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The blood flow rate is, ar;r.:ortlirrg trl Lhe Foiseuille law, ;t fr-urctron of vessel

siz.e antl tluid viscositys. Viscosity i.r rler.errnirrÈrl by a lrir:tiori betweerr adjaceut

l.ayers <lf tirc fluid arrd, wirh vasoconstriction, it determines rcsist;rncc t<l flow,

Some fluids like wir.ter or F)l;r.\rTI;l are rr.lJled 'Newttlnian' becatlse they havc a

cortstant viscosiry clependànt only on tcrr)Fcritnrrc:- Blttotl vist:osity. on'.the-

contrary, is a firnctiurr o1: Lhe shear rate and is considered a 'non'Ncwtorrian'

trar-illeier', .For' itutance, this mea.n.'; th;rt lrlood in veirrs (w]rer e shear r'ales al'c

iow) i-r urore viscid than r-n arteries (where .shcar rlt(ìs art: Ìriglt)o''.

The vrscosirrv of whole ['lood mainly depends on the mrmbcr arrd properties
of recl bloorl ..*il* (RRC), i^e, rhe packrit cell volume FCU and recl ccll dt:fìirrrr'

abiJity (RCD)'. Llrrder flÒrmal condir.ions, leukocytes and. platr:lt:ts Ìt;tvt: litrlr c.u

,ru irrfl1-,.nce on bloocl vi.rcosity. of thc plasma proteins, only fibrinogen is

impr-rrtarrr., sirrt:e a[ low shear rates it is ablc to prorfucc,RB! à.ggl'egation
(t-ouleaux')s,ru,$. Anrrlrrg the rìurllerolrs availabie methods fbr meauurirtH

RCDr,n,rr'r1.r4r Ure lnost wrdety rrsr:rl;rr() thrrse whiCh rneasure the red cell

Iilreiahility (RCF) tlrrough núcropore tncmbt'nncs-
There'are.cevcral tii,,thorls ftrr measw.Ltg RCI usurgi whole hlood or rcd

blood cells suspencle.J in salirrc soluliorr or fi]tered plasma. All these rnet]rtxls

arc lriisecl on the same prrnciplc, rlitTerirrg onlv irr r}re hnal sta.ge' The end-PoT.tt

can tre eirher the quannry cti RBC fiìr.errd withirr a lìxcd ùrie rurtler' valiablc

oî constant hydroitatic pfes.sur'e7 r'r or r.he pressurt inc.reasc undcr córrsLàrtt

l-rloorl flowo.
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Sincc these methods arc not wcll reproducible, cm1rl.:yirrs a va.riarion co-
effi.cient of'l5-?0% wrr Ìrave developed a nr':w simple rnethr'rcl;tblc to nre;rsurc
RCF by weiglrirrg the amourtt ol RBC filtered througir micropore rrrr:rnblaltes
(red cell liltc:rabjlity by weighing: RCFW).'llte reur;lts obtainerl wirh rhis methocl
havc: bccn cornpàred with those ul.rta.irrecl using a wiricly cmployerl rrret]rod
(Dortna.rrdy techniqite)'.

M.{|[,RIALS AND METTIODS

A4aterrals

Phosltlwte-buff,tred, salirt,c'(PBS); 39 g Na,IIPOI - 12 HO and $ H KtFIPOT ;ll'c
matkr up to I I with ctistillcd water (pFI 7.4, r:$molality 5{X}rrrOsm/kg');

LD'IA' 6 g of EDTA a.re dissolved in 10 rrrl of disrillecl water: l0 pl olithis
.solrrtjr.rn are userl irr r.rrdcr to prevellt r.:oitHulation of 5 rnl rtf bioodl

glutaral,dehyde: 0,5V0 in tlistillccl water;

Ttol}carbonate rnernltril.Tt,È.\ (Nudepore. tr;r.tr;h ncr. 54FOff4) l3 mm rn tliirrrrcter
with 5-pl polr.s,

Methods

RCI'W- 5 rrrl of'blood are drawrr with minimal vtTrorr$ stasis and ;rrrticoagu.
latetJ with EDTA. lJltx:tl i,r i.rrunediately cerrt.rifrrrgccl at 100 g'lior 3 min ancl r,lrì:rr
;rt 1,000 g lror 7 rrrj.n in older to obtairr a bctter separ';rriclrr of red bk:o<J cells
from rhc hr.rfly-co.î.t. Plasru;r ;urd buffy.coaL arc :rspìratcd and cliscardcd. 'fl:re

packetl RBC are ùerr brr.ruglrr. to the original vcllurr)t: with PIiS. This pr oceclr-u'e
is rcpcatecl three firrrc$. More than 950/o oF lt;ukocytes and plarclets are elirrri.
rrarccl by three wa.shings. A srupension trt 5uó RBC irr PllS i,s then prelr;rrcd
and ? rnl of this suspension are tltercrl fbr 30 sec, uudcr gravity, thrrruglr the
micropore membranes a.rrtl- tìnally, the filtrate is wr:ighed.

Tn orcler' Lo elirrrirrale the effects oli merrrbrane variability, 2 mI of PBS ar:c:
filtr:red rhrough thc sarne mernbvarte Fr-ir 30 sec belirre the RBC susi)cnsion:
and Lhcrr wcirhed.

Thc fiJteribilttv indcx (FT) is c.alcrrlatecl as fbllows:

!'I *
w ri.Hht r-if' RBC filrate

wcight of Pns filrra,tc

Thc procedur t iu carricd out in riplic;rtc.

Donna,rtrfu lrchnique- Bloocl samples are arlnicoagulated wir.h heparin ;rrril
cerrFifuqed at I,000g firr lSmin; the plasrira fraction is lìltcred iu orrlr:r ro
climirrate leukocyt<:s and platcle ts. "l"he butty.coat. is disciuclcd and the RBC are
resusperrtlcd in their owlt plasma;rt;r 50lr coucerrtr;rtion. The I'I i.r q:aìculated
hy photoTÌr(:trically measw'irrg thc hc.moglobirr t.rrrrccntraúorr rif r"he RBC] fr1,
tered during I mrn. 'Ihe 

1rrot:erhrrr:: is can'ied or-rt irr rriplicare.

t{EStJLTS

Heprodudbtl'rtp. The withur-assay T'sllr(.rducibility w;r.s cxpresscd ;rs CV% antJ
assessecl lìrl th<: two techniques h'orrr t{) replicales from a single l.riaod dorrrlr.
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Tab, 1 - (;errrparison of thc re.rrrlts Olrn.rirred with t]e two mcthods,

Table I .tlrows rhe results: CWo wÈrÈ 5.5 and ?.lì for RCFW itn(l f)r)rrlla.lldy

techniqtre, rc$l)ectively.

Narrnal rengÈ. Normal rarrges were established fi^om ?0 sarnple$ Gotl

nofmal subj<:ctì with Dormandf techniqurt artcl [i'or:l 5{) saTPles from nt)ilua]

srrbjr:ct.s *if, tlre RCFW. The'FI vdué was 0,68 -r- 0.1? (mean + ?SD) and

O,Eó + 0.lfi wirh R(llW and Dornrandy tcctrrririlrrÌ, resPecuvely,

Scx"sittuity trt hnrtlttncrl RBC- A 50/o RIJC suspensiorr in PBS was riSEirlìfrect witi:

0.5,Vr glutar'aldehydc at r(J()Tn temPeraltr-rre for .2\ ny continuotr.$ stirrirrg. In-

crt:asirrg amounts of this -$1.rlilr(:rt$ion wer'e added to samples {it,ttt tl *Y:gJ:

clofl(rr,'írr ord.er to obtain harrlerreri RBC r.:oiLr.lentraùons ranging frorn 0-0001

to 0.08%- Thc: sr.rsperrsior$ were then processed by t^he two tt:t:h.rrques. I'o.r a

rlirrlt:t r:omparison of'the twr: tr:cluriqucs, [i'[ valr-res obtainecl *ir\ inreasurg

hardenr::r.t nnC corlcerttraúons wer€ exprcss(jd as Prrcefrf:ages of the valnes

obtained witir tior.h r.ec.luririues when no hardened RBC havc trccrr lrdded, With

l:r;rh recir.niques, .t'I valur,t.s-dc(T(:a.\c witir irrclr;tsirrg cuncenLr'al-ions of har dcn"

ect RBC. However, wirh RCFW re-suils silpifrr:iurtty dillerecl liom normal REC

snspensir,rrr.s using coilc€tttrations as small as 0-0005V0, while *iq Uolman{I

tecirniq.,r( rhey sìgnificantly differecl only at il, (.(rTr(.cTrfra.tiÒIr of 0.005%. Lr

addition, thc FI vai'*e.s obtained by RCFW were lowcr tltatr tho.se obta-ined by

Dormanrly tecfurique at concentratjons of hardc:necl RBC Lrp to 0'01% (frg. l).

I-}ISCLI.SSTON

Lirrlc is still lurown ,rhour. rhc rchrriorrship between RCI), I{CF, blood

vi.scosiry ;rrrr{ blr-ro,i flow, hrrt rhr: rr:strlts r,f s,trire hernorheologica-l investrga'

úons:,r,ir ,rr**CSt that lilfradon represents a good pararnrter fbr rneastuing

RCD in aiuo.
.Si1ce r-elrroducibrtity is rxrc of rhe ma.ior. prerequisitqs for. every.dinicirlly

useti techt'tiquc, we have tried to imprpve it by nrodifyirr.S. the end-poLnt of

cqrrf::Trrly usÉd filuation tccinrjrlres tÌri'o,rgh micropore membrancs csstrrtially

by weigÉirrg the amounr of filtcrccl RllC, ielated to the quantity of PBS filtcrcd

dlring"th. "rorrr. irrterval of time, in. orclt:r to (:ornlleilsa[e lbr sma]l differences

irr rhc-nurnber and siz.e of rnir-r'oPfieS of thc dif"fcrcnt filtcrs.

T5e rnetho,J has provr:rl to [le r-eliable, with a reproducibiJiry brtter tha-n

that of the widely úsecl Dorrn;rndy technique. Moreover, its s{:rr.sìtivity. Lo

ar.tificially harderied RBC seems ro bc grc;r.tcr a.nd it is able to differentiatc

t ? 9
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I I uu o,oóot 0.ot)o5 0.001 0 oQS o'ot 0.o4 o.oa o.l

" p '.:: 0.005; "" p ,* 0,1)01 (rx- hrsel velues),

Fi,r, I . Filterabiliry uldcx yirlues oLruined usúrg thr R(:ìFW rrretluxl (r---+) urd the Dor'rna.rrdv

reíhr-ri,1.,re tr---i) as a furrcriorr of'thc hardened RBC concerru'atiorts in tlrc filtcled srrsp.+nsion.

Resr,lrs fi'È expr.esscd as pcrcefirasÉs o[ ulie vahrcs obtainc.J with lxrth ter:ltItirl-res whelt Ito

lrarrlerred RBC have bccu addcd-

samples contairrirrg as little as 0.00050/n h;rrtlerred RBC, wirile the Dormancìy

techniole does ncri rlilrf n-errúare them unn.l A. 0.005% corìcerrh'ation.
,Sini:e r-[re filtration str:1.r.\ ;,r'r sinrilau lor both tcchniqucl, -thc .mo:$t li\cly

explanarion fbr thc clillerénce.s in perfbrrlràrrce is that variability in the,piro-

t_rlrtr€lr'rc me1suremcnt r.rf tiemoglóbin contcnt is greilter tharr drat of drrect

w<righìrrg, rnaking our moclìfrt.ation of the technique rrtorc rcprodut;ible.

.qt.JMMARY

A new siynpìc rrrctlrptl Lor rncasrrring rrd blur-rd csll (RBC) lrltcral:rility t1y;,1c;gfii]B tfc

;rrrrurrr of RBC frlterccl through rrirrt:1roì'e flcmbrancs is descnhetl. Rcti t:rll lrlttral'ility b1

wrighirrg (RCITW)is riererruirt*ci on wirrlierl RBC.resr-rspcnclcd rn phosphate'bufilcred salinc (PR$)

ar lclw (ígt) hem"toc.rir. 
't'hr tìlrrutiorr stcp is pcrt'ormirl usins glavity ttlorie arirl the flùlotrn( Qf

tlrc frhered suspcnsion ls rc*"crrrcl ro úie fr]trlittion of PH$ :rlixre tlrrouslr. drÈ salrrc rrìÈrltbrii-rlc,
nt'he rrew uredro,l showr .r reprpducibiliry bcttcr than th.rt of' tlrc witkly r-rsecl Donl:of..gy

rsr,hniq'e, with ;r lowrr.coeffrciirrr. ot'variation (5 I ru 7.P04) irltrl a highcr serrsìtivirv to artitici,rlly

hardcrrcd tHtj .
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