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Vasovagalreactionsinapheresisdonors  
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1DOd donDrS OCCaSional1y have adverse reac－  
tionssuchasweakness，p血lor，nauSea，SWeat－  
ing，and faintlng during or af（er bloodwith一  

drawal・l・2Thesesymptomsaregenerallycal1ed  B  
BACKGROUND：Theincidencerateofvasovagalreac－  

tions（VVRs）inapheresisisknowntobehigherin  

WOrnenthaninrnendonors．VVRsinwomenapheresis  
donorswerethereforeanaJyzedtofindoutpossiblefac－  
torsfortheirhighincidence・  

STUDY DES）GN AND ME丁目ODS：VVRincidence was  

COmParedbetweenwholeblood（WB）andapheresis  

donalioninrelationmainJytoageandcircuiatoryb100d  
VOIume（CBV）．1naddition．b100dpressureandpuIse  

raleweremeasuredduringapheresis．  
RESULTS：lnWBdonors，theVVRincidencevvasO．83  

andl．25percent，WhiIeinapheresjsdonorsitwasO・99  

and4，17percentinmenandwomen，reSPeCtjvely．The  

VVRincidencedecreasedwilh ageinWBdonors，but  
agedependencewasveryweakinapheresisdonors・ln  

elderlywomen，theincidenceincreasedwithrepeating  
CyCleofapheresis．Therewerethreedifferentpatterns  
OfpuIsefIuctuationduringapheresis，tha＝s，Slable  

（typeA），increasedrateduringb100dwjthdrawal（type  

B），andirreguIarpattern（typeC），EJderIyvvomendonors  

anddonorswhosufferedfromVVRsmost霊yshowed  

typeB“uctuation．TherevvasnoparticularfLuctuationin  

bloodpressureinrelationtoapheresjscycles・  

CONCLUS）ON：TheVVRincidenceratewasparIicu－  

）arlyhighinwomenapheresisdonorsover45yearsold  
andincreasedwithrepeatlngCyCreSOfapheresis．  
SmaIIerCBV，highsensitivityofIow，PreSSurebarorecep－  

tors，andcitrateeffectsoncardiovascuIarreflexmightbe  
rna）OrfactorsinvorvedinthehighincidenceofVVRs・  

VaSOVagalreactionsNVRs）－TherateofincidenceofVVRs  
hasbeenanalyzedmainlyonthewholeblood（WB）do－  

norsaLndreportedtobehigherinyoungerdonorsandat  
the缶rst time ofdonation．2－4The contribution ofother  

factors suchasbodyweightand bloodpressureisless  
Clear．IthasbeenreportedforJapanesedonorsthatthere  
isnoclearsexdifferenceofVVRincidenceinVVBdonors  

（1，70％in men，1．85％inwomen），but that the rate of  

msin apheresisis slgnificantly higherin women  
（4．04％）thanmendonors（1・24％）・4FailureofpropercirL  

CulatorycompenSationbytheautonomicnervousSyStem  
maybeallimportantfactorresponsiblefortheVVRs，but  
the mechanisms underlying these reactions are still  
mostlyunclear．Inthepresentstudy，therefore，theVVR  

incidencewasdemographicallyanalyzedmainlyonthe  
apheresisdonorsinourbloodcenter・1nadditiontothis，  

bloodpressure andpulserateweremeasuredto deter－  
mineifcharacteristicalterationsoccurredduringapher－  
esis．  

MATER］ALS AND METHODS  

ThedataこICCumulatedfromthevoluntaryblooddon（｝rS  

WerCan乙l】yzedfortheincidenceofVVRsinthepopula－  

tion ofWB donors（a totalof20，025men and8，164  

WOmenduringal－yearPeriodin2000；including200and  

400mL phleb【）tOmY）andin apheresis donorsl14，523  

men and6，722women；COmbined plasma F68．1％］arld  

plateletcollection［21・9％］），duringthe3－yearPeriod1999  

to2001・TheequJpme）1tuSedforapheresiswaseithera  

multicomponentsystem（MCS3P）oracornponentcol－  

lectingsystem（Haemonetics，Tokyo，Japan）・Therewas  

littlefunctionaldifferencebetweenthesemachines．VVRs  

Werejudged from donor’s symplOmS describedin the  

introdllCtionbyexperiencednurses・VVTIs wcre mostly  

relativelyminorandsyncopalepisodesonlyoccurreLJina  
fewpercentofVⅥミdonors．TheVV71incidenceratewas  

Calcll】aledforeachageorforthecirculatorybloodvoト  

ume（CBV）atalOO－mLstepandaveragedate乙IChrange  

indicatedinthefigures．Numericalvaluesareexpressed  
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TOMITAETAL．  

asmeans±SD．Thedataapproximatedmostcloselyto  

normaldistributions when examined with the Kol－  

mogorov－Simirnovtest．Significanceofthedifferencewas  

testedbywithtwo－tai1ed，unpairedt－teStSandthe）evelof  

SignificancewassetaIp＜0・05t  

TheCBV（inmL）wasestimatedbyfollowingequa－  

tionsproposedbyOgawaetal・5for）apanesepeople：  

CBV＝168H3＋50W＋444formen  
CBV＝250Ti3＋63W－662forwomen  

WhereHisheight（m）andWisweight（kg）．   

Bloodprcssureandpulserateweremeasuredauto－  
maticaJ）yeverylminuteduringap）lereSisin42men（19－  

67yearsoJd）and72women（18－69yearso】d）withaau－  

tornaticb］00dpressuremonitor（Paramatec，PS－230）．The  

re）iabi）ityofthepuJseratemcilSureIllentWaSCOnnrmed  

by the simuItaneous eJcctrocardiograph measl】rementS  

inthrecdonors．AJ）procedureswererul】yexp］ainedbe－  

fbrehandandtarriedoutolldonorswhoagreedtopar－  
ticipatein1hest11dy・  

RESULTS  

InFig．1，theincid即CeOfVVRsthiltOCCurredinWBand  

aphercsis donation was compared between men and  
WOmen donors ofdiflbrent agcs．The hlCidence ratc of  
VVRs associaIed with WB dona【ion dccreased wilh ad－  

VanCing age bothin rnenilndin women．Tn contrast，  

therel〟aSnOSuChacJearlcnde11CyinWRsinapheresis  
andtlleVVⅥincidencerateinaphcl●eSiswasmuchhigher  

inwomcnthanll－e）1．p；lrlicuIarJyl）1CJdcrlydonors．The  

meanincidenceofmsofWBdonorswasO・83percent  
inmenandl・25percentinwomen，Whilethatofapher－  

esisdonorswasO・99percentinmenand4．17percentin  

WOmen・Theseincidenceratesweresimilartothosepre－  

viouslyreported．4   
Therelatior）ShipbetweentheVVRincidenceandage  

inapheresisdonorsdiffereddependingontheapheresis  
CyCte（Fig．2）．lnmendonors，theincidenceofVVRsthat  

OCCurred during the甫rst and second cycJes decreased  

WithageandwassimiTartotheWBdonationshownin  
Fig．1，butitwasindependentofageatthethird－fburth  

CyC］es・1nwonlen donors，theincidencea）sodecreased  

tvithageatthefirstcycIe，butitwasindependentofage  
atthesecondcyc】candincreasedslight）yw川1advanclng  

ageatthethirdtofourthcycles．TherewasacleartenT  
dencyfbrWRstooccIIratalaterstageofaphcresiswith  
advatlCl11gage．   

msare knowntooccurmore血■equentlyinfirst－  
time donors ul；lnin repeated donors・2－4・Gl－Iowever，in  

WOmenaphcresisdonors．therewasnoslgnificantdiffbr－  

encein the numbcr ofprevious donations between  
healthyal－dVVRdonors．Nearlyallofthewomenapher－  

esis donors over45yearso】dwhosulTercdfrom ms  

dona†ed repeatcdJy（mean，24．8tinlCS）and VVRswere  

detec（edinonIyonenrsトtimedonor（lof45）．  

ThehighrateofWRsinwomendonorsi11aphcresis  
COuJdpartJybereIatedtothefact†haItheCBViss）t；nifi－  

Cant］yless（approx．，20％）inwome11thaninme）1donors  

（Tablel）、ThemeanCBVofthedonorswhosufrcredfro111  

WRswasa）sosJigllLly】e云s（approx．，4％）thanthatofllle  

COI－trOldonorsandthedifferencesweresignificant（p＜  

0．01）bothformeniln（1brwomen donors．  
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Age（years）   

Fig．1．VVRincidencerateinreJationtoageinWBand  

apIlert！Sisdonors．Nole山atinmelldonorstheinci血nce  

decreasedwilhadvanclngageSbolhinWl主andin；lphercsis  

dollation，btJldlatinwomendonors（herew；lSaIar‡；edirfbr－  

encebetweenWBandaphercsisdonaljon．Thedj恥rence  

WaSSignincant（p＜0．05）belweenlheyotJngerlhreeraJlgeS  

OfWBdoJlOrSandmerLaPheresisdonorsandalsobetween  

35－and44－and55－tO69－year－OJdwomenapheresisdonors．  
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Fig．2．ThereIatjonshipbc【WeenVVRincjdcnccandagcat  

di鮎rentstagesor叩heresis．Inyounf；erdonors．Wltsinci－  

｛kncedidnoldi恥－muChaldifkTenlCyCle＄Oiapheresis・In  

COntraSl，O］derdonor＄lendedtoexpericnceVVRsalalaler  

StageOr叩heresis・Asignificantdi鮎rencewasindic；lLedby  

thepvaIueorlesslhanO．05．ThedjE鮎rencebctween18－and  

24－and25－tO34－year－0）dmendonorsatthesecoJldcycle  

WaSdsosign弧ca山（p＜0．05）．  
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VASOVAGALREACTJONS］NAPHERESIS  

TherelationshipbetweentheCBV  
andVVRincidence was comparedin  
WBandapheresisdonation（Fig．3）．In  

men，therewasatendencyfortheinciT  
denceofVVRstodecreasewithlarger  
CBVbothinWB andin apheresisdo－  
nors・Inwomen apheresis donors，the  

CBVdependencywasweakerinapher－  
esiscomparedwithWBdonors．  

CBVdependencyoftheVⅥlinci－  

dencewasgreaterinolderthanyoung  
WOmen donors．Theincidence rate of  

WOmen donors over45years oldwas  
4・8，2．8．andOpercentwithCBVof2600to3700，3800to  

4300，andgreaterthan4400mL，reSpeCtively．Incontrast，  

inthedonorsbelow45yearsold，itwas5－1，3．6，andl．9  
percent，reSpeCtively・Inmendonors，SuChacleardiffer－  

encewas not detected．  

The relationship between CBVand VVRincidence  
duringthehrstandthesecondtofourthcyclesofapher－  
esisdifferedbetweenwomendonorsyoungerandolder  
than45YearSOld，aSShowninFig．4．Below45yearsof  

age，aPprOXimately25percent ofms occurred atthe  
缶rst cycle relativelyindependent ofthe CBV，Whereas  

OVer45years ofage，OnlYlO percentofVVRswercob－  

SerVedatthefirstcyc7e．lnw【‖11CnOVer45yearso］d，lhe  
mincidencewasrnuchlessinthedonorshaviJlgCBVs  

grealerth；lI13800I】lL．  

mincidence during apheresisin women donors  
OVer45yearsoldwasrelativelyhigh（SeeFig・1），Particu－  

larlyatthelLlterStageOfapheresis（SeeFigs．2and4）．To  

irIVeStlga【e the possible mechanisms underlyir）g these  
たICtOrS，blood pressure and pulse rこ一te Were meaSured  

duringapheresisin72women（19－36yearsold，n＝53；  

40－69yearsold，n＝19）and42mendonors（19－27years  

Old，n＝27；4′ト67yeilrSOld．n＝15）．  

Typicalexamplesofbloodpressure andpulse rate  
recordedduringapheresisareshowninFigs．5Aand5B，  

byaveraglngValllCSObtainedfromfivedonors・Systolic  

bloodpressuregraduallydecreasedbyabout15mmHgin  
lO to15minutes afterstar［1ng aPheresis andthen be－  

Came rnOre Orlcss steady・Diastolic pressure a】so de－  

CreaSedwithtimealthebeginningbutitsdegreewas】ess  

than systoユjcpressure．IrreguJarfluctuこ一tionswcreoften  

Observedindiastolicpressure．NocIcarchangewasob－  

Servedinrelationtobloodwlthdrawalandretumbothin  

SyStOlicandindiastolicpressure．AparticularpatternOf  
bloodpressurecouldnotbeusedforprediction ofm  
OCCurrenCe．   

Incontrasttob】00dpressure，bloodwithdrawalaf－  

fectedthepulserate・Threedifferentpatternsofchanged  

p山seratewerefoundduringapheresis．Onepatternwas  

areasonablystableratethroughoutapheresis（typeA），aS  

Shov爪ninFig．5A．Thesecondshowedanincreaseinpulse  

rateduringwithdrawalaLnditsrecoveryduringretumof  

Volurne42．December2002 TRANSFUS10N1563  
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Fig．3・VVTtincidenccinre）ationtoCJIVjnWBaJldapheresis  

doJlation．TheCBVwascaJctJIatcdbytJleeqt）ationsdc－  

＄Cribe（IiIlthemethoJ，Thesig爪ificaJICeOflhe（lirlbrcJICeis  

indjcatcdbyp＜0・05．  
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Fig．4・VVRincidenceinrelatjontoCBVheforc（flrstcyc）e）  

andaftertheendoffirstcyc）eofaphcresis（SCCOndcyc）e）in  

WOmendonorsbcJowandover45yearsold．NotetJlehigher  

incidencewithsmaJJerCBVandaIsoarLerlhefirstcyc）eof  

apheresis．  
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Fi臥5・BloodprcssurcandpuJseratcmcasuredeveryl  

minuleduringaphcresis，’tVemginf；h・Omrivewomendonors  

WhoscpllIseratewa＄SLab）c（＾）andi一一CreiISed（Jl）during  

bloodwilhdmwi11・（◆）Sys10Jicand（▲）dinstolicb）oodprcs－  

Sure；（■）puIseralc．  

1‾ ① r  く○ －－ tD †－ u） r や ▼－ く○ －                  －檜  ▼－ （ヽ  N  一つ  rつ  ■寸  勺・ の  uつ  tD  

Minule   

Fig・6・（＾）Bloodpress11reamlpuJseraleinilWOmCndonor  

（43yeilrSO］d）whosumbrcdrromVVRsdurint；LhcthirdcycIe  

Orb】00dwiLhdri－WaJ・mSWCrCaCCOmpaniedbytachycardia  
anl‖owcredhJoodprcssure，andlheJllachycitrdiawil＃h）－  

】owedbyproIongcdbradycnr（liil．Thetlt）nOrWaSlaiddowll  

natuntiIrecovery・（n）Anolhcrcx；”T・PJcorWRs（iI20－yCar－  

01dwomandonor）．m＄OCCIJrrCtJwhcnshcsLarlcdto）cave  

thebedandwcreaccompanjedhybradycardiaanlItlyI－OIcn－  

SionhlIowlnglraIISienttachyci－rdi乱揖0山血I10rSShl〉Wedan  

iJICre‘一＄einpt．1serateduringbJoodwitlldri－WaI（inLlic；llcdhy  

horkonlillt”rS）・（◆）Systolic’lJld（▲）dhsLoIjcbItIOdprt！S－  

Sure；（■）p山serale．  

tivcly・Incontrast，inn－endonorsovcr4（）ye＝lrSOTd，40  

percentweretypeB（60f15）and60percentwerctypcA．   

ThenleanCBVofthedonorsshowint；Pl】lserale飢1C－  

tuations（lypeB）was】ess（about7％）Lhanthoscshowillg  

StablepuJserate（typeA）bothformenalldforwomen  

donors（Table2），andtheirdiffercncesweresigniricant  

（p＜0，05）．   

ThepulseratedataonVVRswercobtainedfromsix  
WOmCn（20－43yearsold）andtwomendonors（23and44  

yearsold）・TheyallsllOWedthcpulseratenuctuiltionsof  

thetypeBbeforetheappearanceofVVRs，aSShownin  
twoexamp）esi】TustratedjnFigs．6Aand6B．Thedonors  

ShovminFig・6werekeptinbedhorizonta11yuntilthey  

recovered・without mcdication・TypicalVⅥミs wereac－  

COmPaniedbyrnarkedbradycardiaarIdperiodsofhypo－  
tension ofvarious durations．The meanCBVofdonors  

TABLE2・CBV（mL）indonorsshowingstablepuIs  
（typeA）andf）uctuatingpuJserate（typeB）during  

apheresisandinVVRdonors●  

Men   

TypeA   
TypeB   
VVR  

Women   

TypeA   
TypeB   
VVR  

4657．3±284．3（∩＝20）  
4347・1±391．7（n＝19）  
4160．8士458．6（n＝2）   

3819．1士387．0（n＝21）  
3550．9土341．1（∩＝41）  

3535．6±248．6（∩＝6）  

Thedi（ferencesolb［oodvoIumebelweentypeAandtypeB  
donorswerestatisticaflysignificant（P＜0，05）forboLhrnen  
andwomendonors．TherewasnodifferenceinbloodvoIume  
betweenVVRdonorsandtypeBdonors．  

blood（typeB），aSShownirlFig．5B．Thethirdwasan  

irregularnuctuationwithout anyclearrelationshipto  
b】oodwjfhdr；lWal（typcC，nOtShown）．TypesA，B，andC  
WCreShowzlin31，60，aIld9percentofwomcnd（）nOrS  

and49′46，and5perCentOfmendonors′reSPeCtively・  

Women donors over40years old mostly（150f19）  

ShowedthetypeBnuctuatingpattern，andtherewere  
OnlytwocachofdonorsshoⅥngtypeSAandC，reSpeC－   
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VASOVAGALREACTJONSINAPHERESIS  

who sufferedfrom VⅥis was similar to that of donors  

Showingpu］senuctuationsoftypeBbothformenandfor  
WOmerl（SeeTable2）．  

D］SCUSSION  

TheincidenceofmsdecreasedwithadvanClngagein  
thepopulationofWBdonors，bothmenandwomendo－  

nors′aS Previouslyreported・2－4，6A simi1ar relationship  

WaS Observedin men apheresis donors．However，nO  

SuChatendencywasfoundinwomenapheresisdonors．  
The WR incidence of women apheresis donors was 
ratherindependentofageorevenhigherover45years  

Old（SeeFig．1）．Thiswasnotduetoahighproportionof  

BrstLtime donorsin olderwomen，becausemostdonors  

OVer45yearsoldwererepeateddonors・  

The CBV was significantly（appTOX・，20％）lessin  

WOmenanditwasalsoabout4percentless（p＜0．05）in  

VWdonorsthaninhealthycorltrOldonors．TheVVRin一  

CidencetendedtobehigherwithsmallerCBV（SeeFigs・3  

and4）・ItispossibleinolddonorsthattheactualCBVis  

lessthanthatestimatedso】elyfromthehejghtilndwejght  

determinations7and that the periphcra】blood poolis  

Small．8ThismayexplainthelargerefIbctsofbloodwith－  

drawa】in older donors．Ifstronger hypovolemiawas a  

ma】OrfactorinVVRincidence，itseemsdifncultto ex－  

Plain thedifferenceinVVRincidencebetweenWB and  
apheresisdonors（SeeFigs－1and3）．Someotherfactors  
SuCh as autonomicLmalfunctionand hypocalcemia are  

morelikely to beinvolvedirlhigherVVRincidencein  
WOmen，particIJ］ar）yolder，apheresisdonors．  

Atachycardiawasofter10bserveddtlrjngbloodwith－  

drawalwithoutar）aSSOCia【edchangejnartcrialpressure．  

Theratioofthedonorswhoshowedsuchpulseratefluc－  
tuations（typeB）washjgherinwomenthanmenandthis  

differencewaslaTgerOVer40yearsofage・Furthermore，  

theVVRdonors allshowedtypeBfluctuこItions・Donors  

havingsmallerCBVhave atendencytoproducetachy－  
Cardia during apheresis（See Table2）．Theincreasein  

pulserateusua11ybecamemoremarkedwithincreaslng  
CyClesofbloodwithdrawal・Thismayhavebeenduetoan  

increased hypovolemia，because the extracorporeal  
bloodvolumeincreaseswithnumberofapheresiscycles．  
Tachycardia，Without anyslgnihcaLntChangesin arteria】  

bloodpressure，hasalsobeenreportedinresponsetoa  

decreasedvenousreturncausedbylower－bDdynegative  
PreSSureinhumans9・100rbyhemorrhageofuptolOmL  

perkgbloodin conscious dogs・11These responses are  

likelytobemediatedbycardiopulmona叩（low－PreSSure）  

baroreceptors，thesensitivityofwhichtohemorrhageis  
Shown to be higherthan those ofcarotid sinus（high－  

PreSSure）baroreceptorsindogs・12Themechanismcaus，  

1ngthetachycardiaduringbloodwithdrawalislikelyto  
beinvoIvedintriggerlngthepatternsofmsbythecir－  
CulatorycontroIcenter．   

Intheapheresis，itispossiblethatthesensitivityof  
baroreceptor，mediatedre幻exisincreasedbyadecrease  
inplasmaCa2＋concentrationthatisknowntobecaused  

bythesupplyofcitrateduringbloodreturn．12・13Thisis  

probablyoneofthefactorsinvoIvedinthehighVVRin－  
Cidencein olderwomen apheresis donors，WhoseVVR  

incidenceisincreasedbyrepeatlngbloodwithdrawaland  
return．NotDnlytheeffectsofbloodwithdrawal，butalso  

theeffectsofcitrateontherenexmediatedbycardiopulー  
mona叩baroreceptorswouldbestrongerinthesmal1er  
CBVofoldwomendonors・Thesefactorsmayexplaina  
highVVRincidenceofelderlywomendonorsandatlater  

StageOfapheresis．  
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