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The effects of platelet apheresis in total hip replacement

surgery on platelet activation

G. E<nAcrr, B. Er,rr ,r-rNn2, A. Sl,ror.owx:23, K. AxEr.ssoNr, J. Kynlt.ttERcl, C). Cnttt.ssc-rNa and U. Scttot-t s

Background: Autologotts platclct rich plastn:r (PI{P) harvest

with autotransftision clcvir:c:s lras bccu ttscd for l0ycars in car-

diac surgery and ri:ccntly irr orthopcdics as a blood saving

method. Thc qtrality ot thc harvt:stcd platclcts has trot bccn acl-

equately exarnined, in part LrL'caLrse of rnethodological tiiffi-

cul t ies in studying platc lct  fut rc l ion dt t r i t rg st r lgcry

Methods: 
'fwcnty 

patictrts trrrrlcrgoitrg prinrarv total hip rc-

placement (THR) wcrc sttrciicrl. 
-l 'en 

paticnts unde'rwcnt an im-

mcdiate preopcrativc platt:l<:t aphcrcsis to obtain conccntratcd

platc lct  r ich plasmn (c- l ) l i l ' ) .  
' l ' l rc  

ot l r t : r '  l0  pat icnts not  r tnder-

g ,o i ng ,  aphe res i s  u ' c t ' r ' , t  I l , ' t , t  l r ' r I  t ( ) , l  c { , l l t l  ( r l  } i l \ ) t lP
Platc lct  act ivat ion w' i ts  t ' r ' i t l t tat t ' r l  as thc popt t l t r t io t r  t 'xPrt 'ss ing

I lsc lcct in on thc st t r fact 'of  pr lat t ' lc ts in thc 'c- l ' l {P ancl  in b loocl

sarnples collectecl prc-, pr'r'- irntl postopcrativcly 
-l'hc- 

rncthocl

used was flow cvtotnctrv.

Results and conclusions: A tninor PttPul;rtion of activatcd platc-

lets was fbrmcl to be circulating in thc paticnts' blood, with a

highly significarrt diffcrcncc bettvecn paticnts (I':0.005), ancl

with a ranp;e of 1-23% in peroperati'r'e activation. PRP harvcst

did not significantly alter piatelet activity.

The platelet apheresis procedure did not inhibit platelet function

in thc c-PRP, as judged by a high propoltion of platelets that

could be activatcd in ADP stimulation expcriments (mciln valuc

:l: SD tt6% I7.5"1').
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T)REopEnArIVE pl.rtclct t'ich platsma (PI{P) harvested

I with autotransiusiolr clcvices, regularly t lsed for

intraoperativc autotrattslusicln (lAT) ancl Postopera-
tive blood drainagc s;unpli11g, l'ras bee-n used for 10

years in cardiac slrrgcr-v with varvirrg rcsults (1-5)

with respect tcl blcecling ancl allogcneic blood trans-

fusions. In liver ;rnd spine surgery ((r-ti) PRP has been

used to counteract thc intr;,.toperativLr cot' lSulation de-

fects caused by c{ilution rcl.rted to cell wtrshing with

saline during IAI) hernroclilution and the ttse of differ-

ent intraoperative plasma stlbstitutcs.
ln a previous study, \ /c showe d PI{P harvest in com-

bination with atrtotransfusion to bc rrs effective in re-

ducing allogeneic l-rlood us;rge in orthopedic surgery

as the combinatiolt of autotransfLtsiolt ;rrrd predo-

nation of two units of blooc'l (9). Some studies have

cxamined the e'ffect of I'l(P on blood coagtllation (3,

4) and on platelet aggrcgirtiorl (10), but to our knowl-

edge no studv has cvalrrittcd the qualitv and cffe'ct of

the harvested platcleis r,r,ith a lnethod that discrirni-
nates between rcstins and activated platelets. Flow

cytometry, which is nscc{ herc, is sttch a rncthod. It is

based on the detection of I'-selectin (GMP 140), a pro-
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tein of the a-granulc membrane, which fuscs with the

plasmtr membrane during secretion wlrerr the platclet
beconres activated (11, 12). With this technique wc

e\/aluertecl thc platelets in pre-, pcr- and postoperativc'
blood samples from all patients, and alst'r in t lrc col-

lected concentrated platelet rich pl;rsmi.r (c-PRP) srts-
pension just before reinfusiorr.

The purpose of this study was to cvaluate:

1 if there are any differences betwecn groups or L-rc'-

tween individuals in the population of platelets ex-
pressing P-selectin (as an activation marker) in

samples collected from patients perioperatively.
2 if c-PRP platelets are activated by thc platelet acti-

vator adenosine diphosphate (ADP) in the same
ilranner as platelets in preoperative blood santples.

Materials and methods

thenty patierrts, mean age 67 years, rvith severe hip

arthrosis trndcrgoing primary total hip replacemcnt
(THIf) were investigated in a prospcctive, conscctt-
tive, non-rarrdomized study. The non-randomized de-



sign was chosen Lrtlrt; l ttsc of Iogistics probk:rns (arrail-

ability of personnel, apparatus ancl patients). Only pa-

tients with ASA l-l l , no historv of plartelet clisorder or

abnormal bleeding, nortn;rl platele't counts and with-

out anticoagulatirrc mcc{ication rve're acccpted. The

local hospital ethics cornmittce approvcc'l thc study.

Informed consent was obtainecl from each patient.
Platelet inhibiting drttgs r,r'erc withclrarvn 10days

preoperatively. A dailv closc of 5000ru of lorv molecu-

lar weight heparin (llrar:rnin"'), I'harmrrciit, Srveclen)

was given subcutatttcorrsly tlrc cvenir-rg bcfore sllrgery

and every evening trp to l0clays p()stoPeratively, as

tl-ris is our routine at thc hospital. 
'I'en 

patients under-

went immediate prcopc:ratir,c PRP harvcst (donc be-

fore initiation of ancsthesi;r) with an AT 1000 attto-

transftrsion device. 
"l'hc 

aim was to collect 25-30% of

the total alnount cll: thc patient's platelets, as this

amount has beer-r sltotl'tt to rcduce blecding in cardiac

surgery upon retransfttsion (2). Blood was retrieved

through a central vcrlolrs cathctcr irrto a 225-ml bovvl,

arrd acid-citrate-dextr()st' (ACI), ISaxttlr, l l  .) lvas used

for anticoagulation. Scparation of blood ir.rto erythro-

cytes, platelets arrd plrstna \vas continlrcd unti l 225

ml of erythrocytcs rvc:rc collt 'ctcd in tlrc ccrrtrifuge

bclwl. First, a high init ial cortrif i-rgation rate of 5600

r.p.m. was uscd, anil platclct pttor plasrna was sttbse-

quently pooled with tl.rc crythrocytes atrd rctttrned to

the patient. Then a lolver cctrtriftrgatiolr ratc clf 2400

r.p.m. was applied to obtain I"RP. 
' l 'his 

fraction of

about 100mI corrtaincd the btrffy coat and the first 50

ml of erythrocytes to tnaxitnizc thc yicld of platelets

arrd was called conccrrlratc.tl I ' l l l '  (c-PIiP). Central ve-

rlous pressure (CV[') ancl mcan arterial pressttre
(MAP) were maintairrcd lvith l000ml of 4'l,, albumin.

Blood was processccl ior rrp to fivc cycles, 12-15min

each. The platelet rrphcrcsis prtlccclttrc w;ls mollitored

by a platelet count itr the. c-[)l l ,P and by calculatirrg the

total platelet yield t 'xprcsscd as a pcrccntage of the

calculated total bloocl platclet count (2). The c-PI{P

was stored at room tctnperatltre, agitated intermit-

tently and infused irnmccliatcly after wound closure.

Six of these patients rvcrc also participatir-rg in a study

examining the efficicrrcy of I 'RP harvcstirrg as a blood

colnponent saving tcchr-ritltrc (9). Tcn other patients

were allocated to a cotrtrtt l grotlp alld did not undergo

platelet apheresis. lzYT' lvas pcrfornrcd witlr the auto-

transftrsion devicc ltp to 2Ll postoperittivcly in all prt'r-

t ients except for two itr the colrtrol grotrp and one in

the PRP group. Ittvasit,c arterial prcssurL. (PRP

group), hourly measurcrrlent of cliuresis, a tirree-lead

electrocardiogram ancl pulsc tlxitrretry wcre routine.

After premeclicaticxr rvith intrumtlsctllar oxicodon-

scopolamine and prc'loadirrg rvit lr 500m| of I l inger-

Platelet activation and hip replacement

trcelate, a combincd lumbar spinal-cpic-lutal ;rrrcs-
thesia (CSE, needle througir neecllc) was administcrerd
with 4ml of 0.5"/o bupivacaine (Astra, Sr,vederr). 

' I 'hc

patients were operated upon in a httrizctntal laieral

position. Vacuurn mixed cement was injected with a

syringe in a retrograde direction. The proxintal femr-rr

was sealed and additional cement was injected tttrdcr
pressrlre. The femoral prosthesis was inserted during
the viscous phase of the cement. Cloxacil l in 2 g was
given prophylactically during the operation.

To estimate the activity of the pl;rtelets, arterial
blood samples werc drawtr prior to thc PRP hanrcst
or inductior-r of anesthesia (control group), l5rnirr

after the start of surgery/ and irnmediatcly postopera-
tively. On each occasion 4.5m1 of blood was drawn
into a sil iconized tube containing 0.5ml of bufferecl
trisodium citrate 0.L29rnol/l (Vacutairrer Systems,
Becton Dickinson AB, CA), allowing for the detection

of platelets that could be in aitro actirrated with ADP.
A second 4.5mI samplc of blood was collected into a

sil iconized tuber contairrirrg CTAD inhibit iorr solution
(0.5m1 of  t r isodium c i t rate 0.1 l rnol /1,  thcophyl l iner  l5

mmol/1, adcnosinc 3.7rnrnol/l and dipryridanrolc
0.198rnmol /1,  pf {5.0) ,  arrd ; r  th i rc l  sarnplc o i  3r l l  o l

bkrocl was collectccl into a tlrLrc ctltrtaining 0.072rrrl

of K.EDTA 0.77mol/l for inhibit ion. 
' i lre 

lattcr rarirs

a rcservc sample for those cases in n,hiclr thc CTAI)
solution was lcss cffectivc.

The tubes containing the blood strmples were gently

swayed on a flat bed shaker for 30rnin and thcn ana-
Iyzed within 3h. In accordancc with the following
procedure, 10ptl of whole blood irr buffered trisoclium
citrate 0.129mo1/l was added to round-Lrottom'l 2 X 75

mrn polypropylene tubes (Falcon.", Ilecton-Dickinscln
AB) ccrntaining cithcr 50pl of HEPES truffcr, pH7.40
(NaCl 137mrnol/l, KCI 2.7rnmol/l, MgCl2 1 rnmol/l,
glucose 5.6mmol/1, bovine serum albr,rrnin 1gl1, ancl

HEPES 20rnrnol/1, pH7.a0 (13). Whcn str-rdying irt al-
fro platelet activation, 50 pl of HEPES buffer pH7.40

containing ADP was added to obtain a final concen-
tration of 100Fmol/1. In order to avoid postcollectioll
irt oitro platelet activation, 

' l0pl 
of rvhole blooc-l col-

lected in CTAD mixture or in EDTA was added to tra,o
separate tubes containing 50pl of HEPES buffcr pl-l
7.40 and ED'IA 100mmol/1. Afte'r gentle mixirrg, thc
sarnples rverc storecl at rootn tcmperature without

stirring for 10min 10ptl of pirycocrythrin-labclcd trnti-
P-selectin (CD 62P) (Bectorr ancl Dickit.rson AI3) rvas

added and the tubes w,crc incubatcd for an aciclit iorral
20min, followed by the additiorr of 500prl of isotonic

buffered 1%, formaldehydc solution, CELI-fix (Becton

Dickinson AB).
Flow cytometry was perforrned using a FACScan
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flow cytometer r,vitlr ,Argolt l;rselr (Bccton-Dickinson

AB). The softwarc I-\'SISIIU" (Bccton ancl I)ickinson

AB) was used for both acqulsit ion arrd analvsis of data

from the cytome'ter. 
'l'hc forn'ard scalttcr (FSC), side

scatter (SSC), and flrtort:sccnce'channel 2 Grl-2) detec-

tors were logarithmii:allv arnplif icd. The livc gate

around the platelct popr,rlatit ln r.r 'as iclcntif icd by its

l ight scatter charactr:ristics ttsing a t-SC/SSC dot plot'

10000 live gated cvt:nts \\/crc acqr-rired ancl stclred on

the computer for ftrrthcr arralysis. Thc Fl-2-height

overlay histogram from the pre'opertrtirze sample that

was collected in a CTAD ttrl'rc ancl ADP-stirrrulated

was used to determir.rc thc cross poirrt discriminating

platelets expressirrg I''-sclcctin as a markcr for acti-

vation. Platelets beltlr.v this point r,vcrc considered to

be inactivated. This proccclure- lvas applied for each

patient, and the sattrc discriminating point was used

for all statistics for that particular patient (ft.q. 1). The

percentage of activatcd platclct cvctrts w.rs calculated

in relation to thc 100()0 cvcnts sct as 100'X,.

Statistical analyscs
The indiviclual chang,cs from thc starting values for

spontaneous and A[)l '-rrrcc-l iated activation were ana-

lyzed by a three r,r,at, ANOVA (analysis tlf l'ariance),

with the factors timc, trcatrncnt arrd paticnt within

treatment. Thc first tr,r,o l'actors rt,crc coltsidercd as

fixed factors and the last (patietrt within treattnent) as
a random factor. -Further, the differences between per-

and postoperative data for spontaneotts and Al)lt'-me-

diatecl activation v€'rsus preoperative dahr were tested
by orclinary f-tests with Bonferoni corrcctit>n (signifi-

carrce ievel 0.05/2). Irr thc absence ol a sigrrif icant
trL-atl lent cffe'ct, thc data lvas arrralyzell i ls cl r"it11-

don-rized block clesign r,vit lr the factors patient .rncl

time. For the PRP patients a paired f-tcst was donc tcr

compare the ADP-mediated activation in preoperirtivc

blood samples with ADP-mediated activation in the

PRP solutions. Finally, the patient cffect was studiecl
on the original data both for spontaneous and ADP-

mcdiated activation with a two-way ANOVA with the
factors time and patient.

Results

Wc used the cross point betwcen CTAD-inlactivatcd
and ADP-activated platelets in the preoperative blood

sample to discriminate resting and activated pl;rtelets

in all samples from the same patient (Fiq.7). The pro-

portion of the platelet fraction not cxprcssing P-sc-

lectin varied between 90 and 99'2, (mean 96"1,, Sl)

2.3"1') pre<>peratively for thc 20 patients as a grouP
(Tablel). Thc ciiff'crenccs bctween thc proportions of

spontaner>usly ;rctivatcd platelcts dtrring thc diffcrcnt

I  5.9o1, non-act ivatod

ADP-st inulated plat€lets

Line between
nonactivalion-activation

57n activated

non-stimulated platelets

Log. red
fluoroscence
intensity

rc.fr:rrcd to as nctit,Lttctl, Lr'. r'.r';rrt'sslrt.; ILsr'ftttitL
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phases of the oper(rtioll rvcrc itrtcrpreted as being

mainly the result of thc patient's treattnent, silrce the

gating to distinguish bctrveeu activated ancl-lron-acti-

vated platelets was the satlc anci unicluc for eacl'r pa-

tient. There were l1{.) significitrrt cliffcl'ences in hcight

or weight among tlrc paticrrts. Thc patients in the PRP

group were significatrtlv votlnger (P<0.05) than the

patients in the control grotrp (63years ancl 7)years,
respectively).

The individual data for cach patic--nt ancl the means
+ SD for each group for plc-, pcr- and Postoperative
platelet activation arc slr(ttvt.t in Tal'rle1. Thcre was no

treatment effect, i.c. thcrc wLrre no significant differ-

ences in platelet activatiotr, cit lrer spontancous or

ADP mediated, bctu,clctr thc PIIP grorrp and the con-

trol group. There u'as .r significant t ime difference be-

tween the pre- ancl prcrol'rct 'atitc Pcl' iods (P<0.002)

and (P:0.00005) for spotrtancously activatcd and

ADP activated platclcts, r 'cspcctivcly'. Iror ADP acti-

vated platelets therc rvas nlso a significant time differ-

errce (P:0.0'15) betr,t'cen thc pe'r- ancl postoperative

periods. There wcrc highly sigrri l ' icant diffcrenccs in

the patients' exprcssiolr of l)-sclcctin cl'rring thc pre-,

per- and postoperativc pcriods, l ' :0.005 for the spon-

'fitblc 
I

Platelet activation and hip replacement

taneously activated platelets and P.<0.0001 for thc
ADP activated platelets, i.e. there was great rrariability
within each gror"rp.

The spontaneorls ;rnd ADP mediatccl platelet acti-
vation in all c-I'RP solution bags as u,,ell as ucans -r.-

SI) are shown in Table2. In thc patierrrts undcrgoing
PRP harvesting, the c-PRP solution contailrcd be-
tween 25 and 45% of the patient's blood platelets
(Table2). The platelets in the c-PRP suspensiou
showed a high clegree of spontaneous activation with

valtres up to 31% (Table2). The ADP stimulated acti-
vation was/ however, not impaired. Thus, itr the c-PRP
from ser.en of the 10 patients the proportion ('X,) of

platelets activated by ADP exceeded (not significant-
ly) that in thc preoperatively obtained bloocl sarnpler
(Tablcs'l and 2).

Discussion

Platelets play an essential roler in hcmostasis, il-rd their

state c-rf activity can be- tl l tered durirrg surgcr)'. A plate-
let savirrg technique - PRP harvest with autotr;rrrsfu-
sion devices - htrs been shown to rccluce postopcra-

tive blood loss irr cardiopulmonary surgery (CPB) (1,

Pat ient  data:  b leeding and plate let  act ivat ion

PRP
Patient no

Preoperatjve Peroperative
act ivat ion (%) act ivat ion (%)

Postoperative
activation (%)

ADP-stimulated
activation (%)

ADP-stimulated
activation (%)

ADP.
stimulated
activation (%)

1

o

7
6

I
1 0
rnean:t  SD

Control
Patient no:
1 1

4 ' l

1 4
1 5
1 6
1 7

1 B
1 9
20
mean + sD

d

3

7
1
4
3
?

3
4.4  i :  2 .1

3

1 0
2
t

5
2
3
5
2
3.9 : l : :  2 .5

86
82
79
88
83
BO
9'1
8 1
8 1
84
83 *  3 .8

0
20

1 t

o

5
6
6 . 6  1 5 . 7

2

23
l o

B
20

4
4
5
4
9 . 8  +  7 . 5

78
69
X
X
74
86
83
7g
8 1
78 +  5 .4

89
X
X
86
87
77
B7
75

87
t J J - 5 . / /

83
X
75
86
72
75
9'1
82
86
88
82 *  6 .6

8B
7 1
/ 3

89
83
B5
88
59
85
9 1
8 1  : r  1 0

3
22
X

3
2

1 3

1
6
3
2
5

3.9  +  3 .5

88
60
87
92
89
79
9 1
8 1
84
9 1
84: r  9 .6

2
2
B
4
1
2
2
5.1 :: :  6.7

Data for each individual, numbered patient showing the percentage of the patient's platelets expressing the activation marker P-selectin either
spontaneously or after activatiorr with ADP
PRP - platelet rich plasma group, Control ... control group, x : missing value.
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Tnhle2

The c-PRP concentrate platelet yields and response to activation with
and without ADP

by the apheresis process seems probable, but has not
been studied adequately in the apheresis procedurc.
with autotransfusion devices trsecl in the operating
room. In our study, we could not demonstrate that
the apheresis process had any eft'ect on spontaneous
platelet actirzation irr the patient's blood, whercas
surgery in itself did have such an cffect. We therefore
Lrelieve that PIIP harvest does not irrduce arry platclct-
rncdiated hypcrcoirgulaticln and can saf'cly bc r-rsc:ci
during THII surgcry. Holvevcr, srlrilcry dicl lcacl to
increased platelet activatiorr, corrolrortrt ing tlre restrlts
frcrm studies or1 coronary surgcry (16, 17).

; Studies on platelet concentrates h;rve dernonstrated
a pnrgressively increasing activation of the platelcts
during the storage period (18-20). It has l-rcen showrr
that in platelet concentrates harvested as PIIP, up to
20"1, ctf the platelets initially expressed P-selectin, at a
maximum of 60"/n, after 9clays (20). However, it is dif-
ficult to comparc results from diff-ercrrt investigations,
as there are gre.rt variaticlns in reported lt-selectin cx-
pression, erreu lt 'hen the same sample is analyzed (2 l)^
In our study wc found a rar.rgc of 7-31"1, of t lre pl.rtc-
lets expressing P-selectin in orrr 10 c-PRP collcen-
trates. \A/e wanted to examine the percentage of plate-
lets that could be activated when stimulated, indi-
cating a capacity to rcact to coagulative stimrrli. This
was testecl in uih'o by activating the platelets with the
physiological activator ADP. Irr serren of the 10 PRP
patients, the fraction of platelets in thc c-PIlPs tl.rat
cotrld bc activated by ADP rvas higlrcr than in blood
samplcd prcopcrativcly, indicating thirt thc aprhcrcsis
process clid not darnage thc c-PItP platclets.

In conclus ion,  i t  miuor  poptr la t ion of  p latc lc ts  prc-
scnting P-sclectin (as a markcr of activation) lvas
fourrd tr> bc circulating in thc paticnts' blood, n,ith
highly significant clifferences betn'ecn patients (l':
0.005). However, PRP harvest did not sigrrif icantlv al-
tcr platelet activity, whercas platelet activaticln w.rs
significantly higher peroperatively compared to pre-
operatively.

Thc platelets in the c-PRP are not inactivated. They
can fre activated in uitro by physiological activators
like ADP i:n the same manller as platelets are activatec'i
in thc blood prcopcratively
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Platelet
y ie ld (%)

Spontaneously Activated
activated (%) by ADP (%)

1

?

A

5

7
8
Y

1 0
mean +sD

Data for each individual. numbered patient showing the percentage
of platelets in the c-PRP expressing activation marker P-selektin
either spontaneously or after activation with ADP
x ... missing value.
Platelet yield was calculated as the relationship between the total
number of platelets in the c-PRP concentrate and in the circulating
blood.

2) and orthopeclic surgcry (9). Ilowever, not all
studies have showrr blood saving effects (3,  ). The
single most irnportant factor scerns to be thc percen-
tage of platelets that arc harvcsted, ancl it is neccssary
to harvest a minimrlm of 20"1' of the patierrt's platelets
in order to havc cfficicnt blood loss rcduction (1).

Whereas the effects of plasnraphcresis orr platelet ag-
gregation have bccrr str.rdicd (10), to our knowledgc
therc is no previous stucly clcirl ing lvith actirration at
the time of sarnpling ancl irrrt l.rer protc'ntial actir, i l t ion
of thc preoperativcly halvcstcd platclcts. Thc platelets
in the c-PIIP solution shotrlc'l bc tully cffective in
l-remostasis during thc postoperativc pcliocl due to thc
short storage intervtrl (rrp to 4h). Ciarr thc apheresis
and storage affect thc platclets, thereby rnaking them
less effective?

P-selectin is an intcgral membranc glycoprotein
found in a-grantrlae of platelets (11, 12). After platelet
activation it is rapiclly lcc{istributcd to thc plasrna
mcmbrane. We asscsscci platclct activ;rticln by using
flow cytometry to rnc'asurc platelert surfacc expression
of P-selectin (13). Grrterrsohn ct al. (14) exarnined the
effect of continuous flolv platelet apherresis (as used
in blood centers) on thc donor's blood and found
platelet activation vvith cxl'rrcssion of P-selectin in all
22 donors. For 57"1' of tht: donors this rcturned to nor-
mal within 24h. Wurr ct al. (.15) founcl that up to 87'2,
of the platelets expresseci l'-seiectin irr sarnples col-
lected from plasma clouors aftcr plasmapheresis in a
blood center. Although collcction could irrduce'some
activation, a massivr: irrl'lucnce on the pltrtelets cattsed

72

28
28
JZ

36
3B
45
X
26
26
25
31.6 : l : :7 .2

7
26
22
1 B
2B
I

22
1 9
1 6
3 1
19.8::l:: 7.7

83
88
77
93
87
70
94
89
86
vz

8 5 . 9  : i : 7 . 5



3. Boey SI( Chrg BC, Dhala SS. Preoperative plateletpheresis

does not reduce bloocl loss during caldiac surgery Cnn /
Annesth 1993: 40: 8.14-fJ50.

4. Wong CA, Franklin N4[.., W;'rde [..]). Coagr-riation tt'sts, bloocl

loss, and transfttsiotr rcqltircntcttts in platclct-r'ich plasma-

pheresed versns tronplrcrcstld cardiac stlt-UCl'y Patients.
Anesth Analg 1991:75: 29-36.

5. Stover EP, Siegel LC, IJt'or{ It, O'flioldan CE, McKenna TR.

Platelet-rich plasnrit sncl Lt('st rit t i()11, r,vith thcla pctrtic platelet

yields, rcducos allogclrcic tratrsirtsior in ctnnplcx calrdiac

surgery. Artcsth Arrnli4 2{XXl: 9{): 50q-516

6. Bla is RE, I - iadj ipar ' lot r  r \ (1.  Slr t t lnrau ( , .  l l f f icao'  of  at t to-

transfusion itr spit'lt ' stllgr(lr\/: colttparisotl oi ,-ttltotrllrsfltsitltt

a lonc and wi th l rcrr r ror1i lut i tx t  i tnt l  aphr: rcs is.  Sl t i r t r  1996:2:

2795*2800.
7. Ramos HC, Tbdo S, Karrg \', lrclt'koltr;rs I], Dovle []lR, Starzl

TE. L iver t ransplat t tat ion rv i thot t t  t l r t :  r tsr :  of  b l txrd proclucts.

Arch Surc 
'1994: 

lZL): 52fi-533.
8. Saftarat AM, Rcitan iA, Iicnson I). Martrirgcmctrt of Jc'hoval"r's

Witness patients for sr:oliosis strrgcry: thc ttsc of platclet and

plasmaphercsis.  I  Cl i t t  At t t 's t l r  1997: c l :  510-513.

-9. Ekbtick G, Ryttbclg 1., Axclsson K, Cihristiansser"r F. Pre-
7 oper.rtivc platclt,t-r'iclr ;rlasnraphcrcsis and l-rcnrttdiltttion

with an ;rutotransfttsiotr rit'r,i<rt: it.t total lrip rcprlaccment

surgery.  ICl in A1t l r t r ts is  2(X)() :  ]5:  256-261.

10. Boldt J, Zickmann R, IJallt'stcros N4, Ocrnkc S, Stcrtntann F,

l lcmpclmann C. Inf l t tc t rcc of  ar : r t tc  pr t lopcr l t iv t '  p l , rsrna-

pherrcsis on platclot futrction itr carcliac sttrgcr)'. I Cnrdiotlnr'

ac Vnsc Atrcstlt. 1993: 7: 4-t).

11. Johnston GI, Ctxrk Il(.1, N'lt:[vt:r' I{P. Clorrirrg of CMP-140,

a granulc mcmbrarttc prott:itt of plablcts atrcl t'ndothelium:

sequence similarity lo protcitrs involvcd in cell atll-rtlsion ancl

infl ammatiotr. Cc// I 9iit): 5(): I t)33-1 (l;14.

12.  Yang J,  Fur ic lJCl ,  l r t r r ic  l i .  lhc b io logy of  l ' -sc lcct in g lyco-

protein ligand-'l: its I'olc as a sclcctitr c()ttlltcrrcccptor in

leukocyte-endothelia I r rld lotrk()cytt'-;rlatt'lct interaction.

Thronrh Hntnrosl. 19!)c): fil: l-7.

13.  Gal t  SW, McDani t : l  Ml) ,  Arr l t  KA, Mi t t :hc i l  J ,  ( i roncnwctt  JL.
Flow cytome' t r ic  rsst 'sstr r t ' t r t  of  p lat t t lc t  f i t t rc t iot r  in pat icnts

wi th pcr iphcral  ar tc ' r ia l  ot 'c l r ts i r rc t l iscasc.  /  Vrr .sc Srrr .q 1991:

14:747-755.
'14.  

Clutcnsclhn K,  IJ t r r tsc l r  N,  Ktrc l r r r l  l ) .  [ ] lo iv  t rvt r l rnctr ic  i r r ra lys is

Platelet activation and hip replacement

of ;riatelet mernbrane antigens duling ancl after continuous-
flow plateletpheresis. ?ansllrs ion 1997: 37: 809-815.

15. Wun 
'I) 

Paglicroni T, Holland P. Prolongccl cir^culation of ac-

tivated platelets folkrwing plasrnapheresis. J CIin Apheresis

1994:9:  10-16.
16. Shigeta O, Koiima I I, Jikuya I Terarla \', Atsumi N, Sakakilr-

ala Y ct al. Aprotinin inhibits plasmin-inclrrccd 1:rlatclct acti-
vation cluring carcliopulmonarv bvpass. Ci r c t t I a t io r t 7997 : 9 6:
569-571.

17. llincicr CS, Caal I), Stuclcnt L.z\, Srnitlr [:i[{. I)latclert-lcrtkocvtcr
activation anc{ modulation of adlresion rcccpt()rs iu pccliatlic

pat icnts lv i  th congctr i  ta l  hcart  d iscasc t r t rdcrg,oi  n g ca rd iopr. r  l  -

nlolr.rrybvpass. l'[ ' ltorncCnrdittitttst: Silr,q lc)'].+: l()7: 2fi0-2fiS.

1,9.  I l indcr HM, Snydcl  Fl l . ,  ISonan J l . ,  Napyclrarrk I1\ ,  MalkLrs

H, Smith BR. Activation in storccl platclct c()ncL'ntratL's: cor'-
rclation betwocn mernbrane expression of I'-sclcctin, glyct>

protein llb/llla, and bcta-thronrboglobrrlin rcli:asc. Iictis-

fusion lL)93: 33: 25-29.
19. Gcorgc JN, Pickett EB, Flcinz R. Plaklct rncmbrane glyc<>

protein chtrnges duling the pleparation and storage of platc-

lct cc'rnccntratcs. kansfusion 1988: 2ii: 123-126.
20. Fijr-rheer R, Pietersz RN, de Korte D, Gour.t,erok CW, Dekker

WJ, Reesink I{W c't al. Platelet activation during preparirtiorr

of platclet conccntratcs: a cornparison of the ;rlatclct-rich
plasma ancl the buffy coat methods. 

'I'rnnsfitsion 
1990: 30:

634-638.
21. I)trrnont [.,J, VandcnBrockc 

'I, 
Ault KA. l:'latclt:t sttrfacc I'-

sclcctirr nlcasurcnlcllts in platclclt prcparatitltrs: an intcrna-

tional collaborative studv Biorne,lical Excellence for Safcr

Tratrsfusion (BEST) Working Party of thc Intcrnational

Stricty of Blood Jiansfusiotr (ISB'I'). Tinnslrs Mctl []ea 1991):

13:37-42.

Address:
Grrsinzr Eklrrick, MD
l)clrartment of Ancsthesiology and Itttcnsivt: C'artt

Orcbro Mcdical Clt:rrtt:r I lostrital

S-701 u5 Orcbrtr
Swcrlcn
c-mai  l :  gr tstav.ckback(rr lorcbrol  l .scr

a a


