsters genomen op verschillende bewaardagen. In deze monsters 
wordtt de actuele kwaliteit van de plaatjes getest. Per bewaarstudie richt men zich op 
éénn variabele. Men test bijvoorbeeld een nieuw soort bewaarzak en ter controle test 
menn ook de al bekende bewaarzak mee. Hierdoor kan men erachter komen wat de 
invloedd van de nieuwe zak is op de kwaliteit van de plaatjes tijdens bewaren. Naar 
aanleidingg van dit soort studies weet men bijvoorbeeld dat plaatjes het best 
langzaam-schuddendd bij een temperatuur van 22 °C bewaard kunnen worden in een 
bewaarzakk die gasdoorlaatbaar is. 

Hoofdstukk 1 is een algemene inleiding waarin het ontstaan en de functie van 
bloedplaatjess wordt beschreven. Daarbij wordt ingegaan op verschillende aspecten 
rondomm het gebruik van PCs in de transfusiepraktijk en op het belang van leukocyt 
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verwijdering.. Ook worden de gangbare bereidingsmethoden van PCs uit menselijk 
bloedd behandeld. 

Inn Hoofdstuk 2 wordt een methode beschreven waarmee PCs bereid kunnen 
wordenn die voldoen aan de eis van leukocyt-arme (gedepleteerde) PCs. Dit betekent 
datt transfusiereacties, veroorzaakt door de aanwezigheid van leukocyten, zo goed 
alss uitgesloten zijn. 

Menn bereidt PCs uit bloed dat gecentrifugeerd wordt in de zak waarin het is 
afgenomen.. Door centrifugatie ontstaan er in het bloed verschillende cellagen met 
daarbovenn een laag van bloedplasma. De onderste cel laag bestaat uit rode cellen, 
daarbovenn ligt een laag van witte cellen en bloedplaatjes, die de buffy-coat (BC) 
wordtt genoemd. Boven de BC bevindt zich het bloedplasma. Door de afnamezak af 
tee persen, kunnen boven uit de zak de verschillende lagen één voor één worden 
overgebrachtt naar satellietzakken. Bij de bereiding van PCs wordt na verwijdering 
vann het overgrote deel aan plasma de plasmarest en de BC overgeperst in een apart 
zakje.. De meeste rode cellen (95 %) blijven achter in de afnamezak. In het BC-
zakjee zitten leukocyten, plaatjes, bloedplasma en een restje rode cellen. Uit deze BC 
kann dan een PC worden gemaakt door dit BC-zakje nogmaals zacht af te draaien. 
Dee plaatjes blijven grotendeels in het overgebleven plasma zweven, terwijl de rode 
cellenn naar de bodem zakken. 

Inn ons onderzoek is de invloed van de samenstelling van de BC op de 
uiteindelijkee PC-kwaliteit getest. Hiervoor zijn van belang: de verhouding rode 
cellenn ten opzichte van het totale volume, de hematocriet (Ht), de 
centrifugesnelheid,, het volume van de BC en de vorm van het BC-zakje. Om een 
optimalee scheiding te krijgen, is in deze studie een nieuw type cilindervormig BC-
zakjee getest, dat hiervoor speciaal werd ontwikkeld. Het huidige zakje is breed en 
kort,, de cilindervormige is lang en smal. 

Doorr gebruikmaking van het cilindervormige zakje, en door optimalisatie 
vann het volume, de centrifugesnelheid en de Ht van de BC, werd een tienvoudige 
verminderingg van het leukocytenaantal in de PCs gevonden ten opzichte van de 
meestt optimale methode die momenteel in gebruik is. 

Inn Hoofdstuk 3 wordt de ontwikkeling van een plaatjesfïlter beschreven 
waarmeee leukocyten uit PCs worden verwijderd. Omdat het gebruikte 
filtermateriaall (non-woven PET) niet plaatjesvriendelijk is, en daardoor 
plaatjesactivatiee veroorzaakt (klontering en verstopping), is dit materiaal in beginsel 
niett geschikt voor plaatjesfiltraties. Toch werd er gekozen voor dit materiaal, omdat 
hett bij filtratie van rode celeenheden zeer geschikt gebleken was voor een goede 
Ieukocytverwijdering.. Om het nu geschikt te maken voor PCs moest het oppervlak 
vann het filter plaatjesvriendelijk worden gemaakt. Het materiaal werd daartoe 
behandeldd met een Radio-Frequent-Gloei-Ontladings (RFGD) proces in 
kooldioxidedampp en waterdamp. Hierdoor vormen zich chemische groepen op het 
oppervlakk van het filter, die het afdekken tegen direct contact met de plaatjes. 
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Daarnaa werd getest of het filtermateriaal plaatjesvriendelijk was geworden door het 
tee gebruiken bij filtratie van PCs. 

Naa de RFGD-processen in zowel waterdamp als in kooldioxide bleek het 
filteroppervlakk meer plaatjesvriendelijk te functioneren. De doorstroom van PC en 
dee plaatjesopbrengst na filtratie waren significant hoger vergeleken met 
onbehandeldd materiaal. De waterdamp-RFGD-behandeling gaf de beste resultaten. 

Omdatt in het voorgaande hoofdstuk de waterdamp-RFGD-behandeling als 
bestee uit de bus kwam, werd hier verder mee getest. In Hoofdstuk 4 wordt de 
robuustheidd van waterdamp-RFGD non-woven PET getest met 5 verschillend 
bereidee PCs. Al deze methodes zijn momenteel in gebruik in de verschillende 
bloedbanken.. De leukocytverwijdering bleek voor alle vijf soorten PC gelijk te zijn. 
Dee plaatjesopbrengst was echter het hoogst in vers bereide gepoolde BC-bereide 
PCss (verse BC-PCs). Ook werd de stabiliteit van de RFGD-behandeling getest door 
naa bewaren (gedurende 26 weken) van het behandelde filtermateriaal te filtreren 
mett verse BC-PCs. Filters werden zowel bij kamertemperatuur als bij 37 °C 
bewaard.. Dit laatste was om versnelde veroudering te bewerkstelligen. Voor 
bewarenn werd een deel van de filters gespoeld met zoutzuur (10 mM) gevolgd door 
spoelenn met water en een deel werd gesteriliseerd met gamma-straling. Dit was om 
dee stabiliteit van de coating te testen. 

Naa 26 weken bewaren bleken de filtratie-eigenschappen van het bewaarde 
RFGD-behandeldee filtermateriaal niet veranderd te zijn ten opzichte van vers 
behandeldee RFGD-filters. Ook gamma-straling en spoelen met zoutzuur hadden 
geenn invloed op de kwaliteit (na bewaren). 

Inn Hoofdstuk 5 worden filtratie-experimenten beschreven met non-woven 
PETT filtermateriaal dat gecoat is met blok-co-polymeren. Polymeren kunnen 
voorgesteldd worden als kettingen bestaande uit schakels van dezelfde moleculen. 
Alss je verschillende van deze kettingen (blokken) aan elkaar rijgt ontstaat er een 
blok-co-polymeer.. Na onderdompeling van het non-woven PET materiaal in deze 
oplossingenn werd het materiaal gedroogd en getest op stabiliteit. Eerst werd er 
getestt op stabiliteit van de coating en de bevochtigbaarheid (opnemend vermogen 
voorr water) van het filtermateriaal. Indien dit allemaal goed was werden de non-
wovenn PET filters gesteriliseerd (gamma-bestraling) en gebruikt voor filtraties met 
verss gepoolde BC-PCs in een miniatuur filtratie opstelling. Op deze manier konden 
eenn hoop filters getest worden met relatief weinig PC. 

Dee gecoate filters werden in een filtratieopstelling getest met PC. Het bleek 
datt de filters verstopt raakten. Dit kwam onder meer doordat bij gamma-sterilisatie 
dee coating grotendeels verdwenen was. Daarom werd zonder gamma-sterilisatie 
doorgetestt met blok-co-polymeren, die volgens de literatuur onder statische 
conditiess (geen stroming) plaatjesvriendelijk waren. In deze opstelling (waarin met 
stromendd PC werd gewerkt) bleek dit echter niet op te gaan. De filters raakten toch 
verstopt.. Mogelijk werd door de stroming een activatieproces in werking gezet, 
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waardoorr de plaatjes samenklonterden. Uiteindelijk werd één blok-co-polymeer 
gevondenn dat een verbeterde doorstroom gaf voor PC bij het filter ten opzichte van 
onbehandeldd filter materiaal. Deze coating behoort tot de groep van de 
polysiloxanen. . 

Inn Hoofdstuk 6 wordt een studie beschreven, waarin het bewaren van 
plaatjess in een nieuwe bewaarcontainer (UPX80) is getest. Tijdens bewaren hebben 
plaatjess zuurstof nodig en moeten zij kooldioxide kwijt kunnen, anders verzuren 
zij.. In dit onderzoek werd de UPX80-zak getest met een gasdoorlaatbaarheid die 
hogerr is dan de gasdoorlaatbaarheid van een reeds veel gebruikte container met 
verhoogdee gasdoorlaatbaarheid, de PO container. In deze studie werden PCs 
bewaardd in beide soorten containers. In beide containertypen werden de PCs 
bewaardd in zowel plasma, als in een synthetisch medium. Er werden monsters 
genomenn van de PCs op de dag van bereiding (dag 0) en tijdens het bewaren onder 
gestandaardiseerdee condities (dag 1, 3, 6 en 8). Deze monsters werden getest op de 
hoeveelheidd opgeloste zuurstof en kooldioxide, en op diverse andere parameters 
diee iets zeggen over de piaatjeskwaliteit. Het bleek dat UPX80-containers 
inderdaadd een verhoogde gasdoorlaatbaarheid lieten zien, maar dat dit geen effect 
hadd op de plaatjeskwaliteit. De kwaliteit van de plaatjes was in PO-zakken net zo 
goedd als in UPX8O-zakken. 

Hoofdstukk  7 beschrijft een nieuwe parameter voor de plaatjeskwaliteit: 
oplosbaarr P-selectine, dat wordt gemeten met een speciaal daarvoor ontwikkelde 
test.. Oplosbaar P-selectine wordt tijdens het bewaren van PCs afgescheiden door de 
plaatjess in het medium. Door correlatieberekeningen werd de concentratie van P-
selectinee tijdens het bewaren van PCs vergeleken met uitslagen van andere plaatjes-
activatieparameters. . 

Err bleek een zeer goede correlatie gevonden te worden met alle geteste 
plaatjeskwaliteitsparameters.plaatjeskwaliteitsparameters. Daarbij werden verschillen in activatie gemeten die 
mett andere tests niet aangetoond konden worden, bijvoorbeeld de toename in 
activatiee direct na afname van het Woed. Deze verschillen kunnen belangrijk zijn bij 
hett optimaliseren van de bewaaromstandigheden van PCs. Het voordeel van deze 
methodee is dat in het bewaarmedium kan worden gemeten. Dit biedt tevens de 
mogelijkheidd om het ingevroren te bewaren tot aan analyse. De meeste andere 
kwaliteitsparameterss moeten direct na het nemen van een monster gemeten worden 
inn het PC. Dit is on voordeliger, omdat men dan niet één test kan inzetten met alle 
monsterss van alle dagen waarop bemonsterd is. Daarnaast zijn deze testen ook 
minderr gevoelig: kleine verschillen in activatie kunnen er minder goed of helemaal 
niett mee worden aangetoond. 

Hoofdstukk 8 beschrijft de toename van glycocalicine (GC) in het medium 
vann PCs, Dit molecuul wordt van de membraan van de plaatjes afgesplitst door 
onderr meer proteases (knip enzymen) die in plasma voorkomen. Dit is een proces 
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datt continue plaatsvindt en dus zal de hoeveelheid GC in het bewaarmedium 
toenemenn in de tijd. Ook tijdens lang bewaren (dag 6 en 8) bleek er nog steeds een 
significantee stijging van de concentratie GC te zijn, waardoor deze test voor PC 
bewaarstudiess interessant is. Bewaarstudies worden uitgevoerd om minieme 
kwaliteitsverschillenn te kunnen vaststellen. Deze komen extra tot uiting tijdens lang 
bewaren. . 

Dee concentraties van GC correleerden zeer goed met reeds bestaande 
plaatjes-activatieparameters.. Voor het aantonen van plaatjesactivatie veroorzaakt 
doorr verminderde gasdoorlaatbaarheid, waardoor de PCs verzuurden, bleek GC ook 
zeerr geschikt te zijn. Activatie veroorzaakt door kou (4 °C) gaf echter geen 
verhoogdee GC concentratie. 
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Inn de afgelopen jaren was ik als onderzoeker in opleiding (OIO) verbonden 
aann het CLB. De theorie en algemene wetenschappelijke kennis werden vergaard in 
dee bibliotheek, waar Anita en Elisabeth altijd zeer behulpzaam waren, en bij de 
diversee (CLB) werkbesprekingen. De praktijkopleiding kwam aan de orde op de 
afdelingg bloedtransfusietechnologie, een subafdeling van transfusietechnologie. 

Iedereenn die aan deze opleiding heeft bijgedragen wil ik hartelijk danken. 
Tijdenss de praktijkopleiding kreeg ik les van diverse docenten. In mijn beginjaren 
werktee Hans Loos als hoofd van de afdeling transfusietechnologie. Van deze 
enthousiastee leermeester leerde ik dat voor ieder praktisch probleem in de 
transfusiepraktijkk een oplossing te vinden is. Arthur nam deze taak als hoofd van de 
afdelingg na enkele jaren over. Van hem leerde ik hoe ik mijn onderzoeksdata nog 
beterr kon opschrijven. Eric, als trouwe onderzoeksmaat en analist hielp mij bij al 
mijnn experimenten. Van hem leerde ik dat hard en precies werken betrouwbare 
resultatenn kunnen opleveren en ook de uitspraak: "De boog kan niet altijd 
gespannenn staan." Zijn interesse, goede humeur en stiptheid hebben mij altijd erg 
goedd gedaan. Daarnaast toonde Henk zich tijdens grote experimenten een harde 
werkerwerker met veel gevoel voor humor. Van hem leerde ik dat bijna alles te regelen is 
enn dat het leven niet uit werken alleen bestaat. De lol die ik tijdens de grote 
experimentenn met Eric en Henk heb gehad zal ik nooit vergeten. Ook met Tineke 
hebb ik veel gelachen en daarnaast stond zij altijd voor mij klaar om nog wat 
tellingenn te doen voor als het laat zou worden. Zij nam mij ook mee naar de markt 
opp het Mosplein en van haar leerde ik dat iets dat voor een kwartje te koop is vaak 
ookk nog wel voor een dubbeltje te krijgen is. 

Naa de verhuizing van de afdeling kwam ik op een kamer terecht (U206) met 
kamergenoten:: Geert, Perry en Petra. Zij hebben het geaccepteerd dat ik één van de 
tweee computers veelvuldig bezet hield en al mijn onderzoeksresultaten in U206 kon 
stallen.. Mijn gevarieerde opleiding heb ik ook voor een groot deel aan hen te 
danken.. Van mijn bureaugenoot Perry leerde ik dat de vrouw de kroon is op de 
schepping.. Van Petra en Geert leerde ik dat een opgewekt humeur, een gezin en een 
onderzoeksbaann goed te combineren zijn en dat in drie of vier dagen per week zeer 
veell werk verzet kan worden. 

Alss supervisor en belangrijkste docent wil ik hier Dirk noemen die zich in al 
diee jaren een vrolijke begeleider en geduldig leraar toonde. Hij heeft alle versies 
vann de hoofdstukken, abstracts en artikelen zeer precies gecorrigeerd. Daarnaast 
wistt hij bij problemen altijd meteen de vinger op de lillende plek te leggen. Van 
hemm leerde ik onder andere hoe je een proefschrift moet schrijven. 

Inn de laatste fase leerde ik Pim van Aken kennen, mijn promotor. Van hem 
leerdee ik zo snel mogelijk mijn proefschrift af te ronden en een inleiding te 
schrijven.. Door de goede samenwerking en zijn snelle werken heeft hij bijgedragen 
aann het succesvol afronden van dit proefschrift. In deze fase was kwam ook Gerty 
diee mij zeer behulpzaam was. 
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Dankwoord Dankwoord 

Allee mensen die het mij mogelijk maakten dit onderzoek uit te voeren wil ik 
opp deze plaats hartelijk danken. Ik denk hierbij aan de mensen van de TD, die 
fllterhouderss voor mij maakten of mij hielpen bij een technisch mankement van een 
apparaat.. Ook wil ik de mensen bedanken die keer op keer de werkplekken 
schoonhieldenn en het afval afvoerden of werkzaam waren in een andere 
ondersteunendee dienst. Verder wil ik allen bedanken die behulpzaam waren als ik 
ietss nodig had, zowel de mensen van mijn eigen afdeling als van andere afdelingen. 

Ookk André wil ik hier noemen. Met hem heb ik altijd prettig samengewerkt 
enn dit leidde tot twee hoofdstukken in dit proefschrift. 

Natuurlijkk was er ook nog een thuisfront dat bestond uit Erik, mijn vrienden 
enn mijn familie. Mijn ouders en mijn zussen Eva en Julia hebben mij altijd gesteund 
mett hun waardering voor mij en mijn werk en met hun medeleven. Ook de steun 
vann Huub en het grote plezier dat hij mij gaf bij het zingen in zijn koor zijn van 
onschatbaree waarde geweest. Tenslotte was er Erik, mijn vriend die mij door dik en 
dunn steunde met zijn trouw en vertrouwen in mij en mijn kunnen. 
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