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Tho vork dorsrl.brd fn thfr thrrfr vrt ctrrlcð ouÈ ln th¡
Drpartncnt of ôlodlclnr et thc ÛnLvrrelù.y of, tdoltldt rnd ra¡

nado pou!.bb þy Èhc EcnGrotrt rupport of thc NatLonel Hcrrt

For¡ndet!.on of Àurtrrlla rnd ltr ¡rodlc¡!. Dlrcctorn Dr. Ralph

Rrldcr. t an particulerly gratctul to Profr¡lor D,,f ' Drllcr
¡nd to Proforrotr E,N. Rob¡on for tl¡clr tupport end ancouttgc-

ncnt, rnd to Dr. It¡rr]r L¡nd¡r. uho dlrcctrd thl¡ rork, for hLr

rnrrgctlc ¡tlaulu¡, v¡luabl¡ rdvlor rnd hclpf,ul crltLeLrnr,

Èl1l eollcrgurr Dr. ColLn Schrartr and Dr. Hovlllc Àrdll.¡ of thc

In¡tltutr of tlcdfcal rnd Vctcrl.nary Sctcnce nutt r¡c¡lve
pertleular mntlon rt pert of thlr vorh rlr cerrlod out Ln

elorc colleboretl,on vltlr thGrü. t{y thankr erc duo ¡1¡o to Dr.

Jeacr Ëonnln n D!.rcctor of tha fnrtltutr of llldl.cel and

Vcterl,nery ScLrnec, Àdclaldc, for pctmlrrlon to rnploy thc

fecllltl¡¡ of hfr v¡rlour labor¡torl.crr to tlrc Honor¡rìy St¡ff
of Èhc Royll edcl¡ldc Horpltal for pcnrlarloa Èo rtudy patlcntr

unde r thclr oarG; to ncnbor¡ of thc Homood lpcr CIub uho

¡ctcd tr nornal toluntccrt for pletcbt ¡uwlval rtudLcr; to

thc nrdlcal ¡ná leborrtoqr rtaff of thc Inttltutc of H¡dlcal

and Vetorlnary ttal,onoc and thc portcrr of tlrc fioyal Adal¡lâå

Horpltal rho parttelpatrû ln Chandltr rtuôl,cr, and to all
patlontr wbo htndly rubrnltùcd to Lnvortlgetlon.



lor trohnLe¡l arrl¡trner r aurt noord th¡ rblr urrk
arrrlrd out rt, v¡rl,our tlncr by nrt. D. pylr, Hfrt H. Erll
rnd lltrr c. Ëerlrrorth. Flnatly ay rinccro apprre!.rülon lr
rxtrndrd to Htr. ltr Holar¡ vho h¡r photogtrphad thr fllurtrrttonr,
rnd to Hfr¡ .torn Drvarrcy rho typtd üre therk.

Xlcolrr¡tton of, Grtci.nrüW

f trclerr tt¡tt tbL¡ thrrft l,r of nü/ orn eonpor!.Èlen rnd

1r r tnrc rcoord of vorh earrled out oo pletcrrt, brh¡vlour
ln thr Dcarr-tmont of todtloln¡ of thr unlwr¡fty of Adr!,¡l,dr.
r hav¡ Dot .ubm{tÈtä ttrl¡ nrtu!.¡r fo¡ rny othrr drgrm and

rny rorh earrl¡d ogt ln eonJuaotlon yltb eollo¡turr hrr þ¡en

lully relcnoyl¡dgrd.
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ntrror (tht Eegrkar-yocryto of How¡l[! , rnd aænontrd on ltr
fragrnrntatlon l"nto eolourlorr hyalLno bodLu lnd thought

thr¡c to bt rrd orll Pr?cur.orl.
thc eon¡Ênrur rlnoc wrLghttl vork fn 1905 end l9l0t

horcvrr, h¡¡ becn tl¡¡t Blrtcletl rtil produa¡â by rnrgr*

haryocytot. t[ho¡c e¡lþ aro df ¡trfbutrd aalnly ln thc

bon¡ lrtrror t"n nen whlþ Xn rodantr tho ¡Plccn sontrLnr

var.Tlng nunborr. Pletolct fom¡Èlon wlr d¡lcr|bcd a¡

follo¡c¡ r

,411 of tho blood Ftatclet¡ ¡r¡ d.ttohcd !¡orùûont

or fragncntr of th. eytophrn of thc nrgaküyocytlr l

rhlch rrr ln ruch rllatlan to thr l¡lood! channelc ùn

thr nerro,w that dct¡ohod portfon¡ of, th.lr çyto-

plern rrc qulekly carrlod by thc þlood currrnt Lnto

thc alreulrtlon' thl brleklng up of tho e¡rÈoplarn

lnto tlrc plat¡l¡t¡ occurt only !n srllr whloh havr

rcÀoh3d r ecrtaln rtrgs of growth rad dcvalo¡mrnt

rnd 1r probtbly rapidly cm¡llatoâ onoo brgrun. rt
trkc¡ plrco Ln vrrl.ou. nyt but, n¡urlly by thr

plnchlng alf, ol ¡nell roundrd proJcctLonr or

prcudopodr fr,on tho ocll boðy or fron Largor

peoudopodl, or by thc ngaantrtLon of rl¡ndcr

pttudottoåt' or by thr pfnohlng off of longcr or
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¡hortrr pcrudopodt¡ rhloh üay or nay not undrrgo

rgnantati.on ltÈer. AII or ao¡t ol tho cytoplern

of tho gl.ant c¡ll Lr glvon off to t'hr blood rÈr¡¡n

¡nd Èhc nuclcu¡ dcacnrr¡tcl. ?ho uorc or 1o¡r

nekcd nuelou¡ 1r olton e¡rrfoü by thc blood ltro¡n

to thc tunge whoro 1t todçol ln tho ce¡rlllarlrl.
Erforc tho rcparatlon of, e plrtrht tako¡ placot

the rod to purplo rta{nlnE lrlnul¿r Ln that portlon

of ùhr eytoplren whl'oh le to fom thc plaÈolct arc

ro¡raratcd fron tho rc¡t by a lono of hyellno oyÈo-

plrrn anê thfr rherply outlLnrd rnllÇ of grenulcc

þcconc¡ thc ccntral grrnr¡lar n¡lt of thc blood

platelct, uhish ha¡ bc¡n ngrrdcd by Ëffio çorkrr¡

at a nuclaul."

Wrl.Eht I e aoncrptlon of platrht fo¡¡retfo¡ ual

obtaLnod from thr ttudy of rtafncd rcctlonr of, tl'r¡uc end

ruprevltal prcperatlonr, lh¡ toutrc. tnd ncahrnlrn of

platolot produaÈlon Slropoacd by Ì{rtEht wt! EGt vlth loüc

opporlùfon fnlttally end ruch workær el Drovn (f91t)

properod tlrat under eondftLont of Lnorc¡çd drn¡nd platr-

l¡tt could dcvclop by cytoplr¡nlc fragnrnüatlon of lcueo-

cytcr thut dfrputlng tfr!.ghtrr throry.

Buntlng (1909t sll onc of thr flrrt to uphold
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lfrfghtla work cx¡rrlnncntally rnd hr dtd tht¡ by notlnE r¡¡

Lncroe¡o ln tha nunbrr of neEeheryoeytct end ùha fragrnrntr

Lrrufng frou tholr prcudopodr colnsl.dent vtth thr ritr fa
th¡ nunb¡r of platelctr lnducod by rolnatcd blcrdlng or by

the lnJoatLon of hr¡nolyÈlc lubrtancct.
Downüy (19ft) ¡nd Bnlth ct eltf (f9ttl follovcd rulr,

but Lrnf,utrblr cvldcncr of thc eorrrot nrtura of orlgl.n of
platolct. vl! cventurllV Fut fornserd by llrnphroy (193tr.

l{lth thr toohnlguc of urLng fluortrcrnt rntfbodl¡r dcvLrrd

by coonr and Raplrn (1t501 for ldcnttfylng rubrt¡na¡r of
rlnllar antlgrnla ¡tructur,r, ho produsod anùLnn agafnrt

rebblt plrtelcta ¡nd tht bonc nrtrros va¡ thrn gtaLnrü rtth
thc fluor¡rcrnt entl,tofr. Fluorcrcracô v¡r tlon only ln
thr oytof¡lun of negakaryecyttr and hc dcdue¡d theù m.gr-

karyoaytrr rnû plato!.rt¡ portctr ro6c sharactcrlrtle rntl,-
gcnfc rtructurc rhleh ney bc Lnterprotrð at dlrcct cvldrneo

of thclr nlatlonrhf,p.
subroguantly KlnorlÈa ot rltl (f96I) hevo dcvrlopcd

e tcohnfquc for pl.aclnE vl.ndowr Ln bonr vhloh pctçlt th¡
nrrrow to gron lnto the thln rprcG bcturcn thr vtndoùrtr

fhry then crtrrLorl¡c thr fc¡¡ur ¡nd ob¡rrvr plrtolct
produotton dlrtotly freu thr nagekaryoeytor of bonc ütrrort

rlth an Lntact blood aupply. Ehl.t eccunulatcd cvldönc.
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nory pro\¡rr that blood plattlctt do Lndocd rrlro fros thr
nogekeryoeyter of th¡ bonc natrtrolrr

thc FLn¡ gtructuro of Elood FhÈrl.tt
Thc ¡nall dfncarlont of plaÈrlct¡ hrvr elweyr

llnttrd thrlr nor¡rhologleal rtudy, but rlth Èh¡ dlrvrloparnt

of t}rr clrctron nLororoolrG nlr poerlbilltLrr yür. o¡rrnrd

for thrLr full exunlnatlon ln nl.nutc d¡trfl, tfhc flr¡t
dorcrLptlon of, blooá platolctr by thlr scthod ret ptrbllrhcd

by !úolprrr rnd Rurka ln 1939. At r rcrult of thLr n¡rr

tcehnl.gur, datr eoncrrnf.ng thrlr norphologyr phyrfology

and pathology hrvr bmn gethtrcd. PhÈclrt¡ lrr nor

knw¡r to conrl.rt of ¡ lfnitlnE ucnbranr whleh lr ldontlerl
to thr ecll acmbrmG. In thr hyaløcre r¡vrnl gËrrrulo-

nrro ol¡a¡ntr arc dfeparerd. Thr¡c conrl,¡t of drn¡r
qrrenulcr, nltochondrlc - aonô of whloh ney br tGGn to havr

crfftra¡ cytoronar, vaçuola¡, vlllclcc end tì¡buler or

c¡aalleulL, and ranll gtrrnulrr. Glycogan grenul:r hrvc

born fdontlf{¡d cLthrr dl.aport¡d or formfng aggrrcgatcr fn
thc hyaloncrG. Thc f{nc rtructure o! thc Þlrtcloù ha¡

bron fully rovl,cr¡d by Davfd-Fcrrolr¡ (1961),

Th. RcEul¡tlon of Platolat Productl.on

Thrmbopot erlr lt lnflurnced by ¡cvcr¡tr f aoton, rhl
nunber of cfreulating platolrtr pcr rr fu of, lmportrncr rr
¡eutr rtl¡nuletton of platrlot ¡rroductl"on ney br ceu¡cd by
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thronbophcrc¡L¡ (Flaah, X96Il produoing l rcloer¡ of
nogakaryoc'ytr eytoplarn wlth rn Lnsrerrc ln platolrt oorurt,

vtthln thrcc or four deyr. chronfc rtf.rnul¡tlon of thtr
typ¡ crurGt an Lnerre¡cd nunber of nrgrketyocytcr,
Hunoral rubrteneos capablo of rt,Lnuletfng platrlct
produetlon ere known to oocur rnd nry bc f,netlonoä fron
plune. Sttlnbcrgr, Dfetl end tûartln (tg'g) lraotlonrtod
no¡ral huoan plaana anð lnJtstcd rabblt¡ produelngr ¡avcnl
dlffcnnt affcet¡ on th¡ erllul¡r contrnt of tho bonr

r¡lrrow rnd perlpheret blæd fnoludfnq acqrakeryocytlc hypcr-

pl.art a end thrmbooytorl-r åð w¡ll ar ¡ffoctr on thr çranulo-
oytto r¡rt ar end crythrocytre. rfhry pèrtulatod that tha

frrotlona rGprcrêntcd hrc¡nocytopohtfnr vhloh rcauhÈcd

thç hacmoBolotlc mcehml.r¡n. rt 1r ll.kcry th¡t r balanar

bstwocn plcrna fraat,fon¡ Lr nlcuråry normrlly to nr!.nteln
pletrlrt lcvclr,

Ll.nnen (1962) ln oxprrlnontr on rat¡ urLng anacnLc

rat plarna lnducçd e lcucoeytorLr anû thranrbocytorlr and

trnðcd to rup¡rort th¡ thoory thrt ell arpcctr of harmo-

pohal.r nay bc errbJtct to hurnoral rogulatory oontrol.
othar fastorr reportrd to nobltl:c ¡rratrrot tr rcrrr r ¡r.
ÀClnî, cpincphrln¡, lcrotonln end h¡çoùhtrmia, rchllb

pyrfdlna, tatrr batyl atcohor end cltroearuE frctor rlll
rlro fncrcerc thronbopoLcrÍr.
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PlaÈilât, Èlat¡boll¡n

llrc platrlet la aov rocognlcrd ¡r a hlghly netrboll.a

funEtlonrl ualt wLth e conpletc blochc¡nlcrl and btophyrioel

neohLncry. Itr cnrymatlc ratlvlty war conrfdrnd for roÊ.

tfno to bc rudlh.ntary rnd Rosken (f921, rnd Tocantl.nr (19381

affordrd lt brfof nrntLon only, rhll¡ m rocontly ea 1953

fulllr ackno¡rlcdgrd lt to hevc only e fccblc net¡bolls
f,unctfon, tfo!ruv.r, wlth conrtrnt fnprovoacnt Ln trehniquer

It her bccn found to sont¡fn uort of tho Gnryna. ¡nd oo-

ont)ßì.i for thr naJor pathveyr of fnt¡¡mrdl¡ry net¡bollera,

crpoclelly thora lnrrclvcd ln glyoolyr{r. th¡ grcetcr prrt
of thc Alueotc nct¡bolf¡ed 1¡ sonvcrtsd to pyruveÈc vhlh ¡
proportion Lr convrrtod to Elyeogcn, llpldr ead rn!.no qcfdl.

No d¿monrtreblo CeroryrLbonueleLc ¡ald har bccn found

but rnall anount¡ of rLbonuclolc ¡efd havo bacn ldrntlfl.od.
À eulphttod auaopolyreecharldr Lr preront (odoll åtrd

.ânåoruon, I9ËT, but thlr lr probably of a rtruoturrl
nrturt. lfharc rro al¡o hlgh oonecntrrtl.onr of ¡drnlnr end

edsns¡l,no trlphorphrte (Born, 1936r, llno¡t r11 of thc

Çncrgl¡ ¡rroduerd by edcno¡inr trlphorphato brlnq u¡cd ln
rtructurrl notrnorphoelr and elot retnotlon.

Thlr l1nk brtwtcn rnirgy lectrbôl1rn and th. norpholoçle

arprcte of, grlatclet funotl,on wrr crtabllrhad by Bcttrx*
cålland ¡ad L$nchcr (19591 rfth thc l.¡olrtlon of r contraotlh
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protrÍn fræ hr¡nn platrlrtt. lhlr nrt¡rfrl, nf,n¡d

thrmborthrnln, rooountl tor lS p.r c.nt of th¡ totrl
protrtn rnd lt rn rcÈoryorLn, ln lray u¡yr ¡lnllrr to
nurelo actou¡rOrl,n. ft oontrast¡ fn Èhr Dr.r.ncr of
uegnmlun rnd råtnorinc trfphorph¡t¡ rnd lr rn adrnotlnc
trlphorph¡Èmr, bnrkl,Bg r phorphrto group frm adcaorlm
trlphorphrtr to fotu rdrnoll,n¡ dlphotphltt.

Thc platrlrt llptd¡ ooatrln th¡ thromboplertlo acËlvlty
of blood platclrtr (tüonthou¡¡, tt6o¡ troup, lt6r). üorË of
thlr rctlvlÈy hr¡ bmn found to br dur Èo phoephrtt dyl ¡trlnr
rnü nry b¡ rnhenerd þr l¡elthln, Pho¡phatldyl rntlrrnolanlnt
¡horr .o!E rctlvity only !,n ürr pr¡r.bg. of thr tndlvldually
lnaetlvr ltplft hclthtn end rph{ngüy¡rln, trno¡rtol
phorphaüldr e¡d sboluÈrrol rrr rl¡o pnæaÈ ln platclrtr
but hrvr no ürtorboplmtlc rf!¡ot. lll Èhcro ltpldr rar
pr¡rlnt ln rpprorLantrly tl¡r ¡r¡r oons¡nür¡t,Lonr l! fn rcd
colrr, but th¡rr l,r rørvbrt mr¡ l¡clÈhln and allghtly le¡¡
phorphetfdyl rrrf.nr ln pratrlrt¡. 8.¡rotonln rnd htrtr¡lnr
(tunphrry and illqurr, t95l¡ and Èh¡ ortoet¡ol ¡nl,nr¡ (Eugrhea

rnd Drod,h, lt5g¡ art pro¡rnt fn rlgnlflcrnt, qua$tÍtlo¡ ln
plrtrhtr.

Pl¡tclot I¡1frrPrn

Platrlot llforpan hrl þccn drtrrulnad by e vrrt oty o!
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dl,f,frrcnt æthodr ovcr thc yrerr. Btr¡dLer earrl.ad out
hrvc ttndcd to fall lnto weII drflnod catrgorl.el.

l.@
(el ånlnelt hrvc bo¡n naûo ttrronboeytoponlc

by chrnfsal EGent ¡nd thc rrtr of
rcçonontlon of thc platehtr dcücrnlnod.

(b) RrdLatLon ¡tudl.cr.
2. Ì[r¡n¡furlon rtudfc¡
!, Labclllnc of cclb u¡:Lns radLorctLvG t¡otopcr

Dcplrtlon

Dukr (f9ffl urlng dog¡r rnd Flrhct (lgZZ) urlng r¡bbitr
both f,or¡¡rd thrt ¡ftrr ronrovl,nE blood frou thc cLrsulrtLon,
dcflbrlnatlnq ft and rcturrrrlng lt, onr-fl.fth of tho normel

pletolot nrtt yu rcEGncrettd por dry. llrket, rlro
obrervcd a rfnllrr nrûponrc to thc lnJrctl,on of ruell
anount¡ of clponLn, Bcdron (192t, lndueod thrmbocytopcnla

tn guLnea plgr rnd egaLn notcd thr rrtr of rcgoncr¡tfon of
plrtchta to br ¡lul.l¡r to thrt of Duko anû Flrkct, rhl.lc
locrntlnr (tgt6) r url,nç thr ran¡ Rethod to nekr dogr

tt¡rombooytopentc, found thrt prolnJcctLon plrtoht lrvrle
w.rc roachrû 3 5 dayr aftrr thr lert dry of thrombooyto-

prnla. Roy (19621 ntü ablo to obrcwc thr ratc of
rGçoncraËlon of blood ptatalato Ln ratr by fnfurf,onr of
baotrrl.el ondotolLn.
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Thc bchavlour of, cÍrculatlnç pletclttr and æarrow

rngakeryos:/tGt aftcr totrl. body t rraäi,¡t,lon hat rlro bcrn

rùudl¡d lor lnfornet,lon about plaÈrlct rurvLvel. fn fg31

thourc ot rrll oxporcd dogr ùo largr dor¡¡ of lnrdlrtLon
¡nd lt re¡ found thit tho plet¡lctr hed dl¡rppcarrd
aftrr ? - t dryr. lholc work¡r¡ rlro obrrwcd th¡t et
rutopry thr acçekeryoeytæ of thc dogrr had bora dcetroycd

by thr nðlrtLon rnd auggertcd ührt the plrtrl¡t
dlaappoar¡neG tl"nc Lndfcrtcd thr Ltfo ayclc o! tht pletc-
lct¡ ln eirouleÈLon.

Lryrcnsl and Valcntlnr (f917, Grolt alrculetrd a

no¡mal eat wi.Èh a e¡t medc thrmboeytopulo by lrradl¡tíon
rnd found thrt thc platrlotr dcrfvcd f,ron tha no¡mal cet
ûlrrppcarrd froa tha thrmbocytopcnlc oat 2 I dayr rfÈ¡r
tl¡c cror¡ cLrsuletÍon v¡¡ ¡cr¡rnd. Furthcr lnfornrtlon
he¡ br¡n ge!.ncd f,ron thc cxrnl.natlon of hunrn¡ vho hrvr
aceidrntally rccelvcú rlnglo dorrl of tot¡I body lrndfatl.on,

fn rrrnral crltlcallty aoafdontr (Andrawr ct alll r lg59l
Emprlnenn ct, åI11r l9$! t Þlatho ot alll., tg5g ¡ Jrn¡qrt, ¡t
r1tl, lt59! and ln petl¡ntr rho did not have !nrrro!, dLromc

çho nc¡lvcd dorrr of rad!.rtlon of Èhr ordor of 250 - l0gr,
r drop ln thc hvrl of cl.reuretlnE platclat¡ ocourrrd ¡fÈrr
a lrtcnt porlod af about l0 drye ¡nd rcachrd low hvcl¡
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ufthln 2l dayr, a lcvtl *hlch wa¡ nrlntalned orurr r psrLod

of t0 ll deyr. Gradurl resovcry bcAan brtrrçn 3I end

!! dlyr of thr lnltfel rrdl,¡tLon. rhlt hrr bron lntrr-
pnteð l¡ noanfng that thc pn-rxtrtfng ncgatcaryocyttr

sontínucd to funetlon toon eftcr the lnadlrtlon buÈ

produeùlon of nlw Ãrg.ketlocytGl wtt rurprndcd. lthrn

tho¡c ncgakrryocytct yhlch wart prcrent lnltl¡lly rGre

uhaurtrd, thoro follorrd a phrrr of falltnE pletolet
hvclr whleh lertrd ¡bout l0 dryr - corñGn¡urrtr wlth tlrr
lLf,r-rpan of nor¡al ¡rlatrlrtr. In frtal rcoldrntt
(Hmprlnrnn rt rtll, l9!2¡ Methc ct ¡lll, 1959) rotultrnt,
on lrrgcr dort of lrndletton havlng bcca rtsrtvod thcn
wt¡ r rapld fall ln platohtr dur to lmedLetr nrgakeryo-

o:ftr lnhfbltton. thlr f¡ll ln platolct tGv.I¡ took pleeo

otrcr a pcrl,od of 9 deyr r r tl,no uhlah oncô agrln would

raprcrcnt thr llfrtpan of sfrculetfnE platclotl.
Îr¡n¿furlon Studiu

Th¡r¡ rrô nulrGroür obrrrvattonr on Èhs efreulrtlon ol
platchÈr tranrfu¡cd LnÈo thrmbocytopcnlc aubJoatt. Xn

1910 DuÌe pcrformcd dlrcct (vrln to voln) blooå trancfurLonr

on throc ¡ratlcntr wlth thronboelztoprnl.a. ID two of, thc

rccl,pl.ontr thr platrlct count uåü tncrrar¡d for 3 I dayr

and thc blccdl.ng vat controll¡d f,or thlr prrtoc! !.n all
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throc. Stcfanl,nl, rnû ChattrrJca (fg5fl rnd Btof,rnfnl rt
rI11 (f95et trenrfurcd polyoytharnt,c blood lnto patl.cntr

vlth ldloprthlc throabocyto¡nnl¡ and roondrry thronbo-

cytopcnl.a. T,he platrletr dtra¡rpcarrd Ln 0 ! hourr ln
tltc flrtt grouE) rnd Ln ttro !.ettar 12 - 96 hourr. Itl,nh rt
rlll (f930, l9l1) tranrfured phtctrt rloh blood Lnto

thrmbooytopcnl,c pctrantr ¡nd f,ound platolot rurvivrl tlmc

to very brtvcon I a¡rd t deyr, drpandlng on th. typG of
thrøbooytoprnl.a fro ¡rh!.oh thr paÈtont war ruf,frr!.ng.
Thr Urc of RrdloeetlvcI rotoou for Platrlrt Labrlll,nc

lhe Íntroductlon of rrdlofuotoprr at e cllnloal tool
hr¡ bcen of eonrLdrrrbl¡ Eltr Tho edvantagc¡ of radLo-

aotl,vr trotopcr lro I

(r! the earr of pcrfornrneo,

(b, ¡oile Lnformetl,on aey br Ealnrd vhich lr not

roedlly rvrl.l¡blo by othcr tochnlqut¡t
(ol Tho funetlontl rtete of orEant or oelle nry

br cxaninod u¡¡drr phyrloloçtcel condltLon¡I
(d, ¡¡rrrurGn ntr may bc uedc ln vt.vo¡

(¡l rrçortncntal d¡ta obta,tnrd nay bc ananebl¡

to Drthcüttl.eal rnrlyel: I tnd
(f) thry ney allor a klnctlo rtudy of thr turnov¡r

of eclLr ete.
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The naln ðiradvrntagc Lt thrt thr fatc of, thc lebol

l.¡ not, nGcttrarlly thc fatc of thc a¡ll and romr olutlon

of the labal nay tako ¡rl.aec or r¡utlllrrtloa ocour rl.ùh

rone hbck. lfh¡rr hr¡ bcon a vrrlrty of dlff¡nnt'

rrperfncnt¡l ncthode urlng I¡bcllcd platclctl ln thc

rtuôy of pletrlct llfelpan. In tho c¡rlfcr rtudl¡r
pcrfomod, platclrtf w.rc t¡beLtrad ln vÍtro by lncubrtfon

wftlt ¡ rad!,ofeotopc oomporrnd' Àltlr varhfnç, ottcn

ravarrl tlnor, thc ptetclctt s.ro r.lntu¡.d and thrlr

dltappoertnsc fron clrcul¡tlon notrd. fn gcncrrl thl¡

nothod ruggcrtod rhortcr platol.t rurtyLval tLn¡¡ than othcr

lrotopr nethodrrvatl¡LnE f,ron ono hour to ¡rv'rral deyr.

$ndoubtodly ln th¡¡c .¡rly rxprrlncntr thr denago cru¡¡d

by orcor¡lvu ln vftro handllngr wel larEoly rerponrlblo for

thc ¡hortGncd ¡un¡Ív¡I t,lno and ln ¡ddltton ¡oilr. Iabcl uey

br olutcd f,ræ thc platol.tr rftrr rofnfu¡lon. frotopcr

ttret havc bccn ut.d ln bbrlltng of arllr fnoludc ¡

RrdtoaetLvc pholphorur - P32 ¡ brÈe rnlttlnE Lrotopr

rlth r hrlf ltfc of tl"S dryr. Ir 195? Julllrrd rt elll
lebcll¡d hr¡nrn blood platclctr trn vltro rlth p32 ¡nd attor

lnJoctlnE thcn Lnto thc rebbl.t wrrc ¡blc to lrtlæ¡te tholr

rurvlval. tator uring the ra¡ne tcchnlqua of labolllng

thcy c¡tln¡tcd tho rurvl.val of, ¡rlatclett Ln n¡n' l{uollor
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ln 1953 el¡o utlllaçd thlr kotopr to låbtl platclott and

notêd ttraÈ tha celll ÌrerG rapfdly rcnovcd fron st reuletlon.
Thc evl.dancG of h1r oxporlacntr ruggartrd that dintgr Èo

tho eclls hrd oeeurr¡d durLng thclr aanl¡rulrtlon prlor to

lnfurlon. E¡tlnâtcr of platcleÈ lfferpen urtng thfr
tachnlquc chowcd oonrldcrabl¡ varlaÈLon Gr avl,dcnccd ln thc

work of Dcrai at alll (f9t5) wÞo t¡ggcd polyoythernl.c

platolot rlch plaan¡ stth p32 ¡nd found th¡ apparant half
lffc of platclotr fro¡n potyefthacnLec to no¡ual lndlvlduah
to ba only 35 50 hours. XÈ was not untll ln vLvo

tabolllng vlth Pt2 bcernc thc pra,ctlcc thrt notrG er¡cct

valucr of platrlct llfcrprn r.ra obtalned.

fh¡ f,lrrt to urc thÊ fn vÍvo teøhn!.quc of labcllfng
with Fl2 wcrc Àdcl¡on end Rhe!.ngold ln 1956. îhay

acempll,rhcd thf¡ by fnJoctlng a donor aubJcet ,ltb p32

and onc veäh latrr, followlng the lncorporrtlon of, thc

kotope fnto platrht¡, they took t00 nl. of blood frsn

tho donor and tran¡fu¡ed lt lnto thc rect¡rfcnt. thls
allowcd ¡ far æro tccureta dctoralnatlon of platrlct lff,r-
¡pan then had prcvfourly b*cn found porrLblc, tlro avrrrage

duratlon of pletclet ¡urvfval Ln clreulat!,on bcfng 7 dayo.

Àa wcll ar ur!,r,g n32 ¡lonc rs a ccll lrbol, mrny

rrorhor¡ hrve founô that ùh¡ frotope lncor¡oretcd !.nto dL-

ftopropyl fluorophorphatc (DFF) rct?vlt a! r uccful lab¡l
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(Læk¡ur rad Coh¡n, ltit, 19t61 Þolyeovo rt ¡111., lg5tl
Àlf,or ¡t alllr l9t9r Euckrr, Iry and t.try.r, 1910). DpF

l¡ e potrnt crt¡ruc lnhlbftor uhfch booou¡r rrpldly and

lrrovrr¡tbly Þorrnd to blood ccllr er roll ¡t to oÈhcr

tkruor rftcr lnJrotlon. Il D?P coat¡fnr redloactiw
photphorue, thc rurvÍ.vrl rltJrlo thr olreulrtlon of e

prrtloulrr typt of btood c¡lt nry br dtt¡¡ml,ncd by ncarurl.ng

th¡ dlr¡pÞt¡reriot ntü of pt2 eatlvlty fron ùhat pertlculrr
typr of crll. Urfng thlr n¡thod, plttolct, l{fupan har

born r¡Èlnt¡ä rr I - I dryr (Iootrar rnd Cohcn, lttlr 19t6)

¡nd 3 - 1l dryt (lsekrr, I¡y rndl t{aycr, lt6ll .

rodlnc - rltl. Radl,orctlvr todtne rrr urcd by

llorgrn et rllL (lttll but f,ollorlng l.nJrctfon thcr¡ v¡r ¡
npid dLrepprrnnct of pletrlot bound redLorctlvlty rnd r
rubrqurnt rl,¡r Ln plarne ndLoreËlvlty rhlcb lndlcrËod th¡
ponlblllÈy thet tlrc lnJccttd pletelrtr tll,d not ru¡vfvr tl¡r
labrlllng proc¡dgrl. Thlr lroËope hu not bcon urtd for
furth¡r platrlrÈ rtudlo¡.

col,dt - ånltt. l{eupln ead lovrrdo (f95tl torurû

rrdfo¡cttvo gold to be a rtrbh plaÈrlot labrl buÈ tl¡ought

t*r¡t Ëh. i.ntoqrlty of th¡ o¡lh rnr rffrsteú rnd didl not

roooüäond lt¡ lurÈJrcr uro lr a c¡ll hbrl.
Crrbon - CLl, lr I furth¡r lrotope yhleh her brcn
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wldcty cmployed ln studles of p1aLelet su¡nzival in anLmals

but to a lcsscr extcnt Ln man owing to Lte long half, life

6760 yearc). In 1953 Odell et alli. dete¡lineô the life

tpan of rat platelcts following tl¡a ad¡ninLet,retion of CI4

fornate and Ln 1961, Hcysell, utÍllgLng Cl4-t"bcllcd tGro-

tonLn, dcte¡mJ.nod the platel,ct ¡un¡Lval in man a¡rd found

a half lffc of 5 daYs.

Trlt1r¡¡r - H3. âdel¡on Gt altl (196{) have carr!'ed

out platelct suntLvel atudLec uafng t'rLtlated dl'fsopropyl-

fluorophosphatc (Ofp-¡t3) !.n dogc. Thc advantagas of thic

tcehnJ.que are that thc platclctg arê labElled Ln vf.vo and

that the long half ltfc of trltlum (12.3 yêarl) reÉulÈ! Ln an

adôLtl.onal tno-fo1d !.noreqEe ln rpeefflc actj.vLty torard¡ the

Iater etages of thc platelet ¡un¡i,val. Survlval surluca

obtafncd by ùhta ¡rctt¡oö ¡re erfironGntf 41.

chroml.um - c"51 a gamma ernlttfng laotopo wLth a half
?

tlfe of 27.7 daye, ls onc of the nro¡t frequcntly emPloyed

radtoaetl,va laotopca used J.n mcarurements of, platGlot ltfc

span. The teehn!.que hare |nvolve¡ Èhe ln vl'tro labelllng

of aells and although thc øLte of blndlnE hal not yêt bcen

datcrmlned w!.th any aertaLnty, attachmont of thc labe1 to

ttre calla occurs qulte rcadlly, Gtray and Stirltng fLr¡t

reported the uae of chromlun Ln the radl'oactívG forr¡ ae a

cell label fn 1950, and Lt was not untLl 3 ycars later (1953)
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that. Vl¡ch et alll attamptcd to use lt as a platelct label

by Íncorporatfng tha leotope fnto ehronLuur ohloride

ct51 cf3t. Àfter tabelllng wlth ehronle ohlorida,

howcver, thcre wae a rapld loaa of radioaettvlty from thr
lEbelled platclote follovlng fnlactlon tnto tlrc rubJrct

owLng to thq htçh affinfty cf ùhc plarrna protcl.ne for thc

chronJ.c f ons,

In 195{ Robcrtson et cilr., Fureul.nq thc ldoe that

radl.oactLva chrornfum nay bo a aul.tabl* platclet label '
sffeeùfvely utlll¡ed thc chrqmatc fom ln tagglng rat
platelot¡, and tn 1955 Florgan of allL ln experLncntr on

rabblts ahowrd that pletelota eun¡lvod for aavaral deyr

follorrlng rolnJactl,on and that they retalncd thelr fu¡rctlon.

By 1956 Rel¡ncr ¡t alll h¡d rêportGd the rear¡It¡ of,

theLr lnvertlgatton¡ fn both antæah and nan. In nan thoy

¡hotsed a platelet ¡urvlvel of 5 6 dayr, lnerea¡Lng to 6 -
Il dayn ln eploncetoørlred lndlvldualr and rcduecd ln rubJcctr

wlth ldlopathl.o thronboeytopcnfc purpurr or hy¡lcreplul.en.

Tbry alsn noted th¡t thc plaùelatr dlsappeared lrmcdfately

flollowlng lnJeotl,on end gradually roappoaned¡ to reaeh a

rnaxLnu¡r Èhc day ¡fter lnJcctton, suggeotlng that they w6EG

eoquectcrrd somewhcre ln Èhc body and ¡lovly roloaeod l,nto

tho cl.rculatlon. Lctll.¡ and S¡eto (1959) also found radlo-
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rctlyr chrørLun to bc ¡ rultrblc tabcl, rnû Àrl a¡¡d Gerdarr

(f958) dcecrtbad i.n ¡olne dotall thofr method of platelet

preparatJ.on. fhe technlque that they arnployetÏr or

nodlffcatl.ons of lt, haa l¡een vldely accepÈed (ïloJean'

1959¡ Davey and Lander, 1963, etc.). ?he lLferpan of

chro¡afumSl labellert platelote ls 9 11 days whøn Ëhlu¡

nethod of preparatlon le enployed.

ItadLoactLve sulphur - st5. Dulewlatko¡*gkt (1949)

whllc studylrrg the raÈc of excreti.on of radloaetl.ve rulphur

antl fte concant.ratLon.'!-n eonre tl.asuee of? the rat after lntr¡-
perLtoneal ad¡ninlatrâtlon öf l"abelled sodlurn sulphate noted

that s35 actl.vlty reaehed a maxLnum ln the bone ,.narrow ln

?¡l hours and thon gredually dccll"nccl, LathJr et ¡llL
(L933) noted S3! to tlc taken up by h¡men bone nrlrr6r cells

fn vLtro and Belangår (195{) ob¡Enred that the rncgakaryo-

cyter of the epleen of the rat and hanetcr raadfly took up

st3 followlng thc lnJectlon of s3s-t"uellað il2so¿. odell

and hls trorkers (tauche and Gude, 1955) furthcr ob¡ervtd.

uptake of sts by ptatelctr, ncgalaryooyÊrl rnd ÈhG myelold

clcncnt¡ of tï¡c bono nlrrou of ratt and cflwrentcd that

thcLr recultr provldod addj.tlonal evf.denes of the orlgfn

of platelets from negakeryoeyÈe¡ aa well ar glvlng a

moa¡urÊ of platelct 11fe6påÌt.
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Vodo¡rloh and Xnl":hy (1963) Irbolled hr¡nan plrtclrtr
vlth tlrtr lrotope and drtemlnod platclct rurvLval to br

9 dayr, vhl,eh l,¡ ln ¡coordancc wlÈh tha rcaulta of ot'har

vorkor¡ url.ng dLffarent laotoper l.n nan.

Platclat tlfc¡pan and Kfn;tlE¡ Ln Clrculatlon

It fu non gcncrally ececptcd tltåt the ll"farpan of

hunan platcletr ln cfrculatlon l¡ I 11 deyl ln nom¡l

rubJcctr, tnd tl.gurcr of tlrlc ordcr aay b* obtelned uelnç

rny of th¡ tcchnl,guee et prcront avafl¡ble whlch do not

oluso exerr¡lve drmegc to tho call¡. Dl.vcrgrnt vtewl,

horrvcrr have bcen exFrotlÉð ln relatLon to tha nodc of

dcçtruetlon of nor:urel pletelctr ln hoalth. Inve¡tfgator¡

url.ng oonpound¡ of r32, s35 ¡nð eI4 a¡ labcla (ådolron at

e111, IgSt; t{urphy and Mu¡tard, 19611 Heytell' 1961¡

Eattachar?a and Stewartr 196{) havr ganerally found that

thc frllout of platrlct actlvlty from clrculatlon can bo

rxprelred as a rluph ffrst order functlon ruEEeet,tng randon

dcrtruetLon. Eo+fGy€r, thc urc of ¡ueh labelc has beon

orltlelgcd for thcy are eubJeet to nct¿bolLe Èu¡aovar ar¡d

lo¡r from tho ccll (Parkcr-l{t111arn¡ et alff ' 1963t

Grolrnan et alllr 1963), UalnE ratl,oshrqtlta, mo¡t

rctkorr hava obtalncd rcctLllnear ¡unrLval eurrvra¡ auggeatl.ng

that platelctr havc t flnlte llfcapan, daath brfng thc rcault
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oË eglng proe.rrct (t¡¡ rnd GardÞ.r, titg¡ t{eJtrn 19591

Ftrhln, 19631. Davly, Lrndrr ¡nú Robron lft6ll h¡v¡
drvl¡câ ¡ nodrl yhl.ch oloæly approxl,ralte¡ thcfr
rrprrl.arntal drtr ¡nd havr ruEgcrttd tlrrt both ncchrnfran

of platrlrt utflLrrtton lr. ôøcurrlng ¡l¡rultuooully.
!!hr qumtlon could nov be ¡:krd - "tshaù l¡ thr

fat¡ of thr platclrt ultlnatcly?"
tforarlly, plat¡Lotr erc uccd to melnteÅn tbo lntogrlty

of oapfll¡ry cndothclfurn (Danllllf , trlO¡ tfoodr ot ¡lll,
lt$tl Cronkltc rnd BrcehGtr, lt5ll. Àutoradl.ograrnt of
caplllarLo¡ of I-lrrrd!!,atrd retl thit havo bccn lnJcctrd rn

hour prLor to raertflcc rltlr pl¡t¡lttr hcavlly lebtllod
wlth radl,oaetlvt rulphur ruqgcltrd that platclotr (or

s35-l.bcllcd nueopolytrccharldu dcrtvrd frsn pletchttl
troac ðcpoeltcd rlong thc ca¡rlllery çrll¡ (Cronkltc ct rlll,
ItfT). 'ßht dlrtrlbutlon of trensfuerd l¡bcllod plaÈohtr
h¡r bcen rtudlod by arhing or honogcnlrl.ng verLou¡ org¡n¡
a¡¡d Eountlng tl¡rlr rad{orotlvLty. Rabbftr or rat¡ rsrr
klllod aftrr trrnrfuel,on of platol¡t¡ labollcd wtth redlo-
¡ctlvo phorphorur er redlo¡ot{v¡ ahro,nl,a ahlorl.d¡ (,Iulüüd
¡t alfL, ltSlr Hurllcr, t933), Tt¡¡ gntcrt rpootf,!.c

aetlvlty und¡r thrsa at rcr¡nrÈtns.¡ yu for¡nd tn thc rploon

and thc largrrt påreontågc ol thc totrl mcovcr¡d rad!.o-
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rctlvt,ty rer found ln th¡ llvor uhllr ¡nallcr rÉounÈl ülrc
d¡Ècet¡d ln thc bono Errror, kl.da¡y end lungr. Blllncr
rt elll (195t1 urtnE rodlun chrærtr5l-t"¡"11cd ptrtorrtr
aot¡d, ln rabbÍtrr that rlgnffternt anount¡ of rrdl,orctlvl.ty
v.rG drtrct¡blc ln tlre aplccn only, Cronkltl ct rllL
(1t57) drnonrtr¡trd fn ret¡ th¡t follorlng tranrfurlon of

lrbcllod platolct¡, rrd!.oactlvtty rtl Gonfl,ncd rlmrt
¡tolutl.voly to rplenle naerophtgst. Nrlcrn ct rllt (l9tt,
lnJrotrd aornrl nrbJratr wlth r¡ûloretlvc lebellcd pltte*
lrt¡ and for¡nô ttret tlr¡ rrdloaotlvlty Ln rplocn and llvur
yu propþrtlonrl to Èhc doollnlng platcht aatLvlty ovcr a

gorlod o! 6 dayr. Thclr tlndlngr ¡11 rppotr conrl¡trnt
rltlr the moval of cff¡tc platcletr from efrculrtlon by

tlrr rplcon. Handlfag of platrlctr bof,or¡ trenrûurLont

houcr¡cr, caurGr danagt to thc ecllr and r¡¡ult¡ ln thc

repld rcnov¡l of ¡on¡ platolatr fraq clrculation,
porrtbly ln an abnornrl fa¡hLon. Nonrthcl.t¡r rorult¡ do

rc.n Ëo lupllcrt¡ thr rplrcn a¡rd portlbly othtr retleulo-
cndothrltel ùLrru. rr ¡lt¡r of rruov¡l of tonctc.nt r¡rd

denagcd plattlatr frou clrsulrtlon. fn rplte of thlr
rvlûonar !,t 1r of tntorcrt theÈ rplonoctooXr dor¡ not

rffrot platelot rurvlv¡I tLarr (HJotÈ and Papuùchi-r,

1960t. ft lr porriblo that otl¡rr rctl.suloendoth¡lLel
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tlrruc tehu ovrr thr functton of Èhq tplccn rlt¡r ltr
nrov¡I, rnd Artar rnd ,frndl (196a, ruggrttrd that rlthough
arllr danagcd ln handllnç ney bc rraovrd frm clrgulat{on
lnltlally by tlrc rplmn, tho neJortW of platcl¡Èr aotaally
tlc tn thc rotler¡lorndothellal eçIlr of thc ll.*rr.
I(nwlrdgc of th¡ fetc of platclctr l¡ ttlll rudfnGntary

rnd tho cvl.dcnco for eny ono ¡Ltr of, plrtolct dettruatt,on

to trka Frcccdanerr ovtr otharr lt only frrgnrntlry,
Plrtolct Tranrfurlon¡ ln Hrcrnorrhrgle DLrcerc

Rlehard IßrrÊr 1n 1663 prrfonrrd ttra flrrt rreorded

¡ueeorlful blood tran¡fu¡lon ln ¡n!.nrle , llha flr¡t
trrD¡furlon ln nan 1¡ rald to hrv¡ b¡rn carrl,cd out þ .Tcan

Eaptktr Donnl,r (XG6?! who tran¡furcd r yonng n¡n rlth thr
blood of a hnb. At thlt tlno thrrc urr Do eontenrut ¡t
to tbc lndlcetloa¡ for trentfurfon, and lt k not olaar
rhrn blood tran¡lu¡lon¡ urrr flr¡t edvlrod for haonorhagLe

df¡carc. ths XtalÍen phyrtelenr fn tåo aarly pert of thc
20th e.ntury aro knovn to havc ærployrd blood tr¡arfu¡Lonr
for thc trratnçnt of throubocytoponlc,purpurr (cttod by

E.Í. Cohnl , ,lt thtt tfna rntleoegrul¡ntr wrro not

avalhbl¡ rnâ Èl¡c trrnofurLon wr. p.rforuld v!.th panffln
æetod ryrLnErl. Followlng thr lntroductlon of rodfrsn

oftntc e¡ an rntl.cotgrulant (Hu¡tin, lt14¡ Î"tvl¡ohn, 1915)
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Èrenrfurlon fn throeboq¡toprnl,e ¡tatu frtl lnto dlrnputc
r¡ ttrr trtrodlun cltrrt¡ utrd danegrd thr platolrtr
rc¡ultlng ln laprlrmrnt of thctr ¡un¡l,vrl rnä fru¡ct,l.on,

EubrequcnÈly attrnptr ycr. nadc to lnfum platrlet
eoncrntretrr Lnto patlrntr vlth ple3olrt drflclcnc.y rtrtrr
(!çr¡rro, Lt?? I FonLo, It36r Bonhrnou and Pugllurr 19151

I¡¡ntrGnaÊ, Velentlno ead Adrrnr. l9a!l but rlttr only

ædcratr tuesürr . Furùhcr t nprovcncnt, hovcvrr, follorycd

r rlr1rr of adv¡neor ln Èrenafu¡l.on trchnLgurr. tht¡r
fnclud¡d thr Lntroäustlon of ¡lllconc¡ ùo provldo non

t¡¡tt¡bh rurfaeo¡ for gher contaLnora end n¡odlcl, thu¡
rcduel.nE platclrt adhc:1on ená loe¡ (,llasguct ot alll,
I9e6) ana rrho tleboratlon of t¡ehntqucr of dlffrrcnttrl
crntrlfugratl,o¡ rt lor tcnpcretur{¡r for thc arparatLon of
blood eonponontr (DtlLardt rt ¡111, 1951r Hlrrch ot elli,
l9t2). !!hr u¡¡ of ¡urftco ¡otlvr egtntr to facllLtatc
phÈrllt r.lutponrlon durlng tlrc¡¡ proocdurGt rtt
ruEgortcá by ltlnor ¡nd Eurnctt (19!2t end non ycttebh
phrÈlo eonte!.ncr¡ for handllng blood rüra dcvclopcd

(Gardnu rt rlft, I93l).
liot only harru thar¡ adaptattonr to colleotlon

tcchnlquc¡ bren dcvfrcd oeìttr th; ycarr, but roelpfcntr
hryc recoLv¡d trorh vholr blood collectrd lntc cthyltnc
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dlanlnctct¡aacctlc tcld (EDtÂl (Dlllrrd, Br¡ohrr ¡ad

CronkLt¡, 1951r. Îrlnrfurionr of frrrh ptatoht rtoh
plerma (Grrdncr, Howoll rnd Hlrrch, l95l¡ tÈafrnl.nl,
t95gl, frcrh platrlct conorntrrÈl¡, pletclott ¡rrcrcrv¡d
ln gclatl.n (îullh cÈ ¡111r l959lr lyophlll¡od plrtrlotr
(XlÖtn rt elll, 1956) rnd plet¡lot rurprneionr ücrlvrd
lron rtored blood (ilu¡trrd, tr956¡ Tobln and Friadnanr

It60) havc b¡rn oæployrd,

In neny tn¡t¡nscr thc rtrponr¡ to pletclct pr.-
puetl,on¡ har bcrn ¡¡¡clr¡d by otlnlerl lntrrprotetlon
rnd gonrrally thc bhrdlng m¡ocfrtrd rrlth thronbocryto-

prnla hm bren corcetrd tuoecrrfully only rhcn vl,abl¡
pletrlrtr Ëro cLroulrtlng ln tht rceLpf.cnt. fn ordcr to
br rf,fcetlvc tn hmnorterlr, pletrl¡t¡ aurt bc ,vllbh.
rnd capúlr of roneLnl,nE ln elrculrtlon for ronc tfnr rftcr
lnfur!,on. tho dcnonrtratl,on th¡t r glvrn platorct eonccn-

tråtG l¡ ¡et,l.vr Ln r coaguletlon ryrtsur f.n vftro dorr not
nrc.rllrlly noen thrt Èhr platrlrt¡ porrGrr etl tholr
phyrLoloElcar propcrtbr and err thrrrforc vl¡brr arllr
whfch wlll bo rffoctlyr ln thr ¡ntiro hrono¡taÈ!.c proc.ltrt
1n rlvo. lfh¡fr vtrblllty hrr brcn drffnod (B¡ldtnl ¡t arlL,
19601 m'tlrc eblrlty Èo rccfroulrtr rnd to rurvfv¡, thrt lr,
to cartlz on tlrrlr nornrl functfont eftor Lnfutl,on fnto a



30

norltål râel,plentt. rt t¡ evld¡nt thet platclcte prtparrd
by ECrtrLn proocdurc¡ are vl,ablc, ar lndie¡trd by ttro
sl"rculatlon of platchtr ln tho ncLpLcntr. rn eortnft,
t'ran¡fu¡lon of pletclcÈr prGpar.d by othor proccdurc, üry
not rctult ln cfrculetlon sf pletrlctr, or Ety .van Lnducr

r furtb¡r dagrrrr of thrmbocytopcnla. Thc nrthodr
curploycd rhlch b¡vr changcd thc platcl¡t onvlronnont
oon¡l,dorebly. lueh er trapplng rnd clutfon, rcperrtlon and

rtoragr fn ncdh ol plalnr, frrcrfng and tÌ¡a¡rlng or ryo-
phllkrtlon, bavc re¡ultod rn plrtcl¡tr whorc norphology
he¡ bccn dl¡Èortad ¡nd rhl,eh ¡r¡ not vfeblc a¡ thr ptatrlot
count of noru¡l or throuboeytoponle rubJcetr har not becn

rlavat¡d follovfng ttrclr lnfurlon. Th¡ fnfurion of fr¡¡h
blood uruelly r¡rultr fn ¡n t norouc fn platrrot eounÈ

cxcc¡rt fn thor. aondl,tLon¡ knorn to b. rlrocfrtrd rlth
cxcsa¡lvr platrlct do¡tn¡etlonl for cxrnplr, tdlopethtc
thronbocytopanLe purÍrun.

trn all sar.r tn rhleh t nfu'd plrt¡lrt¡ do not
elrcrulatc, ¡ clea¡ co¡reretlon of, thc rorponrlblc frctor¡
rhould bo cruotd¡tcd. rt nay br a¡ ¡rrcvf.ourly rtat¡d t!¡rt,
lrch ol cl.raulatLon f¡ lnhoront to ùhr dlma¡cl thrt
Lrrcvrr¡lblc laJury he¡ occuncd durLng rcprretloD or
rtoragor oE that rcngj,tfrrtton to hr¡n¡¡ platrtrtr du¡ to
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prGvlou. trrn¡fu¡lon ney hev¡ oeeurrcd (Strfrn¡n!. ct alfl,
1952) .

lFha dovrlopnent of thc etonl,e boqb qnû tà¡ Lneldrncc

of thrombocytopcnle purpurt rt ¡ pot ntlel conpoa.nt sf,

nodorn urrfarc provfdcd furtlr¡r Lnerntlw for nt¡rrah tnto
tho dovclopncnt of plrtrht pneorvrtlon a¡d cftlclan,., Eroanr

of platcht tre¡r¡fulLon,

Of thc aort reccnt dorrulopncatr 1n thll tf¡ldl ¡rr th¡
uæ of áIncthyl ¡ulfoxld. tt r pro¡.rr.yrtlvc of fromn
plrtthtr by DJrrerrl and Roy (f9631 aná thr u¡¡ of I nrrt

aatfcoagulent for thr prcparatfon of plrtclet eonetntrrt..
Þy Àetcr and .Îrndl (t96lt. thl¡ lettrr vtll bo dl¡cu¡rtd
l,n çorc drt¡1l ln Chaptrr fIf .

îtrc Flatslct, end Athotro&r

ùtorphologlcally rtl¡cro¡eloro¡f¡ her brrn drflnod rr
r éS¡c¡¡c èt thr lntlu¡l leycrr of thr rrtrrlal vell,
occurring focally ¡nd er¡oel.¡trd wltÌr lntlqrl thl.chrnl.ng

¡nd ltptd drpoafÈf.on. fhc frrgucnù rl.ta¡ of tht¡o
tlrfckcnlnça erc thr aort¡, coronlry, orrrbr¡l rnd lorycr

hç artæl.l¡.
Thich¡ned artcrl.t ücrr flrtt aoted by Antacu¡ of

CrpadocLa naarly tro thou¡¡nd y.tn rço¡ Thc tcræ

¡thrron¡tou¡ yer probably llr¡t coJ.n¡d ln nccnt tlner by
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liorgrgnl (uzs) elthough aoeording to Prrl (15?51 thr rord

rthcrona w¡t flrrt u¡rd Ln rnclcnt Gr¡¡k vorh¡ f,or eny

cyrÈlc lptct eontafnt"ng gn¡cl-llkr n¡t¡rla!. It wr¡ not

r¡ntll thc N¡plconla cn that tha Frrnch phyrlolenr

drvoloprd ro¡ar o! thr norG nodcrn fdoar of tht dLroarl.

Iobrtoln (1t29) clar¡{flod tho dl,tÜrrl r¡ ü dcflnltc entfty

¡nä wu thc flnt to u¡c tho tcrn ¡rtrrlolcl¡rorlr. It
vrt hc rtro f,lrrt portul¡Ècd thet th¡ dk¡rlG wll rolatrd

to vttsul¡r aocldcnt¡. Aftrr lob¡trtnfl dclcrlptLon

tlrcorl,r¡ of ttro pattrogcncrl.q of thc dfrlgr sor. drvrloprd.

tn Vl.cnna Carl yon Rokltenrky drrcrl,þod 1n dctell prtholoElcal

lc¡lonr [n thc gtrrfur and !n tfic holrt. Rohlt,rnrky

donon¡trrùcd lorlonr rhlch hl erll¡ô tlbrlnoul drporl'tr on

thc rrtorkl intlur rnd, rhLsh hc oon¡ldurd to be thc ctul.

of varlour pethologlcal ehengol. l[h¡ll !.ncludrd lnttnrl
hyportrophy, !.ntlnrl vagculerlretlon, erlelfl,artl'onr

atherona fo¡srrtlon and rerk¡n!.ng of tho ¡nâ1¡., wfth ¡nouryrn

f,or-netLon. Elmllar dcporÍtl of flbrln on tho ¡ndocrrdLun

vtr¡ dcrerl,brd and ho a¡¡unrd thcy Irá to endoorrdlal

thlckenlng and flbrorl¡. Ro|rltenlty brllov¡d thrG thc

f,lbrlnour dcporltr rnrc producld by thr LntorecÈlon of, rn

arträrtô relræcd by loot1 fnfþnnctory pro€Glt.l ln th¡

vcr¡cl r¡11 or ol blood ¡nd n¡df¡t¡d by r ortrlytlo Proc.ll.
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Bohlten¡ky'r eonccptr varo arrlvrd at by brllltr¡¡t
lntultlon and v¡n prnneturo ouly brcru¡c thry ïGrr
lnporrlblr to provr or dfrprovr at tho ttn b¡erurc thc
phyrfologlcal and bfoehcnlcrl beckground nrcdrd lor tlrll
vÚ non-erlrÈrnt. sLth th¡ found¡tlon of erllulrr
peùhology by Rudolpb Vlrehw, Aokltratkytr fdrar ronr
oonrldcrcd obrol¡tr end Grron.our end thry roon ocarcd to
fora Èhc b¡¡fr of lnvrrtfç¡tlv¡ rork ¡nd ov¡r Èhc ycrrr
ycro nrarly forgoÈtrn,

At th¡ tutn ol thr ocatury Lt rr¡ d!.¡oorrr¡d thrt
mrly ethoro¡cluotl,a l¡rlon¡ o€Gur rn chlldron
(Sfanltrky' l9o3l and thl,¡ u¡r lat¡r crtrnd¡ü to laf,rnt¡
(8trong ct ¡lll, lt5ûl . fh. repfd prognm tn blochrnlrtty
rnd nutrltlon bcAan to lnflurno¡ thr rork on etbtrôrahrori¡
¡o thrt for a tll¡g nort fnvort!.grtfon¡ c¡ntrrd ¡round
âllturb¡nccr of tfpld nct¡bollm end thclr acroel.rtlon vltûr
dlrtary fat. Th¡ recuun¡latloa of fatty rub¡tancrl ln ür¡
¡ttrrronatour anar uar gooð avl,d¡nsc thrt lnvortlgrtl,ou
on th¡¡c ltn¡r rould br ¡rroffteblc, r¡nol,nc (ltrrt
r¡tebrlrhod Èt¡rt thr rorrn chohrtrrol rer rlcv¡trû l,n
pathntr rLÈh rdvrnerd ¡thcro¡elcro¡ir rnd lt vu ello
four¡d tlrrt the r¡rua tr lÍpeæ!.e ln tborr rubJcctr
(Kutunokl, l9l{l ' furtìor mork or¡¡cfdrtcd oth¡r dt¡turbancc¡
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ot ttptd mrÈaboll¡m ln thfu d!.cca¡r. ?fhon thcre lfprdt
dfeturbanc€r trGrê ffr¡t exaninadl lnvaatlgltor¡ eonrldcrrd
theu a conroquGncG rathor than a caulG of ths lcrlona
u utäny chronl,c dleea¡ca àrê rceompanlod by rlaltar liptd
ahangor. IlowGvrr, sfncr ÀnLÈ¡ehkowrr (Igf3, erparl,ncntr
vl.th cholerterol foedl,ng nhfsh rcaulted Ln athcro¡alcrorlr
f,n anf.mala, R&ny lerding lnverttg¡tor¡ hav¡ bcçn lnellned
to eocapt dleturblncsg of ltptd rnot¡bolfrn aË actLorogfaal
factorr lu etherosclcro¡lr rnd thc "lfpLd lnblbftlon"
theory largcly ovcr-rhadorsed any othor.

ft wat not untll nearly e ccntury hail olaptod that
RokLtanakyt¡ euggrctLen çame to notfec agafn yhcn Dugufd

(1916) etudl-cd thror¡bo¡câ end rec¡nall.¡qC coronary

arterlcr. Ëe obrçrvod that at rlto¡ vhorc thc thro¡¡bu¡

had not occludcd tho wholo lumcn of thc verlcl but had

¡pparently formcã a nural flbrln dopo¡ft on tha intlm¡l
¡urfacc, thc rasulttng patholoEfcal proce&¡a¡ con*j,¡tcd
of an lntl¡nal hyporplaela lcadlng to lntinal prorlfcratlon
¡nd Lnt!.¡nar thLckcnlng. Thf G rercnblcd organf catl.on of r
per!,ctal throñbu¡ ulth conneotfve tLrrut. the cxtrtrnoc
cf cevÊral laycra clorrly reparatLng or ovcrlapFlng one

rnothcr ruggertedl thc rqcurrent for*¡tfon of flbrln
deporrte folloucd by flbroblartLc prolLf,ereùlon rnd



35

organi¡âtfon. Þlhân dcaper layan of thlckcnlnq oecurrcd

tccondary lntra¡rural proc:¡¡Êr appcarlng r¡ c¿llulm
nlcro¡f¡ and llpld drpolltlon wGrG obaorvod. In $uch

procct¡or Dugulü lar¡ ân actl"ologlcal frator ln thc ârvol-
opnoat of thr rthcro¡slcrotf.c lcafon. Xn rraching thft
conelu¡lon hç revLacd thc old euEgcrtlon of, Rokltenahy

and lald tlre foundatl.on for thc throarbogcnl.c theory of
thc pathogcnctfa of athcro¡clororL¡ 

"

thcrc lr çooô evLdcncc theÈ plrtclcÈr ¡rc nonûally

rrgulrod to prcrorv! Ën lnt¡et vtreular trcc. DanLrlll
(1Ð10) pcrfund thr ltotatod hlnd lt¡rb of a frog wlth
pletelct-fr¡r flutd and thlr hå to lncrca¡cd flutd lorr
to thc tl¡rur¡. Thl,t dld not oceutr follori,ng pcrfueôon

vlth platcltt-rloh fluld. Furttrornorc, lnjcetlon of
frc¡h platrlctr lnto hacnorrhaglng r¡tr or doga that vrro
throabocytoprnlc rftar totel body lrrrdÍetlon npl.dly
Itopp.d the blerdtnç (lloodr ot ¡11.1, 1953¡ Cronklto and

Broohor, 1934) . Al rrll rr tho eontlnuour nced for
platolctr to n¡l,ntain ve¡cular fatcgrf ty, Lncrca¡rê

dcpoeitton oecurr lf any loeel tnJury ¡rLtc¡ (Bl¡ro¡¡ror
1t8e) and euy ¡eaunulatlon of natrrlal nay b¡eon¡

lnoor¡rorattd fnto thc lntln¡ rnd be ov.rqronn by rndo-

th¡llt¡u (DuEuld, 19a6, l94A¡ Haurt .t, r1ll, 1959¡ Etoro
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¡nd llautt, 196I) 
"

In 1959, Fll¡hl¡ end goott ¡horcd thet ln rabbltr,
lnJcetlon of thronbln lnto an L¡olrtcd venout togmrnt

produerd a mfxed thrørbu¡ vhLch s¡r cndothallrlltcd oyor

28 dayr. t4any of thc orEanLrcdl thronbt. cont¡Lnod foamy

phegoeytcr and recomblcd tho lc¡lon¡ for¡nd ln tht rrÈ¡rtr¡
of r¡bbl.tr l?cd llptd cnrlehod dLcte. Hand and Chendlrr

(196¡) produocd ethcronetout lcrLonr? aglln rlch Ln foau

ccll¡, by lnJretlng houroloEout thrombl eon¡letlng nrelnly

of platclet¡ lnto tJrr pulnonrry eireulatLon. thc¡a

ffndlngr havc l¡d ltu¡tard ct altl (f962) to nodlfy thc

EorG slarsJ.cal flbrin thèory of lncruttatlon ¡nd to
rolatc tha dcwlo¡nrcnt of ¡theroma norc dllrectly ùo Èhc

blood plutoht and to lt¡ rolc flratly ln thronbogcncrLe

¡nd ¡ub¡egurnùly Èo ethcrogcscrl.¡. Study of thls typo

haa provad a coæplcx problon, hoy¡verr E! tlrcrc are neny

facets ol pletclot bchavlour to ba conÇfdcrcd.

Undoubtedly ono of th¡ fl.r¡t coneidcratfon¡ lnvelvrr
ooagulatlon rtudle¡. thcrs hevc bccn vldaly ctrrtcd out,

ln peoplc ruftcrJ,ng fros thc complfcaÈlona of rthcrøa
(l{u¡È¡rd cÈ aX.ll, 196tr splttcl ct a111, 1t60¡ Hcdonald,

1957, 1939, and n¡ny other¡) and h¡ve rrvcelod rn fncr.arG

ln thc aotlvlty of verfoua aorgulatfon factora ln rubJcetr
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wlth osolurlv. vtrculrr dl,roam. Oth¡r workcrt (gurn rt
rltl, 1917r uôr.key ct rlll, li60) hevc f¡llcd to lhov

any dlffcrcnc! wh¡n con¡lerlug aotguletlon ¡ctlvlty ln

norn¡l, end rtlroronrtou¡ lndivldulll. McDonald (19ã7t

1Ð591 r.pôrtod thrt eubJeotr uho havc had tho conpllcatlon¡

of rth¡ront, for cxrnplc, Ëyoc¡rd|tl Lnfgcùf'onr havl Eore

¡ôhrrlvo pletclrtr Èhen no¡m¡l lndlvldurl¡ and HorlLck

(f96f) urLng r dlffcr¡nt trehnLgue, hll oonfltand t'htr

flndlng. Oytrall, to d¡tc lt ha¡ bcon dffflcult to

döternr.nt fron ln vltro to¡tr hor corgulatlon r¡latc¡ to

rthoron¡ fott¡ÈÍon ¡nd Íte rnbtrquont coæ¡lllcrtf'onl,

$ro ln vLtro n¡thodr of dotcrnlntng pletcht

behavfour havc ¡rr€"ntly bcen dcwlopcd vhtoh rllow ülrrcÈ

vl,¡ualLtatfon of thc ¡rlatrlctr ùhroughout thc rËudy.

Oar of thorr !.nvolvcr uro of a tpcctrophotonctrlc

tcehnfguc, ¡ad tbc other thr fotaetlon of ¡ trr¡¡ thronbu¡

by artlflatal, n tnt.
À nr¡nbrr of atttuptt htvr bccn rn¡dc ovlr thr ycarr

to produco obJrct¡ havLng thc hlrtologlcal ltructuro of a

thrombur. For a v¡rl.¡ty of rottonl thr ¡lrly mthodr

frllcâ to ylold r¡ ntuch ncv fnfor¡natl.on ¡r eould bc hoprü

fotr. In 19Í! Chandlcr rhomd thrt vhrn blood t"r nrdo to

flov conÈlnuoutly ror¡nd ¡ clomd alrculrr loop of, plartle
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tubtng nçounÈed on a rotttlng turnÈable tho blood ovututlly
¡oltdlflrd. tllrrn tho rolldfflcd blood rar or¡nlnot

hlrtologfeelly !,t wa¡ fou¡¡d to contaln arcm rhtch rtrl
¡lnllrr Ln mrny v¡yl to ttrc apllcertnccr fow¡d I'n neturelly

osaurrl"ng throabl. In 1959, Poolo, urlnq r rllght
uodfflsetton of ttre Chandlcr apparatur, rtt ¡ble to obtaln

condi.tl.on¡ rrnder vhlch blood.üld not rolldlfy oonplotrly.

fn¡tead a rnall ffrm obJeot wer forod Jurt behlnd thc

ad,venol"ng odgc of the oolr¡nn of blood and whlch floatrd
ar¡ound lndcpendcnt,Iy aftcr r*aehl.ng aexlnun ¡Lre r urualt'y

ulthln a f,cw ulnutor. sL¡tologleal cxenl.natl'on ahomcd

t!¡et ttrc obJect ro fomcrl oon¡lttcd of ¡ whl"Èa head

comporod of pletebt¡ ¡nd toueoeytcr and r rcd tatl
conpotrd of fl"brfn, tra¡rpad rcd blood erlll ¡nd r fe¡t

¡c¡ttorOú leueoaytca roproducÍnE ueny of ÈtrC charrcterlrtlc
fotÈuro¡ of a natural tlr¡¡æbu¡. trhlr tochnlqur obvlourXy

har rneny ap;;1iu:'t:1çn¡ and ha¡ bccn urod f,or a varlrty of

purposðN arrocLatod wlùtr drtc¡mLnetlon¡ of plat*lct
bohrvlour r¡¡d thrombu¡ formatLon, It har þecn u¡¡d to

rtudy tho ¡ffcet¡ of antl.coagulentr (Foolr¿ 196Û¡) t th.
{ncorporatLon of baatcrL¿ (Poo1r, tt60b} ¡ thr rff¡sÈ of

frtty ¡cldr lConnor and Foob r f961) rad thc rubrcqucat

fetc of thc artlftofel tt¡ronþul whcn rotur:rcd to
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cl.rculatlon (Hend rnd Chrndlor, lg62t, owlnE to thc
apprrcntry direct rol¡tlonrhlp bctvcsn throu¡þo¡lc anâ

etbcron¡ forartton, thk provldot an Ln v!.tro tcehntquo
of, dtotrrnlnlng ebno¡mrl platolcù brhavtour fn srùJcete
prod!,rporod to athoromr or ttr conplleatfon¡.

Thr fotrnrtlon of Èhc vhltc hoed of a throsrbus !.nnolver

rdherlon of pletclrt¡ to rreh othor. Aa plateletc fn thr
btrood rÊrc¡a do not notaelly rtlch to raeh otherr lt ir
probablr thrt th¡ ¡urfroc or onvlronpent oll a pletclot
rhLch har rtuoh nurt ohango repldly bcçeurs rtthln
rooondr of platclct¡ rtlcklng rorl phtclotr rtlEk to
eeoh othlr. ?hc ¡ctu¡l n¡chanf¡nr lnvolncd ln ptetcrrt
adhorqnoc to r¡eh othor rnd to ¡ndotholl.at rurfece¡ rr.
not fully dctcrmLnrd. pl¡torot adhoaton oecurr when

blood clot¡ (ttrlght and trtinot, lgrT) , rhcn a veagel l.s

lnJurcd (El¿roreroo ltt2,, vhcn pretclctr aró expoccd to
fasÈorf rolçrçad ?ron rtâ ocllr (Hçllcn. lg60; Grrdner et
¡1t1, 196ll r lDå whcn pletclctt arê tn eontrct wl"th

sonnoctÍnc tLrrue (tuokrr and Bor¡rtl, lgcal. Àny local
lnJury to the nrr¡¡r v¡ll will rccult Ln thr rqeunurrtlon
ofl n¡ùrrlal vhloh nry breou¡¡ lncorporrted lnto thc cndo-

tt¡cllr¡n (Duguld, t916, l9ltl. Tho r¡netrophotørtrle
toehnlgur (o'Brlcn, t96l) rhleh 1r dcpcndcnt on lner¡e¡¡d
transnlr¡lon of ti.ght through r pretrht luepcn¡loa lf
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thr pletclrts rggrcgrtG hu provldrû r ¡aneLtlvr nrthod f,or

drtcrnt nlng Lnoru¡od platclrt ¡dhtrlvrnerr vhlch occutrr

ln rubjcetr vfth thræbotf e t¡nd¡nctot.
Thc lntroiluetLon of radlolrotopar lnto cllnleal

mdlcln¡ har ¡lrovldcd a furthrr ùool for thr fnrmtlgrtlon
of rbnoruel platelrt bohavlour. lfb¡ advrntrgc ot rtud!.c¡

of thk typr rro thrt thcy gl.nr an lndox of platclct
behavLour ln vfw. Purrufng tho rnsru¡tetlon Èhrotl of
athrroçcnr¡k wi.th putfculrr cnpherlr on pletrlot,

utlllratlon, lrut?hy ¡nd Hu¡trrd (It62l havr orrrhd out e
rrrlcr of Lnvcrtlgatlon¡ on rtharometou¡ and, nonel
tndlvldualr u¡fng DFP!2 lebollcd platolctr. n.rult¡ of
thrlr rtudlcr havo ru¡relod ùhrt th+ mcan platrlct ¡urvlvaL

lr ¡hortrr and tho nm¡ platelct turnowr greatrr ln
rthoromltor¡r rubJcete thrn ln otåsrE. Ehe¡r ¡tudl,c¡ v.r.
crrrÍcd out ln tho quloüc.üt phare of thc dlrcar¡. trn etr

otfort to obt¡fn Lnfornatl.on on th¡ offcot oË dlet oa

platclct behavlou¡ Ln vlvo they al¡o lnvrrtlgatod tÌ¡c
platclct bch¡vlour of .rern tubJectr oa tbreo dlf,forcnt

dlotr aontrollcd Ln r mtrbollc vard. lt ylr found th¡t
pletolet ¡und,val wm rhort¡rt whtn tho dirt ym rlch ln
dafry faÈ anû oftgs and longcrt vhoa tt aontalaed lfttl¡
ftt (Ëurpty rnd !{u¡tlrd, 1962}. llharo yr¡ al¡o r tendcnoy
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for tlre plrtelct, adhcrlvo lndtr to lnerc¡m !,n rubJrctr on

drlry produeo rnd tha¡c rubJoote alro h¡d thr htghtrt
t.trl¡& ltpld lovel¡. Thl¡¡ flndlngr trnd to perellrl, ln
part, tholo of !{eDon¡ld rnd Bdgtll (19tt) Ln vhfch rubJrotr
on lor fat dlctr vcr. found to hrvr 1¡rl eáh¡rivo plaÈc-

lct¡. Fr¡rtlrer ¡tudlor h¡v¡ bren orrrhd out on eubJrctr

att¡r Brylng prrttcular rtt¡ntfon to f¡etorr vhloh hrvc

bren Lncrf.nl.n¡t¡d Ln attrcrogcnerLr or Lncr¡¡arrd Èondrnoy

to throubotfc cpt eodcr. Dlt¡ havc dndlc¡trd ¡ nducrd
pletrht ¡urvLv¡l ln pltfrntr rho ¡noko (ttu¡terd and

Mwphy, l963blr end tn Eouty rubJrctr (t¡turt¡rd ot rllL,
f9631. Tht rffoct of entLcorgulent ttrorepy on plrtrlrt
rurvlvrl rnd Èurnovtr tn patlanùr wlttr rthcrona htt ¡lto
brcn dctorntnod bccaurc of Ltr wld¡ thrrapcutto u¡¡.
Dloomerol ln doror that prolong tlrc prothronbln tlnr to
grnator then tvo rnd on¡-half tfns¡ nornal, prolonE¡

phtclct rurvlval end dccrsåæt pletclrt tur-novtr (t{urlhf

rnd lturtlrd, l96f). Inadrguetc dorr¡ of dteourrrrol
(prothroubln tt^ec lc¡r than onr and on¡-half tf.nor nornrll
do not prolong plrtrlet ¡urvlval mdrlf anyttrlng, hev¡ the

rcvütrla rffrat. A rl¡¡ller cffrot tr obtrlncd rltlr
hcpu!.n (llu¡tard rnd Hurphy, lg63al . àÈromicl h¡¡ alro
br¡n foru¡d to prolong platotat rurvlvat Ln "¡therourtour'
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lndlvldurlr (Gflbtrt, rnd Hurtlrd, 1163r.

ornclll and F!.rk!.n (196ll porfor-ncd ptrtctlt, ¡urvLval
¡Èudl.er Ln a group of rnbJcct¡ rlth coagulrtlon dl¡ordln,
tlrroeùocytharnta rnd oond,ltlonr a¡roohtçd vfth athoro-
¡chrorlr. lfhclr rorultr lndlertr tt¡rt und¡r nort
eondftLon¡ rendoeu rcnovrl of platclotr, fn partfcurer by

thr proootrit of, contlnuou3 lntrava¡cular eoeçulrtl,on,

dor¡ not pley e rl,gnlflcrnt part fn tho dr¡ùructLon of
blood plrt.lct! fn cltlrcr nornal rubJoetr or ln rubJretr
prono to ¡thcrotclcrorL¡. Thlr l.¡ l,n aonÈnâl¡tlnotl,on
t'o th¡ findingr of Hurphy rnd Þtu¡trrd, rnä ha¡ r¡ll¡d ronG

êoubt m to thc vrlldlty of thcir rttnctl.vc hypothc¡!,¡.
on th¡ vhore, ¡ush dlvrrganco of oplnlon and rnulttpllcfty
ol th¡ortor on tÌre pathoErnorlr of dLt¡r¡o Lr utuelly a

good lndtcatLon that eny on. thooty dorr not ¡rt!.rfy all
thr fact¡ thrt rro ¡valleblo. $uch lr thr eåto vlth
rtlroroae' of all tho factorr lnerlntnatrd ln thc actlotogry

of thc dl¡c¡rcr onc feetor whfeh eonrtenÈly rooum ir tl¡¡
brood platrlot and eny olucfd¡tLon of Ltr rolc nry pcrnl.t

the c'ours'e of thr dLrcarr to br lnfluuccd dco!.¡lvrty ln
thr futuro.
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fhe uork ln thl¡ th¡rfr 1¡ rclrtrd to r aunbor of
alpcotr o! plrtclrt brhavLour tn t¡celth ená ln dl,lolll,

l¡ îhr lntroduatíon of dkodluç tthylonr dhnlar
tatrr¡c¡trto tHrlEDtsÀl r¡ r¡r antlaoaEulrnt urcd for tt¡¡
Eollcet!.on of blood (Dlllrrd, Brochor rnå CrcnkLtr, fg3t,
lcd to lür vlduprced um for platolet tran¡furfon, Íh¡
rrgurcntr fn lt¡ frvour y.rc th¡t ft obvlrtcd ptetcl¡t
chnplng r¡rd rllwcd plrtclatr to bc hrndlrä norc üËrtly.
In 1961 KLrrnoycr-ltlcl¡on rná l{rd¡cn eoncludcö frm thalr
rtudlc¡ of rrdlophorphorur labolled phtrtt?r thet acfd-

cLtratr ûoxtro¡r lAeD-tSP fornuh A) wr. aupcrfor to ED'!lÀ

end non necntly Artrr rndl Jrndl olal"nad outrÈrndfng

n¡rlt for e partlcularty reJ.dlc ¡olutlon of rodlun c!.tratr
and dorùror. (ACD r8"1.

Owlng to thc nood for rffeot,lvo platclrt trrnrfurlon
ln nrrny hmmorrheglc rtatcr end ln vl,tu ol thc¡c dl,vcrgent

clrl,ur r I eoapent!,vc rùudy v¡¡ ru¡dort¡hcn to a¡torl ttre

nlrtl.vr nrrftr of rntl,coagulant rolutlon¡ u¡cd ln ptatc-

lrt tr¡nrfu¡{on¡, Studlrl had prcvl,ourl,y braa earrl.cd

out ln thlr l¡bor¡tor1y urlng cthyknodknlar trtrarertLc
rcld (DDTå) rnd tCD råt. FurtJrcr rtudl.t¡ varc thcroforo
plenard utlnE tht naver fornul¡ (¡ct Chrptcr fll of ¡cld
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cltråtÊ dcxtrorc Ln an sffort to dttoruinc th¡ rfflolency
of thl¡ antl.coaguhnt ln relrtlon to tho¡o pravlourly
r.sona¡cad¡á for u¡e ln platclct tnnrfr¡rl.on.

2. 6tuöy of thc rolrtlon¡hfp of tho plrtrlct to
tl¡e drvolopnrnt of etharom¡ end lte coapll,oatlonr ha¡

bccn a dlfflcutt problsn ln tho part. tfhe lntroductLon

of frotopc labcll.lng of crll¡ allosed thc hope that tht¡
tcohnJ.guo n¡y bo of u¡o l"n dcte¡mtnlng pxeterct uÈllL¡atl.on

rnd bchrvlour Ln crrcul¡tlon ln thl¡ condttlon. Howover,

r.turtt of ¡tudfer carrlrd out by two nrrJor groupt rorkl,ngr

ln thl¡ flcld havo bocn eontradlêtory. It war wfth thc

hopc of errrffytng thlr probron that a ryrtonatfc ¡tudy war

lnrtltutod to dctrml,nc th¡ bchevLour rnd rurvlvet !,n

eLrculetion of þlood pletclctr ln pcrronr rufferlng fræ
ethermr or Ltr conpllcetLoa¡. Furùhcraora, th¡re eppGrru

to br ¡ cloro rcl¡Ë!.onrhip brùwccn throæborL¡ and ¡thrËoml.

A ltudy of pletolct bchavlcur and of thc t¡ntcncy to
thronbo¡l,r ln rubJoctr prcdkpoerd to va¡cular di,¡crrs Lr

vårrlntcd r¡ of rll thc f,eotor¡ lncrlnfnatod ln thc retlologr¡¡

of th¡ dl,raa¡r onr faeÈor yhlch conrtantly rcoure lr thc

blood pletelot. Âny clucfdrtlon of ft¡ rotr ln thc

pet'hogronrrL¡ of athrron¡ Eây cvrntually lnfrurnec futur¡
n¡n¡go!ûGnt of tha di¡crto¡
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t. Untll rtcGntly thr turElcel trrrffint of
v¡lvul¡r hcrrt ö!,rcera her b¡an conc.rn.d ¡rrlnartty rfttr
thc r¡Ihf of ob¡tructlon orurcd by rtcnorl.r. Dllrucd
rorttc rnd nitral vatvç¡, hoycv¡r, rtra lroqurntly
lncoapctcnt ¡t yall l¡ rtenorcd ¡l,acc flbro¡h and

orlclfle¡tLoa rondor th.n rtgld end urrblc Èo opca rnd

olotr offlclontly. llhur, for e nunber of ymrt ¡tttntlon
har bccn fosurcd on d¡vf¡C,,üg hrthod¡ of valw nplectront
cfthrr by tbr u¡o of hæograftr or of prorthrtlc nrtcrlal.
In X056 üurrry nÞortcd tlrc rucs.rrful lnnrtl.ou of aortl,c

velvt honograftr ln ðogr ylth ultnl rnt eortÍa

lnruffLchney, lnd ho al¡o drrarfb¡d thr Lnrrtlon of
eortlc vrlvrr fnto thc thoncl,c ¡orte of tbru patl,rntr,

¡ll of rhom dcrfvcd bcnrlft frm oprrrtdon.

Ànothrr r¡rproreh to vrlvr prorthrrl¡ her bqen nrde

by Starr end Eûrarûr, In 1960 8t,¡rr rrporttd tho r¡tultr
of nltnl v¡Ivc rcpleccnrnt on 23 aongrcl doEr. ?hc

vrlvcr eoa¡í.¡trd of a rfgld fra¡c thrt rupportod a vtrlrÈy
of rbapc¡ of rlllcoa¡ rubbcr lrâfl.Èr or onelorrd brll of
nyloa, Iualtc or rllleonr rubbttr. Flxatlon wer roh!.cvrð

by aranr of ¡ trflon eloÈh, trhroçrborLl vel a nrjor
probhn in Èhrre anl.ntlr. Thc thrombul appcared flr¡È rt
tho ronc of flxrtlon to thc nl"tnl annulul rnû ¡xtrnd¡d
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ovrtr thc vah¡e rlnE duplts chrngrr Ln th¡ petorfrlr urcd

and dcrpftr ætlcorgulant åruçr. thlr elrayr lntrrforcd
wlth lcaflrt furetLon but s¡¡ hr¡ ltkcly to lnùerfrre rlth
tl¡o ball vrlvs. fn 1961 Btrrr ¡nd tdvardl roportrd rlght
c¡ror rho hrd uadrrçono ul.t,r¡l nplaorntnt v!.th tho Strrr-
Edvrrdr b¡ll velvr prorthrrlr (Flgurc l). In hunen¡

clottl.ng hrd not bcan r prohlcn to that tfmc (¡r had brcn

thc eam wlth doEr) and no d¡athe or conplLc¡tlon¡ from

tl¡ro¡nbç-rsrbolLc dLrcarc, throübotlc occlurlon of, thr
prorthcrl,r or hlcnorrhege from po¡toptrstlvr rntleoagulent

thrrapy h¡ú occurrad.

In 1i61, Sterr ct elllr Fopottlng on furthcr rcrultr
of nltrel v¡lvc rrplaconcnÈ, eomcnÈrdr ållhc ulr of

forclgn a¡tcrLal ln thr hcart, horrv¡r, Ls ¡r¡oel,rt¡d v!.th

thr dangcr of lnfrctlon ¡nd thronbo-rnbolfrn', tvo of tho

prtlcntr ln tlrl¡ rcrfo¡ of 16 havlnE tuffcrrd ccr¡bro-

vueul¡r rcetdcntr portopcrativtly. Efncr thir rcport

end follovlng tho lncrla¡rd urc øî. thr $tarr-Edverdr

prorthrrlr ln prthntr vfth t.v.rc valvr¡ler êl¡caro, thl
nunbor of perron¡ rho h¡v¡ hed oth¡nlrr .ucÇottful

oprt¡tlonr but vho hrvo cxpcrlcncod tha requrlar of

thronbo-rroboLl¡nr Lr Lncrearlng, ^t' rùudy of thc pleto-

tet brhavlour l,n ùhr¡¡ lndi,vfduelr war undortahGn rl r tt
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autopiy, nany of thc thronbi $Gre found rdhercnt to thc

vElvc or ln ctroee proxlmlty to Lt,, and wcrc cmporod

¡Ino¡È entlrely of, platclet¡ rnd fibrln.
l. Cohcn (196f) ruggcrtsd that tlrc only rrtl.¡f,ecto¡1l

üethod of cla¡atfyfng the tt¡ronbocytopcnl,ec et prerent

depcnde on whgthcr the rurvl.val of platclet¡ ln cLrcul-

ctÍon La ¡hort or nonnal. NaJaan et alll (f9631 , ull,ng

radLoahrornatç labelled platolet,c, found that rplenÍc

locall.EatJ.on of platclet¡ ln aubJccts wi.th thronboeyto-

pcnfa sho¡red goÕd corralatlon wLth Èhc rubroquanù roeponra

to rplcncctomy. Carteldf and Flrkln (19631 ¡1¡o notod

that of slx eubJectt reepondÍng to sphncctony for
thronbocïtopenlar fft¡c ahovcd an uptakc of hbcllcd
pleteletc by the aplecn. SubJectr wfth ùhroarbocytopanla

$cr6 studl.od thereforo to dcterminr whether rurfre¡
reann!.ng datq obtai.ned ln conJunctlon rltlr trtfsrato¡ of
platelct llfeepan utlnE thc chronlt¡n5l t chrrfguc nlght
provlde a rultrbla nethod for thr prrdlatlon of thc

outeomo of rplcncctoñry Ln thore rubJoctr.

5. The rnochenLrn of platolct dortructl,on ¡nd

part,lcularly the r!,tc of platclat dertructlon rcnaln

problena of eonrläcr¡ble {ntcrerÈ and Èo whÍch no

rolutlon har yrt. becn dctcrnLncd. Rcæoval fro¡¡
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cfrculatlon har bcrn ettrlbuted ùo rctf.oulo-ondothcllet
ecquortr¡tlon of effcte pletelate, thc ll.ver and epleon

playlng a maJor role ln thlr rcepcct. It r¡nal,ns

rurcertaln, hovever, why Ln aone t.nstrnear thc prlnolpel

rLtr çf rcnoyal f¡ the ¡pleen, whllc und¡r othar

circumrt&noas mo¡t ocllr apperE to bc reuovrd by tbc

Itvçr. Jlcob and rÏandl (f96?), wrf,t!"ng of rcd eell¡,
portulated that the ehlft 1n slto of red ccll rcgucot-

rltlon fr duo to eltaratlon¡ ln etll mnbranl, a foeturr
whlch lra¡ betn adegurtcly conflrn¡d, rnoet recently by

filnbçr ¡nd L¡ndcr (1969). 1o dotstmrlnc thc rltc¡ of

rtnovel of platclct: froa elroulatf.on tt¡craforc, rtudtc¡
wGr¡ dcvf¡cû ln vhich thc ceLlr eould bc danegod to
verylng deErcce and Èhclr ronrovel fron afrsulatLon tracrd.

À, total of ã7 platclot rurvLvat atudLoe vlan carrLcd

out on 78 aubJcetr. Tha¡c could bo grouped a¡ follor¡.
l' Athrrøra or l,t¡ cosrpltcatl,on¡

z a

36 studlc¡ on 3l patlr¡rÈt.

Valvular df"csa¡r of thc h*art,

L. Prcoperntlvc studfor 6 errbJrotr"

Ll. follmlng thc In¡ertlon of Starr-Edrrard¡

prorthcrlr 12 rtudica (10 ¡ublcct¡).
Thrsüb.goytopenls

lf ¡tudfcs on I oubJccta.

3 a
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I Fortoprr¡tir¡r patlontr

t.
6 ¡tudl.¡¡ on 6 aubJrctr.

Follovlng trsrtacnt of plrtoletr vl,th rulphydryl
lnhlbfton

¡
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6 rtudl.rr on 6 rubJrcta.

Ho¡rurrl" hralthy youtr(t controll
7 rtudLrr on 7 rubJocte.

In addltlon. rtudl"or ï.r. eerrl¡d out on thr blood of
1l? pattcntr for a totrl aÍ, 716 dayr urLng tbr Ch¡ndlor

ôppâratul. Thlr ¡lrrt of tlr¡ worh rel orrrtod out trn
ccllaborat!,on vlth Dr. Coll.n gchr¡rt¡ rnd Dr. t{cvlllo
Àrdlla of tlrc fnrtl.tutc of Ètcdlael rnd Vrtrrlnary Soloûcrr,

Àdchld:. À11 aubJoctr rÈudl.rd y.rc r¡lact¡d rnd ¡rcrron-

ally tntcrvLcrrd by nqrrcll and full ellnlcrl dosrsrntrÈLon

oarrf¡d out LnEludfng rc¡ultr of ct¡cÈroeerdLoEraFhl,c

¡xanlnationr r EGGCnt blooð ploturce e¡rd rcrm caryrÐ

lcl¡¡lr ¿ åDd rc¡ultl of rclcvant N-ny cxrnlnrtlon¡
partteulerly arterLography. Thc blood of ell prtlcntf
vat takcn detly by ¡ayrrlf urlng the r¡ü. üoahnlquu.

Pl¡t¡I¡t oountr wrra Fcrf,o¡mcd on o"try lan¡llc.
OÞrcrvetlonr ln tlrr Chrndlcr tubc n.re prrforaad by Dr.

Eshuartr and Dr. Àdrlfc, ¡nd tha flnal cvaluetf,on rnd

lntorprotrtfon of n¡ultr tal earrled ouÈ rr I group

corr¡Iatlng all ¡vaflabh datr.
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EtudLea carrlcd out url.ng thlr trehnlqur ney br ¡r¡b-

dlvfdcd aeeordlngly.

1. Hollîåy eontrol ¡rrbjrctr

2

3

t

¡

l. SubJrcÈr t l0 ycrrr 2l rubJrctr rtudicd on

ta2 dayt.

11, StrbJcatr > l0 yGrn - t8 aubJrctr ¡trrdtcd on

L61 dayr.

lotal control rubJcctr¡ t2 rubJccte rtudhd on tOt dryr.
Petlrntr wlttr nyoerrdlrl lnfrrctlon
f . SubJretr troat¡d vl,th anticotqrul¡ntr 2l

rubJectr rtudlcd on llE dryr.
fl. SubJectr not Ère¡tcd vlth aatl,coeEulrnt. * 26

rubJcotr ¡tudLod, on 169 dryl.
lotrl nçrocerdt al lnferatLon ¡ 30 rrrbJcctr rtr¡dl¡d on

t17 deyr.

Prtlontr rfth vrlrnrlrr dl.rr¡¡e of tl¡c bcert

I. IJncorrcet.d velvr¡lrr d!.¡:l¡t - 6 rubJ¡otr rtudfcd

on 11 dryr.

Ll. Àftrr vrlvr rcplecrmrnt wlth Sterr-Edrrrdr
prorthrrk I rubJrctr ¡tudlcdl on 85 dayr.

lrotrl vrlvulrr dl"¡our r 15 rubJrctr rtudl.od on

126 deyr.



3I

thr alrcrrnrnt of thc r¡Ietlvr ncrLtr of r¡rtl-
ooagulrnt rolutfonr u¡¡d tn pletolrt tranrfution¡ rnd

thc rveluetlon of thr nov Ârtrr-,fandl rntlaorgulent u.rc
n¡de poniblc tl¡fouilh thr hrlp of Dr. l{rrtln G. Dtvly.

flr had prvi.ourly pcrforacd phtrlot rund.vrl rtudkr
ull,ng rthyl.cnc dlrnlnc trtruçrtlo rcld rnd Èlrr rtaldard

for¡nulr of rotd eltret¡ drxtrolc (ÀCD'åt), mrhlng lt
porrlblc to utllbo ¡o¡i¡r of tha 6et¡ hr hrd obtrfn¡d for
tl¡r purporêt of tlrr cmperetl,nr lt¡ctt!¡ent of Èt¡c ntr
entlcoeguhnÈ lolution.
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t, Polyvlnyl ohlorldr collceùl.on prclr *rr. urtd
for thr lnLtlel v!n.!o6tLon. ThrlG rorl doubr¡ plcrr
cûatlrtinl' cf a J50 nt. eoll¡etl.on pach whteh conteinrd
ùh¡ anÈlcoaçulant, conncetåd to l ¡rcond, cmpartncnt of
300 al. capacLty by pvc tub!.ng (rlgur¡ 2.1 . packr Ìe.rr¡

ruppll,rd by Tuta I'roductr l,td. of Bydney.

2. gollllnyl (pVe) eouplcr rstr vGrc u¡rd rhcrc
nqulnê for ttrr tnnrfcr of pl*rrna or plet¡Iot,
rurponrLon: (flgurc 2 ) .

t. Polypropyltnr oontrLfugr tubrr (ÈtBE) yGrc urcd

for all blood ar,nplcr eolhstrd durrng thc cour¡e of
plrtolct ruryl.v¡!, studfor. ThclG trcr¡ of I0 nl,, or llt
El, capacfty rnd thclr urc procluûed tho nrcd for ¡lllcon.
trc¡taont to rrdue¡ pletclrt rdhr¡l.r¡rnitr to thc ¡utrflcc.

l. Ctllulorr ¡octatc tr¡bcl, flat bottonod rlth
oloro flttlng plretlc rtoppcrr, rürc enploycd for tlro
rtorago of platrlct¡ l¡ohtod frø tar¡ delly bloed ranplrr
prlor to flnrl ortlnrtionr of redleectfvfty ln th¡
rpoclncn. Follorlng um thc tubm ïcrG dkeardrd.

g. Dlood for ch¡ndlcr rtudL¡r vor. colloctrû !.nto

rlllaonlrcd grrrra orntrffrçc tr¡bç¡ of ls nr. totrl
eaprofty,
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6. å.ntLcoagulantr.

(rl fFhc rntleouçurant urod for tha tnrtr,al
collcet{on of blood for platolct rabolllnq¡ wer of tvo
typrr 

"

(al Thrt u¡ad rn thc naJor!.ty of ¡tudr,es wa¡ å
rpcclal fonr of ael"d-cLtrate dextro¡c entl,eoagulaat a¡
ducrûbrd by A¡tar and Jandl (1963, lgú4t ¡nd aallcd hcr¡
ACD '8r. Thlr fornul¡ eon¡lrts of

l. 2G dcrtroro

' tl. 1.3?G ettrfc acLd

lr.l, 2.3G trf ¡odllu¡n cltrato
pcr 100 nl.

For caeh r00 ml. r¡horc blood oorreqÈad rt ml.
entl,eoaEulant rrÉre rcgufrad.

(Þ! EDTA - l.5l lwlvl dlsodlun dfhydrog¡n EDSA.

2Ha0 ln 0 ' ?t ¡arÍ.nr for nhr.ch !. volunc of tha antfeoagula¡¡t
¡olutlon lc requlred for aaeh g vol¡ of tlhole blood. rh¡
thfrá antteoagulnnt wfth lchloh conparf.son ha¡ boen ¡nrde

vrt acld-cl"trate dcxtro¡c fusB f,ornul¡ f Ar ) of uhlch 1g

nl' ¡l¡e regulred for addrtron to 100 nr¡ of shole brood.
l2l Antieouçulant for blood ran¡rrar rråa coanporcd, of

tthylenc dfamtnc tøtraaeatfe aefé (ËÐfÂl l.5l lnd rupcrl.nona
1r ln noraal ¡arlno. $uperr.nono l¡ r nontoxic surfecr
rctl.ve eut¡stanco rrhleh f,rcllftator ¡rratcht ro.urpanrl,on.
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2 ¡al. ef thla rntfcoagulant yar. ut.d for reqh 10 nl. of
wholç blood collcetcd.

7. llccðlc¡ and lyrLngGr ïero co¡tGd elth rÍIfeonc.
Gaugc 19 nccdlc¡ wstr. u¡od for ell ven?puncturcl.

6. 811l.cone¡. Ttrc eill"eona con¡roundr usod r.rG
ruppl,lcd ky Dos Cornl.ng and the varlctfcr cnploycd wrr¡l

(11 A chloro¡flenc tüo. tl0? lt a 1* rolutLon

Ln aeetone to troat pfprttor end glarryårr.
Ìthl,e w¡¡ l¡t¡r tubrtftutcd Þy a furthcr
compound "rLlLcXad".

(2) À lacgucr No. 2210 fn xylol to proof thc

naedlar urcd for rrçnspunc?urè.

(3I À dlnathyl fluld 1200/?ø0) to lubrtcrto
glarr eyrfngcl.

(41 À çrlxture of a dlmathyl and e phcnylarethyl

flutd l20O/2C r and 5551 for the purpooc of
LcolatLng platclet,t from ranrplce of wholo

blood, Four puts of thc 555 tolutlon
waro addecl ta onc part of thc 200/20

and *dJu¡tad to a flnal sG of I.036-1.0{0

af,ter thorough ruLxlng.

t. Cholee of ltotope. Radtoactl,va ahrml,*3l *".
choeen for uto fn platclct labelll.ng ln thl¡ rtudy. Tho
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rr¡ltonr for thl,r ohoiec rar. ttv¡rll.
(fl lDhr Lrotopo het a rultebh hrlf ltfr ol 21.7

dryr. Any Lrotopr rlth rn ¡xtnmly rhorù

h¡lf llfr vould br lnrfflalont boc¡ut. of tÌrr
rhort platrlrt llfcrpen (r-U d¡yrl, and ltotopo
ol lonç hrlf llfc rr. rrroolrtcö rlth an lneremrd

rrdl¡tlon hr¡¡rd to thc lndl,vldu¡l un6rr

lnwrtt E¡tfon.
(¡' îhrro rra no hrrsful rldr offtotr rclatrd to

tlro Ëtr of ohroafo*5I.
(tl It lr r¡I¡tlvaly cery to hb.l c¡llr vlth reúLo-

ghrøtto,
({l Rclaþ¡lllng of platclcüt do¡¡ not oesur Lf rny

kotopc f¡ alutod follorlng lajreùfon,
(5) Ttrr fr¡natlonrl rtato of organe oould b¡

drternlneð by urfng lurf¡o¡ conntlnE trchnlquct.
Thlr lr ¡rorrlbl¡ brclulc radioectlvr al¡rorir*5l
l'r ¡ l-onrfttlng frotopo vbo¡r rryf rr. ¡bh to
pen through thG body rfÈhout, bolng ab¡orbod

by rurroundlng t!.truor ¡nd yhleh nay bc urarund
by rultabh d¡toctorr plecod ôn th. body lurflcc.

(61 Tho toshnfquc of hb¡llfng wlth r¡dloecttv¡
ohronl"unr h¡d bmn rlêoly u¡¡d ln t!¡lr hÞorrtory
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priivlourly end found to conparc frvounbly rnd

to bo cquelly ar asçunte tr rüiruremratr of
lllcrpan urlnçr othor l,rotopcr.

10. rrotopr rupply. Radfoactlrrü dl¡odlua ehro'mrtr

{urrcr5lOal ïrlr rupplftd by th. Comonvralth X-Rey end

Iledfun Lrborrtorl,c¡, ltelbourn., nrdc up ln ¡ rtcrlrc
rorutton of phyrlologlear rrlLno ¡nd eutoahwd to BF

eprolflcetl,on¡. ThG rpcalfLe aet,tvlty of thc ohrontua3l

durlnE tlrr eourrc of there lnvrrtlEetf,oal varLcd bctwcsn

63 uc.,/ug. Cr an¿1 223 ue,/ug, Cf , ghr noen rptclffc
tctlvlty durlng thlr pcrlod waa lOa ucr/uE, Cr.

ll. Fl¡¡t,lc tntravcnou¡ eeth¡t ar urcd on ttrc frnt
dlry of, crch rtudy vhen rcpcatcd rrn¡rling wer rrqulrcd rarG

"Brrd:lc rntraeaÈhl* l[o. ltta. Hcçdlc Eeugc var l{ rnd
the phrtlc c¡tl¡rtcr¡ w¡rG 12 l.nchce ln lcngth. .

B. IÀBONf,TORY }IETBODS

l. gtsrllfuatl.on prooodutre!. Syrlngca rnd necdhr
utro ttorlLfrod followlng paekaEe Ín pip<rr eontafnrre by

pleefng ln a hot aLr o?Gn for ¡t lcact 60 nlnutcs rt e

ten¡ramturc of l20oc" Fluld¡ lor u¡e J.n preparat.fon of
pLetelrt rurpen;l"onr, for ax¡urph, 0.Al ruptrLnon¡ fn
¡allnc anð 2l ruporlnono Ln ¡arl,nÊ wcre ¡ücrfll.scd. fn ln
eutoel¡va rt, 15 rb. ÞrrrrurG for l0 nl,nutil. FlEteret,
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Faekl" eouplcr Ëatr end Lntravcnour cethêterr ïGrc provr.dad

by thc ¡nanufacture¡ra 1n a ¡terfla folrr.
2, lfcchnlque ol labclllng platclett w!.th Chron!.r¡çqsl,

The ¡ncthod uccd for tlrc lobclllng of platclotr war th¡t
daecr!.bcd by Þevcy *nd Lendcr (f963) , e nrodl.fleatLon ef
the teehnl,quc u¡cd by Àar and G¡rdDCrr

Proccdura ¡

1. 300 nl, of yholr blood (500 al, fn throçabocyÈo-

penlc lndlvlduel¡) vorG oolilectcd from thc ante-

cutlbel vcLn of thc donor. Blood flwcd lnto
thc ¡tcrltc plartlc bag contofnfng tha rnt!.-
coegulant ¡olutl.on. ådnLrturr of blood vlËh

tho antlëorguhnt wr¡ anlurrd by gcntla Èlltlng
or EariaEa of thc peck throuEhout thc coll¡etl,on
pcrfod.

Z. Blood tra¡ then ccntrlfuEcd ln r rofrigrratcd
eentrl.f,uge (4 oel at 300E for 20 urLnutr¡, lFhc

r¿è eellt wer€ Èhus aaprrated fron the pletclot-
rteh plaema. The rupernatent platel¡t-rlch
plaaua vn¡ thrn tranrfcrrcd to the rüJolnlnq

¡maIIer plartlc bag by Erens of ¡ eprl.ng prêtt
end 10 mI. of 2* ;uperlnonc ln sellnc rddcd.

3. thc platclot*rLch placna fn thlc ¡nallsr baq vat

ccntrt.fugod rt 4 'oC at 1000g for 30 çl.nutr¡. At
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4

5

a

a

thc cnd of thlr t!.ne pleteletr could bc rcedJ.ly

ldentfffed al a srer¡nÍsh butùon at thc bottom of

thc ¡rlactfc bag, Plaùclat-poor ptrarma rar

nnovrd and atorcd undar ¡trrl.Ic ooat{Ltton¡.

300 uCt of rtcrlla rad{oaotfve eodLun chronete5l

Ìúère addcd to thc platelot button. llltc anpouler

contafnLng thr radlo¿ett.vlty rorc woll rr¡hod out

wlÈh 5 ml. 0.2t rupert nona l.n sallne and thf ¡
eolutÍon wa¡ al¡o addsd to Lho plrtclct¡. the

contsnt¡ of tt¡c plartfc bag (platoletr and radfo-

acÈlve roluÈlonl wcrc goatly but thoroughly ¡nlxcd

and allawod to fncubetr rt room trnparature for
30 nl,nutor. InÈormfttcnt tlltfng to cn¡ure rgual

aurpenalon war carrLod out ovar thl¡ tl,¡ns.

At, tho end of tho tncubetlon pcrlod plrtclot-
poor plasna war added to thr plarÈlc beg end

cantrífuged for 15 nlnutcr at 10009" Platelctt
wer. agal,n concsntrated at thc botton o! ùhc bag,

Thc pla¡na contaÍning radloactlve chroair¡ut whLch

had not be¡n bound to pletelsÈ¡ wal dceantcd.

thc hbel.ltü pletalctr wcro rerurpcndcd fn a

mLxÈurr of l0 mI. platolct-poor plerna (prcvlously

L¡olated fron th¡t urcd to va¡h pl¡tclat¡) anâ

6
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JI

I0 nl. ol 0.2t ruperlnon¡ l,n r¡lLnr, ?0 ng.

of ¡ 5t ¡reorbl,c reld ¡oluÈl,oa rar addrð to thr
rur¡nnrlon to rcducr any frrr rodLun ohrmrte
to thr chrælc fom. fn thl.r forn thcrt 1r

rardy ettachacnt of non-platGtrt bound rrdlo-
actLvlty to plarna protctnr and tl¡tr Gxs.tË

rrdioacttvlty lt reedlly cxcrat¡d fræ
el.rculet,ton.

Thr f,lnal plrtclrt rurponrlon vrl lnfuttd !.nÈo'

thc p¡tlont, through en ¡ntroubl.tal vetn

approrinrtaly t bourl aftcr tht lnltl'el collcctlon
of blood.

Blood ranplcr, caoh of l0 ¡t. wlrn r r.t{t trhcn
fræ tltc petlcnt at llnqncnt lntorvalt for {
hour¡ lollwlng th. l"nfurlon of tho labellcd
plettlct conorntntc, tfhl¡ ur¡ faaflltrÈ;d
by urlng e Eardie lntrec¡tlr ln rn ¡ntocubltrl
voln to obÈeln renpht. Eublcqucntty blooü

rnarplcr of l0 nnl. vrro trk¡n at dally Lntcw¡lr
for 10-12 dryl f,olloring lnfusloa. ltholc

ranplcr Ícre eollrat¡d fntol-.s? EtTtå ¡nd tt
:uperLnonc ln ¡elfno. 2 nl, of tb!,t antf-
coaçulant wrro utcd for qaeh I0 nl. of vholc

blæd colLoatrd,

t

I t
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t. PrrparrÈlon of platclot¡ trr¡toü çfth t{-othyl-
nelrlnldc (t¡Eltl .

l. AlI rtrgcr ln Èl¡r proparrùLon of platclctr
for tr¡eãnnù slth thr rulphydryl tnhlbi,Èor

HEll vcrc ¡r do¡crlbrd for the u¡ual
prcprratLon of radfoletl.vc laballcd platr-
lctr to tho point follonlng fnoubrtl,on rltûr
300 uCl of radf,oectivl,ùy.

2. Folloylnq fncubrtlon of platrlrt: wlth rrdto-
rotlw chrmlrul, r frethly-pnprrrd Bclt¡-
ff.ltcrtd rolutl,on of I{E}t vu eâdcü to tho
pletrlrÈt ln thr plaetl,c brgr. euentlühr
of llEll ruffÍal,cnt to rcrult ln finr!.
conccntratLon¡ ol 0.15 nferonol¡¡ l¡Bl{,/l nl.
platcX.otr I 1.0 al.aroaoht, 2.1 afercaohr,
5,0 aLcromolc¡, 10.0 nLctronolu, lj.0
nlsromlor tfpl/l nL. ol plrtrlott r.n rddtd.
Thc nLxtur. H¡¡ ¡ltov¡d to lncubatr rt troon

tcnprreturo f,or t0 nl,nutm.

t, lt thc rnd of thl¡ tLno plrtrlrt-poor glerne

vrr edârd onc¡ norc to thc plartlo bag

contrtnlng platrhtr rnd HE!{. t-br plettlc
brg and oontrntr yirG tlr¡n c¡ntrllugrd for
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15 nLnutce aÈ 1000 g follor!.nE whloh thc

plaene contelnfng rny unborurd radlo¡otlvtty
or fraa NBItt srea dceanted ¡nd dLsctrdcd,

a. tebollcd NEt4-t,raatrd platelcta vorÊ !6-
eutpondcd ln a nlxturç of aguel part¡ of
platclat-poor plarna çnd 0.2t rupert,none ln
eallnc to a ffnal rrclurnc of 20 nl. 20 ng,

of 5t areorhLc acld tolutfon raro eddcd rnd

the platclct¿ vorc roady for ralnfu¡Lon dntn

thc rubJoet.

l. Follotç1ng platalct f.nfu¡lon, ranplrr of
blood Ìrür. trkcn at 1, 2, 3, 5, 10, 15, 20,

S0, 15 end 60 nlnutc tntarvels fro¡a tho

pleetle oethetcr pleood ln tlrc antecubltal

vstn of th¡ forc¡lr¡t. thc platclrt radl.o-

aetlvlty l.n ereh ramph of blood wa¡

crtlaetod a¡ doscrr.bcd followf,ng rcpar¡tl,on

of tho platclatr froar wholc blooû.

{, Scparatfon of platelett fron ¡sholr blood.

Stparatl.on of plrtÊXctt from wholc blood raaplcr colloetcd
durlng tho eourle of ån cxpcrl,nont var carrl,ed out by tha

üâthod of tllorgan and Szeffr (ft6f ). l-2 Gcr of rl,llconc
of I,G. 1.036-1.010 wcro leyerod on ttrc whole blood ramplc
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vhteh rm thrn rptrr rt tüoog ln r nfrlgrntrd G.ntrlfug.
rt loc for llt nlnutm. tfùl,r nrultrd ln r rpurtl,on o!
thr blood lnto l,t¡ varlour csalroarntl (l¡r tttürr !l 

"

?br plrtrlot-poor plunr mr rcmlrê vlth r puÈrur
plprttr to rlthfn I ffi" of thr rlllEcnr lurfrat rnd

dlrcrrdrü. ¡t nt thrn porrlbh to plprtt¡ Èbr rrarlnlnç
plrror rad tht plrtrl.rtr lyfnE oa tàr lurf¡or of the
¡l,llosm lnto I ¡rprrttr potyproBy!.uc tcrt tub.. tfhc

plrtrlrtr thgr llorrträ üir.¡ r¡rtrd @G. la 0.it füBr¡-
Laonr tn r¡llnr rnd rrc¡atl!,fqrd rt aoe cot LJ ulnntæ ¡t
10009. lFbe ru¡nrnrt¡nt f luld vu ptpottcd ir¡r rEd thr
plrtrhÈr tnn¡frrr¡d to r c¡llulor! âo.trt Èub.. Thc

æl¡¡¡cc ln thr crllulor. rcctrt tubc rrr adlurt¡d to { ¡1.
Þy thr rddltlou of O.lt ruporLnonc ln ¡alLnr. Eenplrr
ü¡rîf rcrl¡â ln tbll. tubrr by arenr ol t ptr¡tle orB rnd
.tór.d ln ¡ nfrlgcrrtor u¡tll thr and of thc rrperlnrat
rhru thr rrtlo¡ctlçlty Ín mch rprclmu nr û*trnln¡â.

t. Frrtrret oorntr srrr crrrtld out urfaç tlr¡ arttrod
of Brrahrr rnd cronÌltr (rttlt. Bm¡rrm of rhoh btood

rlr. üllr¡trd l¡1,s0 ln rrd orlt Gountiaç plprttcr rlth ¡
rolutl.on of ll amalu¡ oxrlrtr ln dlrttrld rrttrr Afttr
alrlng for tt alnutu, eouatr rürr crrrbd cEù on r doubtr

Hrubrucr aonnùlng abrltrr url,ng r r¡itr nlororcopc rdeptrd



tt

to phue oontnlt.
Countlag of nûloestLrr ruplr¡. Rrd{orotdvfty

ru dotcralard ln plrtrlet mn¡rlcr þr r rodft¡q todldr
rell oryrret (¡nCO Htt?l adrpÊ,r6 to r phlllpr Unlvrrml
gr'mr tpocttou.trr. ln auüartl3 ranplr ehengor (prton
rndurtrhr r.td.l ra¡ rblc to hrndl. ug to t0 a n¡. rrnphl
rt r tlnc (rtgun {l , Ehr d¡t¡otor oryrtrl rrr plecrd la
th¡ scntre of a clron¡ler rrn¡llc rtoregr pLetforu rhloh
rot¡tod erourd tbc drùrototr. wtÈh tblr rynrtrferl
con¡tructfon thçc urr lro vrrlrtton fn tbr ooat¡lÞutlon of
tÈrong wal,tlng rau¡rrrr Èo thr Þrckgror¡nd of thc ycrlc

cen¡rloa tn thr r.Er brtob, Àt rlt rmpl¡r rrrc cou[È.d
at tho cnd of melr rtudy thr n¡ed to rpply drcay
aorrcotlonc tor Èh¡ Lrotopr yæ obvhGrd. lft¡¡ nurbrr of
eor¡¡tr obt¡lnrd 1¡ arcb r¡ncÍrca la r pnmlr€t t tlnr
prrfot war auta¡troatly prlntrd by menr of e vlctor
dtgttn¡tlo rppanüE¡,

Surfacr countlnqr. Drtrrnl,nrtl,oa¡ of tbr rrdÅo-
actfvfty of orgrn! u.rr errrhd ôuÈ urlng tbo phttl,pr
¡olnt'f.LL¡tlon êrtrcüor lp¡r4tt9, nh{oh yu d¡¡lgnrd
prrtlculrrty for grnr tlr.otsomtÍy. Ehr prlltg oontelnr
¡ tbrlllr¡r retlvrt¡d ¡odlr¡n loêld¡ or¡rrÈrl L-l/|n ôl,rn¡t¡r
end 2 t brlght and lnpul¡¡r r¡crlvrd hrR ur rnplf ffrd b,y

r pbotøulttprlrr Èub¡ ¡ se ¡lFrürût thr photaultl,pllrr
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Flçrrre ¡Ë; Àutomatf"c eanple chanqÊr (Faton fndurtrhr
L,td,! cgnable of handltng up to S0 lpecl.ncna.
Fhe wall er1'otal la rltu¡ù¡ä at the äantrccf thc rotatlng turutablç.



6ó

fron befng tnfLucnced by nagnotíc f,lcldr, a hcarry uctal
carlng wâü provtdecl. îha eoll{nator u¡ed has a largc
angle aporturc whleh lr ¡ult,able for meaaur!,ng rad.lo-

rctfvç roureöß o! larger turfaee rrcå, lf,ho output
neaeured by thic ryaÈrra wa* furùhtr enrpllflcd and countad

Ln a Phlllpa Ën!.vcr¡el ganrna epcctrunctçr (pnl0set rhtch
ilas fltÈcd rttå facllft{ce for channer eountlnç (phllfpr
P!rl08e). Ralults raprarGntlng thc nucrber of qanqr

cnfaslons eor¡ld bc road dlraetly fron thc eountfng p¡ncl
(PW1032, at, tha cnd of s prcret tl,uc r€guance or froça thc
raternetcr (Pfg{0{2}. Rcrulte $erG alro rcoordcd
graphlcally fron an lnk-vrltfng ctectronle rcoordfngr potcnt-
Lo¡aEtcr (type pR?AtoA/2l}. Apparetur and detectlng probc

rrË têan Ln rrlgura 5. Dccay oorrcetlonr f,or tha lratope
wenÐ applicd to thc datly raadlngc obtal.nad by thlt mcthod

to acsount for dlslntegratfon of thc Luotope.

Countlng cfll"elcney.

x. Flatclst ramplec. ?hroushout thc courrË oll aeah

etudy backgüound ¡nd aountlng efflo{cncy of thc
apparatus wore dete¡uìl,ned daily, Tha countl,ng

cfflcfanoy lrrÐr rleterrnLncd by the u¡E of ¡ raaled
natural uranlun etand¡rd (uranyl nltratel. Sho

hackground count rat6 wËt found to be t3 Ç.pc!.



Flcr¡ra 5 ¡ $c¡ånti,tl,¡tle¡: snurtor rnd probo.
Frohe* on frr rfght of FfcÈuro¡ costa{nl tbl
ËotEct{ag cryrtrl rnd photcaulttplltr tubÔ.
Xnpulloe tr¡ anBl{.fird rnd perc thror¡gh pancl
on flgltt vfrloh la lrt lor opt"fn¡l d¡ttetlon
ol -q¡åaa Í'¡¡?Ê of l{r2Cr5lc{- tnd rcsoÌdl'ag¡t
rrs a¡dc on tl¡c panõl on the left of; plctEFG"
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ùnd thG gtandard ¡ourcc t25 c.p.l. l{hencvcr the

background or etandard count rate dsvlated by nore

than t 15t of tt¡e¡c vtluct, the corntLng equfpæcnt

wôr examlnod and any error¡ of ¡cttlnq corrcetad

or faulty co*rponents raplacad. lfho countlng

eff,!.ctcncy for a I ¡nl. ctSl ¡tandarü rolutLon

war deÈe¡mLned et the bcglnnlng of the study and

found to be {.3t.
2, Surfecs countf.ng. The åpparåtus uecd ln countf"ng

ovar ¡urfacc proJcctlon¡ of varLoug organc rrould

qtnarally yfcld a baekground cor¡¡rt of the order of

38 c.p.!, ud thc ¡tandard uranyl nltrate aource

a aowrt r¡te of 123 e.p.t. Thc overall

cfflclcncy of ¡urfrcc countlng wfth chronfu¡nsl

wÈd 1.1t. Surf,ace countl,ng dlffcred fro¡n ramplo

countÍng ln'that trhers¡r the latter could bc

cerrf.cd out at thc eomplctlon of a atudy, l'è war

nËce¡t¡rJr to *¡tLrnatc count¡ ovcr ths varlour

¡utrfeea proJoetfonr on caeh day of rtudy. thLa

¡llows for grcatar varl,abtllty ln thc rcrults
obt¡lncd owlng to faetorr bcyond control, for

oxanpla, daLly varlatl,on¡ Ln alectrleal maln¡

out¡rut. Corroctlon¡ ln thc sount rate over



66

surfaca projcetfonr eould bo nadc wherc reguLrcd

under tÌ¡r¡c clrcum¡tancar by applylng a

corrcctlon factor obtalncd from con¡ldcretLon of

v¡rlatLonr ln tho eor¡nt raÈe cnlttcd by thc

rtandard urenl,r¡n toutrec.

6. Tho Chandlcr tpparatur. Thl¡ conrl¡t¡ of a

cl.rcular d.l¡c of pcrrpcx aùtaeheô to a larger pGr¡pêx dlre

i.ncllned at l0o fron thc horfeontal and mounted on an

el¡ctrl.cally drlvan notor rotatlng at 9 r.p.nr. Tho

¡pparatua 1r plctured l"n FlEurcr 6 and 7.

lechnlquc utlng Chandler epparatuar I ml, of
cl,trated wholo blood or platclct-rieh pleanr war placod

fn a closcd cLrcular loop of polyvlnyl chlorlde trrblng

(Porter NT/F) vlth an Lntornal borc of 3 u¡n. Thl"¡ rra¡

rccalclfled by thc addltlon of 0.1 nlo of M/l celel,um

ehlorLdc ¡olutl,on anä a stop wateh rt¡rtad at thc tlno of
thl¡ addfÈlon. Tho ùubo vas elo¡cd wlùh ¡ ¡horÈ cufl of
plartlo ttrblng of alfEhtly greator ûlanctcr (Portcr NT/K),

and Èhc elorcd loop ftttcd around thÊ ¡nallcr p.npâx

dl¡c whlch h¡d a ¡nall rccorr to accomnrodat¡ thc euff.
Th¡ notor wtr stertod. ThG length of cach loop war t7.9

GEr¡ and w{th rotatJ.on thc column of wholc blood and of

platelet-rfch plaena had a conrtä¡ìt llncar veloelty of



Pigure 6 * Thr Chandler apparatue.
lFhc plattlc tr¡br contafnlng thc blood lr
f,Ltted around thc lnncr pGrüIrGx dl¡e.
lthc proÈr¡cÈor for nc¡rurlnç thc anglc of
thc advsnclng hacd of blood lr readfly
ldcntlffabt e.



F1gurc 7t thr Chudl¡r egparatm rt¡m rttlr thc
dlr¡rcÈlng elcroræIÐ ln plaæ ovtr thc
advanclng hrad of Urr eolm of blood.ll,tttng rtÈrchcå to alcro.copG lr tlght
rttactmst to provldr rdcguatc
f lhnlnrtlo'a.
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taO am.,/atn' A fl,xod proÈrrctor wa¡ Hountod bcneath th¡
porsprr df¡cr rnd the anglc of thc advrnelng colunn of
blood or plarro¡ ulr rceordcd ¡t l0 rccond Lnterv¡r¡,
changcr occurrl,ng ln thc advanclng edgc vor=G obrcnrcd

through e vfd¡-angrc ¡tcrcoreopic dl"recctrnç ar.ororeo¡n

u¡dor brtçht obllguc lltt¡nlnetlon. The followlng
oþ¡crveÈlon¡ uGtit¡ n¡dl.

Bhro¡nbur forre¡tlon tlna. ThLr tor¡r va¡ flrrt col,nrd

by connor and Poole (rg6U end d¡noÈ¡r tJrc tlm at vhlch

the anglc of thc ¡dvaneÍng cdEc of rholo blood or plrtrlct-
rloh plarure chanEot.

I{trolc blood thronbuc lrngth, rn arr ee¡æ rotrtûon
of thc chrndlor tubc war alrourd to contlnuc for 7 n!,nuto¡

afÈor rn angle changc h¡rd occurrcd. ?hc throabsc fo¡nasd

vac onptlcd lnto e Prtrl. dl¡h eontal,nl,nE O,gt ¡allne rnd

It¡ lcngth mrcurcd tn nllllnrtrrr. Bhr n.ån thræb¡¡r
leagth for e¡ch lrbJcet war thc ncrn of thr vrluc¡ obtefned

on cach dey of etudy.

lfhore blood throabur waLçht. Thc tr¡rombl þors tlxadt

ln l0r formalfn anå htcr r*olEhod fn nlrllgrrur ef,trr
brotttng dry betwoan f,lltcr pap.n. The ncrn thrsubu¡

rclght for raah petlant war egal,n ürc ncan of thc valuo¡
obtalncd on cech of the dayt rtudlcd.
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Platclct aggregatLon. PlaùelcÈ-rlch plaaaa naa

ob¡erved in thc tranuprrant plastlc tube throuçh &

df ¡¡cctlng n!,aroscope at l? rnagnlft catl,on¡, gttc levol

at vhfeh vislblo plrtelct, açgreçatel fo¡med, the!'r

nr¡nbar, gt¡c ¡nd tl"ne of pcrefsùenee rretre reoordr,Cl.

Thrcc patterng wcro obeerved.

(f) Hormrl patternr tho tnÈe¡mlttent ¡rppgarånca

¡nd dlrappcrrencc of, vlslbls platelet eçgrogater reraly

cxccedlng t-2 Ln nr¡nrber and peraletl.ng for 1 ¡nfnuta or le¡s

bcfore a changr ln tha angla of thc advancLng colunn of,

plerna oocurrçdr ìtuNt b¡f,orc thlc angle chango thare

wal Ínvarlably * rapld ¡nd dra¡nat,le lncreace ln thc

nunbcr of aggrcaetcr, whieh fnereasad ln 11¡ç and

Eoa1e¡ccd to forn a ¡olld mrtü at the adv¡ncl,ng adgc.

(21 Pan!,¡tcncc pattôrn! The sontlnuous pros{lnee

of vlrfble platctct agErcgetcr for a nrt"nlnu¡n of 4 çt nutos.

rn nany care. aggregûtc¡ forured vlthtn 1-2 nl,nutaa of rc-

calcif!.catlon and percf:tcd throughout the a*perLnent.

(31 snovrtorn phenomenonr thc forsratlon of

huadredr or thou¡anda ol tnrll platclet aggregatcr oftcn

vlthtn 1-2 olnutcr of rsealcf"ffaat!.on. Tho¡c fnvarlably

pcnlcted for ¡t lce¡t ¡l rnlnutcs. On a nu¡nber of occ¡¡lon¡

tlra proeGrt wa! ctthcr corplctcly or purtLally rtvtrrlbls.
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thlr phcnoncnon 1¡ d1¡tlnet froa thc largc nr¡nber of
aggregatar üGên nomally Juet prl"or to a ehangc ln tho
qngh of thc adv¡nclng colrmn of plarna.

sprclal diaEnoetfe proceduro¡ ccrrlad out ln tl¡¡
laboratorLor of thc trn¡tLtut¡ of Þrcdloar en<! vcterlnary
Sefcncc r

complotr brooå pLeturre end tc¡ts of bLood eoagulatl"on
yGÌe s¡rrfed ouÈ u¡ing atandard technfquac.

Pl,atrlet thronbopr¡¡t,Lc funetr,on wa¡ crtfnatad by thc
ncthod of EonnLn and Chenay (1961).

Plasna ffbrlnogon o¡tl.natfonr woro detcrurlned by the
mctlrod of Colc¡ and Ronan (lg5?), lnd
Eerum ehol¡rtcrol lcvcl¡ vara c¡tl¡rated vlth a TschnLeon

¡rutoanalyrcr urLng a ruod!.ftcatlon of thc rccthod of
Slatklsr Eak and Boylc (lg5t).

7. statt¡tLeal ncthodr. Ralult¡ lrrre analyacd

aecordLng to thc ¡t,atl¡tlsal anthoâc outllncd by Bafray
(lgsg) .

Ll¡t of aynbor¡ urod ln statlet{eal f,oraulac:
n, rI, n2 r Nu¡absr¡ of ob¡cn¡atl,one ln eara¡ll.el,

p - Sfgnlfleanoo leval aehLeved þ data.
å., b - Nunber¡ ln one ranprc vt¡teh ha'e snd h¡ve

not ü partf.eular chareetcrL¡tfc.
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ComparLng th. ¡rrracntagc of two ranplrr ln 2 x Z

conttngcnc.y tablor urlng yrtc¡r oorrcction.

x2 r n (("a-be)-*"lt

le+b) (c+A) (¡+e) (b+dt)

Celouletl,on of tbo eornlaÈfon cocfflcttnt (r)

r r u(r-i) (y-il

¡x-il I (y-ll t
thr rlgnlfleanar lowlr for thc vartour lktr yorc

obtalnrd frora pnbllthrd t¡blr¡ (Delley, l9S9). Íhc
follovlnE notatlonr hrvo bron utod ln Èhlr thr¡|.¡¡

p >0.01 not rignlflarnt.
p <0.0t efgn!.floanÈ at p (0.05 or alnort

rlgnlf lcrnt.
p <0.01 tfgntflcant at p <0.01 or rlgnlfloanÈ,
p <0.001 rlgnlflcant rt p (O.OOI or hlghly

It gnffleant.
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thG folloylng rccÈlon lnsludo¡ thc rcrultt of ptatrl¡t
rtudfo¡ urLng th¡ t¡chnfguc of platolct ¡urvl,val ln vLvo ar

dotcrnlnad by tho rabrlllng of pt.atclett wfth r¡dlo¡ctlvr
chronlu¡r. lurttrormorc thr rcrult¡ of ¡tudlcr urinE tho

ln vltro trehnfquc utlll¡lng thc Chendler epperatur aro

Lncludsd.

I. NESUTTE OF 6IrUDIES DEÊTGNED TO COTIIP*RE TEE EFFTETSNCY

OF åATTCOÀGT'T¡ENÎ SOLUTXO!¡S USBD IN THE PREPÀRÀÎIOH OF

PT,ATEI,ET EONCEHTRÀTE8.

SubJeotr ¡tudfad wèrÇ hoalthy nrlc voluaterrt betworn

th¡ agor of l8 and {7 ycrn. }itonG ¡howod cvld¡noc of rny

ha¡artologfoel ¡bnot'arlfty vhleh ntght br cxpocted to
!.nflucnac pleücl¡t rurrrlval.

fhlrty-nlno rtudf,cr yoro pcrforaud urlng ÀCD r I t rt
tlre rntfcoaguX.ant !.nto ryhfch tho blood wa¡ coll¡etod.
ü¡o of tùl¡ entLooagulant rolutlon rosultcd 1n a ffnal
nhole blooä pH of 6.5.

Rrrult¡ wlrG conparod wfth thor¡ obtel,ncd la thlr
lrboratory prcvlöusly. Thf¡ lncludcd 13 atudÍc¡ wfth
blood aolilcetcd lnto rthylcnc dlentnc t¡tra¡ectlc aold
(gDEf) whfeh confcncd a wholc blood pH of ?.31 and 6

rtudJ,c¡ ln trhfeh acl,d-cltrate doxtro¡c formule À (ÀCÞ tArl

had brcn urod, and whlch rerultcd Ln a flnal blood pH of G.l.
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Rc¡ultr

rrreapcetlve of tho anÈleoagulant uaed, thc eppcaranac
of radloactivlty ln cl,rcuratLon aftsr lnJceÈfon war forlored
by a phare of rapLd cloarancc of thc Labsllcd plateretr, r
porLod of rcturn of portlon of the Lnfuccd pletsrotr to
sl'rsulatLon, end a ftnar doclLnc of cl.rculatlng pratclct
activfty Ln a curvrrfne¡r faahfon or¡cr the courrê of 9 to
1l dayrr âD tntcrval reflcetlng the llfeapan of v!,eblc
plateletc.

Àppcaranco of radfoect lvlty Ln clrculatLon. Followlng
ùhe Lnfurlon of labelled pratolctr, a proecdurc ocoupylnq
approxLnately 60 rccondç, freguent camprlng of vanou¡ blood
rrres cetrrLcd out through the lndwclling cuthcter and thc
radi.oeetlvlty in eeeh rampla of blood ¡letcrrrfned. The

peak of radloa.ctj.vlùy Eenerally oceurred bctwecn t0 and 90

¡econdc of thc eornptetlon of the Lnfurion.
Cloarancc of plata lcts fron ctreulatlon. Thlr wa¡

¡tudled ln dctall ln I rubJcetr wlth ÀcD rgr entfcoagurant
and comparcd wfth thc re¡ultc that had becn obtalnrd
¡lmltarly ln 3 patfents wfth EDrEA platelcte and 3 wlth
AcD rlr platelctr (Ffqur¡ gl. fn all rtudlc¡, platclct
radloactfvlty f¡ll rapldly aftcr pcak mlxl.nç valucc h¡d bcon
reashad. îhe rate of platelet clearanca waa mogt rapld in
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the $DTA studlea. oapec{ally durlng the fLrst 3 t,o 5

nrfnutes. After 5 rnlnutec, the rate of olearânc€ì

slowed Ln all eubJecto and thc ¡nfnl,rnt¡m lar¡el of,clrculating
plateleÈ racllo¡ctlvlty wae lnvarfably found l5 to 20

nLnuteg after fnJectLon. Thl¡ n¡dLr of cLrculatLnq

platelot radloact,lv{ty tcndad to oceur enrlLer whsn tbe

pX.ateletÉ wêr6 colleeted ln ACD tSt, and the crtcnt of
platelct elsaranea wâa greatret whcn eollectcd Ln EDIå.

The proportlon¡ of labcllcd platclctr LnJcetcd and gt.lll

prccont 1n clrculatlon 5 and 30 rnlnutcr åftêr fnJeetlon

ar6 shotún ln tablc l.
ResLrculatlon of platElet;. Tho roturr¡ of plattlatr

to clrculatlon wa¡ fully rtudtcd tn 35 l,n¡tancc¡ wlth

platelatr eollcetad ln ÀCD t$r. Thc rcmalnlng rubJretr
(4) wêrc exeluded from tha rtudy beeau¡e of fallurc to

obtai,n a 30 mlnutc ramplc. Thc Acneral pattcrn of
bshavlour wlÈh thl¡ antleoagulant t¡ lllu¡trated ln Ffguro

9, and h¡¡ bean related to that founG wlth EDTA platclctr
(I9) and .BCD rAr platclete (5) . Davêy and L¡nder (f961)

havc ¡hown that wfth EDTÀ atudia¡ cl.reulatlna platclct
activfty fnorcaccc fron a nadl"r f,n ¡ rLnph exponGntlat

f¡¡hlon. !{axl.mum levcls of, clreulatlnE eetlvfty !ücre

ganerally found wfÈhln 21 hourr when EDTA platelctã verc
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uoêd but were occaElonally ðolay6fl for ¡18 hourg, and Ln

one study, for 72 houre after ínfl¡sfon. In etudles wtth

ÀCÞ r$r plateletr (and ÀCD 'år platelete) the clrculatlng
platelet radioactlvtty alwayc lncreac¡ð after 15 to 30

mlnute¡ but thc pattern of platelct return utas Dot aü

regular a¡ wf.Ëh EDïA (Flgure 9l . wlth both ¡olut,lone of

AcD' nr¡xlnum rcclrculatJ.on Invarl,ably occurred wfthfn 2l

hours and ucually wlthfn the flrst 4 hours f,ollowing re-

fnJcct!.on.

Þlaxl,mun pl¡telot r€eovery. For purpo¡cc of

comparleon, the recovory of plaÈelctr Ín cl,reulatfon Ln

cach rtudy r¡ar sttlmated a¡ the ¡oaxl,murn proportlon of

tho¡e pLatelet¡ Lnfu¡ed whlch r€appcÀroð 1n cfrculation

after thc nadir of actlvity harì bten regched. Lrrecpoctive

of the tln¡ at whÍ"ch the nraxlmu¡n occurrsd. For thls
c¡lculatton the rubJccts wcro asrumcd to have a total
blood voluma eguivalent to 67 unl ./}.g. body waight. tsho

maxl,mun recovcry Ln cf,rculeÈfon wae elgnlflcantly lower

wh¡n ¡rlatclct! rrêrre collcctod tnto EDTA than ln ej.thcr of

th¡ acld cLtratc dextroco ¡olutlons (Tablo 2.I.
Plqtelat ¡un¡tval" tlaxfunum rccl.rculatfon war follorod

ln all rubJoctr by a llow dccll.no l"n clrculatlng platclrt
redl,oaattvity ot¡Ër thc courre of I to 1l daye, a pcrl,od

rêprütGntfng the lÍfcrpan of vfablc platolct¡.
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Survl,val "cr¡rvo". Beeau¡o of dlfterencot Ln thc

a$ount of platelct-bound radloactlvlty Lnfu¡ed lnto the

rubJectr rtudfcd and the varl,atlona oncountercd ln Èhc

tl¡no and extcnt of maxi¡num platelet reclrculatfon r Ën

cxprorrÍon Lndcpendent of the¡e varLable¡ l¡ requlrcd for

conpart,:on of pletclet ru¡vl,val. Thl.g tc obt¡fned by

oonslderfng thc naxlnun valuc of platelet radloacttvJ.ty

appcarLng Ln cLrculation a¡ the 100t refsrenee to whleh

all ¡r¡becquent v¡lue¡ arc rclated, Lrrarpcctltte of when

t!¡i¡ naxfnum occurr.

The runrl.val curvG obÈal.nad wlth platalete collccted

ln ACD r g I l¡ ¡horsn ln Figure 10 and conpared wlth thaÈ

obtaf,ned wlth EDTA and âCD tÀr plateleta. StutLatl"c¡l

anal.yrlr showed no rlgnifl.cant dl.ffcronec beÈwaen the

yaluea obtal,ned wf th the throe antl.eoagulante. The

corünon eurvlval curva obtat ned l.¡ eurvl"li.ncar and cannot

be expre¡sed elther a¡ a lLnear or al.nplc cxponcntfal

functlon.

Rcproducfblllty. The reproduclbtftty of ACD rSr

platolet rurvlval studl.c¡ Ln normal eubJcctc wat tcstcd

by rcpetlt!.on of the autologouc ¡tudfes ln 2 tubJects

uetng the Namð antleoagulent. fn addlltLon ¡lrnultanêouü

deterul.n¡tlon of the ¡urvl.val of the aånre platelcts ln
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thclr âonor and ln r nornal ABO/Rh coapattblc rubJtct,
wâr eârrled out (f ¡tudyl, Clo¡¡ corrcleÈton wa¡

demon¡trated Ln caoh fnrtanco (Flguro 11) a¡ hed provlourly
bcon üet¡rntncd wtth both ACD rÂr and EffiA ¡tudto¡.

Surftce countl.ns. Ert¡rn¡I ¡clnÈlllrtl.on oorrntLng

ouar ¡urface proJcctlon¡ of tho prareordl,r¡u, ll.vrr, rplccn,
ltrngr and ¡acrus yrt porformrd ln 36 tubJactr glr¡on ÀCn

r$r plrtalotr and r¡lrtod to th¡ findlngr ln 22 rubJcetr

gfvcn EDTÀ plat.t¡t¡ and 6 gi.von ACp rÀt pletclttr. Thc

nruX.t¡ of thot¡ obrarvatl.onr nay br conlfdcrcd ln trro

pharca¡ (l) en carly ptrlod oecupyl.ng thr ftrrt 2l
houn aftcr LnfurLon, anð

(21 A latc perlod, ooeupylng tlrc rcmafndcr

of thc rtudy.
The crr!.y phelc. Dl,ctlnct pattarnr warG obtorvod ln

the ¡urfåc€ counte perforçtd during thc ffrrt 24 hourr

for ccch of Èhc threc groupr rtudfcd, Thor. ara cvldent
both Ln sean aurfasc eountl ürdr ellorl,nE for cxpcrl,-
nantal v¡rlatlon, ln fndlvtdu¡l rtudlat, Wlth EDTÀ

platølete (Flgure 12) r thr car!.y pham w¡r charaeterf¡cd

by a ¡aarked lnltl¡l uptehr ef aetlvlty ln thc lLvcr whlch

dcellnçd rteadlly ln thc flr¡t { hourl, ind genrrally

contfnuod to f¡ll for z{ hourt. Thtl war Ln contra¡t to
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tho ¡ltuatlon wlth platcbt¡ oollcoÈrd in clthcr of tt¡c
ACD ¡olutlonr, whsre hepatfc aetfvfty uauslly approxlmaÈcô

that ovcr the praccordl.ruu throughout.thl¡ pcrl.od (FLgure¡
13 anó 1l).

splanLc actl.vf.ty wlth BDTÀ platclctr ìra! grncrelly lov
lnltlelty and tendcd to rLro fn ar¡ocf¡tfon wfth thc f¡tr
ln hcp¡tlc actLvlty. wfth ÀcD rÀr platolctr (FLguro 13)
htgh fnltlal rprcníc ectfvrty gcnoralry decrcarcd
n¡rkedly durlng tho ffr¡t faw houn¡ rhlle into¡rrrcdlatr
rplcnLc actlvLty wtth ÀcD !gr platclcta tendod Èo rorrtn
at tho ErFê l¡r¡cr- or to faercalç only rrfghtly (Ffgurc
ll) .

I'ûÈG-È9!9. Aftcr thr flr¡t 24 hour¡, actÍvltlcr ov1¡r
the rplcen cxçcedod tho¡¡ ovGr any othcr orgrn, LnclpceÈlvr
of thc antLcoaguhnt ln whfch tho plaÈolct¡ had bccn
corlocted. Tho lplccn-praocord!.al rat,Lo ganarally raalel,nod
oon¡tant wlth EDTA and ÀcD rår plateletr, but tendod to rf¡o
progrêr¡fvory durlng thÊ courrc of the rtudíe¡ wlth "BCD 

rgr

platelctr.
rn all rtudf,er, thcrc war ¡ progrre¡¡r"r¡c uptakc of

ectLvity Ln tha rr.ver aa Judged by r.nercarrng Lhvcr/
praaeordl'al ratl.oa. ThLr wa¡ mort, marked wtth Ì,cD rår
platclrta and le¡¡t vtth ED?À platcletr.
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frrcapeetlve of the antfeoagulant uaad, lung
aetLvl"tfee approxLnrated thosc ovcr tha praecordfun, rhLrc
¡acral activftles genèrally rcmaLned at a low leval
throughout the atudfec.

rhe mcan eurface aativftl.c¡ ieeordcd for øach group
durl'ng thfs phace are llrurtrated ln Fl,gure¡ rz, 13 and

11.

Ff,a!e¡g!--€lglslang[. To sornparé rhc retatfrru norir¡
of each of thc antLcoagulant eolutlon¡, thrça orLtcrj.a
Ìr{!rê employed. 

.

Pratelct 'yrerd' - thc proportfon of pratclet,s
oollectcd whlch re¡nainad avallablc for tran¡fuafon after
preparatlon of the platelat conccntratê.

Platclet I reeovgry r * thc maxl"¡num proportion of
thoge eella fnJeeted vhlch rerFpêËrcd ln cr.reulat{on.

Pratelet 'cffLcl.encyr. - an lndex of the rn¡ximr¡nr

proportl.on ol? tho¡c platclcto eollactad whfeh f,lnarly
rcappêêred Ln cl,rculation and obtainad frorn the formula

platelct yleld x platclat raoovcry

100

The varuas obtained for aaeh antlcoagurant ¡rs

*rgf tlre purpores of thece calculatfons lt waa aasuncd thatall pletelet¡ wcr6 egually laballeã *itt radfochrouratc.
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qontaLnêd ln Table z. Althouçh mor' platercto rdcr.
avaLlabte for tranafuslon whan urhola blood was eolrcctcd
ln EDTÀ than tn elther ACD 'Ar or ÀCD rSr, only a

relatLvely srnall proportlon of EDT.â platcrcta aurvdvcd
ln cLrcuratton as vr"abre uniËg, Thu¡, ln terms of
overall. effLcfency, theee studLes åenongtratc th¡t both
aol.utLons of cltrato*dextrorc erc euperLor to EDTA.

II. RESULTS OF STUDTNS CÀRRIED OUT TN PAÎTE$T6

SUFFARING FROM ATIIEROI'{¡I OR rtr6 COMÞLICÀTION8

Platalet ¡urv!.val

subJaetr studrad r 36 atudr.ec hrerã ear'rod out r,n

3{ aubJectr. TtÉo gublectE tf,ere etudlød both whLle
rocelvLng antlcoagurant trcatment and agaLn aÈ a later
date wÌ¡an antfcoaqulant thtrepy had been dl.aoontfnued.
Phcnlndlonê wrg the therapautle Éntfcoegulant uaod Ln all
etses (19, and prothrombln l¿vels neagured by Oufc¡<fs onG

etage rnethod werê naLntafnecl bctwoen ls and l5t aetfvity.
Brood takcn for raberrlng rau corlected fnto two antl_

coagulant ¡olutLollr. rn 12 rubJectr EDTå tras uaad, and
ln 24 ACD rS' was the antlcoagulanÈ omployad.

Lerg!!_s-

Follo¡vlng lnfualon of praterate Lnto patiente after



lable 3 - Datly man pereentagc radfoactlvtÈy La eLrcr¡latLon of sontnol aubJesÈe and of
rubJoctr rlth atlrsr*a reael.vLng aad Dot receiving antl.eroegulant t¡ea'tneat - Bmå

plateletr only.

D¡y Cont¡o1l

100

77.8 t 11.2

68.0 t 15.6

53-3 t ll.t
15.1 t ?.3

33.3 t 9.7

26.3 i 7.?

16.{ t 7.1

t.7 t t.t
,.7 t 1.6

I

t.âthcrora"
Àntlcoagulant

Inatnant

100

76 * 15.5

59.t t l1.l,
55.0 I 2.t
35.3 t 5.5

3{.3 t 1.9

22,rt t.2
l7"o t 3.5

5.3 ! t.a
3.5 t t.5

2.t

r.f,thero¡t
I{o

åntlcoagult¡rt

100

tl.f t 11.7

76.1 t 21.7

62.a t 11.8

17.! I 9.5

3t.3 t 5.t
29.3 t 6.7

21.3 I t.t
1¡.2 t 5,0

5.t I 5.9

1.7 I {.1

o

I
z

3

{

5

6

7
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9
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Labelllnq with radíoectLve chrornlum the Eenerar patt€rn of
behsvfour did not qriffer from that desorLbed eurll.or.
rnfusfon was folrowed by lmmedfate cleeranaa of a

proportlon of platelete. Gradual roapÞear6ne6 0f ¡omc
platercts occurred and ¡naxrmum lever.s of circulaÈlnq
platelet radl"oactfvlty were fcund wLthLn the ffrat four
hours with acl<t cLtrate cÌextroso antfeoaçulanta and wLthl,n
2l houre l.n subjecùs whoac blo'd had bcen collestcd Ln EÐTA.

thlc war agaln folror¡sed hy the graclual fâtl ofrf of platelet
radioaatfvlty over a perl,od of clavr.

ReeultE ln Fatientr wlth untreatad vaceular dltcaga.
?he ¡*ean val.uea of radloaativlty for each day of study arc
rePresented graphleally Ln FJ.gure 15 and are al¡o tahulatad
(rabres 3 and 4). rn EDTA studfeg potnte fclr wrthi.n the
rang€ of nonaal aa aleo occurred ln ÀcD rs' studl"ea.

Rosults Ln tfents lrtËh traatqd vascular dLsÈaÉìê. Thc
nêan pratelet survl.val curves ln thia grouF â16 arso
illuetratod Ln ir'ígure 14. åqaln thei curvc fatlc wlthln
the rånge of normal and platelet ll-fespan Ln çl,rculatfon wa¡
between 9 and 11 dayr. Thare te a tencrenoy, howovør, for
thc curvç ln thre group to bc "Ehl.fted to tho rêft,.,
Bugge8tÍng that antl.coagulant therapy har a tendeney to
reduce Þrratelet surv{val ln clrcuratLcrn Ín subJects wiÈh



?rblo { - Ddly EEeÍ paræntagrc r¡dloactfvlty La el,renlatio¡ of eontrol rubJeeÈ* ond of
rubJcctr vl'tb athara¡ recclvlng and aot rccclvÍag eatlcoagslant trcatrent - åCD 'S I

platalctr oo1y.

Daï Control¡

100

?9.8 t 10.3

61.6 t t.9
3'1.7 I 10.7

a{.4 t 8.1

33.1 t {.5
23.7 t 6.2

11.3 t 3.1

t.0 t 1.4

1.3 t 3.1

1,5

rÀthem¡l
àaÈl,eoagruleat

lFrcatroat

100

78.3 t 11.9

65.? t 10.7

53.7 t 10.2

15.1 t l.l
30,6 t a.6

27.6 t E.4

lg.7 t 5.3

lo.t t {.6
5-E t 2.5

2.1 t 0.9

'Atberct'
Fto

Antl.aoagulut

100

85 å E,7

7l.I t 10.6

57-7 t 9.3

15.2 r 10.t

12-l t 9.{
2t.23 t 6.2

19.5 ù l-7
13.1 t a.l
6.2 t 2.1

3.2 t 2,2

o
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llbb 5 - Phtelet turnæur tn atbJcctr rith athoma

â. Eglt
Pht ¡.Gt, llfê ldayrl

Platrl¡È tt¡rûottr
t ¡nr dlo (rrngc)

g. rcD '8 '

PlatrloÈ llfe (d¡ytl

ftnorcr
t pcr dlc (rragel

Botr¡l¡

r-11

ur-20

'ÀlÈàGrill"
lottæegrula¡t no r¡tlærEulrat

9-11 r-11

15-17 l5-2t

r-Il 9-11 l*11

15-2t 13-35 12 -2i

DLffcrcnæt Ln plrtclet tÈrnær rcrG not strtl,¡tl.ealfy rtgatllcr¡t {pt 0.031 .
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Êthcrorãa. Thf¡ lr partlcularly obvl,our 1n tho¡c rubJoctr

uho havc bren ¡tudt¡d both vhfle rcoeLvfng antlooagulrnt

thrrapy and cgal.n cGurtrrl nontJ¡¡ ¡fttr cc¡ratl"on of
phrnlndfonc.

Platclot turnovlr. AlthouEh thc prccL¡c nodc of pletc-
lct utllfsatl.on 1r rtlll rubJaot to rono dirputrr platolct.
tunrovçr ln lndlvlduel anbJocte wal caleulatrd on an

cxponontlal barl¡ arrunt,ng flrrtly that, platrlot, productton

rcmeLnad stcady f,or tho duratLon of tho rtudy ¡nd ¡ceonûl,y,

that thc ftr¡rctlon urcd f,or thcrç crloulatLon¡ lr probabty

unl.nportant prov$dcd the raçc nqthod l¡ u¡câ throughout,,

thfc ara¡ aubraqucnt,ly oxprGttÇd e¡ a ptrccntegt of thc

Èotal platolct count end thr rctultr rro fllurtrrt¡d ln
lBablc 5. Statl¡tlcally thcro va¡ no dLffucneo ln
platolct turnor¡tr bctwctn groupr.

Rorultc ln lrolatcd ¡tudl"cr not tncludtd abovr . 0.G. ¡

a 37 ycar old tcnalo, war ednl,ttcd Èo horpltel elth
lnpendlng gangrcne of tht rlght foot follwl,nE e lZ rnonth

hlrtory of Lntcrnf.ttent.claudlestfon. A lugrbar rlmpeth-

rctony rar plann¡d and e pr.oXrarattvt rlcctrocrrdfograph
carrled out. tshcro s¡t ovldonec of old nyocardl.al

l,nfarctfon. On th. rovcnth dey aftcr opcrâtton a plete-
lct ¡urvl,val ttudy rae eonurçnecd ln con.junctlon wlth
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chendlcr atudtor. on tho rixth day of rtudy thcrr ya¡

goodt crlnlcrl cvfdcncc of ¡ d¡cp vrtn thro¡rborle of thr
rfght lcg. c¡lculetfon of platrlct ¡urvl,vrl (plgurc 16)

ravcalcd blood plaùclet radfoact,lvtty to h¡rrc lellon
nerhodly on dayr | 6 corrcrpondfng vlth thr crf,nlcrl
äevclopurent of venour thro¡abo¡fu. platcht bchavfour

ln tha ch¡ndlcr ùrùc yrr g¡¡oerly ¡bno¡-nel frora tjrc fourth
d¡y.

91.8., a 6l year old nalc, had ¡n oprrâtl,on lor
rcrcotLon of en eortLe ¡ncuryan. thc eortr vel athrro-
rslcrot!.e ¡nd the rncurlrln, vhfeh wer of l0 tm, dLsmctor,

ï¡¡ rcplrecd vlth a daeron graft 19 6!¡ ln longth.
r,¡bolllnc, al blooü ptatelot¡ vltrr radfoaatfnr ehro¡ntr¡n

wa¡ earrled out on thc ¡rvtnth portoporetlvu day and thc
ttudy oontLnucd f,or ll dayr thoreaftcr. Thors yer a

rcduetLon Ln phtclct rurvivrl (plgure 16l end pletolot
brhavlour f.n tho ch*ndl¡r tubr ua. lroa:ry rbno¡rel
throughout. À furtlrcr tuwlvar rtudy earrled ouÈ thr¡o
nonthr portoprratfvcry wrr coEplatcly nonnalr â3 wcrG

Chandtor ltudfo¡.

Chandlc Etudler

8ub{cet¡ Itudlcd. The blood of 102 rrùJeeta rar
¡tudlod fn tlrc chandler tube. Fffty-two rubJcctr wsrê



?¡blc 6 - rgo dl¡trlbutlon of thc 102 cubJeeÈa ¡tuðl.eô rlth thc Cba¡dlcr ap¡raratu.
prtÍc¡t¡ yLth r¡rocardlal lnfarctfon haæ baclr suHlviåcd I'nto tbo¡a raeelvtngr

or Dot reecl.vlngr antlæagnrlaat tàerapy.

SuÞJect Catcgrorlec
tl - 20 2l-30

tçe clot¡p (ycarr)

31-10 11-50 51-60 61-?0 ?1-t0

Cøtrok

t{yocr¡dl.al L¡f,erct.
å¡tl.coagulet

ü¡oerrdlLal Lnfrrct"
no e¡tlcoaçulent
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hcalthy control srrbJoctr nade up of collcaguer, laboratory
a¡¡Lrtantc and hoepltar porterr, Ln all of whorn there war
neLther alactrocardl.ographie nor elfnfeal evldaneo of
myocardfal fnfarctf.on.

Ftfty patl'antr had sufferad fronr nyocard!.al
I'nfarct.lon. ThaËo wGrs eeleoted from both hospftal
lnpatlent and outpatlant servLee¡ and all had cllnlcar,
laboratorlz end electrocardlographlc avl.dcnec eoncl¡tent
wlth the dlagnorts of myocarcllal infaret{on.

SLx of the eontrol subJccta and l0 of the subJecte
wlth m¡rocardLal tnfarctfon vera hromen. sh¿ âgË

dl¡trlbutlon of lndrvldual¡ studled r.s tabulated Ln Tabre 6.
Re*uIts

subJects hsvo been subdt"vlded Lnto four ¡nain categorlet.
Thc contro!. group was divltrc<Ì lnto tr*o agc groups thora
tif {0 yêare or racs anrl thoca greater than á0 yearr of
age' Þatlentg wlth myoeardlaL infarction heve bsen ¡r¡b_
dlvtded lnto thoao cltlrar recefvtng or not rceclvLng antl-
coagultnÈ therapy,

Thrombue 1enqth and thrmbua uoLqht. Velue¡ obta{ncd
for nean thronbu¡ length rnd mc¡n thrombu¡ wc!.ght arc
raprcsont€d Ln Flgurcr t? and lg. Thorr wa¡ a tendcncy
f,or both throarbu¡ longrttr and wafght t. f,ncrsa¡e wr.th ¡qre
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Ln sontrol rubJretr. ln pathntr ulth uycorrdhl !.atrrotloe
tlrr lnsra¡t¡ ln boÈh th¡rc prrrmtcrr lt ¡sr¡ rÞtrr ebvlour

whra oo¡rareü ulth eontrolr oyür tlrr egr of l0 y.trr. It
orn rl¡o bc r¡¡n th¡t rubjrot¡ rho rr¡ rrcclvtng rntlcor¡rulrat
thrrepy f,ollonlng ayocerdhl Lnfrretloa protnst throbl rhlsh
¡rr both rhorÈrr rnd t¡r¡ hrrry ürr¡¡ ln prtlontr rho rn aot
brlng trrrt¡d la tlrl¡ fuhlon.

th¡ altrr ¡vocrrdl.rl Lnf¡rotlon, llrrn tbrsnbur vrÍght
rnd lugth brrr ¡1ro brcn rnrlyrcd aooordl,ng to tht tlu
¡ft¡r nyooerdlel lnfuctlon, tha rubdlvlrlonr soErLdondl

rat'r 0 - 7 êlys, t * lt deyr rnd gnrtor thr¡r ll dayc rftrr
ryoorrdhl tnf,¡ratl,on. tr furtbcr ¡ubdl,vltloa vr¡ ¡rde
aooorûlaq to tho prrmncr or rbr¡ner of rntlaorqrulr¡¡t tbrrepy.
ligunr lt r¡d 20 êraotr th¡ rr¡slÈr ln tbrrc rubJÒotr.

Íhrmbur rrlgbt rnd lragtb d¡olla. ttr¡úLty ;ttb thr pumEr
of tlm rltrr qyoor¡dhl lnf,rrotlon !.ndr¡nndrntly of
ratf,oorgul¡at thcrry. ID pet{rntt rtudi¡d ærc tl¡rn l!
deyr rf,t¡r Èbr sl,l¡¡te¡l rvrnt tho vrLu¡l tor thrubu¡
rllght rnd hngth hrd trtu¡n.d to yfthln thr ¡onul
rrng. ln only ? of l¡hr t2 rnbtrotr rtudl¡d,
It, lr rgrla obvLout tlret thßoDbr¡r rl,¡r ln crob sf
th¡ rr¡bdLvhfon: tradr to br rllghtty lrr¡ ln anbJroür
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rho arr r¡coLvlng antf.eoegulent thcrepy.

lhroubu¡ rlro anâ plecne f!.brl.noqrcn. PI¡¡¡u ffbrln-
ogcn lrvçlt rtrc drtomlncd ln all rubJcctr ¡tudhd end

wGre found to b¡ rlcvat¡d fn pat!.cntr folloulng Ryocrrdlal

lnferatl,on (Fl.gun 2ll . Eoth Ln control tubJcotr ¡nd

ln patl,ontr rlth fnferctLon thtr¡ rar r .tatfttlcrlly
rfgnfflo¡nt corrolatlon bctrccn thronbu¡ wcfght and

plarna ftbrlnogen l¡rlch (Flgurr 221 . In healthy

control rubJrctr thc corrclatl,on eorfllclcnt r vrã 0.¿llt6
(p <0.011 vhllc Ln prticntr wf.'th nyocrrdLal lnf¡rctLon r ¡
0.7180 (p .0.00I).

T4roFbut r1¡r and pl¡tclct count. !Ílro platalct
aou¡rt ra¡ dcÈcraLncd delly for thc dur¡tl,on of rtudy ln
¡eah patl,cnt. thc lctan platclcÈ eount w¡r crlaul¡t:d
for ¡aah rubJrot and relatad to the ncan throabu¡ rrl.ght
dotorulncd ovor tha rärue perlod. thsrc Hat no

¡tatlrtleelly rlEnfflcant corroletfon bctw¡cn threnbr¡r

vol.ght end plet.lgj count ln clthor hcalthy control
rubJoctr or ln ¡ratlontt ylth ayocardlal Lnf¡retÍon.

Total rGruE cholo¡terol. Total tcrum oholcrtrrol
(Ffgure 23) rr¡ crtl¡aatrd and for¡nd to bo grcrtrr Ln

hralthy rubJoctr ov.tr thc agr of l0 yÐar! than {n youngcr

controtr :ubJcatr. Cholc¡torol lorruI¡ for patlêntt rl,th



> 40 yeors

l27l

I 4oyeors

(201

o

I
r3!¡r

ao
O

O

50

oo

50

7

5

2

Eoo

ot

5
z
¡r¡(,
o
z
4
c
lÀ

É
râ

À

tooo

Itgn¡¡r ¡lt Plr¡¡¡ tlbrlaogla l¡rrlr ln cøtrol
rülretr rad prtl.ntl rltlt r¡rocrrdl'rl
l.afarstfon.

OFF ON

ANTICOAGUTANf
(rel (23)

A
A A

AAA
A aaa

AAAA
A

--^+
A¡A
AA

AAA
A

A
A
aaa

AAA



. IIYOCARDIAT INFARCTION

o coNrRots

=5 7so
o

o'

-E

z
U

I 5oo

=4I
(
f
i 2so
è

a

250

a

300

o
a

aa

aa

a
a

aa
a

a
o

a
a

o

a

roo r50

IHROmBUS wEIGHT (mg)

o o

l¡

a
o

o
o

o

?lgun ?2¿ IDroúua ürf,gbt ptött ü rf,rhrt plmra
ll,brfaogrea l¡ osrÈrol rubt.otr (õt radfa grtlrDùt ülth rlToorsúlll lattrctioa
frl . !ù¡¡r lr r llgatfteü¡È ooarrtrtlmla botù tù¡ eo¡trot tsoup (r - O.atltt¡at l¡frr¡ot trmD lr-+ 0;?ftl .



â7

nyoca.rdlal Lnfaratlon wêr€ of thc øama order ae Ln control¡
over 40 years of agê.

Totel Éerun choleEterol and thrombu¡ rLze. thero rrr
no tlgnfflcant conelatlon betwson thromþug welght ùnê

aeru¡n cholecterçl lavel¡ neÍtl¡er fn control¡ nor fn
patf.ents r¿íth myocardl.al infarctlon (Figure 241 .

thrombus formatlc¡n tLme. The range of valuec for
whole l¡lood (Fj,gure 25) and platelet rleh pl.asna (F!.gurc

261 thromhus formatlon time dld not dlffer al.gnlflcantly
beÈween eontrola over 40 yeara of ag6 and patfent¡ wfth

nyocardlal fnfarctl,on. Thrombus formatl.on tLme (exccpt

fn ona lnstance) rras vlrtually rrnehangcd ln patlcnÈo

rocefvlng oral antl"coagulant therapy. ThL¡ fr contrary
to the ffndlngr of Cunnfnghan çt at!.l (1965) who found

platelct aggrcgatl,on Ln tho Chandler tr¡be to bc much

dclayod t n patlcnta rseel,vf.ng trcatm@nt yl,th antlcoagulrnt¡.
Platalet rich pla¡na. fn hcalthy eubJccte Ie¡a than

{0 ycan of ago thc nonnal pattern of platolat eggregatl,on

w¡¡ ob¡crvod ln 98.6t of dayr ¡tudlcd (rabls 71. In nona

of, the rubJcctr tn thl.a agc group ïat thë rnoyttorm

phcnomcnon of platclct aggrcgatlon ob¡crvcd, Thue

abnormal platelct eEgrcEatl.on fn thc youngor oontroll ra!
found wlth an ovorall fregucncy of only I.lt CIf. Èlra toùal
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leblc ? - tbr freqnrncl (c¡prc¡¡et r,r peræntege of the ndcr of dayr rtudtad) of
rbnotr¡t pletalct aggregltLø la cot¡trol rubJeotr r¡d l.n prtienta u!.th r¡oeardLel

t¡f,aretloo.

SubJcct Catagorlcr

Gøtrslr a l0 yr¡at

Go¡trolc t a0 yËtrlr

Éyocarðlal infarct,
6 uÈleorçuhnt

Qrocardlal lnfareÈ.
xo antLærqulent

ffyocarilfal l¡frtrGt.
Corbtaed

Daye
Str¡dfcd

142

lf1

1{r

16t

¡l?

h¡rl.¡tcaca
(r)

l.l

1.3

16.2

20.?

lG,g

SoraÈor¡
Phcaæ¡on

(l'

0.0

2.5

11.5

¿.7

7.9

1lotrl
Pletalct

tbnonrltty(rl

l"l

6.8

27.7

25.1

25.5
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dryr (1lz) rtudlcd. rn controlr ov.r {0 yeare of agc

abnornral platclct pcrr!,stcnco fltt notcd l.n l.3l of 161

daye ¡tudLcd. In rdâltlon thc ¡now¡tom phcnonenon

oceurrrd on 2.5t of dayr rtudlcd gtvlng a totrl of 6.8t

of á¡yr rhowl.ng ¡bnornal pletclct eagrcgatLon. Thsrl

rrt thcreforc a tondency for thc froqutncy of rpont¡naout

platelct aggrcgatlon to !,ncrcr¡e rfth ege Ln oontrol

rubJcetr, üd rnalya!.a har ehowa thl¡ dtff,croner to be

¡tatl¡tleally rtgnlfleant (p lla¡ botwccn 0.01 ¡nd 0.05).

fn contrarÈ to thc flndlnga ln hoalthy controll,
ebnornal pletcht aggrtgatlon wa¡ ob¡crr¡cd wlth an ovorall

frcgnonoy of 26,5t of 317 dayr ¡tudlcd ln patl¡nt¡ vlth
ayocardlal lnfarstlon. Porll¡tonea eccount¡d for 18'61

and thc ¡now¡ùort phcnonrenon for 7.91 of thc deyt ¡tudlcd

rhowtng abnorarel plâtclèt aggrogatfon (sablo 7r.

lable ? ¡1¡o rhowr the porecntago lncfd¡nec of daye

of, abno¡nr¡Ilty fn patl.cnt¡ sLth and wl.thouÈ antlooagulant

therepy. tho owrall f requeney of pletclot abnonrall.ty

ìrrr found to bc 25.{t and 2?.71 fn pattcntr on and off
antleoegulanta rerpcctlvaly, e dlffGtrcnoê whl,eh !.r not

;t¡tlrtlcally rlgnf flcent.
Per¡Lrtcnco occurrcd Ic¡¡ frcguently ln pat!.entr

rcccl.vÍng antiooagulantr (16.21) than fn tho¡o not



lablc 8 - tbo fregucaey (erÞreE¡cd a¡ å pGroeûtagre of the ¡uubor of days ¡tudteðl of tåc
pattcrnc of rb¡ot-rrl pletelct rggregatlon aecordf.ng to thc ttnê rfter rryocrrdf,al

lafarctLon and the usc of antl.eoaEulant therapy.

III{E AEItsR IIíFàRETIOH (DAIS,
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lto antleorgulånt

Coúl.ned

17

52
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?1.3
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l{.9
1.9

8.1

36.2

23.1

?s,3
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51

L27

19. I
25.5

20,5

13.2

3.9

9.1

31.6
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f0nly four patlonts Ln rùLs grreug.
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raoßLvlng entl.coagulantr (20.?t), but aqal,n thla dlffercnce

wa¡ not atatl¡tl,eally r!,gniflcrnt. Thc ¡nowrto¡m phanmenon

howsver, war noro fraquent ln paÈlentr on antl.coagulant¡

(11.5t) than Ln tho¡e noÈ racclvlng antlcoagulant,¡ (4.711.

rhlr trend dtd not atÈa.Ln etetf.¡tfcal e fgnlfternce.
Thc frequency of, rbnormal platelct aggregatlon war

alco con¡tdered ln relatl.on to the ti.na aftcr t,nfarctlon
(lable 81. îhe overall freguency of platelet abnormallty

ùrar practlcally the aanG et 0 7 daya (29.31) and B 42

deye (29.9t1 , but ln patlenta 42 or norê <Iayr af,ter

lnfarctJ.on the nunber of daya chorfng abnoruraX.fty hao

dcercared to 18.7t. 9ül¡cn ths two ¡lattêrna of ebnormsl

platelot aggregatLon arc conefdered eeparately (lfablc 8l

it lc apparent that the frequcncy êf percfatcnoe 0 7

daya after fnfarctfon (21.3t) waa rlmllar to thc frcguanoy

of I 42 daye (20.5t) after lnfarctlon, but ln patlents

who had eu¡tsined fnfrrctg mor{E than 6 week¡ before the

tlna of ttudy, only 13,29 of daya ¡tudLed showed thl¡
pattcrn.

The overall" frequancy of the rnowstorm phcnornenon

varlcd from 8.lt at 0 7 daye to 9,ll åù I 12 dayr,

vhlle ln patlenÈr wlth lnfarct¡ over 6 weck¡ of age the

nuhbor of dayn atudlad ehowt.ng thls phenoncnon had



lrbþ , - lbo freqwacy of ¡bnoærl pl¡t¡let eggregatLoa La vltro in 16 snbJecùr ttf,allGd
¡L¡ultaneor¡sly by erSl ptaÈtlot rurvlval aad Cbandlcr teebnLqæc.

SubJcet Catcgotly

Ecalthy Contral¡ (52'

tl?ocardf.al Infarctl.æ
- tntlæagulant t11)

Deyc
Stsdfcd

!03

{l

Por¡f.¡tc¡æ
(rl

3,0

20-0

1{. 6

Saor¡Èon
Phanæ¡æ

(rl

1.3

7.7

l,z.2

1oÈel
Pletrl¡t

lbætr¡llt¡l(t!

l-l

27.7

26.l

t0

tt¡ocarê1al Inf¡rctl'on
- ro antl.eoagulalt (5t
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dccrca¡cd to 5.5t. ft fe of lntcrc¡t to note that, tn
antfcoaqulated patfente 6 or more weeke aftcr lnfarctlon
nefther porsJ.stcnce nor the rnorrtofin phcnomanon wer

ob¡erved. ås only 4 ;ubJectn werø rtudicd for a total
of 25 daya 1n thl¡ group, 1t Ls rtffffault to ctraw any

concluEfon¡ fronr thl¡ lattar obacrvatLon.

SubJect; wf th pleteLet ¡urvl.val and ChanðIer st,udl.a¡.

Sixtccn patlentt who had uneguÍvocal cvl.dênco of rnyocardlal

lnfarctlon ì{Grc studl,ecï by both thc platcret rurvl.val and

Chandler tr¡be tcchntguar. Elewn patlonts wora not
reqelvLng antlcoagulant trcatment and the rem¡l,ndsr varc

wcll antfeoagulatcd throuqhout the courãe of the ttudy
wlth prothronbLn valur¡ nafntafned batwecn 15 anð 251

aetÍvlty.
Of the 1l cubJcct¡ who wore unÈrc¿ted by antLcoag-

ulants, only one had eny evl.clcncê of reducÈLon ln plate-
let rurvlval and thl¡ va¡ duc to a dccp r¡cln thrombo¡l¡

whlch occurrcd during the atudy. chandror ¡tudfe¡ vrctrG

carrLed out on q total of 90 dayr and platolct ¡bnormell-

tle¡ occurred on 2?.7t of thc dayt rtudlcd (Table 91.

of tht¡ perafrtcnce accor¡ntcd for lOt of thr ebnormallty

and thc snoytto¡m phenonenon oecurrcd fn 7.71 of dayr

etudLed.



leblo to - Þt¡LlC ælatLng to patl,clt¡ ¡tudicd prlor to heart valrr rapleecæot.

SubJoct'

l. n-e .

2. E"C.

t. G.s.

a. 'r.dGG¡.

5. 1.1¡1.

6- ''.l.

Valve
rffec&d

lor-tLe tütûo.1Ë

llitr¡t, ¡tanocl.¡
llltral faeqntcnæ
rortle lncqctcaoc
tltral tnrytonæ
âortt'e taooqrctaaor

âortic Lecc¡ntracc

tl.tnl ¡tsuoolc
lfttÉel l,ncqc.tcnæ
Sicuaptd taempctsnæ

ttltrel fncon¡rctencc

lEtlçoagmlent
lfbcrepy

ntl
Hll

ul1

UTI

Htl

xlt

Erbollcr Platelet
Eurlvgl

totlú

t¡oan¡1

tonel

fforr¿1

forral

[onal
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Chandlcr ¡tudler trGEG c¡rrl.ad out on rl1 deyr {n the

5 rubJeata vlth rnyocardlal lnfaretlon who rdore bclng

treatad wfth antLcoagulant therapy. P!.atclet ab,normallty

oceurrad on 26.8t of dayr ¡tudfeü ln vhlch peraf.etonoo

acsountcd for 1{.61 and thg lnowqtorra phcnonronon for 12,1t

of, days ¡tqdlod. One platelet ¡unrival rtudy ln thlo
group trås eonsl.d¡rcd to bo redueed cllghùLy bclon the mcsn

control rånç6,

rII. NBSULTg OF gfUDTEE CÀRRTED OUT rH PATTENTS

SSFFERING VALVI'I.åR DT6EÀ88 OF THE HEART

SubJcetr rtudfcd. El.ghtrcn plctcht ¡urvival
rtudlr¡ rrrc srrrLcd out Ln 16 rubJoctr. thorc ?erc teo

cettgortr¡ of petfent.
(el Frtlcnts wlth vrlvtrl¡r dLrcarc of Èl¡c hcart

¡rbor¡ dfrcarc w¡¡ of ¡uch reverlty thaÈ velv¡ replacomcnÈ

war boLng eorfourly coneldercd. Ia thlr group thcrc wrrr
rlx rrrbJoetr. Thcrc rcrc fivc alaLcc and ono fo¡¡llt.
Thclr agGr rengcd frosr 52 to 60 yern. Dqtal.Ir

rclatlng to tÌrc lc¡lont cneountcrod arc lneludod ln Î¡bh
10, Blood of ell rubJcct,r ln thlr cetcgory vet

¡Lnultencoualy lnvortlg¡tcd ln thc Chrndlor epparatur,

(b) Thr rcaralnlng l0 tubJcctr ïrro patLentr yho had

undrrEon. ruce.leful verv¡ npraccncnt rlth sÈrrr-gdvudr



fabla 11 * DetalLs ralattng to patfents etudfed follovl.ng the lnrcrtl.on of Starr-Edrrard¡
prortlrolcs.

SuþJcct

l. à. T. Àortlc

2. J.tr. uLtr¡l
lü,tral3. E.f,.

9. P.B.

10 " G.B,

Valrc
Rcplaæd

t{Ltral

^fortl.c
tortLc

llftral
lll,tral

lfLËG tftcr
Qrurett on

1? raek¡

25 rçak¡

29 roeks

32 rccka

15 rceka

{5 seekr

18 rcek¡

16 vcrckc

16 vcckr

56 rcclc
52 uecks

96 vecks

Phcnl.ndloac

Phenf.ndione

Fhenl.ndl,oaa

FhenlndLons

Htl
PhcnLadl.oac

PhenlndLone

!t1.1

Fbenl.ndl"one

Pheaindl.onc

Phenlndl.qne

åntlcoagulant hboIL¡n

Fhenlndfo¡c Cerebral
- poctopcratl.ve

Cerebral
- preopcrotfve
- early poct-

operatl,ve

Ccrebral I- po.tofrrÈlve 
I

Cerabral
- pricoperatl,ve

Platclct
gnnt vel

Honal

No¡oal

Norrll

Fonal
Horral

Iot¡a1

Rcducêd

Reduced

Reduced

Redueed

Rcduacd

l.
5.

6,

st.B.

E .c.

n. J.

)
l
,

l
l
!

)
)
t

7. ß.fn. ttl,Èral

g. S.tN. AortLc
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prodtheÉeg. there wêre four malos ancl gl.x fernaLeg. .&lx

had been consldarably f.nproved by operat,j,on ancl none wa¡

ln cardlac fallure. Detafls retatLng to tt¡ase eubJects

are Lncluded ln Table 1r. tpwo patlente were atudLed on

two eeparate occaslonc. chandrer etudles wore carrLcr{

out on tho blood of a1t" but two patlentr.
Reeulte olo Plate Iet Survfval Studfas

Fcaults of rtudlea ln Patlcnta follqrlnq the lncertLon
of Starr-Edr¿ard¡ ball-valvc Þroü thcses. Àll polntc on

the prateret. eurvfval eurve ln cubJocts I to 6 (rablc 1l
and Flgure 27]- fetl wtthln the rûnge of normal.. subJccte

I to 5 were receivíng oral antt.coagulant tharapy
(phenfndfonc) l.n do¡cE adeguatc to nsr.ntarn thcrr pro-
thro¡¡¡bln Lndex botween ls 2ss of normal. subJeet 6

had Þ¡ecn placed on phenfn<îl"Ene therapy r0 tlaya after
operatl,on and thls rrae dLrcontj.nued after 34 weck¡. sir
wÊek6 lnter he prosented wlth a cuddon onset of aphacl.a

end a mtld rlght herulprre¡l,n, À platclet, ¡urvLval atudy

vaa begun elx dayc aftcr thls epf.rode. At lt¡ compretron

phcnlndlone thcra¡ry waa råRonmcnccd ¡¡rd a ¡econcl curvfval
ctudy was undcrteksn. en both occaeionr the platelet
rurvival pettern fell wlthln normal llmlt¡ (rlgure 2gbt.
rn rubJecte 7 t0 thc p!.atclot ¡urvival wa¡ rsducod, but
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h) ryûIg.{ plrtol.t rurvl.vrl ln oBü tEbJrct¡Èudl¡d tÞü. tl¡rn tÍ rrrl¡ rf,ter vrlü - -
rtpllmcnt.gtu4' I - ¡o ratfcorqutrnt tbürpy.ttutt 2 - rntlcoagultnt tlrrrepy

(bl Ëo¡¡rl platoLot turvlrrl.
8tuüy I - no rntleorgulent thtnÞy.gtuüy ¡ - t¡tl,corgulmt th.n¡r5lr



f¡blo lZ - HcrD p¡telot, eount enð platolat tbrdo¡rlartt c fnsett o¡¡ in rubtlctc ¡tEdld
follorflDg tho ln¡rrtLou of Strrr-tÑrrör proltånlct.

SubJoct fbs¡ Pl¿rtclct
Cor¡nÈ

19t,OOO

313,000

232,000

140,0oo

256,000

230,000
251,000

25¿rO00

21¡, oo0
261,000

2ta,000

201,000

Rangc of
Plrt¡lct 6r¡nt

¡ lo-3

P1¡tclot
ÎhrübopI'aatLc

h¡nctl,o

100r

lo0r
t.I.
l00t
l00t

1û0¡

l00r

t00t

t00r

l00l

4.1 .

.f.f.

E.f .

8.1.

E.Ç.

l.J.

B.L.

S.ã.

P.D,

G.B.

l
l

155

207

1?l

lro
247

16¡
?o7

171

L7a
1?t

180

15t

231

375

3{3

327

375

29r
32r

350

27t
32{

360

270

!
,
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l"n each l,n¡teneo platclet radLoacttvity peral.ated ln
clrculatlon for the ueu¡I pcrlod of, 9 to 11 daya (Flgura

29) . GubJceta 7 , 9 and 10 ìrüre reeelvl.ng ant!.eoagulant

thorapy (phcnfndlonc) rnd rubJect I wae ctudlcd both whilc
belng t,roated wlth phenlndlone and after lt had bean

d1¡eonÈlnued (flgure 2Ba),

Exte¡nal ¡cfntfllatlon countlns lnftlally revcahð r
noro marked upteke of redLpaetlvlty ln the spleen and to a

lcrger extcnt thc lfvor Ín thoae cuhJecte wlth reduccd

curvLval¡ than tn no¡rnal patlents or ln thocc wltn v¡hnrl¡r
proathcol.r who manLfected a nonnal eurvl,val pattcrn,
Howqverr ãE thc nu¡nbcr ln Èhe aerlet tncreaseê, lt, bae¡nc

oþvlous that thero r¿a¡ not a conel¡tsnt pattern of, organ

uptakc qnd that thla flctor wa¡ conffnad to certaln
lndlvlduala only. No patient wac thrombocytopcnLc and

platel.ot funat,lon wag 100t ln all srrbJeeÈe (Eable I2l .
Studlc¡ ln paùLontt wlth unçorrectEd valvular dlse¡¡c.

Bocaure of thc porelbtllty that turburcnt frow arLrlng aa r
r¡lult of ¡er¡crc valvular dlsorderú may aecount for thc
pletclct abnormalLty found, si.x studle¡ werê carrl.ed out Ln

petl'entr prl.or to operatlon. À11 polntr on tlre survLvar

curuÞ fell wlÈhin the range of norrnal Ln ¡ltr caser.
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?able 13 - ltcrn platclct o|oEt ln ruÞJect¡ ¡tudisd prlor Èo hcart-v¡lva
replaencnt.

SubJeet

1. n..c.

2. E.C.

t. G.8.

l. J. DG(G-

g. T,tI.

6. ;r.à.

llern Platclet
Couat

2{2,000

177,000

199,0OO

195,oo0

166,500

100,000

Raagro of
Pl¡tolct Cout

x 10-3

153 - ?80

120 - 210

12t - 2t5

1{l - 252

lzt - 1t5

270 - l9t
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Ultl¡natc platelct. ll,fcrpan wa¡ bctwêGn g end 1l daya.

Thc ncrË platoht count end rangc of platelot oountu

ttra rÊcn ln Tablc 13 whcre lt w111 bc noted that nonc o!
thc rubJcctt war thrõFbocyto¡lenl.c.

Re¡ultt of Chenúlor Tubc Studlcr

Wholr b,lood thrombu¡ lenqth ¡nd r¡1ght. Ftgurc 30

¡hows the mt¡n thronbul lcngth (nm.l aad thr rrGrn thronbur

walghÈ (mg.t ln patLcnt¡ wlth valvular dlrcrrc of thc

hoart rtudlcd prlor to o¡rcratton (Btx rubJocÈc) ¡nA

patlentr eftcr thc in¡crtLon o! a Starr-Edwardr

prorthrrlr (I0 ¡tudlo¡ ln g patfontt). fn only onê c¡to
urt thorc any drvf ¡tlon frær tl¡e norçrrf control rrngc.

Pletoht rlch plltna. thr orrcnll Lncldrner of
abno¡mrl platclet aggrcaatlon of hcatthy control rubJrotr
ha¡ bcon found to b¡ {.3t of tlrr totel dayr (103) ¡tudicd.
Co¡rtra¡tl.ng wftlr thorr fLndlnçr erc tho¡a Ln petfcntr
wlth valrnrlrr dJ.¡r¡ro of thc hcert. rn rubJcetr rÈudlod

follorlng thc t n¡ortl.on of Starr-Edrrard¡ prolthcccr, thc

onqrall frcqucncy of abnornal platclct aggrogatl,on wat

32.91 of tot¡l daya (S5) rtudlod,. Of thl¡ pcrrlrtcnco
tccount'cd for 15.3t and the rnov¡tolrr phanomcnon for t?.61
of dayr rÈudlcd (reblç I{). lfhl¡ tendency for thc

fnguoney of abnorural platolot aggragatlon to oeour fn



taÞle 1l - llh frcgwne¡r of abaor¡al platclct agg¡Ggatl,os ln rubJeetc ¡f.th velrtl¡r
dl,¡sr¡o of tbc hea¡t"

StJcct Cetcgrorlea

tr¡rltlry emùmlr 303

Va1vtl¡r ði,¡carc of
herrù - paGopÊretlvc rl

Stan-Edua¡ilr proritheeca 85

Drya
$tdtcd

Pcr¡i¡teaæ
Gt

3.0

a.9

15. t

Süüstou
Pheaæaon

(r)

1.3

7,t

1?-f

fot'al Pl¡t¡lct
lÞno¡llrltty(r'

l.t

ul.2

32.9
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,¡

grtlantr rrlÈI¡ Strrr-Eûïrrd¡ prrorüb...r rttrlnrd r
¡trtl¡tloal rlçnifleraer (p <0.00U vlth both thr

¡nnlrtoneo rnd rawttolr phtnortnr.

ln aubJretr rlth rueorËoct¡d vrln¡lrr ûillrm gletr-
l¡t rb¡¡or¡rllÈy ocsurr¡d ln lt,2t of ôryr (lU rtudL¡d.

Prrrlrtuo¡ rcsgunt¡d lor l.Dl ¡nû tltr rnonrÈo¡r

ghrnmraon for ?.tl of Ètrt rbnortrlLtLtr (!rbb ll). It
lr not poulblr to dr¡r rny rbroluta oonslsrlon lt Èo gha

rlEnlflo.nsr of rrrultr ln tåtrr petlrnÈr rtuåL¡â prlor to
o¡nretlon, buÈ thur rpp.rn to bc r gnrtrr lrgurno¡r of
rbnonrl :pontrnrour plrtrlrÈ rgEngeü!.on ln lrbJroùr rlÈh

unoorr.ct¡ó vrlvr¡l¡r d!'lctllr
lbr lneldrnot of glrtrlrt rbnorurllty vu rl¡o

oon¡tdrnô ls r¡IrtLoa to th. tlnr lor rhicb tlrr prorthrrLr
hrd br¡n ln rltu. lfhr ovrrrll trrgu.ney of plrtrlrt
rbnornrllthr ln ¡rrthntr !,¡r¡ thrn 16 rrrkr rtt¡r
rrphoracat vr¡ lt.tl of âryr ({fl rtuôl.d rnd Ln rubJrotr
16 rmh¡ or longrr rftrr nplrcrmnt, 16.l¡ of, âryr (lal
rtudllü, thb ûSff¡¡rncc ðldl aotr hovrvrrr rtÈrLn

rtrthtl,erl rlgnttlsrncr .

Prtfcatü rltb Chrndl¡r tnd plrt¡ht ¡unl,vrl rtuûl,lr.
¡s?.b Cbrnûler es¡r nl¡t¡let rurrl,vrl ttuûltr ü.r. crrrhd



lablc 15 * Dctallc rclatl.nqr to aubJctû¡ rtudlcd ln ttrc porto¡nrrÈlva
pcrlod.

SEbJcoÈ
Dcyr

Àftür
Oporettæ

opcratlon Perforæd Platelet
gurvlval

H6rn Platelct
Coot

525,000

t5?,000

5lt,000

211,000

t21r000

271,000

Ëcån Pletclct
Cornt for Gloq

t76,000

26?,000

F.r.
T.B.

o.€.

P.5.

c.lf r

1.Ir.

t

)

t

I
7

t

5

9

3

Eenl"coloeto1l

tr¡eetlæ ærtie
rmBflrtü

BLlrt*r¡l ltnbrr
e¡rqrathoc"try

Fcnoro-¡roplt,toal
by-pasr

Ilco-feæral
Þy-para

?aao1p-¡roplLt¡al
bçl-pr¡¡

þduæd

fcduccd

Reduecd

llotlaL

Fotaal

tronal

t

l

)
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out ln l0 ln¡tr¡¡orl r FOUr Pl¡trtrÈ lurvivll rtudi'ol ülr{l

sontLd.rcd to bc ¡bnoriltt (rcdus¡d) to vrrTlng drgnu md

tlr wrm nornrl. Chutdlrr rtudler r.r. orrtl.t out oa r
totrL o! 36 Éhye ln tborc wltt¡ rrduard plrt¡bË rund"vrl

rnd r¡ rbnornrl PrÈt sn vr¡ not¡d la l{..11 of È}¡¡ åryl

¡tuühd, In th¡ ll ûryl of Chrndlcr fawltlgrÈlon ln

tho4 wftb no¡u¡l plrùtl.t ¡u¡y|vll, rbqorrrlltfor r.3r
notrd ln ll.Sl ol toürl dry¡ ¡tudl¡dl. lfhllr lnôlo¡t¡¡ thrt'

thr f¡rquanqf ol rbnornrl Pt,rt¡trcÈ brhrvlonr l,¡ gxmtrr la
rubJrotr rltb r¡duord pletrllt fE¡yfv¡I ttrrr¡ fn rubJretr

rbor¡ rurvivrl cn¡rrr ¡hæ¡d ¡ nornll aætour. thtr
t nd.núT, rlr not forurd üo br of ltrtllt{orl rl,Enlfteln€l.

Iv. ELtIEtrttt SUilyIVAL SrgDIlS Itr PÀrltt!8 ttlrEt oDlnrrlol

Plrtrht ¡urvLvrl rtudl.. Ylt. arrrtrt out in rlr
lrbJrcÈr tolloring nrJor o¡n¡rtloru (Trblr ltl , In thr¡r
rrrbJrotr trhr pht¡lrt btlf llfr rr¡ r¡ôuolll Èo r vuytnE

ôrgrro (ttgurr Ðfl r¡¡d ln thr¡r thr contour of th¡ pletrlrt
rurvlv¡l sEryc ttr no¡ul. It l¡ lnt 3lltlag to nott tbrt
Èt¡r plrt¡ht runlvrl g¡¡rv. rr¡ nÊlt r,bno¡nrl ln lubJrotr

rhort n rn ptrtrbt oount vr¡ hlgbut (lrbl¡ lt) .

V. R68UT.E8 OF StrUDIES IN PÀET8ËN8 SUTFIRITC FMI THNOüDO-

ctflnoDlHrt.

St¡bhÊÈr rtqdf!ô. llourt¡ta ¡¡lrtrht ruwlvrl
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labla 16 - Platelet survlvtl stuöles Ín eubjccte rith
thrmboqrto¡renl.a.

SubJect Diagrnoafa

tlf.S. lChro¡rie f.1.P.

P.n. Chronl,c I.T.P.

C.!1. Chr,,onl.c I.!.P.

H.S " Chronic I.?.P.

J.Ir. Chr-o¡tlc I.T.P.

B.Þ. Chronlc LE.P '

Qrpo of
Pletalet¡

Àutologoua

frologoue

Autologoue

frologoua

åutologous

Àutologoua

åutologous

fcologoue

Àutologona

Irelogout

åutologrour

Irofogrouæ

ÀuÈoloçoue

åutologour

PleÈelct
Surrd.val

Reduced

Redueed

R:duccd

Reduced

Raduc'ed

Xotaal

Rednced

Redueed

p.æ¡luccd

Rcduæd

neduoed

Rednced

Rcduoed

Reduced

ErccraLre
O¡gaû tlptalce

Livor

I"lvcr

Spleca

Llver
spleea +
Llver sl,
Splcoa

J.M.

E.G.

À.T.

rCtronlc I.T.p. haE been defined ae th¡:ouboq'topanLa of unknorn caute present f,or 3 aontho
or DoB&.
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rtudt,Gt werc errrlod out Ln 9 rubJcatt rufferl.ng lron
throaboc¡rtoprnia.' Tho cllnLe¡l dctall¡ r¡latLng to
thcro rubJootr rra r.prc¡ontcd ln T¡brc 16. Thcrc vorc

rGv.n ctüa¡ of ldlopethl.a thro¡nbooytopcníe, ono of
lyurphorerconr end one of chronlc lynphatlc hukacnle.
froo prtlrntr vlrt lnrrurtlgatcd both befor¡ ¡nd rftrr
rplcnrctony. Studlor utlllrlng autologout platrlctr
vero +qrriad out ln g lnrtanccr, and !,n 3 Lt wa¡

n.eottar]z to u¡r ÀDO nh oonpatlblr pletrlctr ortng to Ûrr

cxtrcnoly low platrlrt couatt ln thc nrbJectr rt thl¡
tfml.
Rrrult¡

Platol¡t ylrld ¡ Thr EGrn ytold of pletclotr Ln

patlrntr rdth !.dfopathfo thronbocytopcnLc purpura !.n

rho'n autoX.ogour ttudl¡r wcrc carrfod out w¡r SOt (rangr

2l f00t) whlsh Gomptrtt farrounbly rlth thrt, obtalncd

fn haornatologlcrlly nonral rubJect¡.

Fletclot r.coy.ryr thc noan platclet recovcry

of autologour platclotr Ln el.raulatlon ln rubJoctr vlth
tdloprthle ttrromboaytoprnfc purpur¡ w¡r tlf (rengo 7 -
55t1. Ehc n¡an rccov.tfz of leoloçour platoLrts in
ol.reul¿tlon ln paÈl.antc w!.th ldlopatlrlo thronboEytopün!,c

Irurpura vrü 2tt (rango I - 38t). üartnrnr rccovGnT tn ùhc



trble l7 - toan platclat couot and platclct turoo'Faa Ln arbJcctr vltb
tbrcboeyto¡nai*.

ErÞJeet

lf.8 .

P.lr

C-Ë.

r.6.

J.lt.

!.ü,

J.[r

E.G.

.ã.1F.

L33,000

la8 r 000

106,000

9,000

t1,000

610,900

3t,000

33 r000

15,000

al,û00

217,000

l1a,000

¡l,000

ilt2 ,000

ttcan Platebt
Cor!t

E Dgr Pl¡tclct
Cornf
r 10-t

Dlatcl¡t ttraqrur
(tona1 - 551090 t 21 ,Atø/

æ.m"/ðl,cl

l3t,0oo

ItT,ooo

ltr,000
6,000

t2Í r 000

l?7,000

lt,000

{l,000

62,00o

ltz,000

lgo,o0o

158,000

57,000

106.000

lo
5t

t0

5

2'
l0?

27

L7

26

29

16r

73

tl
t!

LTI

21ú

Lr3

1l
130

tlr
a1

5t

5?

79

300

168

83

187
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ono rubJact wlth lyrnphorercone rat 6r and ln thc patLcnt

wlth ohronle lyuBhatlc leukacnl,a l6t.
Platelct rurvlv¡l¡ Exanplor of pletclot ¡urvLval

l,n clreulatlon aro fllurtr¡trd ln Flgurre 32 ¡nd 33. In

all carcr the gcnoral pattrrn of tnftlal clcarancc

foLlowcd by reappoærnoe of ¡ Broportlon of colla Lnùo

cl,rouletl,on er l,n normal sontrol.a dld not oceur. Followl.ng

lnfu¡fon thcrc var r ¡u¡taLncd clearenoe of platclct¡ fræ
cLrculatLon throughout thc cour¡a of thc ttudy. Platclct
half llfc war aarhcdly rcducrd f.n crnry eubJoct rlth the

cxcrpÈLon of rtudy 2 1n C.H. Snall rmount¡ of cfreul-
etlng platclct rrdioaottvlty occa¡Lonally pcrtlstrd for
¡cvcrel deyr dcrplte thc nerkodly incrcarcd renrovll of

platelctr from cireulatlon,
Plat¡lot turnovrrr In 7 ¡tudfct ln patl.cnÈ¡ vfth

ldtopathfc thronboc¡¡topenLa platclct Èurno\¡sr por day waa

Lncrcarad (lablc 17). fn 2 ¡tudtc¡ Lt war rcducod end

ln 2 va¡ wt thl.n thc norural rangc. rn thc patlent vlth
chronlo lynphetlo l¡r¡kacnla platclct turrnovor var
lnerca¡¡d, ¡nd ln thc patfcnt wlth lyrçhorereoma war

vlthln tlrc nornal rrngl.
ggrfacc eountlng¡ thero wer clcarcuÈ evfdenec of

rplcnl'c uptake of platetet radlorctLvj,ty ln onry 3 ¡tudÍc¡
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(aarrled out on 2 rubJcctr). fn aubJcct P.R. (Figure

34) followLng ¡plenactoÌay, and Ln J,L. who had had a

eplcncctomy lorüG yaarË prcvfourly, there $a¡ couvLnofng

hapatlc uptake of platelct radloacttvity vith llvcr,/heert
ratLos far Ln Gxcaa; of that found Ln no¡rnal :ubJeotr,

Both aubJecta had rcnal,ned thronrlcocytopcnl.c ¡ftcr
rplenectomy. one eubJcot (F{.S. aplccn intrct) wàt

¡tudl.ed on twr¡ occa¡ionr and marked dlffarcncc¡ ln thc

¡urface eounting daÈa yorê detoatod. On the fl-rct
osoralon nnaximum uptake oscurred ln thc splcen although

thlc wa¡ not ln excere of norrnal. On the cecond occagfon

thare wac a markcd Lncraa¡e fn the llvcrr/heart ratto
beyond the control ràngc lndlcatlng exceü¡inc hcpatl,c

uptake of radloactfvc plateleÈr (Flguro 351. SubJact

e.!1. ¡howed a ¡narked aplonLc uptakc of platclcts
lntttally (Flgure 36) but followfng øplencctony and Ê

cmt¡rlete haenratoluglcal rcnla¡Lon, furthar atudy ¡howod

not onl¡ r completely nornal platelst ¡urvl,val fn \

clrculatiçn, t¡ut a nornal, pattcrn ln surf¡cc countfng

d¡ta. Ëpl"enectony ln J.!.1. al¡o rrculted ln complate

hacnatoloEical and clfnfcal reni.rrl.on but ctudl.c¡ wera

not ropeated.
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VI . NESUTT$ OF ETUDIBS ON lrHE 6EQUE9TRf,TION OF

PLATELETS TREÀTED vffÎfi NOR-ET¡IYL HALEIMIDE - À guLpHyDRyx,

TNTTIBTTOR

SubJcct¡ rtudfcd. À toùal of 6 ¡tudl.cr wctre

csrrl,ad out Ln 6 rubJecte. Thc treatunent, of blooä
platclet¡ rdth NEM war carrLcd out a¡ do¡crlbed ln
Chepter If. Flnal oonc¡ntratÍon¡ aohJ.cved rcrê?

l. 0.25 uX NElrr/nl. platclot,l
?. L"00 utl NEM/rnl. platclatr
3. 2.5 r¡M l{Et{r/ml. plrtaletr
1, 5.0 u!4 NEllr/nl. platcleÈr
5. I0.0 ul{ HEF{r/nl. pLatcletr
6 . 15 ,0 trM tiEtrf/arl. plaÈclotr

Follovlng ttrfr e¡ll¡ yorc rclnJcctcd Lnto thc donor and

conÈlnuour ¡urfaca counting carrfcd out wlth prober

placcd ovar the hcpetle and rplcnLc åroâð.

Rerult¡

Trcatnont of the platelct conccntratc vlth 0.29 uM

NBÈl/nl. pletelctr dld not alter thc bohavl,our of, platolctr
Ln cl,raulatl.on. The u¡u¡l ecaregatlon phenomcnon occurrcd
followcd by thc roàppGerenec of a proporÈl,on of cerlr fnto
the ci.rcuretl.on and by a ¡norü gradual fatl off of radf.o-

actlvlty ovcr the sour¡a of aevcral daya. Trerünent wlth
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I u!4 NEHr/rnl. of platclcta rcsultsô ln a raptd clearancc

of radfoectfvlty fron cl,reulatLon Ln a mattcr of r¡Lnutêe,

s¡elntfllatlon count,lng carrLad out ¡i.nultancourly ¡houed

thc count ratc to bc cqual ln both hcpatl,e and aplcnLe

roglone followed by ¡ gradual Lncrcalc Ín thc aplenl,c

trea throuEhout. Radfoact!.vlty war conplotcly clcared
fron clrculaÈfon and dld not follow the u¡uar paÈtern of
beh¡vfour folloslng rclnJoetfon (Flgurc a?1. Trcat¡ncnÈ

rfth 2.5 uÈl NEFt/nl. agaLn revc¡led thc phono¡ncnon of
conplcÈc rapld platelct clcarancc fron eLreulatton

ar¡ocl.atrd ylth aplontc uptake (flgurc aB), but treatnant
wlth 5.0 r¡H NEI'!/ml. platelett, although follovlng tha

¡aHð trcnd of cloaraneô of radloaotivlty from clreulatton
vlthln ¡rLnutec plur sonâ aplenlc uptake, a1¡o ¡howcd a

tcndcncy torrard¡ altrtht qradual Lnerea¡e Ln hepetLc

uptakc (Fl,gura 39) . rhl¡ trend for j.ncreecLng

ooncantrEtlon¡ of thc autrphydrlrl lnhlbltor to be

a¡roci.atcd wfth ehonger ln the ¡Ltc of organ uptake

prrrleted wtth !.ncrearLng the eonecntratLon of NEH to
10.0 r¡l{ and 15.0 uM/¡rl. platclatt (pLqure¡ l0 and {l).
undcr the¡c clrcuru¡tancor, alùhough the ratq r¡f elear-
ancc of radl,oaetlvlty fro¡n blood var unchangad, naxLnum

uptakc occurrccl ln the hcpaÈLc area wlth only sllght
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¡plGnLo uptrhc ufth t0 uÈl concrntr¡tl,on and no fnertûtc

fn rplcnla aqÈfvlty whrn 15 ul'! NEtúr/at. platrlctl haü bcsn

¡ddrd.

Pl¡tcl¡È potçholofly. Àt dctrrmlnrd by pharc

oontrtrt nlero¡copy ptatclct¡ lpprerrd to bc dlrcrotc,

eLroular or ovoLd. dl,rs¡ and no ovort norphologlcal

¡bnor¡nrllty eould b. dcÈcctad. ThcrG wlt no ldvor¡c

roactlon on tbo part of thr Patient follonlng lnJeetlon

ol thc denagcd labcltcd plrtalctr I'nto elrcul¡tlon.
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Àn elucLd¡tl,on of urany feoat¡ of platclct bchavl,our

hac becn medc poarlblc ln thl.r rtudy by tho u¡c of both

ln vLvo and ln vl,tro tcehnl,qucr. Somc arpecÈr of tt¡c

rtudy confL¡m thc f!.ndlngr of othcr workcr¡ whllc oÈhsn

havc rorvad to throry a nc¡y ltght on platcloÈ b¡hav!,our

and altcrcd platcl¡t klnotLcr Ln rono dt¡carc rt¡tçr.
In ccrtain Ln¡tanec¡ th¡ findtnçr havc not bacn d¡¡arLbed

prcvl.ouely. It h¡r bcen of partLculer lnportancc to

cval.uato tho rffloLeney of, the ncv antl.coagul¡nt of
Artcr ¡nd J¡ndl (1961t. ObvLou¡try rn anùl.eoagula¡rt

vhlch har clalnr to ¡uch an affleícnoy rerrant¡ full
rtudy ar th¡ thorapoutle lnpllcatLonr ufll bc unboundcd.

Thc ultlnatc crltorlon of plataloÈ vleblllty followlnE

handllng fn vftro 1¡ tha abllfty of thc platolrt to

clrculatc and bchavs ln a phyrlologfoal f¡rhLon fn vlvo

followlng rcLnfurion.

whcn no¡mal platalctt r€rc rel,nfu¡ed lnto thrLr
donor¡ or nornal À8O,/Rh conpatfblo rubJcctr, l varLablc

but gencrally rubrÈantlal proportfon dltappcarrd frm
cLrculatton wfthln l5 Èo 30 nLnut¡r. Froü thct¡ ¡nd

prevlour rtudlcr (narruy end Landor, 1964¡ Artor rnd

,I¡ndl, 196ll , ft rppêar¡ that ronÊ of Èho claercd pletclctr
aro pcrnencnÈly roarowd fron elrculatlon - thc requcrtcred
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fr¡ctLon¡ and that ths r¡nal"ndcr - tho rcgragatcd

f,rastlon - roturn to aLrculaÈ1on eftcr a varl.aÞlc prrtod,
uruelly vlthtn e fcs hou¡1. Forlovlng naxfnun platrtot
rrcLrculrtlon, thl ccllr rhlch ¡urvfrrr ln thc blood

rt'rran m v1¡blc unl,t¡ arc tlowly ranowd fron ol,rcuratton
orrur thc counc of g ll daye r r pcrLod oomr¡n¡urate with
thrfr llfc apån.

thc rcqu¡ttarcd fractLon . Thc cxtut of thc
lnftlal platrlct lor¡ vhlsh lr Lrrovqrrlbh may bc

dorlvcd froa oonrldrr¡tl,on of thc n¡xlnr¡a proportlon of
pletolotr lnfu¡cd whlch e¡n bc rosovorod ln el.reulatfon.
rt wlll bc ¡¡ln froa Flgurc {t th¡t approxl.uatoly thno-
qurrtrm of all EDtrÀ plrtelrtr Lnfu¡cd Ln th¡ro ¡tudlc¡
rêrr Lrnvurrlbly lo¡t loon aftor lnfullon. Frvclt
platrhtr rGre lort uhrn À,cD rA. ulr utlû a¡ entLoorgulrnt,
newrÈh¡rc¡r ovrr onc*half o! ruch platclctr felled to
¡urvlw fn ctrculrtl.on ¡¡ vlablc unltr. rntarncdlatc
vrluor v.rc obt,rfnsd wtÈh ÀcD I g r pletcloÈr, ¡rhrrc r norn

of approrlaratrly tuo-thl.rdr of thoro lnJocted frl,rrd to
lutrvtvc.

Eurfacr eountLng rËudlo¡ fndlaatr gultc clrerly Èhat

thr :plcrn te Èho maJor rltc of rcqurrÈretton of rueh

plrtehtr, tnrpcotfvo of thc antl.coagul¡nt ulod.
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Thc ¡ognsetcd freetlon. Tho phcnononon of
tranrLcnt dfreppornnce folrøod by rcturn to ol"rculatfon
of a ¡rroportlon of lnJcctcd platchtr ha¡ bcon tcnr¡d
"lcArcgatlon' by Derny and Lendrr (fg6l), and thr dcgroa
of r¡vrrrlbh plrtoht regrrcEetlon rary bE geugrd frosr
thr dlffGronç. brtvcon Èhc nrxlaun rnä nlnfnun l¡v¡rr of
prrtolat raðLoaetlvlty found ln clraulrtl.on durlnq¡ thc
lnLtiel rttgct.

onco aqaLn tbr proportlon of EDßA platolctt
lnvotvcd ln thl¡ proa.rr far ¡xccrd¡d that .found wlth
plrtclcte oorhotod ln cLthor of thc cltrato doxtro¡e
¡olutLonr. Furthr¡ilorG, rcEngrt!.on rnd rc-antry !.nto
af.reulatfon vas alnort r,nvarl.ably emproto wlthln e fow

hour¡ vlth platclotr aoll.¡ctod Ln ol,Èr¡tc doxtro¡c ¡

coaplot!.on of the phcnh¡non weË gcnorelry delayad for
2a to {8 houn rhcn EDgÀ v¡l u¡cd.

tho ncchanLrn rcrponalbrc for thc tran¡Ícnt
ægnEatrcn of platclrtr fron cfrculatlon !,r not t<noryn at
pnmnt end f r opan to conJocturc. The lugrgcütlon that
tonc platohtr erc denrgcd durlng handllnç end followl,ng
rrlnJaetlon rrc lmdlatrly dcrtroycd wlth rclc¡rç of tha
l¡brl whteh thcn bccæro¡ cttaehod to elreulatlng platcrotr,
doc¡ not appe¡r tuabra. rt her bocn rhoun (Danry and
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Landcr, 196ll thet only rn oxtrcncly ¡sall proportton of
el.rauxat!.ng aetlvlÈy aÈ eny tÍno lr not bound to plrt.lrt¡,
Purth¡r, BalðLnl ct altt (lgeOl havc rhovn th¡t radlo-
aatfvc ehronLr¡¡a llbrratod f,rtxr l¡bcllrd platclctr door

not r¡atteeh to plattl¡tr Ln vLtro, and Ebbo ot ett{
(r965t h¡ve ¡hor¡ oonotu¡Lvrly thrt, 1n vlvo e¡ wrll rr
ln vltro ahror¡frur5r i, rcbarcd frør dcrtroyod platotctr
fn r form lnoepablo of ettachLng ftærf to othor plate-
lctr. lhq cvl.drna¡ et prorcnt, ev¡fl¡blo ruEEcrt¡ that
thc phrnonGnon L¡ duc to thc tranrl,ent rdhr¡r.on of e

proportton of thc lnfu¡cd platrlctr to y¡¡cular onðo-

thcllun tlrrouEhout tlro boaty (cronkltc ct rrfr, r93?) anô

l,t va¡ ruggortcd by Drvcy end Landcr (fgCf, thaÈ ttrc
r¡noval of plataletr f,ror¡ thc body for eny tlur lt
a¡roclatcd'vl,th rnotabolle clranqo¡ wlt*rln thc platclct,,
porrl.bly ar thc rcrult of ttro actlonr of coagutatLon

faeton and chrngcr tn thc lonle courpoaftfon of thc
arÍllcu. Buoh altcrrtlonr ney bo rcvrr¡l,bto Ln ronr
platclct,t (rogrogatod fracÈfcn) rnC lrrcrrcr¡lbt¡ fn
otlron (rrquretraÈ¡d fractlönl. Tho¡c ln uhleh thc
r¡act,l.on fr ravrrrlblo ¡tl erpabre of apparcntry nornel
runrlval wlthln tha bedy rlonE rlth thr proportfon of
ccll¡ rhlch 1¡ rcrnLngly unaffceted by therc chanEar and
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whlch renaLn¡ fn cl"rculatlon foltowfng lnJcctlon.
l{lth EDTA plateletr, the hl.gh tnftl¡l aetlvlty

recordcd over thc llvor whleh rrrbccqucntly dceline¡ ovor

the couraø of a to 2{ houn, auggcatr that ragragated
platclcta are partlcularry eoncsntr¡tad fn thlr otrgån.

Howaver, ùhcLr rclca¡e fron thlr orgån ir gcneralLy

a¡¡oeLatcd wlth an lnerea¡1ng courrt râtê ovcr the rpreen,
whlch would fndfeatc that at lea¡t aome of the ptatolct¡
tenporarlly rcaregateá ln the rfr¡er ara rerea¡ed fron
thlr organ only to be permrnsntly aagucctered f.n thc

aplcen.

¡{lth ÀCD rÀ' platclrtr, hlgh ln!.tla1 actlvfty over

the splccn Le followcd by a declLne Èo a atcady lcvel
wlthfn a fcw houre and would ruggaat Èhat thc cpleen k
tho predomLnant ¡1te of both aegregat,{on and aegueatratlon

of ¡uch platclctr. wfth AcD |s| plaùcrcts, the proportlon
regregated fc rnall and no partlcular organ could be

fmpllcaùcd ln the procèo¡.

Platelct llfospan and klnetLca tn cl.reulation, The¡c

studler lndfcatc thEt the ll.frrpen of hu¡n¡n plataLcts Ín
circulatlon La ln thc vlelnity of g 11 dayr. Arthough

It nay bc argued that those plateleta whlctr urtlnately
survl've rrquertratdon and aeçrcgat,lon to cfreulatc ar
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vlable unfts rnay not be rêprÇrÇntatfvo of tho orÍr¡fnal
populatlon aanpleC, lt ¡nu¡t bc empha¡Lsed that thç lffc-
span dsternrl.ned fron thcac ¡tudlc¡ Lg not lnf1uçneed by

the partLcular antfeoagulant enploycd, lnd fr ln egrac-

nent wlth thet obscrvcd by other workqrr ualng ¡Lraller

¡nd dlfferent, teehnlgues,

$ivergent vl,cwc have bten ertprÊrrèd only Ln relatl,on
to the mode of dartructlon of notnal platclctr Ln hcalth.

It has been noted prevfoualy thaÈ lnvectlgatort
uslng corrpound¡ of F32, s35 anâ ell rs platelct l¡bc1¡
have generally found thc fallout of platclet actfvlty
fronr efreulatlon to be a tlnrplo flrrt crder functfon

ruggeetLng random deetruetlon. The uss of thcre Iabcl¡
has baen crltfoLscd, howcvsrr ËÇ thay arê pronG Èo

metaÈrolfc turnor¡or end loas f,ron tho eall (Parkcr-tlllllern¡

ct alllr 1963¡ Groaa¡nan et atll, 1963), lîost workars

who have u¡ad radl,oactl.ve chronfum as the platclot l,ebel

have obtalned rectlllnêar turvlval "eÌtrr.rè!" luÇgcttlng
thtt platelct¡ have a ffnlte llfecpan and that. de¡th t¡
a re¡ult of esneeg€neo. Mors recently lt hat bcan

euçgetted that Ilnear and random procerËât âre lnvolvadt

ln the removal of platclets fro¡rr cl"rculaÈfon (Davcy ct
altf, 196{; Ebbe et allf, 1965} " The platalet tunrlval
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çutr¡cl obtalncd fn thl¡ ttudy rupport thc contcntfon that
both Ìlncar ¡nd random procalae! arc oporatlng ¡tmurtan-
rourly. By apprylng the arathcnatlaal morlel davlacd by

Davcy ct alll (196{l analyrle of thc platclet rurvLvel
curvê! conforar¡ to the theory of a flnftc llfecpan belng
opcratlve and upon whlch l¡ superlmpo¡sd a random 1o¡¡ of
approxfur,rtêIy 10 12t of platelct radLo¡etlvtty per dey.

Sltc of dc¡ truetlon . the ci.Èe of dcstruetlon of
normar platelctr ls also opon to guertfon. Thc prercnt
rtudl¡¡, whj.ch ¡how a progrrcrrlvcly rlrl,ng LLvar/praecord-
lal ratlo wLth tlnc Lrrcr¡rcctlve of Èhe antfcoagulant
u¡ed, tupport thc conelurl,on of Attcr and ,f¡ndl (196l)
th¡t "although ar6a! ¡uch ac the narrow and lynph nodc¡
nay pray a role ln thê ramovsl of effeto plateletr fror¡l
ttre clrcul¡tl,on, ln man the naJorlty of plaùercÈe rean to
nornally dte {n the rettculosndothol{al cerl¡ of the llvor.,.
Howevêr, the rrtght increaae ln rplecn/praccordlar råtlo¡
fregucntly obrervcc in indfvlduqtr studiea and rafrected
partlcularly ln the acan valucr obtsfned wlth eeo rgl
platclct¡, shou that the t¡llcGn may plty a ¡ceondrtï, but
not unlmportant, rolc ln thla rcrpaet.

Chol.ee of antfcoaqul tnt. Therc can be llttle
doubt fron thc result¡ of tho prercnt aùudlea and tho¡c of
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årtor and .frndl (1964) that, Ln tcmr of plrtrlct vteblltty
follor,rl,ng inf,urfon, tho u¡c of EDTÀ er en entl.eoagulant

for platelct colloctlon and pr¡tcrv¡tLon lcavcr nrucb to
be dtrfrrd. Ccrtel.nly lt le lnftrl,or to clthcr of tt¡c

rolutLont al c!.trate dcxtrorc rnploycd. Tha prrrrnt
rtudler vould Lndf.cat¡ thrt thcrr lr probably ltttlo to
ehoo¡o bctvtrn ÂCD rA' and ACD rgf for thc pnperatlon of
pletrlet coneontråtct. Hor.vct t ACD tÀr docr rcrult Ln

platcht, açgrcgatfon ln vl,tro rnd conr.gr¡.ntly hendllag

of tho platcht¡ and thclr aerurpot¡¡l,on l¡ norc dlff,loult,,
lfLth ÀCD t 8' , platcletr rctaLn thofr nornal rhe¡n,

aggrogatlon docr not ocour ln vltro ¡nd, ar wf.th EDTA,

tÌ¡¡ rur¡nnrfont arc .a¡y Èo handlo. Upon lnfurfon
;egrcçatlon L¡ slnLnrrl or ebrcnt, yoÈ thr proportLon of
plrtclctr uhf.eh rurvl.vc fn cLroulatton lr no grcltor than

wlth ¡Cp rÀr and thc ov¡rall rffLclenoy of thr tr¡n¡futl.on
lr lowcr. Itr cn cerly conmunlcatlon, Altcr and Jandl

(f963) reportrd "rqcovlrlct" of E0 to 100t of labcllcd
platclrtr Ln clrcul¡tlon. Ltter, prGrantlnE thcl,r rcrultr
fn 23 ¡tudlcr, thcy notrd I mrn rÊGovtr1r of 67t plth t
rangc of, t6 tô 851. AlthouEh alq¡o¡t oonrplrtr r.co\¡rr-!¡

har ooeerl,onally bcen notcü ln rcccntly rplenoctml¡cd
patlentr, lt hae not bccn poarlblo Ln thc prcecnt rtudy to
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echlcvc a rGcovcry of bctter than 52t Ln normal rplrcn-
Lntcct aubJcctr url,ng thle antl.coagul¡nt. ft rFpGrrt th¡t
whllo the loy cnvironncnt¡l pH achLancd wlth ÀCD |St nay

roducc platalct aggrcgatl.on and thc dcçrcc of togregetlon,

thc proportion rcguorÈcr¡d l.¡ grcatcr than wlth l-CD tAr.

The ovorall eonclurlon f.r that platolrt oonecntratar

prcparcd from blood coll¡ctcd lnto åCD rA' and infu¡ed
lnto rrclplent¡ arc rltghtly rupcrLor tn to¡mr of platc-
lct vlablllty Èhan thore collcatod Lnto ACD rSr and are

con¡ldor¡bly rupcrlor to tho¡c prcparcd from blood

collcct¡d lnto EDçA,

Rrrultr of rtudlct on patLcnt¡ guffcrLng dirordrrr
knovn to predl¡pot. to thro!üborl¡ or to bc a¡loctatcd
vltn fncrcarcd atherogencelr clmon¡tratcd no efgnLffoant

dçvictlon from tho¡c found l.n nor-aal healthy rubJaetr.

thrre vär no rlgnlfle¡nù Lncrct¡o 1n the calaulatcd turn-
ov6r of platolct¡ and ttrø contour of thc platoleÈ curvlval
cut¡v! ðfd not dovlata fron that foru¡d Ln nornal tubJeetr.

Pl¡t¡lot llfelpan rc¡raLncd bctuocn 9 and Il daye a¡ wLth

hralthy controlr. thlr lr oontrary to thc flndlngr of
liurphy and Mu¡tard but l¡ Ln aocord¡ncs ntth thc flndfngc

of OrNelll and Flrkln (19611, The u¡e of phcnlndl.onç rl
a thorapautlc antlooagulant fn rubJsetr wlth valeular
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dl¡e¡rç war found to .x.rt no bencflolal offoct 1n

docroa¡l.ng plrtclct utlllr¡tf.on. Plrtolct runrlval Ln

lndlvfdurt rubJccÈr vho rurG rtudLËd both yhlh rccolvinç

entLcoaEulant Èhcrapy end lrtor follorlng ltr vlthdrewel

w¡r found to bc rLthcr rrnchangcd or appcand to bc

rl.tghtly rldue¡d. tny rcduatfon whlch oeourrcd wa¡ not

howcvcr, oî ¡tetl,rticrl rlgnlflernc. and wal noÈ of
rufflclcnt nagnlÈudr to bo rcfloctod Ln turnovctr date.

Thc conrtaney of thtr trond Lr of aono lnÈon¡t,, howcvcr.

ft ney bc portulatcd that rubJcotr who arc rtudl,¡d fn th¡
rarly rtagce aftcr nyocardlal lnfaratfon raay harru a nore

r¡vcrc forn of thc di¡auo (on ellnLsal grorurd¡l than

tho¡c rho arc not enttooegulrtrd, ![hc tendcnry for thr
¡unri.val curyo to bc rhlftod to thc left, under th¡¡c
cireum¡trneer would fndleetc an Lncree¡od random

conrunptl,on of platclcÈr ar a r¡rult of thc dfra¡a rrthcr
than to any rffcct of thr anÈl,eoegulant. IlowrvGr,

enalyrlr of thi.r problcn lr conplrx ar although pl¡tclrt
rurvl.val rEporrt to bc rlLghtly lc¡r fn rubJacte who ¡ra
antlcoegulatad then 1n rubJcctc vho rrc not rocclvlng

antlcoaEulrnt¡, there le no diffcrcnoc batvçon thc eurvc

obtafnod fn thç fomcr and thrt obrervcd ln nomal, hcalthy

conÈrol eubJeetr.



113

It h ccknowltdgod that platcleta ¡rc utÍli.¡od durlng

thronbo¡l¡ and lt har bccn rhorn by Adalron ct alll (196f)

and by o'Holtl and Ffrkln (1961) that platclot lurvLval

l¡ rcðuced ln eubJccte ¡tudl.cd durl,ng thrombotlc

opf¡odes. fn cubJcct o.G., the cllnLcal alanlfcrt¡tlonr
of vsnou¡ thromborí¡ wcrc ¡s¡oeJ,etrd not only wlth a

¡udden rcduotlon Ln elraulatlng platolat radloaqttvlty ln

vivo but varc ¡1¡o proocdod by rnarkcd abno¡nnalLtfo¡ ln
platelet bqhavtour tn thc ln vltro Chandlcr tubr lyltcn.
g!.mllarly, wlth rubJoet ll.B., both ln vLvo and l.n vLtro

aÞnomalltlea ln plrtolat bchavi.our onel noro eol"ncLdcd.

It ¡ccn¡ llkoly that ln tlrlr oarc th¡ ehangcl rtrc
¡¡¡oeLatod tn pert wlth poeù-opcretfvc dcporltlon of
pletclct¡ Ln oon¡idcrablr nunbar¡ durlng cndothcllell¡atlon
of, tÌ¡e draron grqft and port-oporatlr¡a thronbolla of

danreged vot¡cl¡ r ùr furthar ¡tudle¡ oanf.od out throc

nonthr latcr ¡hovcd a cornplctaly norual boh¡vtour pattcrn.

It aey br eoneludcd fro¡a thorc flndfngr that fnomarcd

platcht. utlllratfon ney br detcotod by thr "hroulr¡t5l-
l¡bolltnE tcchnleüGr but thc dcErcc of thromborl,¡ ls
hlghly rlgnlf,Åcant. àny acutr thro'nbotíc eplrodc nu¡t bc

oÍ ronr nagnftuda to alùrr thr contour of thr plaÈ¡Iot

¡urvlval curv!¡
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Àlthough lt la an aÈtrectl.vc thcory that pretclet
oncru¡t,atl.on tr a eontribut!.ng factor to thc proÇÊrrGr

rqrulting ln ttre davclopnant of atheroþàr tho rcsultt of
pratelet rurvlval ¡tudf.ec uefng Èha ehro"iurSl taehnfgue

do not rupport thfn conÈcntl.on. 
"hlr 

aray !.ndcad bc duc

to ¡ daflci.cncy ln tha acn¡ltfvtty of thc taehnLquc rather
than to the faat that pratcrate ara not bclng lneorporatod

lnto tha va¡eular endothelh¡m durfng athcrogenrrLs. Thc

accuracy to whloh gornG workçra har¡c eå1írrcsrGå thalr
¡urvlvtl data Ln thrrc eondLÈlone known to be ae¡oclatcc
rlth athçroma for¡natLon has bcen daffnoå to wfÈhln an

hour of plateret vlabtllty ln ¡ome cûrc¡ r rn cxact,l,tudc

whlch c¡nnot be obtalned uglng thle ¡aethod r âDd lndosd !.e
unrlkery wlth any of tho othcr mcthod¡ at prcrcnt u¡ad for
detor:¡nlnatl,on of platclet curvlval.

The thrombl producEd ln the chandler apparatur wrth
blooå f,rom patlents after uryocardlar lnfarcÈlon werÊ

found to þe longer and heavf,er than thc thronbf of eontrol
rubJects havfng nelther cLlnlcar nor elçctroearcll.ographlc

evfdonce of myooardfal lnfarctfon. Thrornbue ¡lre wac

croarly founcl to decrease wLth the paeeage of tlme after
Lnfaretlon and hacl a tendency to be le¡s ln patlcnte br{ng

treated wfth oral antLcoagulanta. Thrombus welEht and

placna flbrfnogen leveL ehowed statfstlcarly elgnlf!.cant
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eorr.laùlon ln control subJoetr (p rO.Ol) rnd La prÈlrnÈl

rlth ryoorrd,lal lafrrotloa (p r0.00ll . rt her pnvrourly
broa drür¡nLnrd thrt thr plmrr flbrtaogrn lrv¡l lr fnonrred
ln prthntr rho hrvr tutfrnd nyoorrdt"al latrroÈl,oa (E¡yrn,
ttlf ) rad thlr flnêlag hu bron rdrqurtoly conf,lrntl J.a tht r
rtuåy, Lornor (lttgl ¡l¡o drnoa¡trrÈrd thrt, thr plerur
flbrlnogrn l¡vrL r¡nrfnr rhvrtrd durfng thr prr!,od of
h¡rtlng of, tbr lnlrrotrd ¡rrr. fhl¡ rltrrrtfon of th¡
pluur tlÞrtaog¡¡ eould ¡t tb¡r rrtotly or pertly rcsount tor
tbr grröurl ¡rtura of tr¡r¡r Þrtrn ü.rü twr¡dr thr aonrl
nag. vltb thr grrregr of, tlm. trb. poætbllÀùy nnrt ar,
hortvrr, thrt lrctorr oth¡r thrn pl¡rsr ftbrÅaog.û ary
d:tr¡nln¡ ùhrolbul tllc.

Çonnor rnd Pooh (1r6fl hrvr rhovn ùhrt lf long ehrla
frtsrttrd fetty rcidr rrr rûdril to btood fn talr¡ chrndlrr
tttbo thr lrngttr of ttrr ttrronbur tradtd ts lEs¡rur lrrkrtly
r¡rd tltc Ètû. tdrrn lor th¡ tdrrunbu to fo¡n yl¡ ndso¡d.
uh¡aturrtrd fåtty acldr hrd lttùrc or no ¡ffrot. thry
ruggrttrd tl¡rt th. gtart.r thtoübEr lrngt'lr pmducrd by tlrr
rlstfvl' fetÈy eoldr ary lnd.tertc ttr¡t tt¡¡ conrrnlon of
tlbrlnogrn fnto lfbrln h¡d bron rltrroô An rm¡ rry ro tbrt
r loo¡¡r Dortr rtrtng-out aonfigluntlon of flbrla rorultrd.

r rlntlrr ¡¡ohr¡frs oonld þ. hpllertrd in tt¡r fora-
rÈlon of ühr larrgr tdrrmbt formd ln prttrntr rlttr nyoorrdlrl
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f.nfarctLon, parüfeulerly aÊ abnornral ltpfd meteboll.e¡r

har baen widcly LncrLnLnaÈaê a¡ an act,loroglcal lector Ln

Èhlr d1¡aare. rt wa¡ not porctble to derrronrtratø any

rlgnlfleant aorrcletlon bcttr¡cn Èhrombu¡ wcfght and ÈoÈal

terum qhole¡tcrol lsvclr cfthar Ln herlthy control aubJecte

or {n patdcntr wlth nyocarôfar t"nf¡rct!.on. Eløyated ßGrun

ehole¡terol revelr aro hot*aner only o$e påsr¡ùcter of
abnormar ltptd ßåtrþol{¡ur end do not pracluåc the prerenc€

of othcr Ltprd abnst-nrrrltLo¡ ¡r aotfologlcel factor¡ ln the

formation of tbe rc abnonnal thronrbL. rn thk atuây rerußr

ehore¡tcrol lcvol¡ waro $ore a functfon of egc than of
prÊrans€ of, ovcrt nyocardlal dlrc¡¡c (Flgurc tl).

rt lr not porrfbt¡ to dctcnnfnc whcthcr th¡ f¡ctor or
frctor¡ ree¡ronrLble for the davelopmcnt of thç¡c Lergc

thronbl, ln patLents wf,th myocardl,al fnfarctlon rrcrÊ present

prlor to l,nfarctLon or àr. mcrcly thc ro¡ult of chençcr

occurrlng rubrcquant to the clfnleal Gvcnt. rt appcarr

that' thc lattcr Ls norc l"tkcly. Thl,¡ tcndcncy towerdr

abnorrnal Èhro¡nbo¡lr ln vltro fortwing þyocerdfar J,nferct-
fon rnay t n part ¡ccount for tho throqrbotic opl,¡odc¡ whlch

erc known to oaeur from tfnre to tl,rno ln tho pott-lnferctlon
part oä,

lhe ra¡ult¡ of thata rtudlc¡ alro elearly lndlc¡te
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thaÈ thora L¡ a elgnfftcant Lneraarc ln the frcqucney of
abnot-nql' apontâncoua platclot cggregatfon ln patlent¡ wfth
nyoeardLar lnfaretLon oompared slth healthy controtr.

rubJcctr greatcr than l0 ycarr of agc. rt fa açatn not
pocrlble Èo stata whether thosc flndlnge ralatc to a rtatc
oxfrtLng prfor to f.nfaretion or årô Èhe aaqurl of myoeard{al
necrosL¡o but Lt ha¡ becn âemon¡tratcd that thcre lr a

dcflnl.tc tendcney $or thc freguoncy of rpontåncout ptate_
lat aggrcgaÈion and thronbur ¡iz¡ to Lncreaso with agc ln
apparcntty hcalthy rubJectr. Thlr ruggertr that thc factor
or fÅctoru rocponrlbrc for therc plrcnononü rro prcacnÈ to
tomo extrnt and that coronar.]r thronbo¡lr ney rcrult froa an

Gxagg.ratl,on of thl¡ trcnd.
AatLcoagurant thcragy ln patlcnt¡ vlth myoeerdlal

lnforetLon had no offcct on the ovcralr inefdanqc of
platelct abnomallty. rtro explanati.onr for thfa findlng
nay be tenabls. Firgtly, lt eourd be that Ln antisoagulatad
patLcnta, tÌ¡e lnltfal ovcralr frcguancy of platarct
abnornallty raa greetar and that thl¡ frequancy has Ln fact
bccn rcducod by theraÞv. Artornatlncty, antLcoaçulent,

therapy may havc lfttlc or no affect on platelet aggreq-

¡tlon. on thc othcr hend, thrrc r*al a trond, although not
rtatlgtically slgnlflcant,, for thc cnor¡tor¡r phencrnanon to
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oscur nßrre frequrnt,ly ln antleoaEuletcd prtlcnt¡ (ll.5ll than

!.n thoso not rceclvfng antleoaEulant thcrapy (a.?tl, llar

antt.coagulant Èhcrrpy ¡nhenccd pletrlot aggrcArtLon ¡nd l.¡

tht¡ ncraly e rcflcctlon of the faet th¡t tho¡¡ paticntr
rolaqtod f,or trcatnrnt by entloorgulantr dlfftrod fron thoæ

noÈ gl,vcn ant,LcocAulentr r probaÞty on Èhc barlr of norü

crtrnrLvc lnfaretLon? It f¡ apparaut thet thcrr l.t no

¡n.Ìrêr to thlr e¡ueetlon on thc çvLdoner rvelhblc and that
tlrt effect of oral antLcoagulant¡ on plrtolcÈ aggrrgrtfon

ln rn Ln v{tro lyttân of thl¡ }ypc le lneonclurlvt.
Rosults of rtudlc¡ ln patlcntr vho have hadl both

platrlet runrLval rtudfor and Chandlcr tubc rtudLar carrLcê

out rhæ that Èhc ltttelfhood of dcteetlng abnomrl platcLrt
bchevlour f¡ grerter urtng tho Chandlcr üubc tachnLguc thrn
url.ng tåc crsI ncthoô of lab¡lltng platrletr. HaJor

o¡rLrodcr of throubo¡L¡ crn bc drt¡ctcd urlng both urthod¡ but

tho Chendlor tcchnlguc provfder a norc ct¡¡ftivt RÇa¡ure of
¡bno¡anl brhavfour ¡nd dofactr whleh cannoË ba noa¡urcê ln
tho sunrLval tcchnlquo ølay bc obvLour ln thc Ín vltro tyrtËts.

Havfng dctt¡mlncd theÈ ft l¡ poælblr to dotoet aetfvr
thro@bori.t of any doçroe ln ettlnatet of ptetrlet ¡urvlval
and th¡È tl¡e Chürdlcr apparatua provldcr a uroful enâ

l,nfor¡q¡tlvs nca¡ur¡ of sbnormel platel.at bchavlour tn vltro,
rtudicr r,Êrc carrlod out on patLenÈ¡ wlth valvular 61.¡caro
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o! thc heart. xt ha¡ baen notod prcvLourly that the nr¡nber

of patlcnts nho hava hed othor:wicc ¡uecc¡rful rcplac¡nent of
dLscaacd hoart valvc¡ wLth starr*Edvrerd¡ prortherea but vho

have rubacqucntly cuffcred thronbo-cmbol!.¡m and lÈr aoquclao

ls LncrearLng. A,t autopüy Btny of the thromb!. have bren

found adherent to, or Ln cloge relatlon Èo tha valve

proatheel-e and havo bcçn conposed elmoat ent{rery of pratc-
lsta and flbrln.

Thå prttcrn of thc pletqlot, ¡urvl_val dur!¡eg ln tubJoctr
7 to 10 (Tabl.e If) who have had val,ve repleccnent wl.th st¡rr-
Edwerds proetheroo euggcrte that elthough many of the

rabclled pratcletr survlvod for thelr natural llfoapen of g

to 1l days, â contidsrablo nu¡nber of platelot¡ rcac belng

prenaturely re*roved frorn cl"rculatlon ln a random fa¿hl.on.

rhfg l,ncrsa¡ed platelct loes ldrìs prarr*nabr,y matched by

l"ncreaeed produetlonr for nonG of Èhe patlente war ttrrombo*

cyto¡renfc. There çôs no auggertfon that thege aÞnorsral

ftndl,ngs wêrs relatad to qlthar ågÉ or sex or to tha u¡r of
phenl.ndfone thcrepy. Thø part{curar valve replaccd alao

could noÈ bü lncrlnlnated a¡ a rnaJor facÈor fnfluencÍng the

altcratlon Ln contour of thc nurvlval curve. Thc naJor

factor whlch cvorved ln thE eon¡Lderatlon of thesc re¡ultr
wåa that abnormal rcsul.ts wrra obtalnsd l,n thosc oubJcctr

ln rvho¡n proethe¡or had LroEn ln praca for the longert perfoü
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(fable 1l).
the premature renoval of plateleta ln thasa rubJeete

nay bo due to tholr btfng conru¡ncd ln thræ¡bus formatfon.

Adelron ct alfl (f96f), Fl.rkLn (f963) and Or!{e111 and

Flrkln (1961) havc ob¡ervcd ¡Lnllar curvaü ln argocf¡t,l,c¡n

wlth Lntreva¡cul,ar throurboolc and a ci.nllar pattern of
behavfour hae al¡o bscn deimonstrated Ln tubJeota ln thl*
laboratory. It 1¡ concclvrbte that ln th¡¡s rubJccta thc

abnornel plaÈelet rurvlval patterns Bro an lndlcatlon thst
oontl.nulng platelet deporltlon and thrcnobus fomatlon arå

oecurrtng ln thc rcgl,on of the proothesia. Figure 4t

Lllu¡trate¡ ths autopay flndlngr ln r man who had had a

rueccr¡ful, cortlc valve replacemEnt buÈ who subrcguênt1y

dlod followlng r $êrouterlc artcry thro¡nbori¡ reoondary to
gro¡t athcromatou¡ changea ln hlt aorta and mesentcrlc

vcrrcl¡. fhç valve Ì¡ed remalned wclr ¡ltuated anü thare

sel no dfuruptlon of tt¡ attachnent. fn the region of the

toflon rlng obvLouc thrombl $ctrÊ prtrent. Thace wero of
both antc and port-nortem typor cnå had ln no way lnterfcrcd
wlth valvc functLon.

It coulâ alro be pottulatod thet plateletr arc bclng

da¡ragcd Ln cLroul¡Èl"on by tho Starr-Edwarda val-vo. Cellulrr
daxrcAo f,ollowlng thc lnscrtlon of valvc prortheate ha¡ boan
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Figure 432 ¡\ mixtuls rlf böth rnt@!ìortsn and port-pcrten tÌ¡:r:mbl in tho rcgfan of thrtcflc.n euff' of, e SÈarr-Edvçtrds brtl
val'r¡e¡ prr.st}aclla tn tt¡rr aortla roElon,
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roll doeulsntcd. trn ltta Roro of ¡ltl rêport.d ¡n¡cnl,c

follovlng thG Lntcrtton of prorthctl,c nrttrl,al, and ln l9t6
Stohlnan ct ¡lll rcporÈcd rcd erll ðcrtructl.on ln doEr

follovLng th. !.nrortl,on of r ltufnag¡l valw. CcIl

d¡¡tructLon uar aeeoüpanlod by haenoElobln¡cnla, hamo-

globlnurLa, anamrta, rctlaulocytorLa and rcnal heurro¡l,doro¡i.r.

Chroal,unSl t.d ccll survLvel s¡t Ertrkcdtly rcduccd.

Thr flr¡t rcporËr of hacmolytlc rn¡l¡ol¡ of, ncchr¡rLcel

orLEfn ¡ft¡r op.n hcart ûurgcrlf Ln hr¡manr sGro prcrcntod by

Brill ct elfl (196f) and by Seycd ct al"fl (196ll r rnd

rubroqurntly rrportr of thl¡ phrnmcnon havc contfnued to

app.rr (Vcrdon ct alll, 1963; 6!.gler ct altt, 1963).

Strvcnron and B¡hcr (196a1 ¡nd Marrh (1961) rlnultancourly
noted tcvcrît latrrvaroulrr hamalytlr follorlng lûrr fn¡ortLon

of Strrr-Eð¡r¡rdr prortlrcmr and gottulatcd thtt thle typc of
hernolytlc tnecnl¡ slth fragraont¡tfon of thc rod cç11! ya!

due to tsrbulent blood flw rnd tlro prcroncr of a rlgld
prorthcrlr ln clreulatl.on.

No norphologloel rbnorn¡llty of tho aubJaetrI platc-

let¡ or rcd crllr wer obrtrncð fn tÌ¡r ¡tuðLcr at prcrcnt

und¡r dlrcurlLon. Houovcr, lt h¡r bo¡n notcd f,n lndlvldual
¡tud,lcr that plrtclct ndÍoactlvtty nry ¡ceunulatc 1n th¡
aphon (endl llvrrl . ThL¡ could ruggatÈ that Ln thc ¡ff¡ctrd
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aLrculatfon and rubrrgucntly rquoetorcd in rotl,eulo-
ondoùhclfal tllruc.

A furth¡r porelblrlty for tha altered rurvlvat curyG

prÈtcrn arf¡or froa Èha rcccnt rtudfe¡ of plrofcky et sllf
(1965! yho drnonrtntcd thc cxl¡tcncc of an auto-t¡maunc

phanoncnon a¡rociatcd ylth thc hacnolyrls vhtch nay

eomprleato eortfc rtano¡l.r or thc Lnrcrtlon of a strsr-
Edverdr prorthcrlr. Brtcn¡Lon of thl¡ rrgumônt to tha

prorcnt rftuatlon vould ruggaat that Èhc platelct rurface
rn¡nbr¡no nney bc ¡o ¡ltcrôd by noehenLeal traun¡a thrt Èhc

modiflod platrlct appc¡rr forrtgn to thc ho¡t, and antl,bodlc¡
agri'nrt ft arc proáuccd. otrcc agafn platclct aggroget!.on

eould re¡urÈ. gLnco rush "danagrd" Blatorctr nLght bc

more llablc to loe¡l dcpotltfon ar wcll a¡ retleulo-
endothall¡l rcquutr¡t,lon, both th¡¡o ra¡chrnl.¡¡or of renovel
eourd oporetc ¡l.nultenrourry. FecLlltler for the detcctlon
of platcrct antÍbodlc* bclng unrvafrabls, Lt ha¡ not bcon

porrlblc to cxplorr thf.a furthcr.
Thü rorults of ¡tudfcr ln the ch¡ndlcr tub. rn{rcate

thrt thcre i¡ a rlçnlflcant Ínorcare ln tha frcqurncy of
abnor¡¡al pletclot aggrcaatlon l,n patlontt rith Btarr-Edverû¡
prorthcrGr conpårcd wlth hcalÈhy control lrbJcct,r (p { 0.001} .

9v'hoÈhcr th¡ro flndlnga arc relatcd soxaly to the prcrlnco of,
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thc artlflehl vrlvo or to a ¡tat¡ rrbtl.ng prfor to velvc
replaocncnt fr dlfflor¡Lt to rrmrr. trt har bcrn ahowa

that thcrc 1¡ a tcndcncï for thr fnguonc¡r of lpontenGout

agEngatlon to lncr¡uç tn rubJrctr vho h¡vu vllrn¡r¡r
dlac¡¡c of thc hrrrt but fn rhoa valno roplecmant hac not
been carrLcd out. Horcvur, lt ¡houlð bc pol,ntod out tbrt
tha naJorfty of dayt of rbnoraal pletelet rgçrcgratlon !,n

tùt¡ roctLon rar found ln th¡ onr rubJcet and dfd not
reflcct ¡n evcn rcrttrr throughout thc arouE. Ereclu¡fon

of Èhl¡ rubJcct sould ro¡urÈ ln a frcquency öf, rbnor¡ral
platclct eggrcEetloa eonparabh vlth thrt ln herlthy noraal
rubJcctt,

Thr ùhronbl producrd fn tbo chenölcr apparatur froa
the breod of rubJcetr.wLth hrart di¡rrrc wGr¡ ncl,thcr rongcr
nor heavl,cr than trrorc of control rubJectr. 'lthfu may

lndlcata thrt dorpfte tbr ptetrlct abnor-rrelitLc¡ dèteetGd,

throaboçlr war not ¡etlw to a urJor dcarcr durlng thc
perlod of rtudy. ,

rn rubJccts who havc had platolet ¡urylval rtudLc¡ and

chandlcr çtudfcr crrrLrd out rl,nultancourly, abnor¡nat plaùc-
lot lggrcgatton drtcrntnsd ry the chandlrr ncthod oceurrcd

ErotrG frcguently tn lubJrcta rlth roduccd platolct aurvivalt
t!¡an fn aubJcct¡ rtth nornal rurvr,val cn¡lnÞìrr. tlhLr
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aorrclatLon bctrcÊn tvo dLff¡rcnt nroe¡ur¡nent¡ of plaÈrlot

bchavlour Lndfoatc¡ Èhat tha faotorr vhLeh nay br rcrponrl.blt

for thc abnorrrall.tlcr of platrlot rurvlval fn petlontr st.th

Starr-Bdvards proathercr arc alro thc f¡stor¡ rhlch clutG

thc lnsnelod platelct ¡bnormalltlcr ln thr Ch¡ndl¡r

epparatut aad that ttro rrm ¡rhonomrnon 1r brfngr ucerurcd by

thorc tno qulto dlfforcnt nothodr of, ltudy. lDhc¡¡ faotorr

an not ntcct¡rrLly crcLurlvr ¡nd lt lr porrlble that thcy

trray ocour althrr tnðopcnðcntly or ¡Laultencourly to varyf.ng

dogro¡¡. !f,ho vrrLour hypothcecr ney bc fntoqrrtcd undcr tha

follæIng rchcna r

ncahantcal denegc to platrletË by proüthetfr

altcrad ¡urfaec rc of pletolatr
retleulo-
cndothrl{al
ngucltratl,on
ln ¡on¡
patLentr

{f- Platrlct aggrcgatLon 4-

t
Èhronbrn fo¡'aatLon

' fn tt¡6 ltuslt donon¡tratcd r portopcr¡tlvc rí¡c Ln tho

Iovcl of, blood plaùclcta. thclc fl.ndlnEr hrv¡ brcn ¡ub-

rcqurntly aonfL:runCl and lt lr nw appârcnt that tha port-

oparatlvr rlao ln thq platolrt count Lr ¡ro¡t nrrkod bctwcan

antfbody to
" forot gno
platolcta
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l0 and tr2 daya aftcr optratl,on, e tlnc vhleh oörllr.pondr rl,th
tlrr tcndrncy to thro¡abo-rnbotle aonpl"laetlonr. Sbcn h¡ve

bsrn vatTlng r.portf on tår lmrdf¡tc rff¡ct of opcratlon on

platclet lrvrll. Mu¡tard (I95?l found thrt patfcnt¡ rho had

not born tranolurod rhorod e rLæ ln platclrÈ eount luncdlatrly
aftcr oprntfon rnd thrt a proportl,on of, patl.ntr roccfvfng up

to 6 tr¡n¡fu¡lou of bank blood rhwrd no fall ln pletolrt
count, Othar rorkor¡ (¡frrrrn rt, rlll, 195!) hevt

dononrtratcd an l.nnodletr f¡l,l fn platrlrtr Ln th¡ cenly

port-opcratlyr prrt od, rnd lt hu born rrll doouçr¡nttd ttrat
gæatrr ttrrn rlght ÈranrfurLonr tt mtoel,rtrd wlùh thronbo-

cytoprnh ln tho carly rtager (Duf,orgcr rt rlt{, l9lf l
Krrv¡nr ¡nd Jeckron, f9$51 . lPho flrrt rugErrtlon thrt plrtt-
lrt b¡havl.our e¡ roll ar platclct au¡uÞ.r Rry br affrattd ln
thc portopcrat{vt pcrLod war ardo by Peyllng-ffr{ght (Igfl)
who doaonrtret¡d t*rrt thcro var en lneruröd edhr¡lvcno¡¡ of
plrtrht¡ to glart at tl¡{r tl¡m.

Læh¡nr and Cohon (1956) curtcd out ¡rletrl¡t rurvl"v¡t

ütudtat fn prtlrntr attcr o¡rcretlon rnd, although rrrulta
r:ro dlffloult to Lntrrprct, yorl aot lnconrtrtont wlth

nornrl llfcrprn. Furthtr pletrleù ¡unrl,vrl rtudf.¡r r.rr
e¡rrled out 1n tbe luly portopcratlvr psrlod by Suckrr ct
alll l196fl follwlng pr.-oporatlvo plrtrlot hbrtllnE rnd
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fn only two cubJecto waa thcre a docrcl¡c ln platolct
rurvl.val, In the renal.nlng rubJcctc the contour of thc

rurvfval cur!¡o wað norraal and compatlblc clthcr vlth a

pattern toÈa1ly unaffccted by surgcry or vl,th a reduccd

¡urvLval conbfncd wlth eontLnuçd ro-cntry of labrllcd

Bletclctr fnto clrculatton. Ít'hc latter fcatura we¡ a

probebtllty owlng to tha urc of, DrP32 ar the labcl.llng

Lrotopc. In the subJectr fn tlrlt atudy relabelling har not

bccn a problcm a8 chroaLunrSl h", prevtoualy trccn ¡hown not to
rckbcl platehte fn cLrculatlon. Thrce rubJcett ¡howcd a

nornral platolet curvival curtyo and tho oth¡r thra; ¡howed

rorrn rgductlon Ln platclet ¡unrl,val, None of thc patlcntr
had rsesl,ved sralcLvc blood tr¡nsfurlon. Àn lntcreatlng
f¡aÈurc of thl¡ rtudy war thrt platolcù sunrlval war nort
abnorrnel ln aubJecte who¡c tñrån platrlct cor¡nt waa highGlt.

Thlr lndleatea that l.ncrcascd platclet utlllratlon fn the¡c

eubJectc wac vell coupcnråtcd ¡nd h¡d bccn natchcd by al,ther

1nçrcered produet,fon or relcarc of platclcte froç nagakaryo-

cytor r oE by nob!.1J.¡atloa fron othe r plaùclct poolr or

dcpotr. Thç dccrca¡ç !,n platclct rurvl.vel slth ¡ ahlft of

thc cunrc to thr left ls eonpatl.blo wlth Lncreascd randon

rslnoval fron olrculatLen. Thl¡ ney bc aeeountcd far by

Lncna¡ed uttll¡atlon durlng thc thro¡nbo¡l¡ of vc¡rel¡
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daruagcd durlng the coursa of the operatLon. Furthermora,

It t¡ a porrtbtrlÈy thaÈ onc tnfruonclng factor could bc

thc ralea¡e of rcd ccrl or t:lcsuc faetorr, for axanple,

adcno¡Lnc ,clfphorphatc or t!.¡¡ue thronbophrtln whleh nay

pronotc plaÈcrct clurnptng rlth potrlbr+ rcady rdhc¡l.on to
va¡cular cndothollr¡¡n and consaguont rcnroval fron effeetfvr
clrculatlon. Th¡re faotor¡ fn turn ney ba arcoel.ated wfth
thc known Èrndonay to thronbo-cs¡boll¡m that oceurr ln thc
pcrtopcrativa perlod. Tno of Èhe three srrbJcete who had

rcducrd platclcÈ ¡ur:vlval¡ had prcvtoualy euffcred fron
uyocardfar Lnfarctl.on and thafr rcducÈfon fn ptatalet llfc-
tpan nay be a furthcr rcfrectlon of, an abnor:nar tendcney tol
thronbo¡lc Ln tha¡c tubJaete.

Plaùclct ¡urvi"var ¡tudlcc ue{ng radl.ofgotopes have

bcrn vidoly carríed out, ln ca;Gr of thror¡bocytopcnfa. rhe
ncohanisas {n tha pathogcnoelr of ldlopathlc thrornboc'ytopenfc

puryurt aro dJ.eputad and thc pre!6nêe of thrornbocytopcnla ln
the blood a¡soelatcd r*fth noraul or lncreared nunbcr¡ of
negakaryocytcr ln the bone lnarrow ha¡ becn enpralned by a
nunbcr of eontraatl.ng theoriqe. Tho f!.ndlngr rnay bc cxplaincd
on Èhc bas.tr of e defçct of platelat formatlon, or of cxeac¡lve
dleporal" or dcctructlon fn thc perlphcr¡l clrcuratlonr or fn
tha pcrfphorar orgân8 (naycm, l8grl. Frank (r91s, tgl6l
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attrlbuted tha thrørbooyùoponl.a of Ldlopathle ttlrorîbÕctrrto-

pent c purpurâ to dcerca¡orl formatlon by thc megakaryocrytrr

end cuggarted that thf¡ nrchanl¡n atrosê âE a re¡ult, of noga-

karyoclzte lnhtbftton by *ncxlou¡F ¡ub¡taneËr frour thç tphon.
Ëarnol¡onrs suggcatf,on (1916) that tha renovel of the splaan
sould be of velue war È'asac on the anneept that the tpleen
nay be a tJrronboeytotytl"e organ, Thll ldee was extended
(Doan et ß111, 19¡¡91 uitþ tho eoneopt, cf esleetlvo aplenie
Fequeatratlon of olreulatlng pratelatæ. À nunber of
elqnlf,lcant contrlbutlona to thc ncchsnl.*m of thro*boeytc-
penfa have besn nade fn raennt ycara wfth the elue!"datlon of
the nech*nl.c¡e of eedo¡nold! (.Êckroyd, lt{g): tho Èhronboeyto*
penlc ect{vt ty of plaenra lîrc'sr fndlvf duars wlth ldiopathf e
throubacytopcnlc purFurã nhon !.nJacted Lnte¡ nonnal subJecte
(l{arrlngton et e1í1, tg3t}: the affeet on the l!.faapan of
platalctç of, healthy eubJectr followfnç thclr ineuþatlen Ln

tha plaena of patLenta wlth iclopathlc thrombeeyÈopen{e

Furpurê (Ponny et alll, lgüs) ¡ the rlte of surçlval of
normal pl.ateleÊe trsnufuaed Lnto putlonte rsl^th thrornlroeyto-
penfc putr1 r.rt (Btsfanlni and ChattcrJea, lgSll I tha freguent
coaxl.atcnce of ldlopathlc throrubocyÈopenLe purpura and

acgulred haernolyt,ic an*enla (Flshor, lg4?¡ F,van* ct allf ,

19191 and rtudll,ër on the bcnofielal effcet of .h,crtt and,
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cÕrtl.rone ln the dfseaae (Robson and Duthie , 1950r.

It le at pr.B@nt çonerally aeeepted that tellopethle

throraboeytopanlc purpurà fe â dtsoass wlth an ¿uto:lu¡tune

background but tha alto of tho Lumune dalaaga re¡r,sLn¡

unccrtåLn. DlfflculÈlcr lr¡ve arLççn wl.th tha ldrntlftcatlon
of pletelct antlbodlsc and no retfable ln vitro tcchnl.guc l¡
avallablo at preaent. Cohcn (196f) hac cuggottcd Èhat thG

only ¡aÈlrfactory ¡ncthod of cla¡slfyfng thromborytopcnfar

et pnaant dcpcndc on rrhcthor tha platclot aurvl.v¡l i¡ rhort

or normal lnd, ueing radl,oohromatc labellsCt platclote'
drvf¡cd a rcolagsffLeatlon rchemê, t{aJean àt allf (1963) '
alro usl.ng rrdfoactl,'¡e chroniusr-'labcllcd platelets,

attcmptrd to correlatc platelct survfval çlùh the cllnleal
plcÈurc ln thrombocytopent.ç purpura and wltlt thc rcsult¿ of

cplenectorìfr Probably the uoet noteworthy flndlng arteLng

fron hl¡ studLc¡ wat that thc proeencc of splenle loeall.eatl,on

¡howcd good correlatLon wlth aubsegucnt recponee to aplcnaetony.

In patlent¡ whosc eplenfc looall¡ati.on waa lese pronounecd or

abrent, tlre rc¡ultr of rpX.cncetomy $srË less çertaln.
Rc¡ultc of ¡urfuce corurtlng data ln thl¡ scrlel havc tcnded

to aupport thl¡ conclu¡Lon. Trvo rubJaett wlth CIplenf,c

uptake of r¡dloactlvity rorpondcð to eplenaoÈony buÈ ona

aubJcct vho dld not havc a ¡plcnlc uptakc pacrod fnto e
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conpl€to haenatologlcal re¡nl¡aLon lmredlatcly afÈar

¡Plenectonty. Although thf s euggcrtr that rplcnl,c uptake

may âllolr graater predfctfvc v¡lue to be placed on the ltkely
outcone of r¡:'lenectomy, luch a factor should probably not bc

the only crlterfon for operatfr¡c fntervontlon, In tro
patlente who wero çtudLed follotclng cplonectomy, lurfacc

countfng data ehovcd en hopatle uptaks of plateleto. ft
ha¡ bacn known for eonre tÍme that thc apJ.een ir Lmportant Ln

rornovfng plaÈe lctr wl¡Lch haræ l¡cøn damaged lmunologl,cally.
ldore rccantly, howavetr, .åÊtür and Jandl havc suggaetcd that
the lLr¡er plays an Lmportant rolc ln thl.¡ rorpect alro,
and that although plataletç which havc bçcn sltghtly damagcd

by antfbody may ba renoved i,n the rpleon, wLth LneroaalnE

denagc Lnduqcd þy hlghcr ÇencantratLon¡ of nntlbody, the ¡l,te
of leguo¡tration of plntrlcts {e prodoml,nantly ln the livçr.
The occurroncê of hopatfe locall.¡atfon ruggoatr that ln torle

rubJcctr, do*pLtc eplencctnhy, cema abnornrllty pcrafrtr
whlch affcct¡ the platelatr and recult¡ ln thalr rcqucrtr¡t1on.
Xt nray be lnferrcd frour thlr that thc rplaen docc not

contrLbuta to any dcEree to the e.laboratlon of anùl.-platelct

ant,lbody r ât lca¡È ln some ¡>aÈt cnÈa.

It haa baen wtdely ds¡nonçtratcê (taurcner ct a111r 19{8t

lrtaupl,n, 1956, ånA other¡) that transfused platelete are
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r¡roycd fron clrculaÈlon vrry npldly fn patlcntr ruffrrl"nE
fron ldlopeùblc thrmbooytoprnle. Thfr rapld rceovàI of
pletrloÈ¡ undrr tho¡r elrcun¡ttncËt l¡ not DGo.rrtrlly
cntlnly dua to pletrlct fnJury äurlng hrnûllng bnt I.¡ probrbty

rn Lnh*rnt prrt ol tho dk¡¡¡ç. In aorar lnrtrr¡err pnvlour
rcn¡itlrltÍon ùo hEnan platclct¡ by btcod traarfu¡f.on cannot

bt c¡cludr{ a¡ a contrlbutlnE factor. trn thoro ¡tudt¡r
plrùrhts yrrc reptdly ruuovrd fro'u cLrculatlon ln caeh

prtl..at ¡¡rrultlng ln ¡ rtôuc¡d pletrlet half-llfc Ln caeh

fntteasr a¡d oonflrml.ng tbr flndl,nga of provlour lnwrtlg¡torl.
Turnovlr drt¡ tn paÈhntr ul"Ëh tdlopethle thronrbocyto-

ptala ln ttrl¡ r¡rl.c¡ rhov Lncrcmrd tu¡novor ¡¡¡ocletod vlth
rrduecd pletclct runfvrl ln thc nnJorttlr ruEgottlng thet
pcrfphrral d¡rtruetLon !.r r nrJor rotfologlcrl faator ln tlrc
throabocçrtopontr. Ot thrr¡ patl.entt, throc (e.ü.r iF,!!.r

B.ll.! nrpondod Èo r¡rhnrctmy end tvo of thcn hrd rhsvn an

lncrre¡cd rplrnia uptako of ndlorcttvlty. trn tno rnbJrot¡
(N.ß. Btudy ll p,R. Btuäy 2, Èotal pletrht, ùuraovcr v¡¡
rrûuard rnd both hrd e rrduacü plrtcht n¡rvlvrl. Bont

ñrrror oraafnatlsn rhovrd thrt tlrrrc vrt no r¡dsctlon ln n gr-
haryoc¡rtrr. Tàtr ruggertr thrù Èhrro üttr Ln tlrrro petlcnt¡,
tont frlluro of r¡ha¡r of platrhtr lnto clreulrtlon couplcd

vlth rn Lnorc¡t.d'prrlphar¡l dr¡truetlon" Frstorr ruch ar
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¡pl.nlo tnhlbttton of platrlrt nht¡l eould aot br

laerl,nl.n¡Èot hor¡ a¡ both rubJrctr lrrd hrd Ëhclr rplmnr
rouovsd. mo prtl,lntr (8.M. 8tu6y z , and H. Ê. gtudy 2l ,

rhory ¡vfdrnec of partly ouptnrrtod throruÞocytolyrfr - |
nor¡n¡l tüaân pleÈelrt eount hr¡ bren rafntal.nrd docpltc

rvl,d¡næ of ¡nhencrd dt¡trucùlon nlrrorad both Ln rcduocd

plrtrlot ¡urvlvcl and ln ¡roc¡rlvr orgrn nptelrc. ft ff
probable that thl¡ Lt a rterofd industd phonorurnon as both

patfcntr rorc bolng tr¡rtrd rlth prcdnl¡olonc throughout th¡
rtudy.

What la lt tt¡et dstcrslnra thr rltr¡ of uptskG of erll.r?
Pravlou¡ly lt h¡r bcon ahoyn th¡t wh¡a rrythrocryrtrr ¡trr

utldly danagrd by hcat (Harrtr .t ållfr 1957¡ Hagner et
rltl, 1962; f,{nbcr ¡nd Landar, 19651 or by lor soncan-

tratl,ons of p-chlsronorcurlbrn¡o¡Èr (FeüB) or t-lÈhyl-nrlrlnlde
(BElll (JacoÞ rnd Ja¡¡ül, 1962¡ lfegncr ¡t rllt, lt62¡ Xlmbcr

rt a111, 1965, þoÈh of välctr en rulphyüryt lnhlbftorr, they

trG rcsovcd ln nen nelnly by tho rplcon. ?ha ralr. rorkora

hrvr dononrtntrd thrt whrn rryÈhroeytcr erc danagcd by

hlghrr concGntr¡tlonr of rulphydryl lnhtbftort or by hlghrr
drgrccr of haet thcy ttre rrnovcd prlnclpally by the lLvar.
Lrnúrr rÈ alll (19651 hetrü rlnllrrly ahovn thrt cubJeotl.nE

blood plrtrl¡Ër to var1llng drEracr of hcat prlor to re-
lnJcotlon rcrult¡ Ln r rlnllrr pettrrn of brhavlour.
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Plttalct turvl,vrl fn clroulatl,on rer eonrLdorebly rodnold rhon

platrbt¡ rorc rubJoctrd to atoC hmt and no lrboll¡d plrto-
lrtc rcappGmrd ln clraulrtl,on afttr hcatl,ng tù $6oe. îh¡rs
rtudler Lndto¡te th¡t trc¡tnrnt of platclet¡ rlth rulphytryl
Lnhlbftor¡, ln th!.¡ eârc !tB¡r{, ruultt In I tinllrr prttcrn
of pletrlot bchavlour ln çfvo followfnE rclnJrcÈfon. fhc

¡lto of lrqur¡Èr¡tLon of hbcllod platolrt¡ ohangod fro¡¡

r¡rlcrn to ll.vor ac lncr¡ml,ng daaegr wfth hlEher oonocntretÍonr
g¡¡ cffcotcd.

Tlrrro n¡ult¡ rre an¡logroua to tho¡c obtrlncd by lrtcr
and Jandl (1961t who ob¡¡rved thrt tranrfulrô filrtclrt¡
rc¡ct¡d vlth lnJretcd l¡o-enÈ{boây ¡nd that nlnlnal
rrnrltlratlon crulrd a lrrfon drtratablc only by thc lplorn.
Grset¡r ¡rnrt.tlrrtLon crurtd pletrlctr to bc lrqu.rtrrrd f"n

tÌ¡c lfvçr, Xt har b¡rn porÈulrtrd (Jaoob and Jrndl. t961)

t',lrat thc rhlft ln tho rl.t¡ of rrd ccll mgucrtrrtfoa Lr dr¡¡

to alÈ¡retlonr ln tha eell mæbrrno rnd lt rplrour llkaly
f,rour thr r¡lultr of Landor ct rlll (t96ll urlnç hutrd plrtr-
1rär, whfch hrvc elro br¡n cxrníncd ol¡etroafcrorcoplcally,
that rlnfl¡r changu ln thr platrlrt Ernbren¡ could Lnduor

rltrnd ¡ltu of phtrlrt rcqurttratfon. Thc renr ¡rchaal.rn

rouldl optratc rltlr l¡EM-tr¡rtod plettlrtr. Adld.d ¡vidrnoo

thet ¡ltrretton¡ Ln tlrc dcgru of dauego crur. ohrngrt ln th¡
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.iter of r.quartrrtr.on of platclct¡ nay bc abtalnodl froc
tlrc retnltr of lurfecr countlng dete obt,rlnrd nhrn pletolrtr
an hrndl¡d tn th¡ v¡rlour antLeorgurant ¡olutLonr. tÈhyhao

dlrnln¡ tctrr*rcrtfo aeld l¡ e ¡rorrrful ahclatlng egcnt end

l"tr ulc fn pletrlrt prapef¡tlon nrult¡ ln th¡ lmrdiatr
rcquotratlon rnd rcgnErtl"on of platclct¡ ln thç llvor. rtt
rffrct, hovlvtr, lr fnoonplctc end partlelly rcvcr¡lblr er

Blny of thr platthÈl trt rubrognrntty rolmrcd frm thc llvrr
rnd a proportlon of tl¡cn lr thcn p.rninGntty rcqumtrrcd ln
tlre rplrcn. fl¡r ron¡lndm olrculltr rnd ll,vr ¡ notr¡t rlfc*
fprn. Tho rot ô-al.tnto dertron rntlcorgsLant¡ rltar tb¡
plrteht rrr thrn EmÀ and b¡crur¡ of Èhtl sllárr rctlon,
nort platrlctr yht ch rra trqu.rtcrrd rrc tnppeü ln tlrr
lploon.

fhe ¡ltrr of dertruotlon of normrl platclcte trc
dfltlault to a¡cortafn, Artor rntt Jandl (fg6{) fæI thet
thc neJority of pleteht¡ dh¡ ln tho ratfeulo-cndothrll¡l
ryrtcn, partt,oularly ln Èha l!,vor, and to a i*trcr crtcnt
thc rplcon. Âr ¡t,rtcd pnvlourly, th¡ rrrultt of rùuÉlcr j.n

thle laboratory lndtert¡ th¡t both ll,vrr and rplcen nry bo

Lnportant la thc rcnovrr of rffrtG plrtrrctr fron elrcul-
atfon undrr nornrl alrcr¡nrtrns¡r. Ëaving aroart¡incd thc

no¡mtl pattcrn of platclct b¡hevlour. and'hevlng d¡tcrnlncd
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thrt gletrlrtr ürmgrd by clthrr phyrLarl or cbulsrl
agrnoirr rro ,rqumÈrnd l,n vrrlour ¡l.trr drprndlag oË tba

drgnr of ðmrgrr, lt ¡¡ey bc pottLbh Èo rrletr ¡usb fi,aðl,ngr

to thotc for¡Ed ln r verlrty of, dl,rord.rr, but prrtfoulrrly to
¡trtor fosnd ln fndlvlduelr ¡nllrrlag f,rs tùrmboeytoprnl,a.

It vlll þr ¡tcrthd thtt rubJrot tt.8. ulth ttloprthlo
thrmbooytoprnfa rr¡ ¡tuáleü on tro occr¡lour å¡¡d tbrü ott

tlrr llnt nort plrtrletr lccunlrtrâ la thr rplmn, r¡d on

tbr mcond få¡ nrlorlty sa¡ t¡I¡E trp by tbr llvrr. Ît l¡
¡rcmlblr thrt, thl,r patlrnt lr ruffulng f,roa throrbooytopcnlr

mroclrt d rft¡h olrsul¡tlng *¡1-glet¡lct rntlbodlm. O'ß

tbr flnt oceuton thl dlrgrm of plrttlrt durgc mey brn
br¡n 6nly ilf tô rlÐô üüüultrd t a nulnrn sou[tt bltrne obtrlncå

ôurt tlro rplmn. 8on nonthr trat¡r rhtn thr rtudy rer
rrported r gnrtrr drgnr of dmrEn ury hrrr rrlr¡nr potrlbly
duo to r¡ l,ner¡rrad rntlbody t!"t,¡r r ütd rocorutrd for th¡
lrsrmlv¡ brpttlo rrptdro of lrbrllrû pletrl¡ùr. Horcytt,

bctoro ruch an rrplenrtl,on 1¡ td¡ra u goavlnolng cvldlurat

of thl¡ wrnturlttyr lt ar¡rt bt not¡â thrt oa thc rlænd
occlrlon f rologour platttctr mrr qlryrd raá tl¡lr r coephd

slth tt¡e frot Èbât rbl hrt hed'pnvlou¡ btood tnnrfurlonr,
[ry rrrpr¡:rnt nrrly r rl,n,llrr phrnonraon buß oar rhl,ch i.r

r¡lrtrd trther to r rÈrtr lnduarô by pnvtou¡ trrnrfnrlon of
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forcLgn platrletr then to ono rrkfnç frur hcr orlgl,nrl dLm¡¡t.

Crltlelm of tb¡ Ic
À¡ rlÈtr no¡t tcehntquc¡ of urdlcrl tnrrrt{gtÈlon, tho¡o

onployod ln thr prrroat rtul¡r nåy br erlt!,olrrd.
Flrrtly, plrt¡trt ¡un¡lval ¡tudL¡¡ nry not gLvc a trrr

rrpurntatlon of phtelct boh¡vlosr lnrldr tbc bedy. Hot

only rm tl¡r pl'ltrlotl labcll¡d outtl,do thü body, but the

trohnlquc fnvolvr¡ ¡ mdcratr dogrrrc of hendllnE of thc orllr
vhloh k rcflretrd ln tlrt prruenont clcrranao of a lrrgc
Þror¡ortlon of tlma fron alrculrGfon, prorun¡þly dso to daurga

duri,ngr lrbclllag. rntrr¡rroËatlon of thlr lcrturr !"1 ua6r

tv¡n Eorû dtlfloult þy thc vulatlonr ln thL¡ phoaæaon rhleh
rÞp.rr to bü daprndcnt !.n part on thr antfeorqrul¡nt fnto
rùtoh thr blood l¡ colhctod. rt nry vrll be argurd that
ahræ$¡atl pletclrt ruwlvel rtudfor Goñc'¡rn only thr ffxcê
populrtLoa of collt rhlatr hrvc rur"ly.d tlrr¡ handllng rnd

rcqurrtr¡ÈLon, ¡Dd nay noÈ gl?r n t¡ru.c rrpr.r.nt¡t{on of, tÞr
rhot¡ po¡rulrtton of platolctr Ln ol,roulatlon. Årgrnont

egel'nrt thlr brlng ro, horn¡vrrr lr tho clo¡r sotrnletlon Ln

ovlrrll tufvlVtl ä¡tr brtr¡¡rn ptrtrlott proprrcd by tbç ohronlro-
$l nttroä rnd tlrorc pr.¡prrld by lùrur.aç ln çl,ro rlùh p32. À¡

r furthsr crt.tl.clrn, lt n¡y br rugçcrt d tlrat followl.ng plrtt-
Let lrbetllag lt lr porlbl¡ thrt a chrngr nry oêour ln tha
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body whfeh ulll affceË othsr platclct,t rt thcy arc bclng

rclq¡¡ad lnto cl,reulatLon but h¡vo llttle or Ro cfftet on

thorc ocllr rhleh h¡vc provlourly bccn labrllcd. Ctrangcr

fn platabt bch¡vLour n¡y thrn trkc ¡rlror whLoh routd not bo

rrfl¡ctod fn thr rurv{vrl drùr.

ft hrt boln druonrtratcd that rny chengr fn pletrlctr
utlLl¡atlon or !.n platcloù dq¡truotfon nu¡t bc of toüo

nagnl.tudr to br dot¡oÈ¡d Ln pletclrt rurvl,val drtr. Furthlr,
tÈ epprrrr from thl rr¡uLtt of ¡tudt"¡¡ ln tho Chandl¡r tub.

thrt changor Ln pIeùrlet brhrvtour nay bo cplrodle ¡nd Ín e

proport,lon of oqrGr rovor¡lblo, rnd undor the¡¡ el,rcrmrtrnöia,

tho¡c d¡featr rhlch aay bc obvtour ln the Chândlor tubc ney

not, b* drtcotabl¡ fn platclot ¡urvlvrl tüudh¡. Xnärod fn
ltrny vryr thr¡ Chandlcr tub. trchnlguo rppG¡r. to provfdc r
norc lrnaftl,v¡ lndcr of abno¡:url platcl¡È brhrvLour at lce¡t
Ln throabotle dlcalrc. Furthrrmorc, th¡ Chr,ndlcr toehnlguc

1¡ far crrl.rr to prrforn thrn plrtrtrt rurvl,vel rtudl,c¡ and

thl¡ 1r orpcclally ro wùrn Èhc rubJrotr rÈudf¡d rr¡
pertl.euX.arly Lll. lhc dl¡¡dvantrgr of tlra Chandhr tcctrnfguc

lr that, lt lr rn tD vlÈro t¡lt. fntrrArct¡tlon of rcrultr
obtelncd fn rn la vltro ryrttn ¡au¡t bo n¡d¡ vlth rrlrnration
er they nccd not ncclrrarlly rûpraronÈ thc rltult!,on ocsurrlnE

ln vfvo. thl chrørlunsl t 
"hnf,q¡r¡ 

lr probebly noat uroful
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ln aubJeetr vho havo thronboaytopcn{a rhrrc ft mey br urad

not only to drter:al,no pletcrct lffcrpan but ¡1¡o to ldcntlfy
rl,tc¡ of plrtrht dcttructLon by thc aLd of axtc¡:nel

safntlll¡tlon eounÈÍng. AgaJ.n there erc ¡oila rlnltatlon¡
trlth thls oatcaory of patlent ¡r tho tochnleel dtlflcultlcr
trê gr6rt lf thc aubJcctrt pratclct count farl¡ bclow 60r00o

pcr cu.run. rand thr dlffLoulùle¡ lneroare wfth fnoraatlng
dcqrcar of thronbocytopenLe, Frequcntry tharo f¡ dlffleutÈy
fn thc f.nterprotatlon of, çurface eountl,ng tilat,a, and cvon ln
tho¡c crr.r who appcar to have a rpaeffl.a orqan upùake by tha

rplrcn Ln ¡ono carêr of thrombooytoponf.a, tù {¡ not pogrfblc
to predlet eonfl.dant,ly Èha outcmrc of rplcncctoßry. sufflce
It to ray that i.n aubJoeta rrho on crlnlcar qroundr rhould

rcrpond f¡vourabre to eplcnaetomy and who¡a platclet etudt,cr

cloarly ¡how a eplcnLc uptakc, thc rfkellhood of ruecera of
oporatlon ls groaÈcr than ln rr.rbJectr who oxhtbtt no rprenLe

uptako of r¡áloaotlvlty dnring plate!.et curvLv¡r ctudler,
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1. Rrdl,oahroßrt.-Labôllod pletrlot eonc.ntrat r rrr. proparod

f,ollodnE collcatl,on of blood Lnto ¡ rolutlon of reld-altratc
dlrtrorr entleoegnlant (ÀeD t E I I whfch rc¡ult¡d Ln r flnal
whol¡ blood pll of 6.t r EorG ¡sl,dtc fora of rnttcoaguhnt

tb¡n thrt ou¡Èoaarfly cnployôd. Rcrultr rerG eonparcd wttb

tho¡r prrvlourly obt¡fnod l,n thl¡ labor¡tory urlnE ÀCD rÀr ¡nd

BE¡lft ¡¡ antl.coegulaat¡ for qolloetlon of blood. Pletolot
yfcld va! groatcrt when EDIFA wrs utrd but aftcr tran¡fuclon

relatl"vely fcw plaÈ,olotr rurvlrrod Ín elraulatJ.on es vfablo

unltr. In tctrc of oçorall efflelcney both ¡olutlont of
ACD wcrÇ aupcrf.or tö 8D!fÀ. Pl¡talet lffcrpan Ln elreulatlon
ua¡ wr¡ffeetrd by the antl.coagulent urcd for ùhc collcetl.on

of, blood. E*tcrnal relntlllatl"on eountlng ¡horrcd that ln
urn ths uaJorfty of cffctc platalctc Le nonnally rcnovad by

thc llver and Èhat tlre rplccn playr a recondâry, but aot

unluportant rolc 1n thfc procerr.

2. It lr ¡n ¡ttraatlvr throry that platrht oncru¡tetfon 1¡

a contrÍbutlag fector ln thr prosGrrcr rorultl,ng ln thr
drvulopnrnt ef rthrræa. Hffillorr url,ng chroæiun51-lrÞ"ll.d

plattlttr r nrultr of lnw¡tlgatlonr errrt¡d out on 3a

rubJcctr vlth athcrqra do not rupporÈ thc vLcv thrt platrlot
li.fæpan t r reducod and plaürlçt turnovcr lnorcarcð ln thuo
rubJrctr. Furth.rnora, platrlct ¡unlval sl¡ not prolongod
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by thr ¡dhlnlrtratlon of tb¡ entlcoaguhnt phcnl,ntfonr.

Although plrtolrt dopotl,tlon ôn v¡¡ouler cnäothrllrm nry bc

r eontrLbutlng f¡ctor ln thc pethogcae¡b of thfr dLrordor

lt tr aoncludcd that tlro trehnlquer et prrrrnt evtl.lrblc arc

not ¡on¡lÈlvr onough Èo drtcat tt¡lr phcnornnon.

3. Studlo¡ url,ng thc Chendler epparatur havra ¡hqn thrt tl¡o

blood of prtirntr ruffutng fron nyooarôtet lnf,rrctlon rhmr
rn lner.urd ttndrncy to rbnor:rel rpontrnaou. pLrttht,
egErrgatLon rnd throubork ln vltro. îbrmbur ¡l,lr tendrd

to br har ln prtl,entr Èrort¡d rlttr rntl,eorgul¡nt¡ tnd

drcr¡e¡od vltl¡ ùho pmraga of, tlnr aftcr ;ryroardlal fnfuotlon,
Ehrrr vel r ûl,rrct nlrtlon brtwrcn thrombul rLlc rnô thr
ptuue flbrlnogon l¡vrl ln bot¡h hoalthy control¡ rnd l,n
prtl.ntt ¡tudLcd afttr ayocerdLal Ínfrret,Lon. Thcrc trrt no

¡uoh rcXrtlon brtvæn r.ruË shoh¡tcrol ¡nd thronbu¡ tfll.
Thr Lncidcncr of ¡bno¡mal plrtrl.ot agçrogatlon tendrd to
fncrrr¡c rlth aço ln hcalthy oonùrol¡. In prttentr wlth

nyosrrdlrl fnfarcÈl,onr trcrtmnt, !r!.th enticoeEulrntr c¡ur¡d
no rl.gatftcant d¡cr¡a¡o Ln tha Lnoldrnoc of ¡bnoruel pl¡t¡-
lot egErcçitlon. Ho eonolurfon6 cen b¡ drrrn ar to thc

rlgnl,ffo¡Dcc of thr¡rc flndlnEr. Thoy ney bc tho rcrulÈ of
lnfrratlon rathor than rsflcot, a rtatc axl.ttfng prlor Èo thc

ellnleal cvçnt. fharc 1r ro&a çvldtrncc to rugge¡t that thcrc
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f r ra fnsr¡arc !n rþaonrt ptrtrtr ot þehrvlour rlùh rgr end

ryoerrdlal laf¡rotlon ney be th. n¡ult of ra .rrggrr¡tl,on
of tht¡ Èroaú ln roo¡ rrrbJecÈr, tt tr lfkrly thrË thr
filqurnoy for thronbo¡t¡ to oeour fn tubJrotr folloulng ructr

tpfrodu nry þ. ln prrt ntetrd to t¡hk laonl'rd throilbotle
tondrnoy.

l. rt h¡r b¡n d¡¡uonrtrrtcd Èhst nducrd platrlct, rurvl,vrl
lnô!.ortlvr of lncæa¡ed rradon lo¡¡ of r proporttoa of
plrtalrtr f,ron efroulatLoa ocourl f.n eonr rubJretr fotlorlngr
tbc ln¡rrttoa of itrrr-Ed¡r¡rdr prorthcror for corrcetlon o!
velvulrr dl¡re¡¡ of, Èhr hcrrt,. rhj.¡ abno¡mrllty ta platrlrt
runlvrl l,r dlrratly rrlrtcd to ttrr Ètln aftor opntlon and

ocourt I'n ùhoro ln rhm tho prortherlr hr¡ br¡n !.a plece thr
lonErrt. Studicr {n rubJrctr rlth unoorrccÊrô valvular
dlr¡ut uo¡ir cmplctrl,y nonarl.

t. lh¡ m¡ultr of rtcdLtr Ln ü¡. çh¡ndhr tubr ln peélcntr
fo[orlng tùc lnrtrtl.oa of ßtrrr-Ednrrôr prorth.r.r rhon th¡È
th¡rr Lr r rlgn{flsrnt lnor¡rrc Ln th¡ frrguracy ol rbnonrl
rllontmlour platrht rggngrtlon l,n thrtr rnbJratr couprrcd
rlth nonrl eontror .rÐraotr . lurthr¡ron, thr fr¡qr¡rnqr
of rþnor¡¡l rpontrnrour plrtrht rggrcgetton rer f,ound to ba

Enatrr ln rublratr irttn nduaoä platrrrÈ :unlvrl tbu¡ ln
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rubJrctr vhon ¡uwLvel curer rhovod r nor¡al contour. Thslo

flndíngr ln paÈfcnt¡ ulth Bter-Edwards proethaacr had, not
provfoully hccn dc¡arfbed by othar workstr¡.

6. Platrlrt runrfvrl l.n cLrourrtlon ver fouad to br rcducrd

ln ronl prtlonta rtudlcd Ln thc portogcret,fvc perLod and

norsnl Ín otbrr. Of thr ùhrcs rubJcctr ylth roducod

platllct lurvlval two h¡d ruffcrcd nyocerdlal lnfarctlon ¡orRG

yaart provlourly, a factor whleh aay bc taktn ar addltlonrl
çvldeacc of rn rbnornel thronbotlc tsn¿trncy 1n theee

lndlvtdualp,

?. PhÈrlrt rurvlval. ¡tuðl,e¡ l,n prtl"entr rLth thrombocyto-

prnle rhwrd a narkod r¡duotLon of pletolot llfcrpen fn all
orlG¡ ¡tudlod. Surfeor countfng data rcr¡ralcd th¡t r !eor'!

rrllablc prrdletfon of thc outconr of rplrncetoay ney bc

n¡dc lf, thrr¡ 1r an lncr¡rrcd rplrnlc upt,ahr of rrbarbd
pretrlrtr. Horcvctr, rorult¡ of uptekr ¡tudicr rhould not
br thc only grltorfon to ruçgert oprrattvr lnterycntton a¡

favounbl¡ ro¡ultr nay bc obtaln¡d l.n rubJccte rho rhæ no

Lnonerc ln rplrntre loaelLratÍ.on of rad.toaeÈlvlty. Nunbcr¡

ln Ëhir rulcr, hovlvlr, rrc rurall, - a llnltlnE factor ln
tho ornrrll lntcrprctati.on of datr.
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t. Studlrc on plrtrlcÈ æquutratlon urlng thc rulphy{Iryl

tnhtbftor N-rthyl nelclnldc (HEül haçr d¡non¡tntrd thrt Èhr

rLt¡ of mgur¡trrtlon of platrhtr lr áttrrufnrd by thc

drgnr of drnrgc they h¡rll rurtrLnrd. R¡rult¡ an ¡a¡logout

to tho:¡ fou¡¡d rhrn rod orllt hrtr bæn drnrErd by ehrnlo¡l
end phyrlcrl rgtnol.rr rnd ero coa¡rrrabl¡ ulth thc rcrultr
of, rtudlrr ln vhich phtclctr hrnc brtn drnrgrd by clthrr
hoat or inæunologlcel no¡nr. tdlnor ûurgo cru¡cr pletelrtr
to be rr¡novrd, prfnclpelly by thc aplorn, and Eorr tcvtra
danagr nrultr ln plrtrht rrmovrl, nel.nly by t*rr l!.vrr.
lfhrrc f!.ndtngr nry Þc rclrtod to tho¡r ln a nrmbcr of dlrr¡rc
rt¡trr r¡rocl¿trd vtth fncnr¡cd pletrX.rt nnoval fron

aLroslrtlon,
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APPEùIDIX B

Copy of loùtcr te patient¡ çlth unêorroËted vrlvular d,fsca¡r
of thc hcrrt.

Ilcer

t an wrl,tlng to a¡lc you ff you rould ba abtc to coaro

to thc hospl"tal to hava À furthcr blooå tcat done beforc your
opcratLon. r hcvc rpokon vlth the csrdl.ac and rhoraelc
Cllnlea abouÈ tlrla andl rrc ara all anxlour to r{lo thlr Èeat
bcforc tha opcratton.

It fu rcally only a blood tc¡t, po¡¡Lbly a lltÈle norc
cæpllcatqd ttran those you ulurlty have donc, but lÈ ehould
oau¡e you no troublc ât rI1. Thft lnvortlgatfon tekea ebout
I0 dayr to emplÊta. On tho ffrrt day ve ¡hould na*d you
hcrc for thc greatcr part of tho day but after tlrat only for
half tn hour a day to har¡c a epaefrnen of blood tahan. courd
you gct !.n touoh rolth nrc cfthor by phrrnlng me at 23 l33l
extrnçlon 129 or by oæLng ln ùo reê lao whcn r oourd oxplaln
ruorG fully uhst thl¡ tc¡t ontallr ancl arrångc a rultable tfnc
for you to cmc fn to hava th¡ ln?üat1çatlon eorrpleted?

Your! aLncarely,

,
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Copy of lcttnr üo prtbntr r!.th Etrrr-Edrudr prorthrtol o

Datr t

DE. tfaddy end Dr. ÞlcPhl,c rragçrcrtcd thrt I EcË ln Èouch

rfth you. follorlng your oprrÈton tharr t.r ¡notàcr tt¡t
nc ¡hould llkc you to harr donr to Judg. your nr¡ronrc to

thr opcr¡tl,on.

would you br ¡blc to çrt la touch wlth ac, clthrr by

rlngtng f¡ {ttt rxtcnrlon l2lr or by orlllngr Ln Èc tt. nt

¡t tt¡e rbovc addrrrr rhon I could rrplaln to you rhrü thfr
voult fnvotw and rrrengr r oonï¡nlrnt tltrt for you to harr

thc t¡rt errrl.rd out?

Yor¡trr rincrnly t
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Copy of, lrttrr to Ley Suprrlnt¡nd¡nt, f,o¡ret Àdrleldr Horpl'tal.

Àuçurt ll, tr,96t

îtrr Lry 8u¡nrlntrndrnt,
toyel åôrhl.dr Horpl.trl,
Adrlrldc.

Þlltr llr. Xallyr

Df . 9gt¡rartl and I rhouldt llhr to ¡¡Prrlt our gratltudr
to you for rllouûaE thc Forùrrr of th¡ Boyal Adclald¡ EorplÈal
to trlc parÈ [n tlrr fntrrti,grtlonr ï¡ rãl orrtying out on
Trtqlrr ôflrrlc.

Eü¡rIron. rl¡ ¡xtnnrly hrlpful rnd rc hrvr Eralnrt
lnfot¡rtl,lin vhlah lr vrluablc, not oËly rt pntlnt, but
vhloh y. .r¡r.et to br of oonrldrrrblc uæ ln thc futun.

Ionrr rlnocr¡ly'
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Copy of httrr to Hrad Þortrr¡, RoyaL Àdrlaldr Holpl'trl'

lugurÈ t3' t9C5

thc Hcrd Portcrrt
Royel Adchlda Eorpltrl 'ådrlafdr.

Dlrr llr. Ealn md t{r. Hlron,

Oa bchelf o! Dr. 8eh;ut¡ and nylrlf I rhould ll.k¡ to
thanh you end tlr¡ mn of your ¡trff for tehlngr pert ln tho
proJrot vt rrnr earrylng out on va¡aulrr dlsor¡r ' fhe
Þarllclpenta vtro plrtLoularly rllllng and sowral ln fact-eam l,n on th¡lr dayl off duty to hrvr rpccfunne ttkcn.

I tùlnh I crn rry vlthout rny nrtwrtloar thrt rr hrr¡r
grfncd nush vrluebl¡ lnforattlon lrom tht lnvrrtigatl.on¡
prrfomrd rnd orpraÈ thc r¡tult¡ to bc of, oonrlôrrrblo trrc
in tho futuro ' wc rhould ltks you to col¡rriri our epPrcelat'!'on
Èo rll thorc rho took part,

Iour¡ rlner¡ll¡,
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t o

åFPETDIX C

Pt¡blf oetfonr

Lrndrr, 8., f,Lnlgugh, Darlrnc L., end Robton, H,H.
8¡êused plrttlot runrl.vrl tn petlcnÈ¡ rftl¡ Bterr-
Bûnrdr prolttrllr¡. Brlt. t{rd. it. l¡ 6EA (196!r .

Ardlh¡ H.6. ¡ Ílnlough, tr¡lrna L., 6hr, G., aad
Sohrrrtr, C,if. latty rclüt ¡nd ln vltro p¡,¡t.lrt
rEtrcgrtlon. lqrÈ. $. Brp. Dlol. lll 105 lt966l.

ßtnlough, llllom &. r Laadtr, 8., trrdllr, t.G. rrrd
Sahrrrt:r C.,Í. Platrlct b¡hevlonr ln patl,rnt,r rlth
8t¡rr*tûnrrdt prorthuol. EuÞu,lttrd to ln¡rLcan
HrarË ,trournrl.

2,

! a

a ö

I I

t a

Xlnlough, S¡rl¡ne L., Dwry, lt.G.; ¡nd Lrnârr, H. In
rvrlurËlon of rntlcorgulrnt roluÈfonr q¡Gd ln thr
pa¡prnÈfon of platolct so¡rorntrttr¡. fnntfu¡fonr
6¡ 313 (1t66).

frdll¡¡ ll.O.; Klnlourgh, Rlrhsl t.¡ rnd Sohvlrtr1 C.J,
In vltro tt¡roborlr anð plltrlrÈ agçrcgrÈlon ln
uyoorrülel lnfrrctfon. lrlt. Hld. J. ll 88t (1966).

trl.nlough, Elchm L., Dwry,
Plrt l.t ¡unlvrl ln rttrc
åaË. lLd.

rnd Lr¡¡def lI.
SubaltÈ¡d to Àt¡¡t.

H.G. r
roBl.
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¡PPEI{DTN D

L¡ctur¡¡ to SoLontLtLo Soafrttcr

thcJ! r.Erq'ol gÍlr, 8o-glt ty- q fr-åu¡-trr I lr
*l¡¡ t¡¡crrn¡nt of thc rrlatlVr nrrt tr of rnÈloþtgülæÈ

¡olutlonr s¡¡d la t{¡¡ Xrr.prretlon of Fht¡lrtr f,or

ùr¡arfurl,on, o

lnnurl HcrtLaE, Adrlal,do, åprll lt6t,

'Flrtrht rurvlvrt tn lhll¡r.' (rfth E. Landrr rad

!.G, Schslt! - Fr.tanted by B.G. gchult¡).

ånnuel ürrtlnE , âdcloldr ' tprll lt6 S '

ti¡dfsrl Sclcnstl elrlb of Eoutl¡ tsrtrelh
ntaËfsorguhnt rslutlon¡ u¡rô ln th¡ preprratlon of

plrtrbt GonoonÈrttat ' "

Àprll' lNtl.

tfhr Crrdfas Soslctv of lurtrelL¡
.plrÈ¡tlt klnrtler ln prticntr rlÈh 8ùarr-Bdn¡rdl

proltbrltt.'*
Àanuel. !{rctlng, Hrlbourn.' t{ry 1t65.
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thl no!'rl Aurtrrl¡¡lrn Coll¡sr of Phy¡lolan¡

"fn vitro ühro¡abotf,r and plrttbt rggrcArÈion

!,n pet!.rntr rltlr ayoorrdLrl lnf,rrotfoü. *

(wtttr [¡1.6, l,rdltr ¡ad C.il. Bcbrlrtr - prurntrd
by C.J. gehvrrtrl ,

Xfüt Congr¡¡r of tht Int¡raatlonel 8ool.¡tv of Emnrtolocy

*Studfrr of tl¡o rffaetr of hret ¡nâ of n-.thyt
nrlrfnld. oa tbr rlgurrtrrtfon rnd ru¡:vlvat of

¡lletrlrtl, *

Aos.Ftrd tor prcrcntltloa, Bydnry, Àugurt It66 .
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Reduced Platelet Survival in
Patients with Starr-Edwards.
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It is well recognized that patients with valvular disease of the
heart are particularly susceptible to the complications of throm-
bosis and embolism, especially if the mitral orifice is stenosed.
In recent years valvular repair by a variety of prosthetic
procedures allowed the hope that such complications might be
avoided. Unfortunately, thrombosis and embolism have con-
tinued to occur, often at a long interval after successful opera-
tions of this type. The finding of thrombi attached or in close
proximity to artificial prostheses has led to the continued modi-
fication of such pr'ostheses and operative techniques and to the
extensive use of long-term' anticoagulant therapy post-
operativeli (Lancet, 1962).

As many such thrombi have been composed mainly of plate-
lets and fibrin, we havé investigated the behaviour and survivâl
of radiochromate-labelled platelets in patients who have under-
gone successful valve replacement with Starr-Edwards ball-valve
prostheses (Starr and Edwards, 1961 ; Starr et al., 1962).

Subiects Studied and Methods

Eight studies have been carried out in seven subjects. Two
were males and five females. Their ages ranged from 24 to
64 years. In each instance the operation was performed by Mr.

i Supported by a grant-in-ñd (G251143) f¡om the National Hea¡t
Foundation of Ausualia,

I Reader in Medicine, Department of Medicine, University of Adelaide,
South Australia.

f Research Assistant, National Heart Foundation of Aust¡alia.
$ Professor of Medicine, Department of Medicine, University of Adelaide,

South Australia.
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H. D'Arcy Sutherland with the assistance of members of the
Cardiac Surgery Unit of the Royal Adelaide Hospital. In five
subiects the mitral valve had been replaced and in two the
aortic. All had been considerably improved by operalion, and
none was in cardiac failure.' One subject (R. J.) was studied
twice. Details relating to each subject are included in the Table.

Platelets from each subject were labelled with 70-100 micro-
curies of radiochromate in oitro and reinfused into the donor,
in whom their behaviour, survival, and distribution in the body
were studied.

Details of. the procedure employed have been described
prwiously (Davey and Lander, 1963), except that the blood
from which the platelets were separated was collected in the
more acid solution of acid-citrate-dextrose (A,C,D. " S ")
suggested by Aster and Jandl (1964), instead of in a solution
of ethylenediaminetetra-acetic acid (E.D.T.A.).

Platelet radioactivity was measured in samples of blood
collected at frequent ir¡tervals for four hours following infusion
of the labelled platelets and at daily intervals for at least 10 days.
In addition, activity over the heart, lungs, liver, spleen, and
sacrum was determined daily by external scintillation counting
(Lander and Davey, L964a), Platelet counts were performed on
all samples of blood by the method of Brecher and Cronkite
(l e50).

Results

In all subjects infusion of the labelled platelets was followed
by the normal phenomenon of transient " segregation " and
subsequent re-entry into circulation of a proportion of the
labelled platèlets (Davey and Lander, 1964). However, as
found by Aster and Jandl (1964), the degree of segregation is
less when A.C.D. " S " is used as anticoagulant than when
E.D.T.A. is used.

The survival curves obtained in the eight studies are
illustrated ,in the Figure.

All points in the survival curr¡es of subjects J. K., E.K., and
S. R. fell within the curvilinear range found in normal subiects.
All three subjects were receiving phenindione in çloses adequate
to maintain their prothrombin index between l0 and 25/"
of normal.

Subject R. J. had been placed on phenindione therapy l0
days after operâtion, and this was discontinued after 34 weeks.
Some six weeks later he presented with a sudden onset of
aphasia and a mild right hemiparesis. A platelet-survival study
was begun six days after this episode. After its completion,
phenindione therapy was recommenced and a second survival



Data Reløíng to Patients Studid

Subiect

. Sce tqÈ

I.K.
B.K.

s.R.
R,I.
s.}1.
R.L.
P.B.

Sex

F
F

F
À/t

F
ll
F

49
59

24
64

5l
37
52

Age Valve
Replaced

Time
Afta

Operation
Weeks)

Mitral
Mit¡al

Mitral
Aortie
Aortic
Mitâl
Mitral

32
r45

1¿e
46
46
52

25
29

Phæiadione
Nit
Pboindione
Nil

pþenindiea
Phæindione

Phmindione
Phcoindione

Aatiæagulmt Thrombosis or Embolism

Csebral ; pre-opemtive md ælY Post-
opemtive

Caebral¡ post-operative*

Cerebral; pre-operative

313,OO0 (207,000-36%0m)
232,000 (181000-345,0@)

240,000 (r
230 000 (t
25|,OOO (2
214,000 (r
254,OOO <2
244oOO (r

G>er c.m.)
Ræge

Platelet Cout
Mø æd

Pl¡tdet
Su¡vival

Noræl
Noml

Rcduccd

Noru
Nomal
Norul
Reduæd
Red¡ced
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study was undertaken. On both occasions the platelet-survival
pattern fell within normal limits.

In subjects lflife was
reduced, but ersisted in
circulation fo

External s e llarked
uptake of radiocativity in the spleen and to a less extent in the
liver in those subjects with reduced survivals than in normal
persons or in those with valvular prostheses who manifested
a normal survival pattern.

Discuæion

obtained in those subjects in whom prostheses had been in place
for the longest period (see Table).

The premature removal of platelets in these
be due to their being consumed in thrombus
similar survival curves have been obsetved in a
intravascular'th¡ombosis (Adelson, Rheingold, parker, Buena-
ventura, and Crosby, 1961 ; Firkin,1963 ; O,Neill and Firkin,
1964). It is possible that in these three individuals the
abnormal platelet-survival patterns are an indication that
continuing platelet deposition and thrombus formation are
occurring in the region of the prosthesis,

It could also be postulated that platelets are being
" damaged " in circulation by the Star¡-Edwards valve.
Although no morphological abnormality of the subjects'
platelets or red cells was observed in these studies, external
scintillation counting showed that much more radioactivity
accumulated in the spleen (and liver) of thosc cases with
reduced survivals than in-normal subiects or in those with valve
prostheses and normal survivals. This could suggest that irt
the affected subiects a proportion of their platelets are being
damaged in circulation and then sequestered in reticulo-
endothelial tissue.

However, since such " damaged " platelets might well be
more liable to local deposition as well as to reticuloendothelial

I
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sequestration, both these mechanisms of removal could be
operating simultaneously.

The significance of this finding of an abno¡mal platelet
situation in some individuals, present long after apparéntly
successful valve replacement, would seem to merit firrther
examination.

Summary

Radiochromate-labelled platelet-survival studies were carried
out on eight occasions in seúen subjects following successful
insertion of Starr-Edwards piostheses.
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Abnormal survival, suggestive of increased random loss of a

proportion of circulating platelets, was found iri three subþcts.

The possible significance of thdse findings in, relation to
post-operative thrombosis and embolism is discuÊsed.

Our thanks are due to those physicians and surgeons of the
Cardlac Investigation and Surgery Unit of the Royal Adelaide

allo tients under the
Mr. and and Dr' J.
and Y gave us. Ve

Mrs. D. Pyle and Miss J. Devaney for technicàl and secretarial
assistance.
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In 1958 Chandler showed that when recálcified citrated whole
blood is made to flow in a closed rotating circular plastic loop
It does not clot but forms a discrete mass with the histological
featu¡es of a thrombus. This observation, confi,rmed by Poole
(1959), prompted us to emplçy the Chandler tube in an attempt
to determine if the circulating blood of patients with, after, or
pione to thrombosis shows any propensity to abnormal throm-
bosis in oitro. As part of such a study we report our observa-
tions on 50 patients with myocardial infarction and 52 healthy
controls.

Materials and Method¡

Subjects Studied.---The age distribution of the 102 subjects
studied is detailed in Table I- Control subjects consisted of our
colleagues, labor?tory assistants, and volunteer hospital porters
in whom there was neither clinical nor electrocardiogaphic
evidence of myocardial infarction. Patients with myocardial
lnfarction were selected from both hospítal in-patient and out-
patient clinics, and all had clinical, laborato_ry, and electro-
cardiographic evidence consistent with this diagnosis. Ten of
the 50 patients with myocardial infarction and 6 of the 52
controls were women, numbers which were too small to permit
a separate sex analysis, Most subjects were studied for sir or
seven consecutive days.

Blood Sanpl¿s.-Antecubital venous blood was collecte$ each
morning, with the aid of venous occlusion and mild forearm
erercise, by rneans of siliconized glass syringes and l9-gauge
needles. Nine parts of blood were added to one part of. 3.81"
trisodium citrate in siliconized glass centrifuge tubes, and were

'Deparrment of Patholdjy Institute of Medical and Veterinary Sclencc,
Adelaide, South Australía,

f Dcpartment of Mçdicine, University of Adelaide, South Ausualia.
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nired gently by inversion. Citrated platelet-rich plasma was
prepared by centrifuging at 350 g for 15 minutes. On the
first day of study samples for total serum cholesterol and plasma
fibrlnogen were collected.

Total serum cholesterol was estimated with a Technicon
Auto-Analyzer¡ a slight modification of the method described by
Zlatkis, Zak, and Boyle (1953) being used.

Plasma fibrinogen was determined by ttre method of Soles
and Roman (1957).

The Chandler apparatus was essentially similar to that first
described by Chandler in 1958 and subsequently modified by
Poole (1959). A circular disk of perspex was attached to a
larger perspex disk inclined at 30 degrees from the horizontal
and mounted on an electrically driven motor rotating at 9 r.p.m.

One millilitre of citrated whole blood or platelet-rich plasma
was placed in a closed circular loop of polyvinyl chloride tubing
(Portex, NT/F) having an internal bore of 3 mur. This was
recalcified by the addition of 0.1 ml. of M/4 ca,lcium-cbloride
solution, at which time a stopwatch was started. The tube
was closed with a short cuft of slightly larger tubing (Portex,
NT/K), the closed loop fitted around the smaller perspex disk,
and the motor started. The latter disk had a short recess to
accommodate the cuff. Each loop had a length of 37.9 cm.
(r:ó cm.), and witl¡ roration the column of blood or plasma
had a constant linear velocity of 340 cm./min. A fixed pro-
tractor was mounted beneath the perspex disks, and tüe angle
of the advancing column of blood or plasma was recorded at
30-sec. intervals. Changes occurring ar the advancing edge
were observed through a wide-angle stereoscopic dissecting
microscope under bright oblique illumination.

A!! experiments wére performed at room temperature main-
tained withir' the range 22-25' C.

Thrombus Formatìon Time.-This term, coined by Connor
and Poole (1961), relates, to the time at which the angle of the
advancing edge of blood or plasma changed.

Ttstn l.-Age Distibution ol the 102 Subjecrs
' Myocardial Intarction are SubiJfuíded Into

Reeeiting Anticoagulant Therapy

Studied. Patients with
Those Receiaing ot not

Controle

Myocardial infarct:
Anticoagulant
No anticoagulant

Age Groùp (years)

4l-50 5l-60 6l-70 71-80

3

L4
I
óI

t5
4

l95I

1293

3L-40

Total myocardial
infarct . -

Ll-20 2L-30

15 10

t7 7
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Whole-blood Thrombus Length.-ln all cases rotation con-
tinued for seven minutès after an angle change had occurred.
The thrombus formed was emptied into a Petri dish containing
0.9% saline, arrd its length was measured to the nearest milli-
metre. Mean thrombus length for each patient was the mean
of the values obtained on each of the days studied.

Vlhole-blood Thrombus Veight.-Alter fixation in 10"/"
formalin the thrombi were blotted dry between filter papers
and weighed to the nearest milligram. Mean thrombus weight
for each patient was again the mean of the values obtained
on each of the days studied.

Platelet Aggregation.-Platelet-rich plasma was observed in
the transparent plastic tube through a dissecting microscope at
12 magnifications. The time at which visible platelet aggregates
formed, and their number, size, and time of persistence, were
recordèd. Three patterns of spontaneous platelet aggregation
were recognized:

(al N,ormal partern was defined as a sporadic appearance and
disappearance of visible aggregâtes rarely exceeding one or two
in number and persisting only for one minute or less before a

change in the angle of tåe advancing column of plasma occurrcd.
Just before this angle change there was invariably a rapid and

. dramatic rise in the number of aggregates, rryhich increased in
size and coalesced to form a solid mass at the ådvancing edge.

(b) Peisíttenae was defined as the continuous presence of visible
platelet âggregâtes for a minimum of four minutes. In many
cases âggregates formed within one or two minutes of recalcifica-
tion and persisted throughout the experiment.

(c) " Snowstorn " phenomenon was defined as the formation
of hundreds or thousands of small platelet aggregâtes often within
one to two minutes of recalciûcation These invariably persisted
for at least four minutes. On a number of occasions the process
was either completely or partially reversible. This phenomenon
should not be confused with the large number of aggregates seen
normally just prior to a change in the angle of the advancing' column of plasma.

Results

lYhole-blood Thrombus Length and Weight.-Figs. I and 2

show the mean thrombus length .) aid mean thrombus
weight (mg.) in control subjects and patients ivith myocardial,
infarction. The control subiects were divided into two age
groups, under and over 40 years, while patients with myocardial
infarction were subdivided into those receiving or not receiving
anticoagulant tberapy.

Thrombus length and weight tended to increase with age in
healthy Eubiects. Further, there was a marked increase in both
thrombus length and weight in patients with myocardial infarc-
tion when these were compared with controls over 40 years
of age. It can also be seen that, in patiçnts with myocardial
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infarction, thrombus weight and leng¡h showed a tendency to
be less in those receiving anticoagulant tlerapy.

EfJect of Time Alter Infarctìon.-Fig. 3 A and B shows
and weight (mg.)
infa according to
the ence of anti-

coagulant therapy. Thrombus length and weight clearly
declined with the passage of time after infarction, irrespective
of the presence or absence of anticoagulant therapy. In patients
six or more weeks after the clinical event the values for thrombus
length and weight rerurned to withjn the normal range in only
7 of the 12 subjects studied. Furtlfer, thrombus length and
weight in each of the main subdivisions were consistently,
though only slightþ, less in those patients receivirig anti-
coagulant tlerapy.
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Plasma Fìbrinogen and Thrombus Size.-Plasma fibrinogen
levels were found to be raised in patients witl myocardial
infarction. Both in these patients and in control subiects we

found a sïatistically significant correlation between the plasma

fibrinogen level on tle one hand and thrombus weight on tle
other. In the case of patients with myocardial infarction the

calculated coirelation coefficient ¡ was 0'7180 (P<0.001), and

in the controls r was 0.4136 (P<0.01)'
Total Serum Cholesterol and Thromb¿s Siø¿'-Neither in

patients with myocardial infarction nor in healthy controls
(Fig. a) did we find a significant correlation between thrombus
weight and the total serum cholesterol level.

Thrombus Formation Time.-ln patients with myocardial
ir¡tarction both the whole blood and plasma thrornbus formation
tirnes did nst differ significantly from those of controls over
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the age of 40 years. There was no prolongation of the thrombus
formation time irl
oral anticoagulanr ü:ä
with the resulrs of (1965).

Platelet-rich Plasma

o

Myocædial infarct
combined

Subiect
Categories

Controls ( 40 vears
Controls > 40 Íears

Myocardial i,nfarcu
On anticoagulant
No mticoagulant

setum
(O) and

Total Platelet
Abno¡maliw

(%)

'fÂB

t.4
6.8

ta.a
25.4

l1'5
4.7

16.2
20.7

148
t69

0.0
2.5

t'4
4.1

t42
t61

Phenomenon
(%)

SnowstormPersistence
(%)

Days
Studled

3t7 18.6 7.9 265
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subiects was found to be statistically
significant (0.01>P<0'05).

In contrast to the findings in control subiects, abnormal
platelet aggregation was observed in patients with myocardial

infarction'with an overall frequency o1 26'5/" of 3L7 days

abnormal platelet aggregation was found to be 27 '7 /" and
25.4% in patients on and oft anticoagulants respectively, a
difference which was not statistically signiflcant. Persistence

occurred less often in patients receiving anticoagulants (16.2/")
than in those not receiving anticoagulants (20'7"/"), a difference

which did not attain statistical significance. The snowstorm
phenomenon was more frequent in patients on anticoagulants

itt.S%\ than in those not receiving anticoagulante Ø.7%).
This trend did not, however, attain statistical significance.

The frequency of abnormal platelet aggregation has also been

considered in relation to the time after infarction (Table III)'
It can be seen thai the overall frequency of platelet abnormality
was practically the same at O-7 days (29.3%) and 8-42 days
(29'9%), but in patients six or more weeks after infarction the
nu,mber of days showing abnormality had decreased to l8-7"/".
When the two patterns of abnormal platelet aggregation are

considered separately (Table III) it is apparent that the
freqtrency of persistence 0-7 days after infarctiot (2L.2/o) was

si,milar to the frequency at 8-42 days (20.5 1i) after infarction,
but in patients who had sustained infarcts more than six weeks

before the time of study only 13.2% of days studied showed

this pattern. The frequency of the snowstorm phenomenon

varied from 8.1'/. at 0-7 days ro 9A% aT 8-42 days, while in
patients with infarcts over six weeks old the number of days

studied showing this phenomenon decteased to 5'5/". It is

of interest to note that neither persistence nor the snowstorm
phenomenon was observed in anticoagulated patients si* or more
ieeks after infarction. In this group only four subiects wère

studied for a total of 25 days. IùØe are therelore rellrctant to
draw any final conclusions from this latter observation.

Discussion

We have found that the thrombi produced in the Chandler
apparatus with blood from patients after myocardial infarction
are both longer and heavier than the thrombi of control subjects
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having neither clinical nor electrocardiographic evidence of
infarction. Thrombus size clearly decreases with the passâge

of time after infarction, and tends to be less in those patients
receiving anticoagulant therapy (Fig' 3 A and B). Both in the
control subiects (P<0.01) and in patients with myocardial
infarction (P<0.001) thrombus weight and the plasma

fibrinogen levels showed statistically significant correlations'
It is well known that the plasma fibrinogen level is elevated
in patients after myocàrdial infarction (McDonald and Edgill,
1959), a finding which we have confirmed in this study. This
elevation could either wholly or partly account for the longer
and heavier thrombi found in patient's with myocardial
infarction.

We do not kn'ow whether the factor or factors responsible
for the development of large thromþi were present before
infarction or merely reflect the results of infarction. It appears
that the latter is more likely. Nevertheless, it is interesting to
speculate whether this'propensity to abnormal in vitro throm-
bosis after myocardial infarction might be associated with the
tendency of these patients to subsequent thrombotic episodes.

Our results clearly indicate that there is a significant increase
in the incidence of platelet abnormalitiès in patients with
myocardial infarction when compared with control subiects
over the age of 40 years, Again we'cannot be sure whether
these findings relate to a state existing before infarction or
are wholly or in part a sequel to myocardial necrosis. Ilowever,
we have demonstrated that there is a definite tendency for both
the frequency of spontaneous platelet aggregation and thrombus
size to increase with age in apparently healthy subjects. These
findings suggest that the fâctor or faòtors responsible for these
phenomeúa are present to some extent before the clinical event,
and that coronary thrombosis could result from an exaggeration
of this trend.

The overall frequency of platelet abnórmality was similar
in patients with myocardial infarction whether or not they
were receiving anticoagulant therapy (Table II). Two explana-
tions for this finding should be considered. First, it could
be that in anticoagulated patients the initial overall frequency
of platelet abnormality was greater, and that this frequency
has in fact been reduced by therapy. Alternatively, anti-
coagulants may have had little or no effect on platelet aggrega-
tion. On the other hand, there was a trend, though not
statistically significant (Table II), for the snowstorm pheno-
menon to occur more often in anticoagulated patients (1 1.5?¿)
than in those not receiving anticoagulant therapy (4.7%). At
first sight this might suggest that anticoagulant therapy had
enhanced platelet aggregation. This trend may, however,
merely reflect the fact that those patients selected for anti-

t90 I 66
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coagulan gulants,,possibly It isapparent phtelet
aggregati

Summary

the blood of patlents with
ropensity to abnorrnal in vitro
ion. The possible significance

to the National Hearttral sÞnce given by MissC. Halt. Ve alsá wishE. terol and fibrinogen
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