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111 . A n n u a l  Proq i c  s Repo i t

Microe mbo l i,~at ion resu l t inq front micuta ( I l t e q a t i o n  of p la te le ts  and leu~ o—
c v t e s  ha s been imp ] ica ted in the  patho g enesis  o t cotup i i ca t  ions fo l low ing  shock

1— 5 ) ,  t rauma ( 6 ) , and extracor pore a l c i r cu la t i on  (7—12 ) . Pu lmonary ett ibol i—
.‘ a t  ion of these tn i c roaq (t r egates ( 2 — 6 , 13) ,  as we l l  as those that develop in
s to red blood (1 3— 18 )  , has been shown to ca use a] tera t ‘ OnS i n the st ruc t ure
and func t ion of the 1 unos of exper imenta l ani ma is. Shunt in g of b lood conta in—
inn these ti t icr oe t itb o l i through the hepdti ’ i~ic roc i rcu lat io n ( 4 )  or remova l
;~ I the  ni c roa u; reqa tes by [)ac ron wool (10 , 18) and 10 U pore t ites Ft Ill te rs
(1, 10) prevents these 1 unq chan qes . In a d d i  t io t i  , Dacron wool f i  1 t ra t ion dur—
i nq ca i’d I opu l mona rv bypass reduced the incidence of sys temic  non— fa emhol i
~mid ::a v 1 oiv et inert a l l  ty (11, 12).

I tc t ors wh ich are I mpl i ca ted I n mi cro ettt bo l i c phenomena during resusc i ta —

ti on from trauma , shock , ext i ’aco rporeal blood oxygenation or I ntraopera t i ye
an to t rans fus ion i tic 1 ude : 1) i n fusion of ni c roaqq rega tes present in stored
blood used dun nq the procedure (1(1, 11 ,13— 1$) 2) formation of p la te le t  aggre —
la tes I n t6e pat ient and/or in the support apparatus (8 , 10 ,2 1) ; 3) I ncontpl ete

ret::ova 1 of s um 11 a it’ bubbles induced by blood oxyqena to rs (22 ,23) ; 4) dena tu —
rat ion of plasma proteins ( 2 1 ) ;  a n d  5) infusion of fat , f iht ’ in and other for—
e itj n m a t e r i a l aspi rated front the operat ive s i te  (2 5—2 8 ) .  Quant i ta t i ve  infor —
na t ion on the re la t ive  contr ibut ion , if a ity , of each of these poss ib i l i t i es
it t  the et io lo gy of postoperat ive cott ip l I cat ions is not ava i l ab le ;  however , the
microa qqre ga tes i n  stored blood , air a n d  fat etuboli sm and p la te let  aqc~reqat i on
have been coil s i dered nos t i rttportan t.

Swan k has used the screen f i lt ra t ion  pressure (SFP) techniq ue to qua nt i—
tate the  m l c roaqgt ’eqates whi i ch develop in Stored blood. Tile SP[ IS tile pres-
sure requ i red to force blood at a constant rate throuqh a 20 41 pore mesh fi 1—
tet’ ( 2 ) ) .  He noted that the microa ggreqates passed t hrough a standard c lot
fi lter hu t  were removed by wool f i l ters  (14) .  In subsequent s tudies,  he noted
t h a t  the high sr~ measured in sto red blood used dur ing hear t—lung bypass was
noted to fal 1 to normal  levels after pass aqe of the blood throuci h the pat lent

15). I n  addi ti on , the SFP was hi gher in centra l venous blood samples than
i l l  ar ter ia l  or periphera l venous samples of pa t ients r’ecei vi nq blood trans fu—
si otis (30 ) . This i ;np l ies that the rita tet ’ i a 1 in fused is retito ved by the ni c t ’ o—
ci t ’cu la t ion of the red pient and is consistent w i th  f indings of mul t ip] e micro—
embo i i in pat ients who had recently received massive tra its fusions (16 ,31).

Studies of comba t casual t ies  have shown increased hypoxetn ia after  tra r i s—
us ion of over e ight un i ts of stored blood (30 ,32)  and have I ttp l I cated the

mi c roaqq reyates present in stored blood in the developme nt of pu lmonary i ns u t —
f i c i  ency after trauma . However , because of the many compl icat i  rig factors us-
u al ly p r e s e n t  during ‘tas si ye trans fus i on in nan , suc h as shock, fat embolism ,
ove rhyd ra t i on , a rid p u 1 mona r t ra uutia p,~r se, no St of the cv i denc e has been based
en expet ’ I itten ta 1 data obta i n~..d from a iii ma 1 studies. Transfusion o I s red

-4-
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il cod w i t h  a i i qh S F I’ ~a used pu l ena i v  i v I i t t e r t s  ion (1 .3 ,33 ) arid t r e l lis I ent
inc rease s in dead l a d e  v e n t i l a t i o n  iii dci (33 )  ar id sev e re a l t e r a t i o n s  in

r e  c lod t r ’ oe r t c vpha io q t a i n  in e a t s  ( 3 1 ) .  HI t ’a s t t ’ uc t t t’a l studies of the 1 Utl (IS
ci lo p ‘ ( 1  i i  h u t  1 au ’qe quail t i t l e s  o f  s tored  blood f i l t e r e d  wi Ui the start —
a i r ’ d  c lo t  i i i  t o t  have shown lvs  m it ; sil: n 1 at ’ to  those rioted af te r  heuto t ’ r ’ haq ic
S O t  ~ 18) . i tes e pu lmonary les ions which c o n s i s t  of  I ri te t ’s ti ti a] edema ari d
de t e r t e r a  io n of t he cap ill a t ’y er idoth e l  Ia I and Type I a ]  veol at’  cells (itt) and

I it ’ r t ~ e 01 ohs t t i c  (ion of pul nto na t ’v  hi o i l  t 1 ow (13 , 1 )  w e re preve r i  ted by
tec t ,e l i t  t a t  on o f  t lie 5 tot ’ed blood.

he t l i i ~~ e s t id j es  s h o w  t ha t  ml croe mbol I za ti on oc c ur ’s as a esul t 0 t blood
1 1 5  11.100 arid ~t n i d t o a pi eqa t ion occt t’t’i r id in V i v o ; hiot evet’ , qua n ti tat ion

c u  t i e  art l H~ I t s  been l i i i ted because of  their wide size hw y and
na ked i n s t a b i ii t n . The  SI I ’ m e thod is en’ i  t ive to adhesiveness as we l l  as
a t t e s t  t t O t t c t hi cod ccl is ar id p l a t e l e t s  ( ‘ n i  , h i t  does t t o t  iridi cate the

I t \ of i r a t et ’ia I w h i c h  ohst t a t  s t r t e  ‘it 4 p o s s  of tire f i l  te r’ . A n othe r’
m ethod of quar t t i t t  t ion of the part i c i l  a t ’  nma ( i d  al  co r is i  s t  of  wei hi rig toe
a iw n t  of  mna t e t ’ j a l  retained Liv a filter (:7— .tt)). In studies of combat ca s—
ua i ivs r e v  i v i m i  bl i t i l  t t ’a r is t u s  I o t i s  , ‘~os l c and Ho t v (38) found that as much

5 5 nram is (net ice l iii t ) o t isa t i  t’i al wet’e r’eta i ned by the s tanda i’d bl ooei t t ’ a t m —

t us ion I i 1 t v ,  1 ‘ i) ~-u ot’e i : r & s h ~ pet u n u l t of  blood. However , t h i s m e thod
does not t ’ef l  ec t the s m a l l  vt c i  :ed part Ic 1 vs w hi cli pass tht ’cuqh the flit er’
to t ’  t he l a b i l e  pa r t i c l e s  l a dL er tha n the pore s i ze  of the fi 1 tet ’ wh ich  break

U~t ar id pass t hr’ou ’ ihi mesh t i l t  crc ( 1 1 ) .  The u l t rason ic  method can detect par’ —
1 d e s  in whole hi cod but. is so r t s  i t  i ye to a i r ’  bubbl vs as we ] 1 as pa r t icu la te

:a t o r ’ ia l  (11 ,~12) . Ill trat ion ( ‘ 14 )  arid other’ techni ques ( T4 _ z ~ ) have been
devel oned fo r’ St udv of p1 a t e l e t  aqqreqa t ion , but thes e metho ds are r’es tn c ted
t o the st dv of m ,ict ’o aqqt’ e qa tts in plasma arid do not g ive quant~ tat ive info t—
Ia t io r r err the s ize and numb er’ of rnidr ’oaqq reqates in whole blood.

I n s tud ies  begun whi le I ri the Dlvi  si on of Sut’qet’v . W a ] tet ’ Reed At ’ m: v I nsti —

tu t v  of Research (kR/U R) , we dovel cited a method of quanti tati nq the s i ze  arid
nut ’mher ’ i t  rni c rctanqt’eqates in whole blood util 1:1 ni t  ar t e l e c t r o n i c  pa rt i c l e
si 2& ’ aria l~ ~e (Model T, ( ‘ou l ter 11 ect rc ’ni ics ) . m l  t ia 1 s tud ies  document vii that
the ir is trument cct ul (1 provide t e l  iab le measurements of par ’t I cl vs large r ’  than
1 t’iiko c~ t vs pt ’OV i d i i  the concert tra t i  on in the s us pen s ion be i nq anal v zed does
riot e\c ted the vs tabl i shed 1 i iii ts of the apei’t nrc hei nq used. The ml c r’oa gqre—
ta tes in St or’ed hi cod were f iurid to develop progress i vely  dur’ inq the 21 day
storage pe r’iod i n \i’[) a t  ]0 1’~ rar ’ticles smal le r than 25 ~ t comprise the
~it’va ter po r’ tior r by vol uttue of the It t icr ’oaqq reqa t vs which developed dun ’i rig t u e
H t ’s t  week of s tor’aqe , wh ile 1 am er pat’t i c 1 vs were found to devel op later’
in storage (ds) . F i l t ra t i o n  of s tot ’e d blood throu gh t u e  sta n dard in fusion
f i li i’ (170 ti pore mesh ) did r iot sin ni fic ant lv r’ettrove particles sntma l let’ than
8)  ti. Tire Ii) u pore f 11 t vt (Pall Corpora t I on , G len love , New \‘or’ k ) t ’e urov ed
pan ’t icl vs I a t’ger than ~‘5 ii hi t  riot t hose srna l 1cr’ . Ott the other ’ han , a Da c r o n
woo ] i ii t er ’  (P icnue e i’ l i l to ’ s , lI o l 1 sho re , Oregon) removed v i r’tual lv al l  part i  —

d e s  1 a nger’ than 1 eukocvt vs in stored hi cc~i (~‘7 ) .

-ti —
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l i t  o th i n’ s tud i vs be t u nt a t  WR A I R , the el ectt’o rr I c par’tic l e size arra ly :er’
w a s  it i i i  .‘ed to m lvasuti the s i z e  di str’ibu t ion of platelet aggregat es induced

nr v i  t i e  a n i m t  v i  vo by var ious aqqt’eqa ti niq agen t s .  In v ivo  t t t ic r ’oa q qr eq at ia t
ot p l a t e l e t s  was i n d u c e d  by e i t h m . r  in fus io n of adertosine diphosphat e (A DP ) ,
~r ~r enm iudii er of c l a t e l e t  agqr’ egatjorr , or’ by e x t  r ’av as at ion of blood into
t ie  t ori t i mme mi l s  o ethe r ’ an esth etized rats. Iru mr ume d ia te l y after inrj em .tio ni of
API , s t  c n’ oeiutw m 11 1 3—8 0 , 44 In S i ze wer ’e detec ted iii the in fer ’i 0, ~ ena ca va b lood
h i t  ri ot  i n a r ’ t e t al blood of ether ’  a n e s t h e t i z e d  r’ats . The increa sed micro —
em Ho ii in V o m i t  u hi cod r’e t u r’ ried to ccii t r’o 1 level c wi th in th nec liii nutes after ’

i n t e c t i e m . I r n : e d i a t i l y  a f te r ’  the inf is io n i  of AD P the ar ’te r ’ ia l  blood lrvs_
Si m i  a rid p i t  te l  e t conic ot t  t t ~l t ion t i l l  arid the venous b 1 cod p n’es s u r’e i ic i’ea sed
s wes t iii t ha t  occ los ion of tire t i  t t o nary iii croci ‘cu ] a t ion  occur ’ r ’ed as a

i s ]  t of  the i n i t t a v a s c ia r ’  agg regat ion of p la te le t s .  T h ese al ter ’at ior l s i n
mis  a rid ar t i t i  a 1 t i ’S so r’e arid the p1 ate ]  e t co units re tu r’ned tO coil t rO 1

lev is ;i t h i n  t i i t ’ ee to f i ve  minutes as the c o n c e n t r a t i o n  of nicr’oe th rbo l I in
tie v n omis blood ii radua 1 ly fel 1 to co n t r’ol l e ve l s .  Thes e ’ stud Ies i rid i ca ted

t I l t t n t ’ i c t o a q q r o a te s  of p l a te l e t s  were fo rnred in the pet ’ ip he m ’ l vascu la r
bed a trd ei ho 1 i zed to  t lie 1 un q . T h e t r’a ii si en t a 1 te rat ions i n the heirtodyna tu mi cs
c us i d  by these par’t i cl vs suggest that they a r’e r’api d ly broken up in v ivo .
These s tud ie S confi  i-t imed previ ous lii S to ]  oqi c observat ions of the tir ;te cour ’se
01 tt ’ap;ii r ug o f  lila tel  et a uq r ’v gates iii the pul rmmonarv H c r o c i  r’cul at i  on arid de—

‘ m m ; t r ’ a t ed  that the e lectr ’onic pan ’ t ic le size anal y zer’ could dete ct nt icr ’oe ntbo l  I
t i m e d  in v i vo. T h e  i nhii hi tion of platelet aqq r ’v qa tes I riduced ill V 1 V O  by
advn os I n v  H 3~

’
~ a rid pr’os tag ]  andi ni [

~ 
( ‘~ i . 51 ) was detec ted by a dec r’ea se in

both t r ie d i m s 1 at i ye vol urite and the s i ze  of aqq r’eqa tes for - t ited in venous blood
te l lowin g Ai )I’ injection (19).

S i si lan ’  r esu l t s  tier ’e obta i ned in studies of platelet aggregates for’tited
t el low i rig ext rava sat io n i  of r’a t blood (53). Contr’o l blood dr’awnt fr’otui the aor ta
Ut i n t t v r ’ i o n ’  v i a  cava of r’ats contained low conceni t r’atiori s of par’tic les larger’
than 13 t i  . However’ , the vol ur;re of pat- t i  cli’ s fo rmed in r’a t blood wi th in  15
si miti d s foil owl rig extra vasa t ion was si in I t i  c i  n tl y Inc r’ea ccii . These agqr ’ e—
g a t e  mc er ’e found to g radua l ly  incr ’ease in cumulative vol ut ite arid nodal size
l i i i nit the f ir ’s t ~d secon ds followin g vs  tra vasa  t ion. Subsequent 1 v , deagg r’e—

c ia t I on was ta r u t  vs ted by decr ease in t h ies e pa r’a nteters , wi th r’ctu rn to con tr ’o 1
1 ev~ l s liv 5 nri niu ti’s a f t e r  extra vasa ti on. In other’ st tidies rr n i c r’oaqqt ’eqa tes
for ’ ned  dur ’ ing hypovo le i m ic shock arid in a s i m ulated m t  raop e ra t  ive A ut otr ans—
fus i or t  appa r’atus we re s i n t t i l ar ’ ly  studied ( 5 5 ) .

Dun rig the m i  t ia l  year ’ of the pr’esent U.S. Art y Medical Resea r’c h anid
Peve 1 opimte n t Conuinima rid Contract to  the Baylor Col lege of  Med id ne  , the va l id  i t  ~of the e lect ron ic  par t ic le  s ize  d is t r ibu t ion  ntr easu r ’e menu ts (if p l a te l e t  aq q r ’v—
gates ornuied i n v i t ro has beeni docurtr en i ted and t lie technique bias been used
to study rrr ic t ’ oems ho l I za t ion ari d p la te let  aggr egatio n in man. The vl ec ( 0111 c
ia n’t i d e  s ize incas u rertren ts we r’e fo unid to co r re l i t  i’ c lose l y  w i t h  inidepen ident
sea s ur ’e tue nts of fi xed part ic les and  of p late lets us ill n opt i cal rite t hods
Platele t agg t ’ega t ies induced m t  pla snr ra by ADP were used to eva lua te t u e  S i ,:v
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isi ’ a s u r e m r e t m t s  o f  p l a t e l e t  ,t u g r t ’ m~a t e s . Tbte c t ’  s tud ies i n n~i ic a t ed  t h a t  t i t  m m -

la t  i ye vo l untie of a g g r e g a t e s  I or’ nrm ed i nn p1 as u ma v a r i e d  ii m ean’ ] wit It ) t i e
vol ur ic i t t  p l a t e ]  i t s  wit ic h w e t ’ a v a i lab le  to c 1 uImi] t arid H’ ) s itut ul t a nw ’ o us c i i , t tm :i c
i t t  t m e  o pt  i c a l  dv risi t v of the p 1 asr u ma . The s i : i ’  of t h e a g g r i g a t  vs va r’i id w m t m

hue I c e  a id t I i :rt ’ of 0 \~ o5 ii t’v to API ’ , the vol utrue of p 1 a tr,’ l e t s  a va h a  hi e t
c i  i m p  arid wb r e r i ~i igt’ o gt t li m i t was i nihi b i t  i’d t’~ ade rros i t ie. The im m aru usc i i  t of
f_h is s t  udv ha m; 

~iF’ t’ i’,t red I ni t h e  I _ m ur ’ r ia 1 o t  App Ii i’d ‘bu y s  I ol ogy ( He

Iii a s ut isequ e nit s l u t ,  w h ich  appe a red in Tr ’ an s f  u’ io nt ( 5 , ) ,  t he t e c h n i c a l
as~ ec t s of seas ur’i ru m  flit ’ si zi di s tn i hut t ori of iii c n’oa q nr’ega t ~‘s I nu hi cod were
ar ia 1 ,- .‘ed. ii i s I n ]  tided a des r’i pt I on of the cal i hra ti cmi of tbie i r i s t nutrient
01  ( l i i ’ Op t iluc i hi 11 t v  o f  tire i rvas ur ’vnil en i ts , of the co i n c i  dv nncv 1 i msi I s of the
a p e r t  u n e s  used , of t i re e f f e c t  ci h e tnm ly , ’ ing age n t s it t i  i i I i c to , t m~ i r ’ i’g~t t v  d i s s o —
c u e  t ion a f t e r ’  di lut i  o nu , arid of  the v t f v c t  of  ieuko cv t e  count ing on the nt te as ut ’ v—
sen 01 s r : a  l i e n ’ iii cr ’oagnt’vga t i ’s. TIre nta ior pci nut made i ni these s tud ies  w as
that  a I thoumi i d i ]  mit ion arid e~ poSL J n ’e to hieu m t o iy ,’ m m  a u t m i t s  ac cv l e r ’ a t es  t h e di s—
ccci at  ion of p1 at e le t  a~t u , t ’e~IteS , cotrup i et io n of  the an ial t ’ s is wi tlu i in 15 secon ds
a l t  or d i i ut i ot t  a l l  ow s a ccur ’a t  e a s c e s s i m r o r t t  c t  the s i z e  di st  H but i cii of ~~iei te l  i ’t
a ; :~~’t a ( v s  in  blood.

Ti m is st a t ,  (H’) also desc r ’ i  h~~i the e f f e c t s  of  va s I rig t Ire s tor ’ane co n—
di t lo r is a rid the t\ pt ’s o f h i  cod ce r mpen vt m t s on the t o t a l  vol m im e o f  m im i c t o a t u  r i ’—
oa t  e~ w h i ch do se ] op i it b] o o f  dut ’i rig s t o r ’ m g e .  T h e  n mu i c t ’ c a t t r e i , t  te s  w e r ’ v  found
to dvsv l op ‘ r ’ o n r v s s  I t ’ I s dur’i rug s t o r ’ age  o f  At l) wh i t ’ hi cod at 4 t o  t i~~ I.
fol nuc i d eni t w i t h u this tiner’e was a drop i mm the p i t  t e l e t  co unit din’i nq t h e fi tst
WOyK of st m r ’ a g e arid a p t ’ om l re c s  I ye r e d u c t i o n  i ni the abso l ute gr ’a nu u i  oc s  t e co ir rut
(‘Ii c t o a n o r o q a  t e dvvv l  o pr rt eni t at t i ’ t ’ s t iut ’~’’ie of y a t i  ous cotmip onem it s of AIP hi cod
we - propo r’t ionia 1 tO t h e  cp r m m ’r m ( r a t i o n  of p1 a te l  e t s  ar id 1 e u k o t v t  vs pn’i or’ to
s tor ’aqe . T bmo mini c r ’ o a g q r e u a  t i ’s sv t t 1 ed i rite ’ t i e  hit ft v coat  a ften ’ cvii t r’ i t wa—
ti on a n i  beca me la t t er . In vit r’o studie s i n u di ca ted tha t  t tu i ’v w e r e  h i ’S 15 ta n i t
te di 5SOc hit io n in vitro i mu co mrr ~’~i n ’i son to ‘1 a t  v i et  a tm t ’v g a tes imi d rice d in fr’esbi
blood by aderi os I ne di phosp brate. tt1 c r ’aqqr e~ta te  f o , ’ i r l t i on i  was c r c ’ a t v n ’  in CPL)
ha rt i it Al it ant i  co i g i l  l i  ted [il cod s t o r e d  at  t o  t~~ ~ for’ twen t s — tout hour’s

h ut was not iii I fet’e mi t a ft t’r’ seven da~ s of 5 to wn . A cu r ’ea t en’ vo l nine of r ’mi ct ’o —
a ug r ’e~ua t c ’~ was tot ’m rmed in ai iquots of AsH blood s tor’ed at I to e0 C t h a n  a t
r’oont t e r pet ’ a  tune , wh i lv no di t t v r ’ e n i c os  wv r ’e r ioted a t  le t ’  s t or ’a q e of  hi ood I nu
p lastic ‘a im ; or ’  g lass  vacuum hot t 1 ~‘s

In a n o t h e r ’  paper ’ ( 5 $)  , fur thet ’  ev i  d e mtc v isa ~ t ’ t ’ e s c ’ mi ted to suppo n’t the
val I di ty of th e vle ctr ’on u ic par’t i d e  is v a sun ’ vi tm v nt t  o f  p l a t e l e t  a i tL i t ec ta  (v s  in
bloou. The deagqt ’eqa ti on of p1 a t ’ ]  e t c  i n pi is r ia  was sh ow n to  be acce l  en ’a ted
by addi ti on of f iem io lyz i ntg an erits to the dii tie ni t used to pv r’f o t ’imm the e l e c t  n’ omi i c
size i :iea shir’ ei ;me ri ts . Ib owev e r , because of t he n’api di lv of the b rei r o i s  si s of red
ce l l s  ~mid o f f lie su bse q uem it  anal y sis it i unui ed i a t t’i v af ter’ di l o t I on of blood,
a c c u r a t e  m ;va su , ’ e i mvn ts of p l a t e l e t  aggregates in blood are possibl e b e t o r o
si gni ficant alter ations in their ’ total vol untie oc c u r ’ s . T hi is was sh ow n i ni ant
esper’u uteri t wbi et ’ v  the lii i t I al platelet co mic ot i  t r’a t ion and the popti 1 at ion ot
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p la te  li ts to be studied in p1 asnuma arud in n’econs t i tuted whole blood were lie 1 d
cor ls ta n ut by adding on equa l volun tue of either platelet —poor plasr ut a or saline
was h ed r’ed cells to aliquots of ~ila tele t—rich plasma (PRP), There was no sly—
iii t icant di fference in the total volunue of the platelet aggregates larger than
leukocytes (13 ,Ai and larger) that were induced in the plasma and in the blood.

Although the P,ni’my Contr act has supported the studies of the electronic
r e t s ut ’ei me r , t s  of p la te le t  aggregate ’~ in d u c e d  in v i t ro and of the nuicroaggre—
ta tes that develop in stored blood , the i’ i t j or objec t i v e  of the cont rac t  has

beer n ari d contir i ues to be to study par t icu l ate microetm ibol izat ion and a l te ra -
tions in p la te le t  aggregat ion resu lt ing fro ttu or’ during surg ical trauma . Be-
ca use of the large nut iber of pat ients undergoing heart surgery in Houston ,
we have u t i l i zed  pat ients undergoing cardiopu lru ionary bypass as a model. In
the i nì i ti al study (52), particul ate microe tutbo li were urteasured in patients ’
blood d r a w n  before and during cardia c oper ’ations. Ve ’ us par t ic le  ut teasure—
ruments did riot change. The vol unne of p~ rt i cles in ~ terial blood drawn fronum
the bubble oxygenator (41.3 + 4.4 x 10~~ju~/r utnit 3, nunean + S.E.) was greater than
that in venous blood (30.7 ‘- 4.1 x 10~ 

_‘u3/num3, p 0.005) only during the first
ten minutes on bypass. In conntr’ast , the vo l ume of particles in blood drawn
fr oimm the cardiotomy return line was nim arkedl y elevated (903 + 121 x ig~ ju

3/tmim3).
These icroet m rboli remained e levated throughout the procedure , were ntiost ev i—
den t when ext r avasat e d blood was col lec ted wi th the coronary suction line ,
and had a size distribution si rm ti l a n ’ to pla telet aggr’egates which could be
i nduced iii vitro. A Dacron wool filter removed 89 of these nuicroe mbo li , while
a 40 _ -~j pore m esh filter and a polyurethan e foanr filter removed 58 and 64~respectively. The data thus indicate that Dacron wool filtration of blood
infused through the cardioto numy system would virtually elinu iri at e particulate
mii croe ut i bo l ism during cardiopulnuonary bypass. -r

The nurajor accomplish nitent during the second yea r (February 1975 - Janua ry
1976) of the U.S. Arnuy Contract was the correla tion of measuret uients of plate —
let aggregates induced in blood in vitro by ADP with alterations in the aggre-
gation of platelets that were noted during cardiopu lnionary bypass. Al though
som e of the pa r’ticu late nricroemboli measured in the cardiotonty return line
blood of patients were fat globules , their concentration , by volun um e and size
distribution , was similar to that of pla telet aggregates which could be in—
duced In v i t ro  in the patients ’ arterial blood by adenosine diphosphat e (ADP)
and fell during the first 30 minutes on cardiopulmonary bypass (52). In view
of the presumed effects of cardiopulnuona ry bypass on the concentration and
on the reactivity of platelets , this reduction in microe mbo lization probably
resulted from alterations in the formation of platelet aggregates. A subse-
quent study , which appeared in Chest (59) was designed to determine whether
this reduction in platelet aggregate mi croembo lization during the firs t 30
minutes of cardiopulmonary bypass was due to thrombocytopenia or to a decreased
ability of platelets to aggregate. The tota l volunme of platelet aggregates
induced in blood by adenosine diphospha te was measured with the electronic
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S t  i t  I c l i  s i  zv m m m i 1~’, zer ’ . lie vol L ift  01  p l a t o  le t  s i i  1 I ood wa s cal c ii i at  i d  by
i t  p1 i no ii ’m : oc\ tonic t iv p1 a c l O t  co h i l t  S I ’ , t i  e l ec t  norm i c a l  i ~ dot c i i  ned

r i  p 1 t i te l  e s~’ i mu le . I m ui ru ted i at e l ’  bet t r i  ca i’d i 1 m ~i I i r ma r’~ I v ;  as s  , (lii ’ t o  f_ a 1
i t ’ 0 ’ a ;qr e g at , ‘s i n duced I n blood by API ( , ‘ ‘ ‘

~~ 
t - ,- I 5  i ’edmit o l  t hen c o mmmt ’ am ’e~m

o ni om ’ r:vr I d~’ n m  i ’ beca us e of  I ) a si u g lut m a l l  inn f _ t i c ’ ‘ i c i  01 p l e t t i e  Is m rm d
~ ) a r e l m i c f _ i o n r  inn  f _ hue pen’c e ri ta ge t’~ s m ]  nil e 0?  p i a ? ’ l e t s  ;,n i m i c r i  aqt~n’eg~ited.

ft , r 30 m i  i i  tvs t t m ? b  115 ~C5S f_ tie vo l mu Le o t  t o  t hu  p1 ~it t’ l, s anud a m ’ m m m ’oa t OS m e l  I
L i t  a ~r’~’ t to t’ 110 i c o n (a oo of p l a t e l e t  a o t t  ri me t~’d. l i i  s I ndi cc ted that t e d u c  —

io n o t  p i~i t t ’l e t a i g r e t a  t i f o s a t  i on Jut’ I mu g do i’d u opal i mmo n t a , ,  t y pas s is due
C t ‘ m r ’ o msb o c ’ ;  t ope nia .  It ci so su g Lues ted tha t arie s 1 mo ’ i t  • s i t  ‘ I i  ca l  tr ’ auu m m a amid

‘ i v t a  r m u  za t oni a i t  or p1 a teli’ t i-cact i  v i  t y  I o r e  tha n c r  n ’Ji 1p m ; l io nel rv b yta ss.

‘ii tb to itmbm f _ b it ’ s tud s  i mu C b ut ’st ( D O )  was 1 i m mm i  ted to d e t e r s - i  r un nu n ( h ue r i c H i m i  i simm
o~ t i me ‘ed ict ion in i i i  c n ’oem mho l I ,:at ion dur ’ i miii car ’di ~t c  s u n- m e t s , t i e  i t  h io ds
ut iii ,‘od m i ~t s  be ao pl I c a b l e  to the s tud s o’ ot h uet ’  i l i mu i cal  dosc m r de r ’ s  iii ;‘;hi chu
t’ i c i t e le t  ag q r ’ t ’ tcI t ion s t y  hi’ 01 it ti p oi’ta ruc e . These i l l : ]  lidi ’ t hu t’o m s L mos is amid
‘ l i i  ‘i’s t i  i s as we i 1 as shock , t t ’aummta arid pit l norma r’~ em mb o l i sm , but ’ t’l ec t o r i  i c

01 p l a t e l e t  a~ gt ’ei~a t e s  ini duc t ’d in blood Ps API’ in s i t t ’o ~‘ n o s  ide
q i n i t i to t i S i ’ a s s e s s m en t Of t i me  mass of f u n uct  i oni i u mo p1 a ~e i e t s  iii blood. A l  —

110 01 1 t r i o  p 1 a t c ’l e court  I ot ’os i des the sane r’el c i t  ye ill Ii ’ ‘ m i t  i cmi . t he e lec—
tr~ n m mc ‘ e r s u r ’em v nt  s can he m i e r f o i m m e d  ‘ore r’ap idi y amid oas i i~ . - . hmv m m com M ned
i t m  Ct ti I nidepe niderit r m o r s  L i t ’ m ’ m ’ Onm t of the ri ; im:mt ’ e r a rid r e a rm ci one of p l a t e l e t s

in t r i o  b lood , t i e  elec t ron ic m m m e a s u t ’ e ’ e m m t  of plo t e i v t  ~m o g r e u c t e s  i n d u c e d  in
si t , o can be usv 1 to assess t i me  c a c a c  i t~ of the p 1 a t e l  e t s  to agt ir ’etma te. Tri o
s t u d s  r ’ e t ’ o r t vd  i nu I lies t dvm on us tr’a t ed t hat th is  pr ’ovi des a unique noons of
co n- e l  a t  l i i i :  i i i  s it n’o s t u d i e s  w i t  0 mmiea ~~u r ’ o i m o r i t  s of p1 at  vl et aqi it’eg~ltes fo rsme d
i n v i — , - ’ i mu ‘ t im .

Lol ‘i~ i don I a it s I iO abuse norm f _ i  oned s tud ies  01 part  i cul a te  mmii cr ’ oe i mb ol i s a —
iou arid p1 a t  e l o t  ci : m ’ e m a t  ion dr i n ’ in u q heart  s tir— g et ’ s  • (Mo Depar’t mmvn t of Sut’uer’v

of  t ic S i ,  1cr Ci’l 1 edt of “c d i ci ne ‘euan amu e\ t vns  i s v  eve l  uat ion of the c l i n i  — -1
ca l  m i sc ’ Li i n e s s  01 a rio t ,  ni c r ’ oL ’or ’ o us immvmrb t ’ an e O\S gvna f o r  tot ’  use d ot — i rig b ie an ’t
sut mc ’ i ’ , . ‘ t e m - t ’ t ’ a r i ~’ ‘ \- , qena ton’s bia v e been adv oia ted ton ust’ dot- i rig cardiac
opon ’a t io n ic  b o c m m ; c e  0 t i e  r’educti on i n  blood comsp onerit t t ’aumna due to el im mi l  na—
f _ i on o f  the hi ouitl gu s I nut o m ’ f  ac ’ ’ c t ’’a ted dot - i  r i m  hubb 1 e o “~s qem ia ti cmi . In on’den
to assess  t i e  e m  fvc f _ s  of mmm e s m b t ’ a n iv 0\s tt vn n a t i  on,  p i r ’ t  1 cul ate mi ct ’oemm: b ol I and
in v i t r o  p1a t e l  t ’ t  i 1 l r ’h ’Lt~it io n were s tud ied i nu b lood of pat i e m i f _ s  during cat ’ —
d i a c  opt’r ’at i  oti s ( t ~l . A s i ra  11 q r’ad ie nt of m mm i cr ’oem i bol i dv v e l oped on passage
of Li] cmod t h u r ’ou qb u a bubb le O\s g erm a ton’ but r iot  t h r o u g h  the m mmvrmi br ’ a r i e o \ soen ia  tot .
However ’ , wi th  both t y pes  o f  ov’oeriator’s , there was ~i SuS t a  I ned I rt cr ’ease in thy
vol untie Iii nu u i cr ’ot ’ rm bo l I in candi o t o m mms ret u n -n m blood wbi i d i  was mu n ch iir’ea ten ’  t bian
i n a r t o m i a l  b lood. Iimmm’ m edia t vis- a f t e r ’ c a r ’ d i o p m i l i~on a t ’s  b~ pass w i th both u’,’ —

Li e n m a t o ’ s , there was a ccuiupara h] v n’educt I on i m m t i c ’ vol utmme of ci n ’cul ati nu ll pl a t e —
1 ets which  v\cveded that of t h e biett icql o f _ i  mi co r uc en u t r’a t ion , i n d i tat i m i ii p la t e let
loss em\c ee ded that e~pec ted fr’cm hemodi 1 uti cmi alone. Howvvv t’ , t h e  t o t a l
vol little amid m ean size of p11 tel e t dqq r~ege1 tes i induced I mu L’l ood of pa f _ i  enuts
a ftet ’ um ne mum bra nue oxyqena t ion was si qni i f i  car u tl ‘~ gn’ea ten ’ than s ir u mi 1 at’ imieasur’ eturer i t s
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af te r  bubble oxygenat io n . This study showed that niemm ibrane oxygenation reduced
particulate microen ibo lization and preserved Plate let  function in patients
undergoing cardiac operations when compared tr’ bubb le oxygenation.

Although generation of nuti croe mbo l i  was reduced during membrane oxygen-
ation , a large volu itie of m im icroe m nboli was present in cardiotomy reservoir
blood. The increased vo]unme of microembobi in cardiotonty return blood during
um ienubrane oxygenation enmuphasized the continuing need for an effective system
for f i l t ra t ion  of car dioto nuty blood regardless of the type of blood oxygena-
tot’ utilized. Accordingly, a subsequent investigation (61) was begun to
assess the effectiveness of various cardioton iy reservoirs and inline blood
filters. Of five cardiotomy reservoirs tested only one was able to remove a
si gnificant volume of microe mboli larger than 13 ,ju in diameter; however , i t s
filtration system , which consis ts  of polyurethane foam , was not as effective
as the least efficient of the inline blood filters . Less than 10~ by volunme
of i ri croe umibo l i larger than 32 ,,,i,j rema i ned after passage through all of the in-
line blood fi l ters tested, but the mmue an percent (+ 1 S.E., n=8) of microembo li
sim i al l er than 32 renmaining varied (25 -u pore polyester mesh 45 ± 5 ; polyure-
thane foam 36 ± 3’~; woven fabric 13 + 2 ;  Dacron wool 12 + 2 ). The results
of this suggested that the cost and effectiveness of blood filtration during
cardiopulmonary bypass could be improved by the desi gn of a car di otonmy reser-
voir with a more effective filtra tion system than is currently available.
This is of importance because efforts directed at improving the quality of
blood salvaged intraoperatively during cardiopulmonary bypass still also be
useful in desi gning systems for use during genera l surgical procedures.

In su bsequent work supported by the U.S. A rmy Contract , studies begun
previously were continued in three separate areas: 1) In vitro measurements
of platelet aggregation using the electronic particle size analyzer , 2) corre-
l a t i o n  of in vitro platelet aggregation studies with alterations occurring in
v ivo in both laboratory animals and in cardiopulmonary bypass and periphera l
vascular  surgery patients , and  3) in vitro and in vivo evaluations of systems
fo r  use during homologous and intraoperative autologous transfusions.

IN VITRO MEASUREMENTS OF PLATELET AGGRE GATES

As described above , the early work supported by the U.S. Army Contract
hel ped val id ate the electron i c measuremen ts of p la telet agg regates formed
i n p lasma and was publi she d i n a manuscr ip t w hi ch app ea red in the Journa l of
Applied Physiology in 19/5 (56), Since then , subsequent studies have extended
this method of studying platelet aggregation such that quantitative assess-
ment of the process in whole blood can be accomplished. These studies were
performed in collaboration wi th Dr. Peter S. Kennedy during his tenure as a
Fellow i n Oncolo gy a t the Baylo r College of Medicin e. Pla tele t ag gregates
induced in vitro by adenos i ne diphosphate (ADP ) were used to test the meas-
u remen ts. Initial experiments demonstrated that the electronic measurement
of platelet aggregates and platelet -rich plasma were not altered by the addition
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0 ?  nim i :m o l y , ’i no a g e n t ’  to t r i m  di luenut , As platelet’ ; hem ;en f_ i ci ui-m ~ a f t e r  m~~
s ,;it to API’ mu ;- ;hole blood , t rw total V o lui mo and ‘ t e l l i  s i z e  o~ an m i re qa tes i n —
c r e l i d  -, mi i  Ic t r r e r e  ;-~t - r i  m q - ; ’ o - i te c l i m n i me s dur ’ inmq p l a te l e t  d e a q ’ ; r - e q a t r o n .  ~l th

i’ m m c e n t  n ’a t i e n-  of - P . the t o t a l  volune and s i z e  of aggr eil tes f o r m e d
P J I i m i  I ’ m  i i m i t i a l  S i \ t s  s , c m u m ds i r ic t ’ iased ;  s u t m c t m ~uently o n l y  thei r  s i ze  in-
c n , -~m - c d  arid f _ r i , - , d I S s a ~ m ate d wa rm s l o w l y ,  As the p l a te l e t  co n mcent r ’ a t i on  in
[‘ loud nas inu c n - e m s t J  L ’ s- s e r i a l  di lo t i o n s , w i thu t ime h iem - m atoc r i t  ruia in mtai n ued con-
s f _ c i t .  l i i i  m o-ui S I , ’ e of ag g rega tes  var ied l inear ’ ly  w i t h  f_ h u e tut~ l v o l mmi mc of
a~ g r e ~ aI ,~ t ri al ;-;ore Io r ’ m : e m i  ( l i m i t - e r  ce t ’ re l a t io n i  coe f f i c ien t  - 0.94). “P ierm the
Im l i f _ e l e t  co - tn t in blood i-as kept c o n s t a n t , t h e  une a n s i z e  of oggt ’eg a tes var ied
i r i s e m S i  1 , w i t h  t I m ar i g es  in t he  b i e imma toc r ’ t t  ( l i nmear  cor re la t ion  coe f f i c ien t  =

- - i  - )  - The , studies Showt-d that platelet a g gr e m me f_ es induced by ADP in whole
(‘loud m~a ni hi , m a f l t~ t i t e d  us ing thue e lec t ron i c  p a r t i c l e  s i z e  ana lyzer  and de-
f ined f _ ru  e m l o c t s  ,m i c hanui ~es m u  t he p l a t e l e t  cou n t ami d in the bie mit atocr i t  on
t r io  m i s u l t Inc ium ea s m i r ’ t m : memu ts .  Th is p r-e l i i mina n ’ y  wor k suggested that imm easuremmient
0 f _ hu e ; can a t t r ’ y q a t e  S i ze  w r m en corrected for ’ p l a te le t  concent ra t ion and mieua —
t o c n u t  c m l i se t ’ve as an index of the respons iveness  of the ci rcu la t ing  plate-
l e t s  to ag q r ’eqe ti rig agenits . The fit -st im m anuscript resul tin fr ’ oi mm these studies

m a —  al r -eady meen u pub l ished ( f 2 )  and a second has beemu subi - mi t ted for publ icat ion

I n an other’ study r’ecent ly conumpleted in our labo na tor’y in collaboration
;, itm m Pr ’, T. . Dewit z , isno is obtaining his Doctor of Philosophy in the De-
pa r t :  tnt ot Ch em ;mi c a l [ r uq i  neeni rug of Rice Univers i ty . we have e xa m m ined the
e i f e y t s  u t  s ne e r  s t ress  on blood p la te le t s  arid leukocytes  in vitro . Micr ’ o—
eqoreq ate s i z e  di s t t ’ i bu t ionms were immeas ured in fresh blood sheared in a r ’ ot a—
t i omia l  v i S c o m ’ m e t e r  a t  370 C. The nummiber or - to ta l  volumne of niu icr’ogg regates 13
to 101 -~u in diameter’ i ncreased wi thu shear ’ str ’ess at exposu r-es of 0 - 300
Jynies -’ c~- fur five m mmi nutes. The mean size of aggrega tes dec t e a sed  wi th in-
ct - eased shea ,- st r- ess , whi le  the a c o r e g a b i l i t y  wi th  0 .2 - 2 muM ADP was pt ’o—
q n ’ e s s i v e l ,  inhibited a f t e r ’  exposu r - e  to inc r ’ eased shear ’  s t r ’ ess .  We con c i uded
f t ’ uimm these s tud ies  that low shear - s t resses cause p la te le ts  and leukocytes to
agqn -eg ate, that sot imewhat h igher’ shear str ’es s es tend to disperse aggre gates .
ari d that p l a te l e t s  develop a r - e f r - a c to t y  s tate af ter ’  shear - s t ress such that
addi t ional  aggrem m at i  on to exogenous 1PP is inhibi ted. These observat ions
ar e of relevance to the A r’ i my contract because they were pe m fot’uiied wi th whole
blood at phys io log ic  teiiupe natur -es using shea r’ s t resses of the sa m e iiuagniitude
as t hose wh ich  a r-c encountered in pa t ien ts .  The manuscri pt of this study has
been accepted for’ publ icat ion in Microvascu la r  Resea r’c h ( 6 3 ) .

EFFECTS OF SURGICAL TRAUMA AND BLOOD TR AN SFUSION ON PLATELET AGGRESSI ON

The seco n d iruajor area supported by the Ar ’nmty Contract is cot - n-elat ion of
tume asurem ents of platelet aggr-egates for-rued in vitr -o with alter -n ations wb u ich
occur  in yJ,y~_. As a result of the studies detailed above , we have developed
a si nup le mmmethod of determ m minin g the functional capacity of the circulatin g
blood platelets to aggr-egate (19 ,60.64). In a study which appeared in Sur-qery .

~yneco logy and Obstet r ics ,  this mruet biod was u t i l ized to study the platelet
count and Tfi’~ TETh’ction al capacity of tbie platelets to aggregate in vi t ro be—
fore and after’ peripheral vascular surgical procedures duri n g which autologous
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blood w a ,  adm ;t i nm is tot -ed r n— i i mug ~i S i n ti f u ho im i ( ’ tbmnd O f  I i i t t ’ t ope n~i Li Vt ’ au t o t r ’ an t - . f i t ’ , loi n
t b ). I hi ’ , ‘study was Ime n ’ to r ’ i m ’ d in n ol l oho r- a t ion  wi f_h br , ( d ’ n t - q t ’  P. Noon of
bin tot u t and Weim (-I tt , L i ni g liep at ’t ni t en m t of -onn’qeny (ml the Ilay 1 on ( P m] loge of Med I —

ci rue. I he it ctpttm ,’ tle’’i t ’ l  i i ’  a ‘s i t i r~m 1 I li ed inio thod whenehy extr a vt -a ted hi m i d
is cim i lei ted li-ou t t he  ‘,ur ’m I i ca l  f i e ld i n n a r e~er’vo i t ’  wb n j( b i IS c onn t t  itied i-i l thin
a irons i nq a ttached to a v acu nuni n sours t ’ . Af te r ’  c i i i  ] e c t i o m r  of  the blood inuto
nine nesr ’nvo i r w i t in iii t i re  s y- tutu the blood dr-a j ri in to a ecor id rese t-vu i n ’
wh i It coin he detach ed arid, a I ten n’e rmuu v a I of a l l  a i t ’  w i t _ hinu the bag . canm he
i nst ’d ton adi uri nun ’ 5 tn-a t i nit of  hi nod , (‘ i the n’ by i ] r a v i  ty dr -a inma ip on by i nu f u ion
wi  t in  a ,tarrd ~ t’d pt - (’’~m~une cull - The ;maper de c t i h e d  the iii’ of f_ hi’ syste m
wh m ci i  t a r n  he neadi ly tnt ii i c e d  mm tin y openo Li ,mi~ r.uumii wh i cii has a 5 tann da nd w al  I
‘, ium Lio n sys Lou t . I in add l t . i urn t i m the nI)ove mt ie n m t i - mn n e d St 11(1 1 i’ , ( i t  the lunict ionmal
ca ( i ,ni , I ty iii f_he pat ic-rut ’s ci  t s u l a  Li nq blood p l a t e l e t ’  , t he map en de sc n ih ies

tn , mn n f _ n  tat i ye min ed ’s ti r ’ei ure in ts ut ni c ,‘oeniibn 11 inn t ire an to t r a n u s  t used hi 1)0(1 he fore
a nnd a I ten ’ t i  I t. na Li i mnu t h u rough van ’ j o i n s 1) 100(1 Ii I Let ’’ . The to to I vol urine nm f mn cnn —
ei rbo T I  measure d  i mu the t im 1 1 ’ t  ted 5iuto 1 nqotns h loud w a ,  connipa r’ahl e to that  inn
s tired iii nod . Pant icli’ nt team ;u reim u’ nr t s a f ter -  f i b  t n-a L i  ott w if In a l )ac r— onn wo (ml bl eird
l Iter ( Pi onr een ’ I ii h e r ’ - , . Inc. , li i i  1 sboro , Ot - oqonm ) wene neducod to ab omn L Lime

canir e vol inure a’~ inn tine ct mnn tn’ol samn mp l e of the 
~ 

L i  i’nit s a nte r’ i  ~11 h )liJOd . t xper’—
i ence wi th u oven 100 smn rq i c~r 1 procedures hin d i t t  I ed that. the n eed fun ’ honno l o—
,u mm r blood was reduced but was mi nt el i nm i ina ted. lhe st tidy i nmdic , t ted Limo t intra —
o p e t ’ n t i v e  auto t na nms t m n - m o n u  nm I blood wi tin this s in imple - y s t e i t i  was s o tn ’ and had
d is Li nr c t advan n L i  go’ , over banked honimo l oqous blood - The t’e stnl ta stnq ges ted that
the ;y~ ter m coul d be i i n c t m n— pon i ted i into a m y  opi’t ’at i ri g ni mo i mi , II ’ such a - y - tou t
becau se wid e l y  accel u ted , it s ~rdvan La ne’ 5 in a co m bo I i tua Li oil would  he s i gnu i t i —

ca n r f

,~bnno L i ne n ’  tap er’ i mu tire ;t’nena 1 area of ct )nr ’ ,’ Ia Li On) I) t iii vit . no oni d iii v i vu
il a Lu lO t ti( i( ii’i’ i,i f_ ion wa~ con t i  n i na Ii on of s tun d i n jure v I OIlS l~y r’eponted n-e l at i rug

e hanu ij e ’ , 1 m m the ci t’(tn l a f lug blood p late lets t i m eve mmts ~ h i t h i  01 cur’ du i’ i inq u tt ’di oc
‘sunt’ i~ it - a I p r’ocedunes ( ~O) .60,6(m ) . In pn’ev i ott ’ s f_ r id ue , we m a d  i k ’ m mmom n s I no ted th u
im u enm ih rai ne mxy qen n a I_ n on rednn ced pa r’t icul a Lu m rui noe rmuho Ii ,‘a t ion ar id pt ’ o’~er’ved plo to—
let I uin t : l io n inn pat joint s t i nn i e r - g oin g ca r’ iI at : opena f _ lo ins  w he nn coni u maned to  hunl m hl e
oxyqermo tot ’s ( t i ) ) .  Inn stud i t ’ s t ’ ncenf ly co mmn p ln ’ Le d — we eva 1 nat i’d t ine of  I (‘i f o f
Iwo separa to oxyqe ina ( n un ’ s and two i nil i nit ’ candi o t o n m m y b loud t i l t  t ’ t ’ ’ , on f l i t ’  t u n i c —
L ion of  i nti m m ia nm 1)100(1 p l a L e i t ’ t s  a l te r ’  c a rd io p ulnuionn5r r - y bypass , 1 m m m u  t,ia l  ‘-,t ud ies
We im mea s ni red p lat ,el of. aqq r’eg ,n t es induced t it two inouns ann d tw e nty— fo u n t ’ hour ’s 5
a f lu-n e i f ine r ’  iuueiu ibranm e nun ’ bubb le oxyq en ro t i  on . A l f t r , nim n l r t int ’  I ot.a I vol uuune o f  —

p Ia Lu l t ’ (  aqqn(’qa t ( ’ - ’ 1 nn( lllce( I inur nnn edi n t e l y  ~ Iten t)tubI ) 1 t ’  ox y gt ’ n na I loin wa s 1 owen ’ ( m a n
a I te m -  nmiem m thr’aim’ oxy qenna I, ionn — Llmn ’r ’e wa , no ‘si qnm i Ii ta i n t  d i t t  eno imce inn the tot .a I —

V() 1 ummn e o f  iii ,r tel e L aqqn’eg ,m t o ’ s  ot - inn t h e  Lii ood pla te l i ’ t t’o unm t of  two ,nnd twenr t v —
t o u t  hmntirs a t  L(’n hy i ,r’ ,’_ 

- r mmi ’ ;  suggested Lii i t the deh ( ’ ( t In p l o t  e le t  ,nq gneqa
t i on a Run’ Imnnhhle oxy qe im a f _ io u , wh ich i  wa s ito ’s t Ii ke ly due In tire Iar’ge blood
qa’; inn tn ’ n lac e t.o w hich time blood was exposed (lint- i nq bublnl (‘ oxy (‘no t mmmi , n m m n’ —
F’ t’( ted i La’ ] f- w i thu nr two hours a tLer— th in’ mr ’oce dr i r - e . Inn ~n snnl m s e qireu m f st t idy
‘s i nmn i 1 ,r r- m u o n ’ 5 ’ r ’ eu m ir ’ n n t ’ . were per t m t ’mun ed on t i me lml 00(1 of po t i em i t  s miil ( len’ (lo i rig n u u e u u u—
bra no nx y q t ’ nn t t i on iii w hm i t b  e i time r - a ‘P x 4(1 mmm ii  r’o in po lyes ten n uto ’ - hm blood f I l t e r
(Pa l l  Corpo ra I. i on , Glen (Pivt’ , New Von -k ) or a Dacronn woo 1 f i l l  nt (Pioneer ’  I ii —

o r’’ , , ihi l l  slui r - im , (Jn’et~i in n ) w a —  i r nco r— p o i ’o It ’d in n to the ,t n ’d io tou mv ms ’st ’ nvo i n ’ line .
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Inn t hese mat ien t— ~ tine (mn -eo per - a f_ I ye Iml a tel et cou n ts arid tota l vol urum e of p1 Of
ii ’ t aqgt’ego tes I nuduced i n  v i t ro  were 110 t si gnu i fi coin t ly di I teneni t . i loweve n’
a t  ter - m mr i ir a t i  o n ut the bypass pr ’ocedur -e amid at two arid at twenty — four hour ’ s
after- the  pn o ced u n.e , tine p1 a Lu l e t  count was l ower’ in tu e g r-oup of  i ma I i  emi ts
w i th f _ hue I)ac non wool f 11 ten’ w hen con m npared  w i t h u the PP u n t t’on pore m i m es in lilt en’

r’oup . -\ I two a rid tw enu Ly— four - hoot i’s a f t er bypass , the p la te le t  co un t wa s
1’~’ F 17 a mud 1 7P 10 ( X 10 3 / imm mm u ” , m ume a m u + S [ ) w i thu the Dac n- tin wool filter- ,m s
co m m m pa n ’ ed Lu P u )  + ‘II’ au ud P-Li + P4 wi thu the PP uuii cnonn pore nut esh I ii ten’ . I m u
co i t t  r’ 5 m s f _  to t t i t ’m5e umi easu r ’e mu te nts , f_ lie total vo lumure of’ platelet aqg r-ega tes m m mea —
sur ’ed a t  two a m i d  twen ty — f out - hm uns was not si qnu i fica ni t l v di ll er’ emi t (1.16
0. 13 aumd 1. 61 F Q• 1:’ w i th u t h e  Da c n - om n wool f i l t e r ’ ; 1. 19 4 0. 16 and  1.50 f 0. 1P
W i th u f_ lie Pb mimic norm ~mo ‘C t i m es ii f i l  ten) . The data i nd ice ted f _ h a  t tine Dac n-oi l
t o o l t i l L e r ’ , w h ich was m mn or - o efficie n t at n ’emunov ini q f_ lie ns ict ’ o e mm t bol  in the cat ’ —

S di e t om m mv n’esen’voi r blood , r’enmuoved aggregated platelets w h ich wer’e able to ac ugr ’e —
mate . In cor utt ’a sf_ , the P5 n mu ic r ’o um pore ummesh f i l ter - , w h i c h  was less e f f ic  ie r m t

a t neum to vol of t hu e iii c t-oem mmbo ii In the c a r -di n to m my r-e s e i-vo i n blood all owed a
si g nificant l y hi ghen- ci r-cu l at i  rig blood platelet coun t ; howeve r’ , there was
rut) c o m i c  ide m ut iricn ’ease iii t u e total Vt) I uu uue  of ci u ’culati nq plo tel ets wii ic ln
wer ’e obl e to agg regate in v i t ro .  These nesul ts suggest t h at the m nmic no e urm bo l i
a t e  aqgneqa ted p la te le ts  wh I cli subsequently bt-eak up and ci r’cul a f_c hut do riot
fo nn ict lo in . T h e  s i gn i f i canc e ct th is  study is that it. i nt i 1 i zes rnnethodolo qy
developed by t he studies supported by tiu is co ntr ’ac t  which al l  ow q uanti tat i  vu
a s s e  ssm muoni  f_ o I the r - e la f _ i  omis iu l p betwee n the mmm a ss of ci i’cul a Li nq blood p1 ate l  c t ’ s
and time mass of thes e p1 o f _ c le f _ s  which are able to agg regate - A n a bs t n ’ac t  (66)
of ’ t his study has appear -ed amid f_ lie mmm o muuscn ip t  is bei rig prepon- i’~t f’o r- p uLm l i ca—
tio nu .

i \ u m t m then s tudy w hi cli h as  r’ecemu t 1 y heeiu comr t p ii ’ f _ ed i mm tint ’ a r-ea of cli n’re 1 a—
f _ i on u i In vivo fac ton -s wiu i cii al ten’ plate let a non-ego t i  on in v i t ro  has been
Si nb mt t i f _ ted  fo r- publication to th e Archives of Sun ry au u d accepted fon pub i I —
ca Li on pendi ri g corr’ec f_ loris n-eques ted b y t hue r -evi ew e r’s (67 )  . Mea sur -ermue n its
of  p1a t ol et count a n t i platelet aqq r’egat i  onu i n respon se to adem ios Inc di ph o s p h a t e
(\P ’) arid epi n iep h ri rue were trade before ar id a f te n a d nm m i ii i s tn-a f_ i our of p n ’ea n e sti ie—
tic mcd i ca tions and at inter - v o l ’ s dun ’ini ,i i r uducti on of a mu esf _ hesi a . t)ef ore dliii
a fte m ’ tb u or a cotom m uy and be f’o r-e arid a If_er s,ys teu uu i c hepo n - i iii ca f_ lo ll in pa f_ i emits
undergo ing ca n’d i opu 1 mumo nia r’y bypass opera Ii on u s . Si gui i fi ca n t dcc i— eases iii t : i ri i t —

la f_ i rig platelet count occur — i— ed o n l y  a f te r -  induct ion of ’ an ue s thesi a amid f o l  l ow-
ing thor ac o to m nmy . Tbm e r - e was no s i qn u i  f ic an t  cha n ge iii f_ lie pen -cent of pl a telet s
i nuv ol ved iii aqqt ’euat i ouu over f_ lie pe n’ iod studi ed , but . t he roat ’ t i v i  t.y of p1 at i’ —

lets was i ncr -eased after ’ ind u c I i  cmi of ’ ones t ies Ia  and a f’ter tiio roco ton mi y - Iii
vit ro I nicub a t i on of ci tn -a ted hi nod wi f_ h beef ’ hepa n i mu siiowed i miii I hit i cmi of
platelet oggi-eg a tio n i at nmn ass i ye conc em itn -a f_ louis (1(10 un i f_ s/m u u l ) . but m n o t at
concentrations readil y obta i ned c l i n i c a l l y  (10 un its /nfl or ’ less). Thi s stud y
t-epn ’esen ts the m i t  Lu ] app ] I o’a t ion of the m ethods and concepts o f plat e let
,ngg r’eqa f _ io u developed wi thu the support of the Li .5 .  An ’ mm m y comutract

Ano f_ lien’ S tinily com m up l e ted dun ’ i ru n the l as t  yea r of t h e An’ unmy o’oui t rae  t Wa s
air i nves t i g a t i o n  of the e f f e c t s  of acute chanqes in a r f _ e n- ia l  blood im ose s ami d
phi on rot p 1 ate] et agqreqa ti on . Adu l f_ m a ]  e Wi s tori rots were e (lion a nm i ’’— t u e  t I cod
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iii a closed cii anumbe n venu Lila ted wi f_li a va t ic ty of gas u mmi xf _ u res ailj us ted to
pr’oduce r-espi raf_ ony acidosis alo n e, resp iratory acidosis wi th  hypoxia , h ypoxia
wi th n’espi n’aton’y al ka los is , or - hypoxia al one. In addi t i on NH4 C 1 or NailCO3
was injected i n to the ani um nals to produce mumetabol ic ac id os is  ami d a l k a l o s i s .
Om ie nil 1 1 1 1  i te n - of  blood was drawn fro m mu the rats ac intely inuto p last ic  syringes
conta I nil ng AD F~ (2 x ~~~ M, fi nal concentrat ion) and f_ lie total  vol urume arid
mm u ea u i size of f_he platelet agqn-egates induced wi thi n 30 seconds was deter um uined
WI thu  t h e  el oc tr’ o m u i c pa n’ti d c  s ize  analyzer . The to f_ al  vol unume of aggreqa tes
i niduced I ui a l l  expe t - ir tuemital groups was ur r cha nq ed , s u g q e s  f_ i rig f_hat the saute
rn i nm u be r ’ o f  p l a te l e t s  ag gn ’ egated inn response to ADP . However , p la te le ts  taken
f r - om m m ani ium ~i ls  wi th u a m acute r -espi rato ry al ka los is  amid hypoxia o n m muetabo l ic
a]  La l os i s  fo r i mmed lot- get. a qgrega f _ es f _ F n a mi roommu a i r ’  co n f_ r ’o l s (p 

~ 
. 06 and P <

.05 r ’ espec t i ve l y ) .  P la te le ts  f ron mi hypo xenmuic an iu m mals ,  w i th  or wi thout  an as—
soci,nted alk al osis pn-oduced aggregates which were larger - tha n controls (p <

.06 amid p < .05 nespecti ve ly ) .  P la te le ts  fro mm n rats wi th an acute respi r’a tor-y
ac idos i s  wet - u assoc ia ted wi th  a smmua ll unnean aggregate s ize (p < .000 1) when
c ou ~rp ar ed to con trols w h i c h  was reversed by the co ii ubinaf _ ion of respi t’a to ry
ac i dos is arid hypoxenumia. P la te le ts  f r ommu a n u m muuoni u n rm c hl or i  dc—treated rats p ro-
duced aggregates eq uivalent in s ize to p la te lets  fn -o i um rooru m air  an immmals .  To
oinr ’ knowled g e rio i n ves t i ga to r s  (nave examumi ned the ef fect  of pH or’ blood gas
a l ten - a t io ns  in v ivo on platelet aggregati on because of the aggn’egonrmete r’ ’ s
riced for prepara tion of PRP , wi th its atten dan t air’ exposure . The r-esults
of this study w i l l  g r -eat ly inf luence future work under the Arntuy con t ract ,
since it sugg ests that the ef fects of hypoxia and respir -a f_ o r ’y ac id—base dis-
turbances on p la te le t  aggregations s houl d be i nvesti gate d Iii our patients .
The immanusc n ipt of this study has been sinbrmmitf _ ed for publication to f_he Archives
of Sin ~~~~ (68).

M ICROLMBO L IZAT IO N_AND BLOOD TRANSFU S ION

The f_ hind ummajon’ area of interest of the studies supported by the Ami t ny
conf_r ’act r-elates to quantitation of tu e extent of nmn icro enurbolization which
occur ’s in pat ients as ~ result of surgical trau nmua and blood t t - ansfus i o n .
Th ese studies relate p r i lmn a ri ly to blood fi 1 tra ti on d un - i rig ho r ito loqous and a uto—
loqous t ransfusion.  One study describes a si mn iple m ethod of int naope ra tive
a utof _ n ’ a nsfusio n which neported studies of the u m u icroaggneg ates which develop ed
i n blood ext ravasated du r iu u g pe r ’ iphera l vasculat -  surgical procedur -es ( 65 ) .
The mm u icroe n nbo l i in time ext ravasated blood had ph ys i ca l  amid f i l  tn -at ion char ’ —
ac te n - i s t i cs  s i um mi la r  to those previously repo r -ted for ’ both stored blood (57)
and blood extravas ated into the peric ar dium m n dun ’ ing ca r -diopulu im o ni ary bypass
procedures (53) .

A seco n d sf _ ti dy which was performe d wi th the s u ppo n -f _ of the Ar u uuy c o ntr -act
fu nding (69 ) invest igated the nm u ic roe n n r bo l i which r ’ e mmmai n in the blood wii ich is
con to i ned wi th in the hea n - t—l ung bypass c i t -cui t a fter ’ te n - mimi nation of a cardiac
operatio n . This blood is routinely re a d m m u inister - ed to the pat ie n t amid i n f_ lie
study reported was found to con f_ a in a 1 ar -ge quantity of n i  croenmuhol i wh I cli
were readily n-enu rov ed by a co n m u nm u erc i al ly ava i lab le  cel l  washimu q syst e u n m. The
res u l t s  of th is  study indicated f _ h a f _ the use of a cel l  washer - w i l l  reduce the
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tota l V olu m ume of utu icroen ibol i which would be administered to a patient. This
confirnued previous in vitro mtueasurements of the physical characteristics of
the m icroaggregates in stored blood (57)  and suggested that a cell washing
system which was capable of renumoving uuuicroaggregates from large quantities
of either ho n no l ogous or autologous blood.

The third study relating to filtration of stored blood has appeared in
Transfusion (70) .  This reports results of an in vi tro evaluat ion of fi ve
different co mmu rnercially ava i lab le  blood f i l ters  and reports on their f i l t ra t ion
eff ic iency during gravity and pressure f low , as wel l  as on their f low char-
ac ter is t ics .  The blood fi l ters tested were 1) the Dacron wool fi l ter (Pio-
neer Labora tories , H i l i s b o r o , Oregon ) , 2) the Ult ipore f i l ter  (a 25 x 40 nuicron
po re mesh polyester f i l ter , Pall Corporation , Glen Cove , New York ) ,  3) the
I n t e r c e p t  blood fi l ter (Johnson & Johnson , New Brunswick , New Jersey),  4)  the
Fenwa l microaggr egate blood fi l ter (Fenwal Laboratories , Mor ton G rove , Ill inois),
and 5) the Bentley blood fi l ter (PF124 , Bentley Laboratories , San ta  Anna ,
California). The results of this study demonstrated that the Dacron wool
fi l ter was the most effective at remm ioving pa rticulate material from stored
blood in a s ize ranging from 13 to 100 mi crons. The Intercept , the Bentley
and the Microaggregate blood f i l ters  were all intermediate in f i l t rat ion effi-
ciency , whereas the 25 x 40 micron pore mesh filter was the least effective
at removing particulate material from th e stored blood. However , the 25 x 40
m icron  pore mesh f i l ter  had the best fl ow character ist ics in that it was able
to s u s t a i n  a si gnif icant f low rate wi th gravity pressure after filtration of
three units of outdated stored blood , whereas all of the other filters required
pressure infusion for maintenance of an adeq uate f low rate. In addit ion ,
this study reported results of the microscopic and electronic part ic le s ize
analyzer assessment of the amount of part ic ulate material which would be washed
off the various co iu in uerc ial ly ava i lab le  blood fi l ters and which may resul t in
em b o l izat ion of foreign material to the patient.

These ini t ial  studies performed under the present U.S. Arnuy contract
have demonstrated that the electronic particl e size distr ibut ion measurements
are able to quantitate the extent of m icroembolization which dev elops in man
during surgical procedures. They indicate that pla telet aggregates contri-
bute s ig ni f i can tly to the fo rma t ion of microem bol i in man. In ad di t ion , th e
changes in the mass of circulat ing platelets whi: b function result ing fro uu u
surgical trauma , blood oxygenation and b lood f i l t ra t ion have been investiga ted
ut i l iz ing a new method of assess ing  platelet function in blood. However , the
effect of shock and respiratory failure on intravascular platelet aggrega tion
has not been extensively studied. The obje ct ive of  the future studies under
the present contract wil l be to continue ongoing studies of the effects of
these cl inical var iables on platelet aggregation in man.
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oc . SaIl s , RI, S c o t t ,  NA , S p n ’ u n~ mu ’r , KR , No onm , 81’ , anud f leDa key . Ni l . Plat e ] t’t
a n-e at I on a f t  on ’ t’ar ’ t l icp i n i m :uoi m a n- y 1’\-I’ass . lOst n - a c t s  of ’ a n nua l mmt e ef _ i rig
a t ’ t ime A ntn en ’ i co mm Sari e l y  f o r  Art I I’ m u’ ia l I m it.en’ ni a 1 Or’ui an i s , 1° - ‘7 , p. 74 .

a7. Ke nunu edy , PS , Sal is , RI, Sui t re v ,  SS , V I ant ’as , _ 1C , amid Delia ke~ , MI — P late-
let oq mr t ’lia t 10 mm dun n rig I urd u u ’t ion u 1 i a nu s  t I m e s  I a annul fol 1 aw i m mti bm ep a r - i  iii z a t  io n
1 mm ~Ll t emits uni de roui i mug can’ u li opu lu m m o niom’\ bypass. Si n b ummi t ted t’on publ lt ’a t lou
to An’ c bu i  yes u i f Surgery .
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t~8. R o n m n u , ’,ty , PS anud St i l l s  • RI. Tint ’ e t to u t at au’ut 0 u lmal t Ot , i mu a n ’t en ’i a 1 t i l cod
oa ses oiu ul p11 a nt n’a t p ]  at ole t a ~m u m n’ega t i an t . S uL ’ u u m i t t  ed u ( i n’ puit ii ia t 10 mm t a
A n - l u  i es u - n t  Sit - ‘l et - V .

t’°. Roa V t ’s , RH , Nil aiuu , LI~ C T a n k , DL , Ret ’ul , CC , (SOd 1 t ’ \  , 1) 1 , auuul S o i l s  • fl .
[ I f  or t u1 i wa s i r I m u o L ii 0u ’~i so 1 vaqed I n ’ o m lu ox v g enm a t or t ~‘il ~~~ i ri g (‘\ t  !‘ i u  an’I ’O r’ea 1

n~t:in lot  i ann . I’ i’t ’u O u ’d m mu g s of  an n ual unmeet I nug at A m -m en ’ u c o mm sac I et v ci I x t r-a —
uo n ’pd n’ea 1 le t mmm i i 1 ag e •

‘0. Kt ’ n m m u e1t , I’S , Sa l i s  . , S c m t t  , “t-\ , amid Wi 1 ‘—~‘ n m , RK . I vol  oa t i cmi dl bl L ’I ’II
I r ’a mu s i t s  i u inu Ill ten ’s us i m ug t hue e 1 t’c t i’a it ic pa u’t i ci u’ si .‘o aria 1 :‘r . I mu press
T r ’ 1n mm s fit s ion , 
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