
METHYLENE BLUE・TREATED FRESH・FROZEN PLASMA  

Clearly，1argerstudiesarerequiredtoestablishtheroleof  
MBFFPinTTII  

FFPSAFETY：WHEREAREWE GOJNG？   
Fiveyears ago，an editorialinthisjournalaccompanied  
theavailabilityintheUSAofpooledS／DFFf！1Despitethe  
impact ofthe previous HIVand HCVtransmissions on  
transfusionservicesinmanycountries，S／DFFPdidnot  
Subsequently become a standard of carein the USA，  
althoughithasbecomesoinNorway．BelgiumandPortu－  
gal．OtherEuropeancountrieshavechosenquarantinlng  
OfFFPwithdonorre－teStaStheirmethodofminimizing  

VirusriskfromFFPThisavoidspotentialtoxjcltyOrlossof  
activity，but provides no protection agalnSt neW agentS  
suchasWestNilevirus．lnvirusreductionterms，theMB  

SyStemaPPearStOhaveacceptableefficacy，andhasthe  
advantageofbeingaslngleunitsystem，SOthatpotentially  
increasedrisksfromnewagentsunaffectedbythesystem，  
SuChasprlOnS，areminimized．Themajordisadvantageis  
lossofcoagulationfactors，SuChasfibrinogen・Theasyet  
unlicencedsingleunitpsoralenS59pathogenreduction  
SyStemforFFPappearStOreSultinmuchbetterpreserva－  
tion offibrinogen，With only3－13percent reduction・49  
However，tOXjcitywi11be a concern for any pathogen  
reductionsystemwhichinteractswithnucleicacids，eSpe－  
Cial1yifadministeredtoveryyoungreclplentS．   
1ntheUK，prOVisionofMBFFPislinkedtothemost  
recent Department ofHealthprecautionarydecisionto  
minimizetheunknownriskofvariantCJDfromUKblood  

COmpOnentS・In August2002，UK Tfansfusion Services  
Wereinstructed to seeksupplies ofUS plasma forFFP  
productionforchildrenbornafterJanuaryl，1996，adate  
fromwhichtheUKfoodsupplyhasbeenconsideredsafe  
frombovinespongiformencephalopathy．Thisimported  
FFPw山besubjectedtoMBtreatment，and，inprepara－  
tion，UK Transfusion Services have alreadyintroduced  
MBFFPforthisagegroup・Noimmediateproblemswith  
Side effects orloss of efficacy have been reported，  
althoughthe number of children treatedis stiu small．  
HospitalsalsohaveaccesstoS／DFFPfromcommercial  
SOurCeS．  

ButtotakeanoverviewofFFPsafety．5years’hemo－  
Vigi］ancedataintheUKrevealthatvirustransmissionisa  
muchsmallerriskthanthatofTRALl．From1996to2001，  

therewere15TRALIcasesinwhichFFPwasclearlyimpli－  
Cated′and another4where FFPwas amongarangeof  
COmPOnentStranSfused・Inthesametime period，there  
WaS nOt a Slngle provenviruS tranSmissionfrom FFP45  
Single－unit pathogen－reduction systems by themselves  
COntribute nothingtoTRALIprevention，Whichmaybe  
helped by selection of male donors for FFP50and／or  
SCreenlngOfparousfemalesforWBCantibodies・lnterest－  

1ngly，thepoolingofseveralhundreddonationsrequired  
intheS／DFFPprocessmayprovidebenefitagalnStTRALI  
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deficienciesofFVorFXI，TT11andexchangetransfusion  
in neonates・41I420ne study of71patients compared  
MBFFP withS／D－treated FFPincardiac surgery and  
Showed better replacement of protein S and alpha2－  
antlplasmin withMBFFP but no differencein blood  
loss・20However，OnehospitalinSpainhasreportedthat  
afteratotalswitchtoMBFFfミFFPdemandroseby56per－  

cent，With a two－tOthree－foldincreasein demand for  

cryopreclpltate，WhichwasnotMBtreated・43Theauthors  
SuggeStthattheincreaseindemand，Particularlyforcryo－  

preclpltate，mayhavebeenrequiredtooffsetthereduced  
fibrinogenlevelinthecomponent．Indeed，afterorthope－  
dic surgery，tranSfusion ofMBFFP has been associated  
WithincreasedreptilaseclottlngtlmeSandratioofimmu－  
nologlCtOfunctionalmeasuredfibrinogen，44suggesting  
thatMBmayinterferewithfibrinpolymerizationinvivo．  
However，thedatafromtheSpanishstudyneedtobeinter－  
Pretedwith care・Intheperiodstudied，Which spanned  

introductionofMBFFfミ2967patients received nofewer  

than27，434unitsofplasma，butonly24，607unitsofRBCs，  
With26percentofadmissionsreceivingFFPonly．Thevery  
highFFPto RBC ratio（1．11）contrasts sharplywiththe  
recentcorrespondingfigureforthe UKTransfusionSer－  
Vices（0・14）・45Thissuggestsverydifferentprescribingprac－  

ticesforFFPbetweenSpainandtheUK，includingroutine  
useofFFPinal1cardiacsurgeryproceduresinSpain．43  
Never山eless，theirstudyemphasizestheimportanceof  
monitorlngClinicaldemandaf［eranychangetoMBFFPto  
SeeWhethertheinvitroefft！CtStrulyresultinarequire－  
mentforlargerdoses．  
No specificdata are available from studiesinneo－  
nates，butnospecificproblemshavebeenfound．Theonly  
reportofMB toxICltylnaneOnateWaSaCaSeOfsevere  
bullus formation and desquamation was reported in a 
babywhoreceivedphototherapyforhyperbilirubinemia  
after administration oflOmL oflpercent MB to the  
mothertoinvestlgatePOSSibleruptureofamnloticmem－  
branes．46AlthoughneonatalbloodlevelsofMBwerenot  
reported，theskinofthebabywasvisiblystainedblue，  
SuggeStingbloodandtissuelevelsmanytlmeShigherthan  
WOuldbeachievedafterinfusionofMBFFPNoproblems  
WithMBFFP－treatedinfhntsrequlrlngPhototherapyhave  
beenreportedinEurope，andglucose6phosphatedehy－  
drogenasedeficiencylSnOtaCOntra－indicationtoitsuse  

（WalkerWwrittencommunication，2002）・Similarly，digi－  
talcapi11arymeasurementofoxygensaturationbycolori－  
metricmeansisnotaffectedbyinfusionofMBFF  
Limited data are available on the use ofMBFFP hr  

plasma－eXChangeproceduresforTTP47Although1evelsof  
VWFcleavlngenZymeinMBFFParenormal，300neStudy  
Oftwosmal1cohortsofpatients（13treatedwithFFPand  
7withMBFFP）reported anincreaseinthe number of  
plasma－eXChangeproceduresanddaysinhospitalindle  
MBFFPgroup．48Thisis ofconcern，althoughthe small  
Patient numbers makeit di疏cult to draw conclusions；  
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byduutingoutthosewithhigh－titerWBCantibodies・The  
NationalBlood Servicein England has begun a brmaI  
OptlOn appraisalofTRALI－preVention strategleS・begin，  
nlngWithplasma－richcomponents・Therelativecosteffec－  
tivenessandlong－termrOleofpathogenreductionofFFP  
in an overall blood safety strategy remain to be elucid ated. 
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BLOOp CO肌P（川mTS  

TheefFbctofmethylenebluephotoinactivationandmethylene  

blueremovalonthequalityof打esh－ffozenplasma  

几血J騨陀rGαrl川Od，月eわeccαA・G川和野間0軌′eかr王JmmO〃d，俺Jerわ5・肋r〃∫町，CrⅥなP蝕r′1en  

り川イ′Jい＝〃ぷ．Jり川（一．1J．11川／…′…肌‘仙／りけhl二J仙川■  

Stringent donor selection and testlng  
BACKGROUND：Theeffectsofuslngfreshorfrozen－  

thawedplasma，WBCreductionofp［asmabefore  

freezing，andtheuseoftwodifferentmethyleneb山e（MB）  

remova＝iltersonthequalityofMB－treatedplasmawere  

COmPared．  
STUDYDESIGNANDMETHODS：lnapairedstudy（n＝  

11／arm）plasmawasfrozenwithin8hoursofcollection，  

thawed，MBphotoinactivated，andthenfilteredusingone  

OftwoMBremovalfiIters．Freshplasma（n＝16）and  

PLasmaWBCreducedbeforefreezing（n＝19）wereMB  

inactivated．  

RESULTS：Freeze－thawlngreSUltedin10SSOfactivityof  

FXllandVWFofO．06andO．04unitspermL，reSPeCtively，  

butnoslgnificant10SSOfactivityoffactorsllthroughX10r  
fibrinogen．FurtherlossofactivityoccurredafterMB  
treatment：Fll（0．071U／mL），FV（0・11U／mL），FVll  

（0．081U／mL），FV川（0．281U／mL），FIX（0・121U／mL），FX  

（0．161U／mL），FXl（0．28U／mL），FXLl（0・15U／mL），VWF  

antigen（0，051U／mL），VWFactivity（0・06U／mL），and  

fibrinogen（0．79g／L）・Lossesduetothisstepwere  

Significantly（5－10％）lowerinfreshpIasmacomparedto  

frozen－thawedplasma・NeitherMBremova＝iIterresulted  

ins■gnificant10SSOfactivityofanyfactorstudied・  

CONCLUS10N：MBremovaI，byeitheroftheavailabJe  

filters，haslittleimpactonthecoagulationfactorcontent  
Ofplasma，butfreez■ngOfplasmabeforeMBtreatment  

resultsin a smalladditionalLoss，  

FFPdonatlOnenterlngthebloodsupplyinEnglandisestl－  
matedtobelinlOmiuionforHTVlin50millionforHCV  

andlinl．2millionforHBV（EglinR，Writtencommunica－  

tion，2002）．Neverdleless，Viraltransmission fromblood  
componentscontinuestooccur′With16casesreportedin  
theUKinthelast6years・1Thereis，therefore，COnSiderable  
research actlVltylnpathogeninactivationofsingle－unit  
COmPOnentSbecausemedlOdssuitableforsinglecompo－  
nentsofferreassurancethatnoincreasedinfectiousrisks  

are added due to pooling．For FFP only，Onelicensed  
Single－unitsystemiscurrentlyavailable（methyleneblue  
Photoinactivation）・1tis desirablethatthereis asmuch  
flexibuity as possiblein the handling conditions for  
pLasmabeforeinactivation・tOenableproductionofFFP  
fromcollectioncentersdistantfromtheprocesslngSite・  
ThisisparticularlyrelevantbecausetheUKDepartments  
of Heal山 have recently recommended that FFPis  
importedfromNorth凡mericaforneonatesandchi］dren  
born after1995（aRer theintroduction ofrelevant food  
banstolimitBSEtransmission）asaprecautionarymeaT  
sure agalnSt VCJD transmission・Previous studies have  

ABBREVIAT】ONS：APC＝allophycocyanin－COnJugated；＾PTT＝  

activatedparliaIthromboplastintime；FFP＝fresh－rrOZenPlasma；  

MB＝methyleneblue；PMN，＝neutrOphil；PRP＝plateleトrich  

pLasma；PT＝PrOthrombintime；VWF：CB＝VWFcouagen－binding  
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demonstrated vCJDinfectivltyin plasma of rodents  
infectedwith prlOn diseases，2・3 and a recent report  

describesinterimresultsfromastudythatdemonstrate  
transmissions of bovine spongiform encephalopathy  
（BSE）andscrapiebetweensheepbywhole－bloodtransfuT  

Sion・4Becausebackgroundlevelsofvirusmarkerpositivlty  

intheNorthAmericanpopulationareslgnificantlyhigher  
thanintheUK，ithasbeendeemedsensibletosubject  
importedplasmatoapathogen－inactivationstep・  

Themethyleneblue（MB）photoinactivationprocess  

for viralinactivation ofhuman plasma has been weu  
described5ashasitseffbctonthelossofcoagulationfactor  
activltyOfplasma・5J9TheorlglnalSpringeMBprocess，also  

usedbyGrifoIsinSpain，describedbyLambrecht，5used  

freeze－thawlng Of plasma bebre MBinactivation to  
exposeintraceuularviruSeStOtheactionofMB．However，  

recentJy・bloodcollectionpacksthatintegrateWBCreduc－  

tion and MB addition before inactivation of plasma 
（BaxterPathinact，BaxterHealthcare，ComptonNewbury，  

Berkshire，UK，and Maco PharmaTheraflex，Middlesex，  

UK）removetheneedtofreeze－thawplasma．．O12Thereare  

alsodifferencesbetweenthesystemsinhowMBisadded  
toplasma・Withtwoofthesystems（SpringeandBaxter），  
avariabledoseofMBsolutionisaddedtoachieveastan＿  

dardfinalconcentrationoflLIMMB・Theothersystem  
（MacoPharmaTheraflex）incorporatesan85－LLgPelletof  

MBhydrochlorideperplasmaunit，thereforetheconcen－  

trationcanvaryslightly（0・84－1・13トM）dependingupon  

theplasmavolume（recommendedrange，235－315mL）．  

ForMBphotoinactivationofplasmatobecentralized，  
butplasmafromremotesitesusedasastartmaterial，itis  
essentialtobeabletofreezeandthawplasmabeforetreat－  
ment・Althoughwehavepreviouslyevaluatedtheuseof  

thetwosystems（BaxterandMacoPharma）uslngfresh  
Plasma・10．］2we have not evaluatedfreeze－thawing of  
plasmabeforeMBtreatmentuslngSuChsystems．Although  
itisknownthatfreeze－thawingltSelfhasminimaleffecton  
the coagulationfactoractivltyOfplasma，7there areno  
COmParativedataavailableonwhetherthelossofcoagu－  
lationfactoractivltyduetotheMBinactivationsteplS  
affectedbyprlOrfreeze－thawing・Furthermore，intheUK，  

therewasconcernthatfreeze－thawingnon－WBC－reduced  

plasmacouldpotentiallyincreaseexposuretovCJDdueto  
fragmentationofplateletsandWBCs，Whichareknownto  
COntainnormalcellularprlOnprOtein（PrpC）13andmight  

thereforehosttheinfectiveabnormalprlOnPrOteinPrpSC・  
Wethereforeassessedtheeffectofremovingtheseceusby  
anadditionalWBCreductionstepbeforefreezingonthe  
qualityofMBplasma．  
Following concerns over possible side effects of 
residualMBinplasma，afurtherrecentdevelopmentis  
theabilitytoremoveMBbyfi1trationbeforefinalcom－  
ponent storage．Evaluations oftwo removalfilters（Pau  

MBl，PallBiomedical，Portsmouth，UK，andHemaSure  

LeukoVir，Marlborough，MA）MBhavebeenpreviously  

reported，】4・】5buttherearenodataavailableontheuseof  
anewMBremovalfi1ter（MacoPharmaBlueflex）．Theaim  

Ofthis study wastherefore to evaluate the combined  
effectofWBCreductionbeforefreezlng，freeze－thawing，  
MBphotoinactivation，andMBremovalusingtwodiffer－  
entfilters，OnCOagulationfactoractivityand activation  
markersin FFR We also examinedthe effect offreeze－  

thawlngandsubsequentfiltrationofnon－WBC－reduced  
plasmaonitscellularconstituents，tOprOVideassurance  
thattheprocessisnotlikelytoincreasetheriskofvCJD  
transmissionaftertransfusiontopatients．  

MATERIALS AND METHODS  

B100dc011ectionandprocesslng  

TheexperimentaldesignisshowninFig・1・「rWenty－four  
unitsofwholeblood（groupA，n＝12；grOupO，n＝12）were  
COllectedinto“Top and Bottom”configuration blood  
packs（Pal1Medsep789－94U，PauBiomedical）．Bloodwas  
thencentrifuged（HeraeusCryofuge6000，Kleinostheim，  
Germany）at3300rpm for12 minutes at 220C and  
processed to RBCs andplasma（CompomatG4system，  
Fresenius－HemocareNPBI，Abingdon，UK）．InExperiment  
A，Plasmaswerepooledingroupsoftwounitsofidentical  
ABOgroupinto600－mLtransferpacks（BaxterFGR2089，  

Baxter Healthcare）・The pooIs were mixed thoroughly  
anddividedequa11ybetweentwo300－mLtransfbrpacks  
（Fresenius Hemocare P4164，Fresenius Hemocare）．A11  

unitsofplasmawerefrozenwithin8hoursofcollectionin  
afreezer（ThermogenesisMPllOl，Cheshire，UK）to－45OC  
Within45minutesandstoredfrozenatL400Cfor4daysto  
4weeks．Theunitswerethenthawedat37OCandimmedi－  

atelyWBCreduced（PIJAS4，MacoPharma，Middlesex，UK）  
andMBphotoinactivated（MacoPharmaMaco－Tronicsys－  
tem）aspreviouslydescribed・11ForeachpalrOfplasmas，  
MBwasremoved（eitherPauMBlorMacoPharmaBlue－  
flex）accordingtothemanufacturers’instructions．Plasmas  
Wererefrozeninafreezer（ThermogenesisMPllOl）and  
StOredat－400C・Inaddition，19unitsofplasmawereWBC  
reducedbeforefreezingusingoneoftwo丘Iters（RZ2000，  
BaxterHealthcare，OrLPSl，Pal1Biomedical），MBinacti－  

Vated，andthenMBremoved（MBlfilter，ExperimentB）．  
Thesefilterswereselectedbecausetheyareknowntohave  
minimaleffect on coagulation factorsin plasma・1G A  
further16unitsofplasma（groupO，n＝8；grOupA，n＝  
8）wereMBinactivatedwithoutthefreeze－thawstepand  

MBremoved（Blueflexfilter，ExperimentC）．   
Wetook15－mLsamples bysterile connection ofa  
SamplepouchatfourtimepolntS：1）beforefreezlng，2）  
aRerthawingandbeわreWBCreductionandMBaddition，  
3）afterMBtreatmentbeforeMBremoval，and4）afterMB  

removal・Sampleswerefrozenat－800Cforcoagulation  
assays，andtwoaliquotswerefrozeninEDTAforC3ades  
argaSSayS・  
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ExpenmentA  ExperimentB  ExperimentC   

2plasmaunits  
POOledandsplit  

ハ  
Frozen＜8hraftercoMection  

Storedat－100c  

▼ ▼   

Thawedat370candWBC．reduced  
usingPLAS4fi］ter  

▼ ▼   

MBaddedandphotoinactivated  

▼  

MB removal 

▼   

MBremoval  
MB1 filter BlueflexfiIter   
n＝12  n＝12   

Fig．l．Studydesign．   

PlasmaWBC・reducedusingeither  
BaxterRZ2000filter  
OrPa”LPSlfilter   

J  

Frozen＜8hraftercollection  

Storedat」100c   

J  

Thawedat370candWBC＿reduced  
usingPLAS4fi］ter   

J  

MBaddedandphotoinactivated   

l  

MBremoval  

MBl用ter  

n＝19  

PLasma（＜8hrafterco”ection）  
WBC－reducedusingPLAS4filter  

l  

MBaddedandphotoinactivated  

．  

n＝16  

Plasma factors 

Allcoagulation assays were performed using commer－  
Cially available analyzers（Sysmex CA1500 analyzer，  
Sysmex，Milton Keynes，UK；Coagamate X2 analyzer，  
Organon／rbknika，Cambridge，UK；OrAmelung KC4A  

microanalyzer，SigmaDiagnostics，Poole，Dorset．UK）．FTI，  
FVFVIl，andFXwereassayedbyone－StagePrOthrombin  

time（PT）－based assaysand FIXand FXIlusingaone－  
StageaCtivatedpartialtllLrOmboplastintime（APTT）一based  
assay′uSingde再cient plasma（Dade Behring，Marburg，  

Germany）・ThePTand＾PTTwereexpressedasaratioto  
thegeometricmeanresILlltof20normalcitratedplasmas．  
Thesetypesofsampleswerechosenas“normal”plasma  

to provide a standard reference poinf between studjes．  
VWF antlgenWaS meaSured bylatex agglutination（Srln  
LiatestKit，DiagnosticaStago，Asnieres，France）．FVIIland  
FXIwereassayedusingone－StageClottingassayswithdefi－  
Cientplasma（Diagno5ticsScotland，Edinburgh，Scotland；  

andSigma－AldrichCompany，Poole，Dorset，UK，reSpeC－  
tively）・Fibrinogen was measured using a Clauss assay  
WithFibriquickreagents（Organon／It！Chnika，Cambridge，  
UK）・FⅥrf assays were standardized uslng tlle British  
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Plasma standard（NIBSC，South Mimms，UK）．Allother  

assays were standardized using Coagulation Reference  
plasmalOOpercent（rrt，Chnoclone，Dorking，UK）・Acontrol  
plasmaofknownpotencywasassayedoneachoccasion  
for all coagulation assays. 
CommerciallyavailableEuSAkitswereusedtodeter－  
minelevels of prothrombin fragmentl＋2（Dade－  
Behring），FXlla（Axis－Shield，Dundee，Scotland），andVWF  

COllagen－binding activity（VWF：CB，Immuno，Vienna，  
Austria）・C3adesargwasassayedbyradioimmunoassay  

（Amersham Pharmacia Biotech，Buckshire．UK）．VWF  

Cleavlng PrOteaSe aCtivlty WaS meaSured as previously  
describedL7and resultsexpressedasaratiotothatofa  
poolednormalcitratedplasma．  

Effectoffreeze－thawingplasmaandfiltrationsteps  
OnCe］lularcontentofpLasma  

DoubleWBC，reducedplasma（t．PSlⅢter，Pal1Biomedi－  
Cal）wasspikedwithWBCs（＜1－200×106／L）withorwithout  

Platelets（＜ト100×10’’／L），both ofwhichwereprepared  

fromfreshwholebloodbydensitygradientcentrjfugation，   
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torepresentlevelsofce11ularcontaminationthatmaybe  
expectedto occurinnon－WBC－reducedplasma．Plasma  

WaS山en blast－frozen，thawed，WBC－reduced by sterile  

COnneCtion with the（PIJAS4）filter，MB added，and MB  

removedusingafi1ter（thePa11MBlfilter）．Sampleswere  

takenatfourstages：beforefreezlng，afterthawing，after  

PLAS4LDfilter，andafterMBremoval．Sampleswereana－  

1yzedforplateletcountbyahematologyanalyzer（Sysmex  
SE9000，Sysmex）and WBC count byflow cytometry  

（FACSCalibur・Becton Dickinson，Oxford，UK）uslng  
LeucoCountreagents（BectonDickinson）．Releaseofthe  

neutrophilprimarygranulemarkerelastasewasmeasured  
by EuSA ofα1－prOteinaseinl1ibitor：neutrOPhiI（PMN）  

elastasecomplexes（PathwayDiagnostics，UK）andrelease  
OfLDHbyenyzymaticassaylnSupernatantplasma（Vitros  
DT60ⅠⅠ，Axis－Shield，Dundee，Scotland）．RBCmicroparti－  

Clesweremeasuredbyflowcytometry（FACSCalibur）as  
previouslydescribedusingantibodiestoglycophorinA．1B  
AnalysISOfplateletmicroparticles（PMP）wasdeter－  

mined as fo1lows：Plasma（5トIL）wasincubated for20  

minutesatroomtemperaturewith5いLauophycocyanin－  
COnjugated ami－CD61（APC－CD6l，Caltag－Medsystems，  

rIbwcester，UK），5トIL rhodophycoerythrin－COnjugated  

anti－CD42b（Caltag－Medsystems），10llLFITCannexinV  

（FITCTAV Caltag－Medsystems），5LILlOxHBSS（Sigma．  
Poole，UK）and made up to50uLwith HEPES－Calcium  

buffer（2・8mMCaC12，20mMHEPES）．Sampleswereresus－  

pendedinO．45mLoflxHBSSandtransferredtoatube  
COntainlngaknownamountofbeads（Trucount，Becton  

Dickinson），and analyzed using a flow cytometer  
（FacsCalibur，Becton－Dickinson）．Plateletmicroparticles  
Weredefinedusingforwardscatteraseventsfallinglna  
reglOn・Whichincludeslessthan2percentofplateletsin  
plasma（PRP）from20normaldonors，and oflessthan  

lLlmaSdeterminedbyAPCfluorescentbeads（Spherotec，  

Libertyvi11e，IL）・PlateletTderivedeventsweredefinedby  
fluorescenceduetoAPC－CD61bindingabovethatofan  
isotype－matChedcontrol・Annexin－VLpOSitiveeventswere  

definedaseventsbindingFITC－AVaboveacontroIcon－  

taining5mMNa3EDTA・Innormalsubjects（n＝20），1ess  

thanlpercentofunstimulatedplateletsbindFITC－AVTb  
COntrOlassayvariability，anegativecontrolofunstimu－  

1ated PRP and a positive control（PRPincubated with  
10uMA23187［Calibochem－Novabiochem，SanDiego，CA］  
for15min）wereincludedforplateletmicroparticleassays・  

exceptionthatal1coagulationassayswereperformedus－  
ingaparticularanalyzer（SysmexCA1500analyzer）and  
C3adesarglevelswereperformedbyELISA（Quidel，San  
Diego，CA）・  

Statistical analysis 

Since the distribution ofsome data were non－Gaussian  

withpositiveskew，nOnparametrictestswereapplied・The  
Wilcoxonranksumtestwasusedforpaireddataandthe  
Mann－WhitneyU－teStforunpaired data・Apvalueless  
thanO・05wasconsideredsignificant・AllresultsareglVen  
asmedianwithrange．  

RESULTS  

Plasma processing 

Fromthe24paired units（Experiment A），One unit of  
plasmafracturedonthawing，thereforedataonllpaired  
unitsofplasmaarepresented，allofwhichwerewithinthe  
required volume range before MBinactivation．Dueto  
Sampling，20utOf16freshplasmaunits（ExperimentC）  
WereSlightlybelowthelowerrangelimit（233and234mL）．  
FiltrationtimeforoneWBC－reductionfilter（PLAS4）was  
8to15minutes，Withalossof20mLofplasma．Filtration  

timesfortwo other removalfi1ters（Pal1MBland Maco  

Blueflex）were2to5minutesand5tollminutes，reSpeC－  
tively，withalossoflOmLofplasmaforeach．  

Effectoffreeze．thawingandMBon10SSOf  
coagulation factors 

Thechangeincoagulationactjvityduetofreeze－thawing  
andtheMBprocessisshoⅥ一inTablel・Therewasaslg－  
nificantlossofFXII（2％）andVWF：CB（9％），andasmall  

increaseinlevelsofFVII（l％）andFXI（4％）duetofreeze－  

thawing．ThiswasassociatedwithanincreaseinbothPT  
ratio（1・06【0・97－1・12］vs・1・05【0．95－1．11］，P＜0．0001）and  

APTTratio（1・04【0・91－l・20］vs．l．02［0．89－1．18］，P＜0．0001）．  

ThedegreeoflossofcoagulationactivltyduetotheMB  
PrOCeSSVariedbetweenfactors，thehighestlossesoccur－  

ringwithFⅥlI（29％），負brinogen（28％），and FXI（25％），  

therefore the evaluation of plasma treated fresh was 
mainlyrestrictedtothesefactors．ForFVFVIII，FXI，and  

fibrinogen，thelossofactivityduetotheMBprocesswas  
approximately8－perCent higherin the frozen－thawed  

plasmaunits comparedwithfreshplasma（Thblel）．In  
addition，theincreaseduetothis stepinbothPTratio  
（0・09【0・04－0・16］freshvs・0・14【0．08－0．281frozen－thawed，p  

＜0．0001）andAPTT ratio（0．11［0．05，0．15】fresh vs．0．16  

【0・1l－0・26］frozen－thawed，p＜0・0001）was alsohigher．  

However，therewasnosignificantdifkrenceinchangesin  
levels of FVII，FXIIa，and C3a due to MB treatment  

between units which were treated fresh or after freeze－  
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EttectofMBonassays  

ToassesstheeffectofthepresenceofMBitselfoncoagu－  
lationfactorassays，aMBpellet（fromtheMacoPharma  

PaCk）wasdissolvedineachofsixunitsofplasma・Samples  

WereCOllectedbeforeandafteradditionofMB，andonce  
MBhadbeenadded，theplasmawasnotphotoillumi－  

natedandwasprotectedfromlightatal1times．A山pa－  

rameterswereperformedasforthemainstudywiththe  
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lnBLEl・Percentagechangeincoagulationfactoractivityduetofreeze－thawingandMBtreatmentofpla＄ma  
Due to MBtreatment＋  Due to MB treatment  

Duetofreeze－thawlng  WBCreduction’（freeze－thawedplasma）  ＋WBCreduction（freshplasma）   

median（range）  median（range）  median（range）  

Number  

Fibrinogen（g／L）  

Fl＝lU／mL）  

FV（∪／mL）  

FVl川∪／mL）  

FVlll（ル／mL）  

FlX（ル／mL）  

FX（lU／mL）  

FXl（∪／mL）  

FXll（∪／mL）  

VWF：Ag（lU／mL）  
VWF：CB（∪／mL）  

FXlla（ng／mL）  

Prothrombin Fl＋2（n叫  
C3adesarg（ng／mL）   

22  

、10卜27to14）   
0ト4to4）   

0ト5to4）  
1（－1to4）ll  

－3（－20to9）  

1（－3to4）§   

0ト2to3）   

4ト19toll）ll  
－2（一6tol）ll§  

－1（－4to3）§  

－9（－17to5）順   
0卜25to43）  
－19ト55to32）［   

0（一41to65）   

22  

－28（－51to－20）  

－8（－11to－2）  

－13（－20to4）  

－7（－10to－1）  

－29（－42to－9）  

－13（－20to－11）  

－15ト22to－10）  
－25（－35to－7）  

－18（－31to－14）  

－6（－11to－3）  

－8（一16to3）  

－20（－43to33）  

91（36to160）  
†10（－45to155）  

16  
▼21卜38to－7）†  

NA  
－5（－11to4）†  

－4（－9to－1）  

－24（－37to－11）†  

NA  
NA  

－15（一23to－6）†  
NA  
NA  
NA  

－14（一43toO）  

27（一12to180）‡  

16ト27to295）  

★ WBCreductionwaspe【二ormedwithanintegralPLAS4WBC－reductionfilterintheMacoPharmaMBpackconfiguration 
†p＜0・01referstosignificancefromtheMann－WhitneyU－teStbetweenfreshandfrozenplasma■  
‡pく0．05．  
§∩＝11．  

［p＜0・01referstosignificancefromtheWilcoxonranksumtestbetweenplasmabeforefreezingandafterthawing．  
11p＜0．05，  

thaw．TheincreaseinprothrombinFl＋21evelsduetoMB  

treatmentwashigherinh●OZen－thawedunitscomparedto  

fresh．  

WhentheinfluenceofMBontheassayswasstudied  
（intheabsenceofphotoinactivation），therewasnoslgnif－  

icantdifferencebetweerLbeforeoraftertheadditionofMB  

foranyparameters，apartfromFXlla．whichwassignifi－  

Cantlylower after MB addition（1．59［0・76－2．13】ng／mL  

before，0．72LO．56－1．05jng／mL after，p＜0．05before vs，  

after）．  

afterfiltrationwithbothremovalfi1ters′Whichwasprob－  
ablydue to theinfluence ofMB on the assayand was  
COmparablebetweenfilters．Therewasanextremelysma11  
VariationinthePTandAPTTratioswitJlbothfilters（Table  

2）．  

Wecomparedthefinallevelsofcoagulationactivltyln  
frozen－thawed MB－treated plasma to a reference range  
basedon66samplesofWBC－reducedplasmathathadnot  
beenMBtreated・BecausetherewasnolossofactivltyWith  
eitherMB removalRlter，both sets ofdatawere pooled．  
Thereferencedatawasnotcollectedaspartofdlisstudy  
but from previous studies carried out by the National  
BloodServiceoverthepast4years・Themethodologyused  
iTlthesestudiesl‘’foreitherplasmaprocessingorassaydid  
notdiffersignificantlyfromthecurrentstudy．Over90per－  
CentOfMBunitswerewithinourreferencerangeforau  
COagulationfactors，apartfromprothrombinn＋2andPT  
ratio，the MB－treated plasma having23percent and50  
PerCentOfvaluesabovetherange，reSPeCtively（rlbble3）．  
The range ofPT ratios observedin reference and MB－  
treatedplasmaisshowninFig・2・  
WedidnotevaluateMBremovalbythe百Itersusedin  
thisstudy，butpreviousstudieshaveshownthattheMBl  
Ⅲterremoves81to95percentofMB14andtheBlueflex  
filterremovesmorethan95percentMB．1t）  

EffectofMBremovalfiltersoncoagulationactivity  

Toassessthedi什erence betweenthe two MB removalfiト  

ters，PalrSOfunitswerepooledandhalfofeachpooIMB－  
treatedandprocessedthrougheachoftheremovalfilters  
inpara11el．DuetologlSl：icalproblems．itwasnotpossible  
to process and assay these two sets simultaneously・＾  
Smaudifferencewasapparentinlevelsofsomecoa訃Ila－  
tionfactorsbetweenthetwoarmsofthestudy，PrObably  
duetosmal1differencesinprocessingandstorage．How－  
ever，tJle perCentage Changein activitydue to freeze－  
thawingandMBtreatmentwasthesameforeacharmof  
thestudy（datanotshown），andthereforethesedatawere  
COmbined．Tbevaluatetheeffect ofMB removalfi1ters，a  

COmparisonofpre－andpostcoagulationactivitybreach  
armofthestudywasexamined（Table2）．Therewasno  
apparentdecreaseinanyparameterstudiedwitheither  
removalfi］ter，aPartfrornareductioninlevelsofC3ausing  
OneOfthehlters（PauMBl）・Therewasaslightincreasein  
levelsof頁brinogen，F‖，FV FⅥⅠ，andFX，uSlngthePau  
filter．Therewasanapparentincreaseinlevels ofFXlIa  
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EffectofWBCreductionbeforefreezlng  

WBC reduction of plasma before freezing appeared to 
havelittleinfluenceonfinallevelsofFⅥ1I（0．67【0．44－1．231  

WBC reduced vs．0．62［0．48－0．86IU／ml，］non－WBC  

reduced）orfibrinogen（1．88［1．45－3．24】WBCreducedvs・   
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TABLE2．EffectofMB－remOValfiltersonpJa＄maCOaguJatjonactivityusJngfrozen－thawedMBphotoinactivatedplasma  

MBlfiltermedian（range）  BIueflexfiltermedian（range）  

Before MB removal  After MB removal Before MB removal  After MB removal 

Number  

PT（ratio）  

APTT（ratio）  

Fibrinogen（g／L）  

Fll（lU／mL）  

FV（∪／mし）  

FVll（lU／mL）  
FVlll（ル／mL）  

FIX（ル／mL）  
FX（lU／mL）  

FXl（∪／mL）  

FXll（∪／mL）  

VWF：Ag（lU／mL）  

VWF：CB（U／mL）  
FXlla（ng／mL）  

ProthrombinFl＋2（nM）  
C3adesarg（ng／mL）  

11  11  

1．17（1．11・1・34）  

1．11（1．05－1・28）  

1．88（1．30－2・13）  

0．96（0．77－1．04）  

0．78（0．55－0．86）  

0．99（0．79－1．43）  

0．63（0．47－0・89）  

0．96（0．78－1．06）  

0．95（0．70－1・12）  

0．77（0．57－0．99）  

0．88（0．41－1．07）  

0．99（0．74－1．19）  

0．60（0．47－0．68）  

1．50（0．40－2．50）  

0．96（0．61－1．75）  

438（207－1928）   

1．07（1．03－1．24）★  

1・13（1．06・1．30）†  

1．93（1．28－2．27）★  

1．00（0．78－1．04）†  

0．80（0．56－0．91）★  

1．02（0．83－1．55）★  
0．62（0．48－0．86）  

0．96（0．83－1．11）  
1．02（0．75－1．15）★  

0．77（0．59－0．99）  

0．88（0．40・1．09）  

0．98（0．75－1．18）  

0．73（0．42－0．85）  

1．80（0．70－2．90）t  

O．88（0．76－1．83）  

304（107－431）★  

1．23（1．13・1．33）  

1・25（1・17－1．39）  

2．04（1．37－2．13）  

0．95（0．77－1．04）  

0．76（0．58－0．97）  

1・01（0．77－1．40）  

0．61（0．48－0．79）   

0．95（0．72－1．09）  

0・75（0．55－0．99）   

0．92（0．70－1．09）  

0．70（0．59－0．87）  

1．25（0．75－2．00）  

0．74（0．58－1．19）  
337（225－1909）   

1．22（1・13－1．32）★  

1．27（1．19－1．43）★  

1．96（1．28－2．32）  

0．97（0・77－1．04）  

0．76（0．58－0．88）  

1．00（0．78－1．45）  

0．61（0．46－0．76）   

0．96（0．73－1．07）  

0．71（0・58－0．78）   

0．93（0．70－1．09）  

0．74（0．56－0．82）  
1．50（1・00－2．25）★  

0．75（0・52－1．25）  

302（226－1713）  

★ p＜0．01referstostatisticalslgnificancefromtheWilcoxon ranksumtestbetweenplasmabeforeandaf（erMB removaI．  
†p＜0．05．  

units（n＝225），WBC－reduced before  

freezlng，MB－treated，andMB－remOVed  

usingthe MBlfilters，Showed a mean  
VOlume of242mL（SD＝19）and FVIII  

COntentOfO．79IUperml．（SD＝0．25）．  

TheseresultscomplywithUKspecifica－  
tionsforMB－treatedFFtミ20  

lnBLE3．Finallevel＄Ofcoagulationfactorsandactivationmarkersin  
freeze－thawedMB－PhotoinactivatedplasmaafterMBremoval  

Factor  FinaIIeverinplasma★ Referencerange†Unitsinrange（％）  

Number  

PT（ratio）  

APIT（ratio）  

Fibrinogen（g／L）  

Fll（ル／mL）  

FV（U／mL）  

FVll（lU／mし）  

FVlll（lU／mL）  

FIX（lU／mL）  

FX（lU／mL）  

FXl（∪／mL）  

FXll（∪／mL）  

VWF：Ag（JU／mL）  

VWF：CB（∪／mL）  

FXlla（ng／mL）  
ProthrombinFl＋2（nM）  
C3adesarg（ng／mL）  

22  

1．16（1．03・1．32）  

1．24（1．06－1．43）  

1．95（1．28－2．32）  

0．98（0．77－1．04）  

0．79（0．56－0．91）  
1．01（0・78－1．55）  

0．62（0．46－0．86）  

0．96（0．83・1．11）§  

1．01（0．73tl．15）  

0．75（0．58－0．99）  
0．88（0．40－1．09）§  

0．96（0．70－1．18）  

0．74（0．42－0．85）  

1．50（0・40－2．90）  

0．85（0．52－1．83）  

303（107・1713）  

66  

1．05（0．95－1・16）‡  

1．09（0．86－1・36）‡   

1．10－4．30  

0．70・1．20  

0．50・1．40  

0．60－1．40  

0．40－1．60  

0．60－1．40  

0．70－1．30  

0．60－1．30  
0．40・1．50  

0．60－1．65  

0．50－1．50  

0．50－5．00  
0．20－1．10  

1117（0－12，330）  
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Effectonce”u［arcontentofplasma  

Whenplateletswerespikedintoplasma，  
there was no consistent difference  

between levels measured before and 

afterfreeze一山awlngWhenmeasuredby  

hematology analyzer，butlevels were  
COnSistentlyloweraf【erthawlngWhen  

measuredbyflowcytometry（rIbble4）．  

WhenWBCswere spikedintoplasma，  
thereappearedtobeatrendforlower  
WBC counts and higher levels of a,- 
proteinaseinhibitor：PMN elastase  
complexes in plasma after freezing 
（Table4）．However，inthe absence of  

platelets，1evelsofLDHdidnotincrease  

★ Data（n＝22）arerepresentedbythemedian（range）fromplasmaMB・remOVedbyMBl   
filter（n＝11）andBlueflexfilter（n＝11）．  
†ReferencerangeofnormalpIasmasisdefinedasthemean±2SDfornorma”y   
distributeddataandthegeometricmeanwith95－PerCentClforskeweddatabasedon   
WBC－reducedFFPPercentageofunitsinrangeisdefinedasabovethe10Werlimitfor   
COagulationfactorsandbe10WtheupperljmitforPllAPTTandactivationmarkers．  
‡n＝100．  

§n＝11，uSingMBlfilteronly・  

Substantia11yFreeze，thawingofplasma  
resultedinanincreaseinlevelsofplateletmicroparticles  
aswellasmicroparticlescharacterizedbydlebindingof  
PurifiedannexinV（Thble4）．Plateletmicroparticleswere  
reducedtolevelsobservedinfreshWBC－reducedplasma  
OrbelowaRerWBCreductionoffrozenplasmawiththe  
PLAS4filter．However，aSignificantproportion（～30％）of  
microparticlescharacterizedbyannexinVbindingwere  
notremovedbytheWBC－reductionortheMBlremoval  
Step．Thesealsoappearedtobederivedsolelyfromplate－  
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1．70［l．24－2．31g／Lj non－WBCreduced）inplasmasubse－  
quentlyMB treated and removed usingthe MBlfilter・  
VWFcleavlngPrOteaSe（VWF：CP）activltyWaSmeaSuredin  

fourMB－inactivatedplasmas，WhichwereWBCreduced  
beforefreezlngandMB－remOVedusingtheMBlremoval  
filter・VWF：CP results ranged fromO．81tol．00（normal  
range，0・80－1．20incitratedplasma）．Wehavenotassessed  
VWF：CPactivitylnPlasmaMB－depletedusingtheBlueflex  
Ⅲter・Quality－mOnitoringdatafromroutinelyprocessed  
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1etsbecauselevelsafterWBCreductioninsamplesspiked  
WithWBCsintheabsenceofplateletswerenotdifferent  
fromWBC－reduced plasmaalone．However，eVen at an  

addedplateletcountof30×109pert．（SampleD，thecur－  

rentUKspeCi6cation），thenumberofannexinV－pOSitive  
microparticlesin frozen一山awed plasma subsequently  
RltereduslngthePl．AS4fi1ter（43×100／L）is similarto  

tllat Seenin ourcurrent routineWBC－reduced non－MB－  
treatedplasmaproduct（meanresidualplateletcountof3  
×10～リL）．  

Beforefreezing，1evelsofRBCmicroparticleswere8  
（5－12×10～’／L），increasing by33percent after freeze－  

thawiI瑠．ThiswasnotrelatedtoplateletorWBCcontent，  
andlevels afterW召Creductionwerebelowthe detection  
Oftheassaysystemused（datanotshown）．  

DISCUSS10N   

MBtreatmentofplasmahasbeenshovmtoinactivate4to  
6logsoftransfusion－tranSmittedviruses，includingHIV  
HBV parvovirus B19，andWest Nilevirus．5I2．・220riginal  
studies on MB inactivation were reported on plasma 
freeze－thawed before treatment．5〉7Later，WOrk on other  

SyStemS（Baxter Pathinact aIld Maco PharmaTheraflex  
SyStemS）was performed on fresh plasma・川J12However，  
there are no data available on the difference between 

usingfreshorfreeze－thawedplasmaasastartingcompo－  
nent forMBtreatment．1n ourstudy，freeze－thawingof  
plasmaresultedinasmalllossofFXIlandVWF‥CBactivlty  

Reference  MB－treated  

Plasma  plasma   

Fig．2．PTratioinMB－treated（n＝22）orreferenceplasma（n＝  

100）．ForMB－treatedplasma，MBwasremovedbyMBl別ter  

（n＝11）andBlueflexGlter（n＝ll）．Referenceplasmaishistor・  

icaldatafromWBC－reducedFFRHorizontalbarrepresentsthe  
medianvalue．ThePTisexpressedasaratiotothegeometric  
meaJlreSultof20normalcitratedplasmas．  

TABLE4．Theeffectoffreeze－thawing，WBCreduction，andMBremova］once‖ularcomponentsofplasma  

A  B  C  D  E  F  G  H  I  J  

PlateIets岬HA†（109／L）   

Before freeze   
After thaw 
Platelets－FC‡（109／L）   

Beto「e†「eeze   

After thaw 
WBCs（106／L）   

Before†reeze   
After thaw 
PMNelastase（Pg／L）   

Before freeze 
Afterthaw   
AfterWBC reduction   
AfterMBlfilter  
Plateletmicroparticles（105）／L）   

Beforefreeze   
Afterthaw   
AfterWBC reduction   
AfterMBlfilter  
AnnexinV＋Vemicroparticles（109／L）   

Before freeze   
Afterthaw   
AfterWBC reduction   
AfterMBlfilter  
LDH（∪／mL）   

Before freeze   
After thaw 

＜3  ＜3  10  

＜3  6  10  

＜0．5   5．9  10．8  

＜0．5    4．8  9．0  

＜1  8．9  29．6  

く1  9．1  28．1  

46．4   39．7   37．5  

37．5    35，8   42、2  

34．5   35．3   40、8  

35．1   37．0   45、1  

0，2  0．2  0．4  

0．1  0．5  0＿7  

0．0  0  0  

0．1  0．0  0．1  

6  7  8  

12  31  54   

3  10  20   

3  8  15  

31  108  く3  く3  く3  ＜3  ＜3  

32  97  ＜3  く3  ＜3  ＜3  く3  

32．0   125．1  

24．6  92．2  

90＿7   233．8  

94．0    210．9  

46．3   57．0  

53．5    79．8  

57．4    77．4  

58．2   71．9  

0．5  1．0  

2．6  10．1  

0．1  0．2  

0．1  0．2  

10  13  

138    574   

46   198   

43  196  

＜0．5   ＜0，5  

＜0，5    く0．5  

く1  1＿8  

く1  1．6  

20．6   23．7  

22＿8   23．1  

21＿1   20，5  

18．1   21．3  

0．3  0．5  

0．1  0．1  

0  0  

0．1  0．0  

く0．5   ＜0．5   ＜0．5  

＜0＿5    ＜0．5    ＜0．5  

14．1   50．6   92．9  

13．2    43＿4   89．5  

24．0   25．3   25．7  

30．4    43．2    58．8  

27．0   41．2   53．5  

24．8   37．9   57．9  

0．4  0．3  0．9  

0．0  0．3  0．0  

0  0．1  0  

0．1  0．0  0．3  

4  4  5  4  

9  9  13  13  

2  3  5  5  

4  4  4  8  

393   400   423   476   732  390   381  388   376   382  

384   4鋸   434   523   796  388   386   385   393   395  

★ WBC－reducedplasmaunitswerespikedwithWBCsa10ne（SampIesGJ）orWBCsandplatelets（SamplesB－E）totheconcentrationsshown  
inthebeforefreezerows．SamplesAandFwerenotspiked．Plasmawasfrozen－thawed，WBCreducedusingthePLAS4filer；MBadded   
andMBremovedusingtheMBlfilter．Resultsarefromaslngleexperiment・PlateletsandWBCsvverenotdetectablefo”owingWBCreduction・  
†FC－fIowcytometry．  

‡HA・haemato10gyanalyserL  
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こ1SWeLlasa一一Iino一・PrOloI－gatioI－OfP’rand＾PTT・Jl－Lerest－  

ingly・thcre wasan appareI－ti－1CreaSei－1こICtivltyOfFVIJ  

a＝d FXlonfreeze－thav、′ing・PI・eSunlably．・enectings一一一au  

Cha11geSintheactivatio玉IStatuSOfthesefactors．However．  
Other fac10rS Studied remai－1ed uncha＝ged・llhis agrees  

withtheworkcIrZeilel・etal．，7wllOSh（）VVedthatthelossof－  

COagtllatio一一aCtivltyin M【i－treated plasma w…lS mail－1y  

attributab］etotheMBphotoinactivationstepl・atherthaIl  
freezeLthawingofplasnla・rrhelossofactivltyOhservediI－  
frozen－thawed unitsduetoMBphotoinactivatiol－i一一OuI・  

Sludy was siTrLilarto that previo11SlyI・ePOrted・【一I「orthe  

Variableswe studjed－With the excer）t10n Oft：VII，1oss of  

COaguIationfactoractivitydue10theMB－i一一こICtivatioI－StCP  

（incIudingtheW上ミCreductio－1fner）was8－PerCenthlgher  

WheIlfrozen－tllaWedpl；lSmaunitswereusedratherthan  
rresh・Ⅰ一一addition，theiIICreaSeinprotl－rOmbinF：1＋21ev－  

elsafterMBinactivこ1ti（”一andWB（二reductioTIWaShlgher  

inし＝一itsfrozen－thawedcomparcdwithrreshplasma．iIldi－  

Catingallighel’degreeoflh．－Ombinge一一eration・rrhiswas  

notassociatedwith aIlincreasein FXILa．BecaLISeOul・MB  

l一一．OCeSSi一一CludesanintegralWE3（二Treductionstep，WeCallr  

notdeterminewheLherthedifrereIICeSSeeIlbetweenfresh  

and frozeI一－thawed plasma areattributabtetotheWFi（ニー  

reductionorMEiprocess．TheWB（二AreductionHlterused  

intheMBpackshaspreviouslybeenshowntohavemill－  
imaleffbct on coagulation activlty（unpublished data）  
usingrreshpIELSma，butthiscouldbedifferelltforfro7：enL  
tllaWedplas－¶a・  

WealsosoughttocIDmParetheeffectoftwodifferent  

typeSOfMBremovalfilters（MacoPharmaBlueflexorPaLI  
MBIFilter）onplasmafactoractivlty．Neithel・Rlterresu］ted  

i一一loss ofanyvariableStudied・Both MB removalfiltel・S  

resultediI－aSmal1increaseinthe＾PTTratio，VVhichmlght  
be attributable to contact activation ofplasmawilhlhe  
filteI－・lllisisd澗culttoassessbecauseaMIOughbothfiLL  
tersincreased t］Xlla aI－tlgen，thisassaylSinfluenced by  
MB・However，levels of FXtla antlgenin the fina）MB－  
removed component were not hlgher than untreated  
Plasma units．Thefiltratio11times for one Rlter（Maco  

I）harma Blueflex）werelongerco一一一Pared with the other  

（1）aLIMBl）（5－11vs・2－5min，reSPeCtively），t）uttheLossof  

PlasmawaseqLlivalentforbothfilters，However，theredid  
notappeartobeanydifferencebetweelltlletWOfiltersin  

termsof－activationofthecont’ICtSyStemOrthrombinge一ト  
el・atio一一aS eVideI－Ced bythe ge一一eration of「XJIaoT・PrOト  

thrombinJl＋2・（）urresultsusingtheMBIHltercompare  
Wellwith that previousLy published－11showingminil一一al  

loss of cIottlng factor activlty，‖owever，there wasこ1n  
とIPPare一一tiI－CreaSeit－1evelsoffibI・inogenand Pllderived  

（、oagulation factors a圧eI・HltI・ation witllthe MBIRlter，  

whichwasass（）CiatedwithasmalldecreaseiIlthePTratio．  

Wecannotexp）aintheseresuJtsbecausetheseassaysdo  
notappeartobeinfluence（lbythepreseI－CeOfMB，but  
theycould possibll′be a resuIt ofsmal＝11CreaSeSinthe  
activation state ofcoagulation factoI・S，l「he changesi一一  

COagulation factors observed after filtratioIl血th eithel・  

MB－remOValRlte．・aPpear tC．be cliTlicallyl一一SlgnificaI－t・  

Neitl－erMB－remOValRlter resultedin generatioT－OrC3a  

desarg・amarkerofcomplemel－1activation・I10WeVer，1evL  
elsafterfiltratio一一Werereducedusingtl－e【）aLIMfilRlter・  

WhetheI－tl－is hこIS any Clinicalbellefiti11termS O†、acute  

reactionsis uncLcar．   

＾swellasexamiI－iIlgthelossofcoagu］ationfactors  
duri一一gMBphotoinactivatio－l・WeCO－TIP；lredresiduallevA  

e】sinthefhlalcomponentwithreferencerangesbasedon  
PI－eVious studies ofl10Iltreated［：［：Pin oLlrlaboratories．  

L）espltetheobservedlossesofcoagulationfactorsdueto  
Mfうtreatment・finallevels ofallcoagulatio－1factorsiIl  
frozenLthawed，MB－Lreated，andI・emOVedFFPwereabove  

thelowerIimitorthereferenccrangeinover9Opercentof  
units・HoweveI－，OVer5O perce11t Ofunits were above the  

upperl・eferencel・ange for PT ratio・This presumably  
reflects theloss offibrinogen a11d川，FVトVtl．aIld「X  
becausetheE）TisdependeI－tuPC．ntl－eSeraCtOl・S・HoweveI・，  

theI）Tl－atioofaLLuIlitswaslessthanl．35．I11addition，23  

PerCeI－t（）runitshadlcvelsofprothrombinn＋2higher  
lhaI－Lheupperlimitoftherefere一一Cerange，reflectingthe  
increaseinprothrombinIl十2see一一duetotheMBpro－  
CeSS・lllleCli一一icalslgnificanceofiI－CreaSedn十21evelsis  

uncLear，hut va）し1eS higher than those observediIIOur  
StudyareseeninS／【）－treatedp］asma．｝＄wedidnotassess  

theeffectofMBtreatme一一tOrremOValonplasmairlhibi－  
tors ofcoagtJlatioI一・However・MB treatmentisl・ePOrted  

to havel11inimalerfect oIIJevels of antithrombin，（X，－  

antlPlaslllinandprotein（二＆S／171E’AfterMBremoval（Pall  

Mt31日ller），1evelsora11tithroInbinandproteinC＆Sare  
Wjthinthenor一丁＝一1range・11  

We also evaluated the add両on of a WB（ニーredL］CtioII  

StePbeforefreezingplasma－Whichdidnotappeartoaし1㌢  
一一Ie一一t theloss oFfibrinoge＝a一一d FVII［activlty・VWI；＝CP  

activltylnPlasmathatwasWB（二reduced，MBinactivated，  
and removed usingtheMBlfnerwas alsowithin refer－  

encerangesestablishedbyottleI－1aboratories，SuggeStiIlg  
thattheseprocessingstepsdonothaveamaJOreffectoII  

VWF‥（二Pusingthetechniquesemployed・ll－eSereSu）tsaI－e  

COnSistentwithourpreviousfindingsonMB－treatedfresh  

Plasma）land others resultson frozen－thawed plasma・］1  

However，WeCannOtCXCludesmal）lossesofactivltyglVen  

therelativelvsmaLlnumberorsamplesusedinthisstudy・   
Jn tl－e UK，乙1Llblood compo11entS areWBC－reduced  

befol・e StOrage・Howcvcr，forloglSticalreasons we also  
Wantedtheflexibi1itytofreeze一一Ol一－WBCrreducedplasma  

intended foJ－ MB treatIlle11t，aS a Subsequent WB（二L  

reductjonstepISintegraltotheMacoPharmaMBpI・OCeSS・  
We were co一一Ce＝一ed that freeze－thawing may resultiIl  

l．educedcelLremovalbytheWBC－reductionRlterorcause  

fragmentationofceL］swiththepotentialforincreasingthe  
riskoftransmissionofvCJt）．Mostce11ularpr10nPrOteiIlin  
l）1ood，uSedhereasasurrogatemarkerforthepotentiaLIy  
infcctive ab一一OrmalprlOTIPrOtein，is associated with  
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