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the vi scoant?ed?omﬁl?f@yc‘f Bul ati ng bl ood based on: the bl ood position change -
and g sel ected knowptRRRaamdiag Sthe&fxwttél&:epafs:ﬂa@éui&gemgr técbnolopy, acoeediance:
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respect i vetimespanends and second ends wherein the first ends are coupled -

together .via a capillary tub@ﬂmmmg |ﬂqv§m|9mr ameters; a valve for~
controlling the fl.ow of circalatin 01/3693G 9
- 2 B8R 200 PCT/ usomtcmzfagglva&lédhegewét%hﬁqt@fth?é"ﬁém'”g?"tt%%f%%?@Pn the
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and for detgahbdordetbaaimingonscositpofthpatuliating blood béa bvihg beimgde of., un-Nt-VOt ubes
and for calculating the viscosity, of the blood based thereon. 1o In
accordance with yet another aspect of this invention a nmethod is provided
for determning the viscosity (e.g., inreal-time) of circulating blood of
-a living being. The nethod conprises the steps of: (a) providing access to
the circulating blood of the diving being to forman input flow of
circulating blood; (b) directing the input flow




ihto one end of a pair of tubes coupled Together via a passageway havin (%
some known 15 paraneters whereby the input flow .passes through a? NARs 200bne
of the pair wt)ow@e&, t hrough t he passageway and into a fi n:s:tr/upmmtgggn of a
second one of the pair of tubes in order to formrespective colums in the
first and second tubes; (c) isolating t respective colums fromthe input
flow so that the position of the blood i'n each of the col unns changes; (d)

m)nitoring he bl 0o osition change.jin the respective 2,0 of blood
over 41 e bl vinspaty PRg et bRt EL s SERES e aue pis Bl R o

t he col urms:oQ,fmé)I ood; and (f} calcul ati ng the viscosity of the CI rcuI ating
bl ood based on the bI ood EOSi tion change) .the at Least .one

position and on sel elt@ye ﬁ’@)‘?/merp%t?lﬁﬁequ'ﬂ@ ipyenting t‘b&’é%"é%"eﬁﬁynd'ﬁwfﬁﬁac}\l OF
THE DRAW N@g ﬁs. &tthercuembﬁﬁ BloBA bf AN mﬁcﬁe.ﬁd;.ﬁamo%n @thﬁégt ages of this
i nvention e readil y appreci at ed en t'he sarne becone etter
under st ood by refereHlde ytebanh@ef@bJe@v\phgumrtvaml@utmemdqoancﬂppamms and

consi dered | 1lis
2 brock i S aRTORT At vk uoGosRy REFR LR PPYTRR S 6810 ahd B,
WO 011 36936nikinal irasi@nass) PCTI US00/ 28249 Fl g. 2is a front ~ view of one
enbodi ment of the C vi the respective hpusin qsﬁfa%r t he

d
bl ood recei ving mean ,'SV\fﬁ'hy?tt §"%f58re|8bﬁ8{18g the, DiessTl Drepiretd BIR

portion; . EgFat@sﬂemnﬁetﬁdmfbr wegsu@i thbeiseabiodofme cireblatit bBBSGf\éiIiS'ﬁ@WEt er
of Fig. 5 ut with one of the columm | evel detectors re ehd with a

si ngt8 poi rhe"tﬂelﬂlﬁitg?es Bk .require; the 4sgeof, ARl COPIYIRBSe M08 er‘C?iFgc’r 2:
Fig. 41is %Igw@gé“yo&q,lve(ﬂhﬁgﬁggﬂ of the DRSC visconeter just prior to making
a viscosity test run; 5is a functional di agram of the DRSC

vi sconet er duri ng t hi 'S/sglbhs@h quenianothesnbjeol of the presentjioyention to provdriamal
r epr esent at t he
DRSC v ScorZpardits pEIeRRFF eashfhd Fadctoshy b flobdof givihg3eipd Mafdodk,

oper ation mfottdmllmaheélmhdmmedtmetnmsmem wygeer just prior to) and
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circul ati ngyidnaadt meahs &deuptecﬂor a@g,enﬁrte@mw tieapatientFi g. 10B depicts a
. graphi cal represent Etl o] f the viscos of a |.iving

oot ont o o roul ati nb 5 BBGVeH ree’ B0ichel hrrsg FuRRlcY SrBYidespRe,
25 Fhbg. 11 fpBidhsand mem&mnhfgalsefhg)ﬁmetmumagIalﬁdvzmltvoﬁ%rnvmgb@emg |
port| on of the blood receiving neans;
that comprises disposable portions for maintaining a sterile environment, ease of use .
. and repeat testing. _
It is still yet another object of the bresenf invention to-provide a blood
viscosity measuring apparatus and methods for determi'hing the thixotropic point of the B
25 blood. ' .
It is even yet another object of the present invention to provide an
apparatus and methods for determining the yield stress of the circulating blood.
It is moreover another object of the presént invention to provide an
apparatus and methods for det,eciing circulating blood viscqsity to evaluate the efficacy .
30 of pharmaceuticals, etc., to alter blood viscosity of the circulating blood of a living-

being.



Fig. 12 is a partial cross-sectional view taken along Iine 12-12 ?f Mak %00
11. Fig. 13 is a block diagramof a second nore preferred dual ri erf“5| ngﬁ
capillary (VDRBC}69% scometer; 3 o Fig.14 is a front view oPCTRENSEHINd
embodi nent of the DRSC.vi scomet er depicting the respective housings for the
bl ood receiving neans, with its door opened, and the anal yzer/out put
portion; WO 01136936 11 - 2 MAR 2004 PCTI US00/ 282-49 Fig. 14A is a front

view of the enbodi gf@tevgﬁ %o@@?’ggje\étéﬁﬁg‘ﬁ{\%ﬁtlfﬁ to':;irgvudééntéﬁbaw“gg]a'we gf

t he col umm | evel actor £°vepl a wth a single point detector; Fig.

i s a funchietials fdt aQUeamQmeeMEe:osw:tafrtde eitbdatinghioodef a patierebilginegating er
just prior to a viscosity test run; Fig. 16 is a functional diagram
of the segl?n‘?ffeg:ﬁﬁjﬁ{]gerpé’h‘? PS#SH%” DRSC vi sconet er’ duri ng the viscosity test
run; Figs. 17A - 17C depi ct SUMMABR'QE iToiE INVENBIOMI ve mechani sm of the

second enbodi nent of the SC scomet er st. pri.or to ri he
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of the DRR( jek eﬁuﬁﬁ%@ho%h@ﬁt&%tfmiﬁtﬁm%mh&és tdieg e devreasingfpréssiire in

each of the riser~tubes using various tﬁ pes of sensors 19A 9B
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conprise differewiathzine a@patams 6pEpHSeH P Hidt Wf%@@ﬁét%ﬂg@?%@n'ﬂo@onf e DRSC
vi sconeter ;. 15 Fi Mieridfhéref the®RA ri ser
t ube port i %fﬁrecﬂcetq(gmt%ﬁb%g rg%%?t%dﬁf@eﬁﬁgsp?ﬁ éﬁaegéce%ond enbodi meﬁt of the
DRSC vi sc@lﬁiﬁﬁsﬂnﬂu&inbnlﬁngmcat]on withethp finid splures; esisextabe haviad ope eRdcakigdal ong

ne 161 1 ndo 480 PP 0 o A o B T SO BT

resent invention. 1I's the detectlon of
the 2 0 et Tiod rigef tubeds q:tospbuedtlat sineangle greatetiiangzerodiagrees Mith

Do s gt g horifefef i d RSy AB0 sk SB oY b Befiigns o litheit shove

circul atingyhd pad, eaueehty emr&sﬂ'@prelswatcﬁfﬂeramm,ethmuwmemsealluheeater ence
t h~e~) I

Poni | g?y(nm%gs@z;rmaw%@weiwé st s B aes kb e ddi eindang 4

sour,ce (e.igh ngglnge,ztugea riser tube RL ) and its other end ..coupled to a
riser tube P

I S exposed_to atnospheri ressur
di scussed in detail It gceerdangwith angther %Rq%u‘?f E'?f?éi%v'? 'OBp%rh@HpaEaﬂés 18 ui d

Aoty | ; f\h‘(é«/tbﬁﬁhﬂtlﬂr v Bluvdl hbear mateer
tube) ini ﬁ'é%?eé‘;{?*%ie‘ﬁwm?éhéeﬂgﬁwy of 80 ov@ngiueg shber

slowi ng due to. t decr easi,
pressure dua‘iligaadacl&asmglpf%SSUFQ)d@fﬁf%Dt'lahﬂ'@é aPPAERERFOPREZRS: aA‘Qé‘e'ﬁ W&’ %ngg
colum § gy Ségr%@te? ?éd ﬁ&esﬁ?\or‘#zﬁan tréfe?é"Hc% %ﬁeatcaﬁﬂlaﬁy*‘l@bgﬂéwﬂg@rough

piural she'df aals rovided to a
conpag er (frspend anqba@eeem'ber)d whemgp i.lmetfh‘sftﬂ!ﬂ;j fp%tﬁ@aﬁ%@t@?@ Qthe nan-Newipnian

ot er i nechoppuree: gt fbesagins e Giysie e BT g 5S oftary tube
B and another end thatis exposed to atmospheric pressure and wherein the riser tube
s positioned at an angle greater than zero degrees with respect to the horizontal
reference p'ositlion; a sensor for detecting the movement of the non-N'ewt_onian fluid,
25 caused by the decreasing pressure differential, through the riser tube at .plural shear
* rates as the non-Newtonian fluid moves from the'noh—Newto_nian_ﬂuid, source, through
‘the capillary tube and into the riser tube; and wherein the sensor generates data-
- relating to the movement of the non-Newtonian ﬂu_id.over time; and a computer,
coupled to the sensor, for calculating the viscosity of the n'oanewtonian ﬂuid based on
30 - - the data related to the movement of the non-Newtonian fluid over time.
In accordance. with another aspect of this .invention an apparatus is

provided for effecting the viscosity measurement (e.g., in real-time) of circulating blood



i3 inmportant for determning the viscosity of non-Newtonian fluids. The
present patent application discloses several applications of this-3tganetxge
for deternmwborg3édie vi scosity of an exenpl ary non- Newt oni E6TAUSH/2824% he
circulating blood of a |living being. As stated previously, the present
application is a Continuation-in-Part Co- Pendi ng Application Serial No.
081919, 906 filed August 28, 1997 (now U S. Patent No. 6,019,735), entitled
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during the viscosi tg test run and then _qq;! ckIP/ lﬁgd' -§a5| iIb\é rﬁm)vtﬁd for _
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preparat i o il dfioBHd ofl SABGEH Knbfi paatfietdrd of I RiskBbewhy pofiidil, wher e
t he bl ood fecelvingTnmeans. 22 1I's non- |£bosable, t he conponents (val ve,
nmechani sm 46, riser Inabeerdmiceawith Btill anethesppectof this isweptign agppparatus is
th hi h i DD ' QN
i scosi ty RiEEep (o SHRphnERRTHecbpERESu e AR fRB, T eBfum) of (Reuitilg tlood,
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variety of configuratiof uch as _a cOl LLLAar '
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54 nonitors the level of blood in 2 o the first riser tube RL and the
second colum | evel detector 56 nonitors the |level of blood in the .second
riser tube R2. The processor 58 (e.g.) a "386" m croprocessor or greater,
or any equivalent) is arranged to analyze the data fromthe detectors 54156
and cal cul ate the blood. viscosity therefrom as will also be discussed in
detail later. Furthernore) the processor 58 also controls the display 28
for providing the viscosity 25 information and the other information to the
operator as,well as to the other output
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pass throug artaﬁﬁt({r%%ﬂh apot (fluid is present and is bl ocking the
passage of

romt he LE array 64 .FThe |er data of each CCD 66 is

passed to the anal yzer/ out plESQR pSwi re har nesses (not

ShOW% for use by th%tﬂépssiéa rané%aerfkﬁlﬁhf%ea alaobgé%fﬂmnmoﬁ vl rays

64 and"the CCDs 66 is provided via. these wre harnesseés fromthe batteries
11B2, if thbebeadilpappreciated when i smma becomes hatler yadersiaediut refrsaRseg tae.

following detailed description when considered in connection with the accompanying

drawings wherein:
Fig. 1 is a block diagram of the dual nserlsnngle capmary (DRSC)

30 . viscometer;



Where the bl ood receiving nmeans 22 is disposable, it is releasabl X,{Z@C%ﬂ?d
in the housing 60 such that once a test run is conpleted and/or a

patient is WO WB6¥BEsted, all of the lumens (e.g., the tubdBGFSYHR
capillary 52, the riser tubes Rl Zo an R2 and the val ve nechani sm 46) can
be easily/quickly renoved, disposed of gnd a new set inserted. For exanple)
brackets 47 (Fig: 2) may be used to rel easably secure the upper portions of
the riser tubes Rl g 53 anglohtGicWOBE bnP Uhbcivpet of i DRBT vistbafreterRl and
R2; the valve nmechani'sm 46 conprises a port 49 that fits spugly into an
openi ng ( rmapxcgimgm réspective rmamfmthe b§10dtfﬁ@e'w69§ieﬁ@56‘ﬂ'th rtﬁhgo%tpﬁﬁﬁd | evel

z s det ector ]y not renovable fromthe housing 60. A
door 76 (vﬂﬂ i% bzghéu é '{t'?n or horizontally hinged to the housing 60)
is provided to estalﬂngSZA|aadmdtemdofemWennbndmetntdﬁjheE@S@lﬂsc@setergfrFlQThe

door 76. also s orts.the bar co er j I hi s bar
code 5r eadet bV‘BWQPB f tr@aqqlvnpé%v ggg{eﬁ SE?PZB%GP 'EH é%@% Sﬁhgééémg?—ow ded
on one of the.riser Figles { sidg view:d) the Batbdaimentad Figidht ains 2 o all of the
predet ermi ned data regardl t he charact of the capil.l t ube 52
(erg., its length afdddia W'?”Qrﬁﬂeﬁrﬁ@0?9}?35%§§é{ﬁ°9meig“€§pf'ﬂéo)r‘?@‘éq 9t ubes
R1 and R2. 5 viLRbSity t@ ofupetion i s passed to the processor 58 which is then
used to de% ermn e v sc05|ty, as wll be discussed in detail later. The
bar code reader 78 pFag§esatunogonaifdoagtamuqﬁthet%%ﬁétSﬁ%@é%r%Fmsthqw%O@t% wire
har nesses d| a%é)ssed earlier. It should be understood that 2 5 the |ocation

(on 10he do &P of the bar code reader 78 is exenplary only and that other
| ocations within t hé’lgtrﬁdemateagramrllqm@e&‘ﬁelm}emh@f@emwﬂv@ e@uimnsoffividn. |t

shoul d be un er.st oo r 4 n any way wth
the col urm" 9&'?95%'38%{8?%'8 Qﬁﬁg ﬁ%%ﬁ%g(/ét@fﬁﬂ%% F‘;Q‘#l‘?uer{aich of the

corr espondi ng r| ser Ftngﬂ)é’ﬁ\-F&lCdaﬂtcRmetdmtatlcm ddéhmgalnemeabaeﬁndufrtha@li?ﬁ@

vi scosity test tween, the u | ower bracket 47 pairs.
The aoor ! vigcemas® usppubie. And BHURT dnbRe BB onrt 50 Cocp. . a
heat;ar, fan and/or tehgr Buﬁt@h)oof(u@lbgtdmtfor\l\ktwluﬁsa Swsdomd | whighegeteetsi on
for the test, the WO 01/3&36 16 - 004 PCTI US0Q/ 282a9 C%FI | | afr
tube 52 i smoMemeRkaf K@ ¢IrmEcef f@!ﬁ‘}' "&r?&cﬁtﬂfﬁ Qirgel URSSHRIMD YBrPYR MPES Ot n
at the sa dopperature and environnent. as the patient. Prior to the run,
the patient”s t€nperature is t aken and the o erator enters this
tenperature’ (via tHdgscr 98 rensmprisespl fiow 20Tt of HEecpRATAURMSN RS RRFET of
uni t 80'thﬁ &Rgtr?tes to achi eve and maintain 5 this tenperature. It should
be noted t 3F I's within the broadest scope of this invention to include
a emd ronnental contfigl 10Aidepts atgraphicali repesseatatiopefihaivissosite ok atliving

bl ood recei.vin t Rfor e during the run. Power
to the barP %t'%gs;%g@%t'g% %Edc#?(?tenpergt}h?gegggﬁ?%ﬁé%ﬁlt 80 .is provided by

t he -anal yzer/ out put  Fig. tlBBodlghctshe graphicalarepsesstatiaro of éhﬂ)\k@gardh@cgﬁﬁlﬂj

Doy noviskah i RSB R A b5 Bl AR IR BRI AHaNERE"S

i nj ection- pabsted pi eces) have integral el bows 50A and SOB that.are inserted
t t t t. shown f th h
e RS vy st op Bkl eBER SirmeB6ialRb o TE AT sk utsadron soe

of riser RZfiHaKlodd ﬁecemﬁgam@gngh ng vaI ve nechani sm port a ~ 5 capillary
insert 53 having internal capillar

é IS 05|t|one f g @0 el t ube
R2. As shown nost cl e'QrT%/'SﬁPEFfF'@' cr %53?%@"@ yewtaken HQ@ ipe 43- ‘?ﬁflr’ 9Hs a
tapered entry port S5gafslifa bRRRIGEg@IN bf #SbEord mofe PréTerbd Auaniisdrigifglbence
as the circulating bl ood passes fromthe valve nechani smthrough the el bow
SOB and up capillaryr(PESChivigsenreter; The . batteries Bll B2 may conprise a 12UDC, 4

gﬁ‘” batteri es; ﬁig |s%qyon?gﬁéwl&|tﬁé1%e ﬁd&?ﬂbﬁt&ﬁh&DRé@Ws%tn%r' n
conv tional |ap-top Conputers such as umion batteries). di spl ay
28 provi deslepicting thetraspaative batisings frAhg bBotisgceivinh nheanse Mithiits mom

vi sconmeter 2 en the DRSC visconmeter 20 is operating off
of batteryaﬂa,th‘? ﬁ%aly%%’%tﬁm'gwndl cators 72A/ 728 appear on the



di splay 28.' However, once battery Bl is depleted) 'the battery_ %1 R 2004
i ndicator 72A 2 5 dlsappears and the battery B2 indicator gﬁﬁﬁg&%gg) tg]
warn the op®t1G6%¥hat the DRSC vi sconeter 20. is nOM/opeF 1’ of the
back-up battery B2 and re-charge of battery Bl is necessary: Alternatively,
t he enbodi nent of Fig. 2 can be alterediso that only one colum | eve

detector 56 is used to nmonitor the level of one the colums while a single
3 o point detector $5¢ 14R igeeohviehboathe anﬂ@dlmepbofrtheﬂ)Rﬁﬁitvh@oh@&@wfof t he

other colum. In particular, as s he .c |.evel
det ect or s,Fig414 wwlwcré*m%@an%% %{e%‘Pﬁgﬁeéﬁ%‘i‘ Wﬂﬁé "hgi %9 '“g%eﬁg&?ﬁ. s
modi fication is basgggofy .&*aquﬁatmra,agramv@th%%aéaﬁrembad.mgﬂtaﬂm DRSC

PCT/ US00/ 282~9 17 of ?he col um of od ight (i.e., h,(t) and h2(t)) vs.
ti me data (iseenélegjusbpriorde making aglsgcp@tydesttrﬁg two colums of bl ood 82l 84
(see Fig. 4) is noni of
bl oo can be generat%g ﬁ’d')s fnﬁCtn)g'ag@%\ '2?13%{3 eaggﬁ@ep P@%nﬁhgg{ec%lqggnm
The prefer%@ébrﬁéttehddhmgaﬁmxscmsﬁy)tesbmmor the rising colum of blood 84 5
whi ch' occurs in r| and h i st
run. level (i.e., Q%S%Fﬁgged%qiéﬂng |t'r?tnd§ftfg:;’ll\;ei' Cﬁgﬁéﬁéf gi)

of Dbl ood S&d&drén%dnhéh&fﬁﬂeDITSOS/)scbmeténwstphorrtolérm dmmgcthewssoelgeteef th| s
invention to (1 ) nonitor both noving colums of blood (Fig. 2), or (2)
noni t or onBMef the noving colums of bl ood while detecting -one point from

t he ? g.her noving col gkgn419fis Blwesk @i ﬂﬁgﬁbm %)theosdcbnaarrﬁtbddiham of ihe BRYG e.
poi nT” detector 954; ma conpri se LED 964 and a

ut is. not limted t
phot odet eciscomeBs whic Iﬁ’etj@ise@PV%t’“g‘b‘élf the golumnerfdiuicip qaﬁ:g g?%ﬂ??'&\"b?ﬁ ood,
e.g. é?/aWbLé t)%le§gfggn§g*§cussed in detail later. The concept of
[

Vi scosHy H P rmnati‘on usin t'he DRS. C vi sconeter 20 i s fo nonitor he
change in hei'ght of Fige, 1%pd§BtQ@|"}P’l$ﬁ\ﬂﬂ@”@éﬁlﬂfﬁ@e@ﬁ)efﬁ‘@ﬁd’ffm%ﬁﬁ’ﬂ

circul ati ngg}tz?l ?ﬁge&qu%eoahlswl?%tg#ven t he di mensions of a capill ary

t hrough whi bl ood "nust he DRSC vi sconeter 20 acconplishes
t hi s1by operating t hBigva0 depictsrndmmplmentation of the capillarytasg riseh tube RASEPPUM

separation I ]

eopect i ve of 1ELfouipae il hag Faushd Secudiodihe M o e CRSCU-cthetdt bIE

vi scomet er 20, via iFg. QaISmearmru:msmcﬂmaW(mnpﬂaksnB!@@gélne“% 22' Qfﬁt@)lﬂﬁhns of
bl ood 821 84 toge , _
moni tori ng the rré%xﬁ{é" ﬂgD O '
particular; as Shownong oFire. ke?mrmoaﬁdri?.lmnm present ificotiof isahe detection ofthe i s

permttedtoflowfromt he val ve nech ) +and
PPt 0280t h Fassmaniets T aaa@r%”heﬁmeﬁgsvﬁ.aséeqrwnq W R aP AP TR
detectors S4L3% §EUN Mokt dBA2nFideiEmwhicalsheaeln flsid seatdevie.g: plhensircafatingood.
When the optinum separation distance is achieved, e, colum of

bl ood in ribiead efmbvingRbelng yia sirgylatinghiecd ﬁ%“‘tedfmeﬁ‘f‘s B@\(I)Vegﬁvqtﬁgrap%? 4 ube
R2 reaches. lzon{ah?efgl%n\f:g ﬁb%ﬁ#aﬁr(h S50 %esrtqzﬁé didiedépiewy @ffiowl :@@!itcﬁrr@i’@t e

CBCM 26 and si mul t aneously coupleS the col ums of bJood .t oget her 9 5).
As a rtesul tcapiliagy wbe@ﬁhh@ﬂngwwd if flujdcamrmpynicalignwith ihe; %rﬁw gp Via

bllood,in ris ﬂEelF‘)\ngﬁal’tigfénd QWI%rZeir{d' Mﬁlé‘dﬂﬁ hi ek Wibe/ G‘!E'Pthahfs eﬁﬁ%@to as

-wi || “be di scuss IS actu fset known as "~h") is the
det ecti on cdtmospberiopiessireelAs Wil beriscusseminsdesail [atefoWheniagraley me&h%‘&'s%own

33 acobt 168 aoiReh Mo eleh B IBoRSGBbule b gtk R B andlpine

later. The ruerpbbe,ahitiaypata dighatdtemndfthen (slo)w:agdiumptt)weldsecmm PIESSHEE 6.

It should be_understood that the.q h2:
, as welt & ff?’ﬁé‘?ali hen8Y Y %‘Pet%éﬁﬁég:éﬁ '5%3 ﬁ%éro(gfd "V ol Qﬁw‘?r iebeetedlor
osci | {@t i onse)afetddiettis wobermBnt citheluidthradgtt plarat siearfratelse themtma hejghtesst

run. In other words) these two fact

de f. h f
each of thelifpegata 'ﬁp(ot")deg gaﬁgr(npyteéfe Bh rpgq\%sg?r)g t egmctbgp?iagonﬁ)eég sac%ﬁe °

shown in Fi ghw Resistor, the viscosity of the fluid over plural shear rates can be determined. This




Figs.. 7A - 7C depict a typical sequence of how the val ve nechani sm 46
establi shes the pre-test run colums of blood (Fig. 4) and the s MAR 2004
col utms of MQUESPS (Fig.- 5). The val ve . mechani sm 46 conpP¢EBYE8HPng| e, .
3-way stop cock valve. The valve may conprise a solenoid (e.g., 500mA

sol enoid, or stepper notor, etc., indicgted by valve driver 86.) that is
pul sed by the processor 58 to operate the valve in the appropriate

di r ect i on.is jthBorkHt Foraddh@rminih SePVisesag of nGS NeABmatl fui! The preseht patenval ve
by issuing a positive or negative pulse to the solenoid. For exanpl e%yto
recei ve paanpipationsligslpsas seveiahappikations @his siryciurrioprglerminingheviscos
initially, (he Y ifromfid: ¥ irculating
bl ood to ecgt%re%ﬁéigwﬂ{sdgrﬁ%ﬁ 2"3 R1 '%ﬁﬂé%&ﬁcélﬁﬂ%glﬁbggggpggﬁbvﬂe@mt%bi ng 13 and
14 (Fig. 7A). The cdiswstatet poaliouwsty, dhe presesyamdicatian isartardinuaton-inePart of

respective.c s of d i i b ATE,. | h m
DRt L S PN AR S A g I Al oL SRR
po;i ti \S E@g,%,p;%izeﬂ l@ntiﬂlt&l vigoesam IMEVR'SBRI};J@ APF‘ARPdﬂ.IfS AND\Mbl dETHD[DiG;Fér

t ube. Lg: ; ternatively). shou the col um. o 0 re-test
ovel . n2 UBE: dsibived 6 ThE Sampratdioniee gshe oS iBrion i mpBss At « o
close of f §ikQusdre & mebrpbordted Y YWTetehceCREVEIMUIFG heasldriyVind Wisebsity o8
blood flow into riser tube RL (not shown}.. Finally,K to couple the two
riser tubegraviatingdlead, insdeding whale bleod.«fladivingybeingnthe apparatus and metaed ng
bl fl : [ : P68 - 3\ [
86 15 t he SoaPRSeaT LEON. Sal51o00 (nl 7S TN BT D2 afe, Bhdiag ! ve!
. det ect or @efergbleg. Topggate veneds pressure effects at low shasirategs caiing Wie hvinge

val ve mec i : I o) L ilusar I he

_phot odet er(}?ég?a&é%on I ﬁagsrﬂg%'s{jg?%ﬁ?éjp ﬁée&]ﬁ]trdrtlft?ﬁfa P %rgn%qﬂgéﬂﬁ,%\%fé%& Once the
top of the col um ofAraliterdatd2 appaeatnsphd mdtbod dbithe presemt inventon EDnégate - t he
30 phot odet ect or 6. jnfor he processor .58, ..whjch er at.es. t.h al ve
mechani am BESS T a1y shiy tRlE o meRF T RIS sy Of FuPRFoRioss inGuiBo) G, o
of tike col wABle®iodd, 0bd lidiebibeath i8shown)generatly 4th20 in Fig.i1alThetdual risgr/svglet  of
t he col um of bl oorg in riser tg@ele f or WO 0136936 ~9.- 2 MAR_ 200
~PCTI USOUI 2eapiliary (2 §PS&§_§P'F‘§"%’ {basigally comprises,a bload fereingIPeis 24 2Pfser
tube R1 fahh snayper/duteil péhisn 128V ethdipatightas dolipledi td aRs IDRSTOHécdMRaten20
Since the position of the photodetector 966 is at the predetermned |

| ocation) throughsd et lating P'@P%P%@%’"I‘QBV@P"% ﬁﬁg?-gz,)a, "??Fﬂe-p?fb%ﬂ'é?@et B 66
acts to Ve%\{«%lg%é ?ﬁﬁ'ug?é?,eeﬂc,,'Gr'a?ﬂlybé&rglatlér%l%truetdre!ﬂ‘i’a"‘{&ﬁ%n&@?%ﬁ;@@a@ﬂ bldd

coVum of _ ~ riser tube RL. Alternati velg{, as nentioned earlier,
a caam | tomla gatierditerthe BIRIe viscometer ot Berwill he disgussag iv detairiater, ¥ieood
inthe fir b a SknNgl 8i-BRANbdeS.€ Hwanvikesdiged to
det ect t,heél{‘%ﬁég{mé}}lfsE%@?ygfe%@g'rd%h %ogﬁsﬁ %n?ighgotrﬁ%gép ﬁ@éktﬁgi \rfllge?:%{%nn
of bl ood i inforimationtasheelRas otften é)foinnatian teithé operater. Diteatsiyzesoutut portidne

i nvention oto ver . ; - | har ' i ng
t he changei? ﬁ“?yogﬁgg ipﬁévné???n%éﬁfg%g C(t)c_fcg%é?}%ﬁ’h%%g %@@@%Fﬁﬁ%@héﬂ%égﬁe of
a singl e paatatogdet e82orothar aesmdei(s)y 3d,siangbrinteni 3B, -af plbtterbl 38d rembtenwi r i

the other riser, tybe. 1t oul d be u rstood that. any one point of the

bl otP col urnBuETaiEotdead 4 s InteroeL Az 7 S Bfher SRy BErdPe B8 e
preffrrﬁd poi nL 2i s tlm '.L'Sb" redeiving immrir?ezmbas_fioally_tdmpﬂﬁescasj/alye tregh agism
nanmely h~; or . wever, any other point in. e columm can

det eci ed | Ao GPHRPY IR aJeridirst bterf2! B AneinanAGoHRleg if 8 =econd ReSTPS R ve.
As shown i 0iaRh dapiffaryitibé $2vér tHenothee shfeoamétcaFmaﬂetugé'sz 1sh6F $AIe Dhifern t O
include any nmeans and/or nethod for detecting the novenent of the col ums

of bl ood 8ins&iediametes &9.s@IMisagthRl. S inside diamedereWinenghe piecutaiingRined of
ol 1) © anby i fesh; 28TRettiharfer 165 BEBCHS 2B s TALBIoROIG e (IR LeiAhg !

' ar r angenenteans 22¢cihevalvermecidnism gbeontrolsding flowwébloddirdo the eecewirgpmeans
single point detector. In fact, the follow ng type of physical defections
(indicated by "SENSOR 1" and "SENSOR 2" iri Fig: 8) are covered by the
present invention: 25 d(Weight)/dt: the change in weight of each col um of
fluid with respect to tinme ,using a weight detecting neans for each colum
of fluid as the sensor; e.g., w(t) - w2(t).; d(Pressure)/dt: the change in
pressure of each colum of fluid with 30 respect to tinme using a pressure
transducer |ocated at the top of each colum of .fluid; e.g., p,(t) -
p2(t); time of flight: the length of tinme it takes an acoustic signal to be
emtted froma sensor (e.g., ultrasonic) |ocated above each colum 35 of
fluid and to be reflected and return to the sensor; e.g., time of
flight,(t) - tinme of flight2(t); WD 01/ 3693G 20 - 2 MAR 2004

Y. Y O . Y. Y. " o Y 1



| “s As discussed earlier) the concept of viscosity determ nation_usiyag 200e
DRSC vi sconeter 20 is to nonitor the change. in height of
oppositely- WA Hé”ﬁcol ums of blood fromthe circulating 56 300/%8249

pati ent and given the dinmensions of a capillary through whi ch one of the
colums of blood nmust flow. There are ad3plurality of nmathematical nopdels
that can be used as curve 20 fitting nodels for the data obtained fromthe
Vi scomet er222(hsamil bé tdiscusbed imeetil 120, aSachi bl theeriskrsivbes &1 BedoRY , areuch as

ool o FRETRSIEN SGOEBARON (& G b chii 21em pafs VB el . 11 i

within the broadest |seifigd ®k tfievstobd anat bie tlood neteieg ahéaraf 22 sy beodel s. |

~. The follow n di scussj on utilizes_a power del and .is uysed b
of 25 . exdisposabimernapdispgsatie. Hswilie di ?ﬁtlsa?él ihde l?ﬁu%tef wheted (lj’l

the t Corlélcgnvﬁ'lﬂ;ll}gééﬁéji Wsp%fsaﬁlgethégeﬁﬁﬁoﬁéﬂtg@/é‘l\lé hé&&hd@ﬁﬂbsnsféﬂuﬁé%e

exerrp ary power W m) di scussed below. In particul ar)

non- Newt onRaranﬁlRﬁ asd Calél&al'l’éut!ﬂ 2epre releasabdy sasurgd g P@@d\KFWlV'@Eé%ﬁ’arlsat e,
however , Lf [ r ead
3 0 or quaS| @‘8 U'Hd \Iggweta%c}}r] Qﬁcﬁﬁgéc% ﬁ@“@ e %éco?@ol}?te{@taergf Wi t%

a non- Newt tbnnan;uncldy\mmdlmuwremosed yormbdmsaltarrmth@rpﬁillsmﬂqblq)b@@guﬁesewﬂmo and

flowrate are r

0113693G 2’.’[‘%@22 ﬁh‘?” ‘H% : 'Qtpéepi?jpf%" félﬂgé e%l"'t?cgﬁb' %%Slhh ary %twerr ate
bykljyo - ~~;>ﬂa‘ﬂld2 v&M%Irqéltzhcl)aqalG%d-re(oé)Sv(l)ngméens BEnspmmdnwcmablelgwsmmpom?\ltsl(ﬁalmd as:
. kly 1n 1 - ~ = capillar
pressure_ dPgghpmgy 46.risert %11 dz[géﬁl“l’f’%ﬁ Aty @fard)etl\% ) WP%“?CV
rate (nB/ Slamlf cleaf8A T élb@é‘ﬁlyprbﬂéi@lﬁoﬁ @orQﬁ@%bﬁtﬂ}lsdd)%Wtdst furcapi l lary -

vi sconetr - ‘that is deter not her copst ant
used in c;pl | lary vilsebord P?)U“d?f%ﬁoq @aggpmllﬁ%tubc%%_d 19t ngcEsTarie

di ameter (Rhyetobd b bﬂ)nﬁ’;bfé@l%bé Mut(rﬁSV"E:brI%h&ea vaHatylof confidieati orfsaédbh(a‘s a) 15
Since bl ood, a non-Newtonian fluid, 1s. | -characterized with “a power |aw

Vi scp3ity n@lwéiqapﬂlmatllbén (. 1 ) .can be re witten as: . Z . rs 4kL~ Pg~h~-
hz) =2 3n+ | ~3 ~dhrge ShdpR r/*ougﬂ 88rt)on§4dt5asmallv'*@:%ﬁﬁ)nses aRirst &Jltﬂﬁﬁ 1dveyi d

density; 2 o g graV|tat|ona , =1 nStantaneous hei ght of .the
col um of Idbtmtbrl5|4 a|sse¢nd:lJ_OIMnieWEhéetamoaﬁﬁo@ﬁrCh?@B@let580fh€t gisplay 128na bef

G ot er 0PS54 cliper B ool UBHR i dplEnd ARk Lafp b Eng BSekBRa 0e
stress of bhek-bpvatdenrBl.i Thafist ocpierrlnyemél delm:tdirl ﬁalauionltors the level of blood in
20 the first riser tube R1 and the second column level detector 56 monitors the level of
blood in the second-riser tube R2. The processor 58 (e.g., a “386" microproceséor_-or_ '
greater, or-any equivalent) is arranged to analyze the data from the detectors 54/56
“and calculate the blood viscosity therefrom, as will also be discussed in detail later.
F urthermore the processor 58 also controls the dnsplay 28 for provndnng the viscosity:
25 information and the other information to the operator as well as to the other output
means 30. The processor 58 also controls the valve mechanism 46 based on the data
from the detectors 54/56, as will be discussed later. Battery B1 provides all of the.
requisite power to the analyzer/output portion 24, with battery B2 serving as a back-up
power supply: The bar code reader 78 and the. environmental control unit 80 will be
30  .described later. | ' .
As shown more clearly in Figs 2 and 3, the preferred embodiment of the
DRSC viscometer 20.comprises the blood receiving means 22 and the_analyzer/outp'uf



WD 01/36936 22 - 2 MAR 200 PCTI USO0/ 28249 It should be noted that the :
| ength of the capillary tube L~ is assuned | arge such that any f ri2c MAB 1200

forces in tOPYEEP6 t ubes RL and R2 and connecting fluid cE&FOMEHIIcan be
ignored. In addition, the diameter of the riser tubes Rl and R2 are equal .

By integrating both sides of Equation (4% with respect to tine, the need dh
5to determne at is elimnated, which yields: _n n-L n-1 hr-hz-0h=

~_| ~at +( ~hpBAionn24 @ontdlné@ﬁﬁ&eb@ectwb Kdu)smgshe(ﬁ tandaB2t e@chlofewhthﬁ garhbe -
h2,; and n 3 cC.0a = ~~n ~ ~2 (6) pg~~ 3n + In order to

determi ne trﬁgas,qtgmnggd tq 2 CP@"T%UEBJB%!@Q 2] 6 CGBY%FWHB”%’%\@WISL(BQ ploéﬁ'43< and
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many , of the is conponents in the bl ood recejving, neans 22 are shown by
way. 80 exanpl e only and nBettey siglys fidiqatorst 4¢4 GRI g’f2§r’ apdanpl e) the .
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“It should'be understood that a'ny'equiva‘lent dis‘p‘lay device is within the brdade'st scope
25 of the. mventnon Thus, any number of user interfaces and buttons may be avallable
through the dnsplay 28. Therefore the invention 20 is not limited to the embodiment
- that is shown in Fig. 2. Moreover, the display 28 can be operated to minimize or
‘maxirmize, ‘or overlay any particular graphlc or text screen, as.is available in any

- conventional object-oriented operating system, such as Microsoft® WINDOWS.
30 ' The tower housing 60 comprises the blood receiving means 22 and the
two'column level detectors 54 and 56. In the preferred embodiment, each column level
detector 54/56 comprises an LED (light emitting diode) array 64 and a.CCD (charge
coupled devuce) 66 located on opposite sides of each riser tube R1 ad R2. When the
column level detectors 54/56 are operating, each LED array 64 illuminates its
35 respective riser tube R1 or R2, and depending on whether there is fluid in the cotlumn,

various pixels in the CCD 66 will either detect the light from the LED array 64 (no fluid
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be inplenmented with a variety of |ight sources, including fiber optic

i nes. FU”H;R%E@[@O&%%M G é)fht(ﬂzﬁné‘ﬂg{é rsgnﬁréma(m BOrG). Butanh 4o be .

hi nged al on om of the ‘hous as to sw own jn order to
gai n accessnd bf the tivoecditrons of bloedwrﬁj (r$‘é&rf$9 s Bromt@;@zi thet heigblys e

under st ood  t hat S W, thin o0y bkt Ydimroand 120
to incl uded%tai?ﬁtt’%PtpeﬁF%'EE\T oé%?)odbc R%geg%bgégure %ﬁé%gldgl@é é %lp- D) as
the noti veipeaanindTheprefeged hfetmﬂ/meass of tolmharotdr 8 mn@gﬁlumj\ erbéoq r.un,
as opposed to venting each of

at nospher eWhE?h(PthJrss'ﬁd@IeﬂtU@@ '?ér ﬂé? aﬁ[ﬁﬁ 25%851%'%§glt%%gﬂ%!}%eﬂg%dl dbl ay

28 provi de dﬁé biseligydd ﬁaéﬁﬁr 1AteF DF& STEWENUME of bRodis2dnsisty tubetRa .(Thusie
user, the roa st scope of the

SC vi sconetars 2&;0% 120. does not ¢
require this Witwpltas bwdeﬁhﬁqﬁ?@ﬁ of 4is|ipyeptian te fb PR ) MEYng $AunPsio abl e

to any out ns \ | Seldr s meling TR IpRRSETBlobdWANE betectingonet..
Furtherrmrgyoldgggh Q( e'hﬁ?{ rstoog t hat %3 he anal yzerl output portiaon 25 24

i n enbodi mpoins fra thacbtlltﬂ’(m@\am selwowpofiblenst(Rigs 20 any | apt op' per sonal
CO”DUt er and is not (” HA&.&ﬂaé th%}'ng‘rf]@}ﬁpfﬂg éﬁer&ior"%&hnéf cERrprisé ¢But B fotgs.

-3.1%he bl ood recei neans of the respectl ve enbodi ments 2Q
and 120 ar griitgpite)pdn yEDcﬁﬁatamH 4 phbledetector|966i whish dettest a spaciifelevehahinehe

patient's. , heart oi ng.this ravi us pressure in
conveyi ng CRBIMA ?fcﬁg‘&‘ﬁjr%% lﬂ“do%‘fv@a% 6%,?1%3%%3%163“?%%&:{%@;9 neans 221 122)
but this also IOFevemrﬁeaarycdm@ﬁﬁ/lsousrwfdé)émdamcmusmgrmqaaﬁséhwsmeteg 20he
relimnary hook up and viscosi.t st run, ul hat
\a/here a reil%wf@tqgﬁ%‘a‘arné‘é& '?/?'ﬂ%t é’pﬁﬁs'f%y Ukoé{ﬁ‘ ﬁggﬁﬁ‘s&?%@ tn%'!‘jthre
wher g ca rec%égrlahﬁ‘g Bﬂo@@@fé PERértiaRg gmnﬁe didferisonsotd capmerynomugnmhmme t he
step."insert di

sposabl e_set” in Fi B._and Fi res 5i1s
omtted. W@Dﬁ@%ﬁﬁ% TheDR&S Z'GBg'P@Ff gé@ﬁpg@grsi@s%rslb[y cgf%%tf svgﬁlge .
”ﬁt ed that, é‘fha'ﬁ?s’?rtr '4%“@dﬁrsteé§tbbﬁéh ah [optimiued @éﬁ&dtrmtdimdn’rcreaeﬁvew the twoni t or
the rising co

m  of .4 with the colum det. ( 56,.a SO osed
t o noni t or i cofuronsof dppd ﬁ@ étf‘é‘l Qﬁrﬁ‘ e "BFQRRS‘VSZ‘SS% G§<B1aa?§%e Figrstnt O
noise is encg %gé@’%&“ﬁﬁ‘s@ G@F&%{ér'ﬁg \ﬂthg‘JBlvg?nécﬁham%ﬁi E@r@@ leEthese tWong

col'um 84 5 's a nore clean nonitoring signal and is t FS the
pref efy ed caplumns tai bleodf/84 rtegetheoaadepernmits themii tonraachr8ayhiiBsyg ope

of [Lhi's 111 uentlon 2 ARGHIE o Gluhhb pRoRISY (Mersiensating Lhi s

urm 71 s noni ore he co urm .l evel detector 56.
It shoul.d al so be notiegatticalar tadsestidve) IDFERT Qr@ﬁbﬂ@@r@om flowfeom the eatienyo be
used to determ ne the vi hgr %,.hqg)awrls
pai nts, cos'ﬁé’@f’&?gt edde gowfrﬁﬁﬁthg?bsé%l\g?ﬁ P ﬁ‘m@h ?g'l‘ %d?\laggén‘r'hé snsuco
bl ood. Wt hgsdr thves Reane Mbcnurtngams flowh the miumgdewg!; dmelctorg @4/56r mpnijor the *

.illustrate our inveption and t er I _
knowl 2Tge) Pheight 9fpachiptpec Yﬁac% ‘ﬁ@%ﬁﬁ%@&% (\ypa{rr Ou%@&{é&ﬁ:&gg\gﬁ%&@ |
service. - ?c@eWI 30QvheAdnEAIUMR 8f bidod mprser dnbes Rt geachesd pand Hhg ¢alemn
vrscosrty 0

decr easi ng pf g@ga ?fbg%ﬁuﬁ‘;\@)gﬁ? ir"']%ﬂ];rleuslstgv Veg‘g?dgelr ﬁ{egbafi"gﬁﬁ § éﬁ%hg%élﬁé‘p%f Biood
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As a result, the column of blood in riser R1 falls and the column of blood in riser R2

30  climbs toward a final equilibrium value, h, (which, as will be discussed later, is actually

an offset known as “Ah”) . It is the detection of these oppositely moving columns of

blood (Fig. 5), also known as “h,(t)” and “h,(t)", which is important for blood viscosity
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through respective tubing 13 and 14 (Fig. 7A). “The column Iével detectors-54/56 are
" monitoring their ,respe'ctive columns of blood 82 and 84 during this time. Should the
column of blood pre-test level h,; be reached first, the processor 58 issues a positive
20  pulse to the valve driv'et 86 to close off flow. to riser tube R1 (Fig: 7B); alternativ_ely_,l
should the column of blood pre—te'st Ievel.'hz-, be 'realc,hed' first, the processor 58 issues
a negative pulse to close off flow to riser tube R2 while continuing to allow circulating
blood flow into riser tube R1 (not shown).. Finally, to couple the two riser tubes R1 and |
R2 together while isolating them from the circulating blood flow of the patient, the
25 . processor 58 commands the valve driver 86 to the position shown in F'ig. (A
With respect to the single-point detector 954 (Fig. 2A), during operation
of the apparatus 20, with the valve mechanism 46 open, blood flows up the riser tube
R1 while the photodetector 966 continues to detect the light from the LED 964. Once
the top of the coluhn of blood 82 interrupts the light from the LED 964, the
30 photodetéctor 966 informs the processor 58, which operates the valve mechanism 46,
to halt any further'blocid flow into riser tube R1. This level of the column of blood
defined as hy;, forms thé initial starting point of the column of blood in riser tube R1 for



tubes fromthe being' s vascular systemand for coupling said pair of tubes
20 together so that the position of the blood in said pair of t updsMAR 2004
changes) saW@®®@Aei3gzer al so being arranged for nonitori ngPFﬁ@SPﬂ’%?w

position change in one of said tubes and for detecting at |east one bl ood
position in the other one of said tubeggand for cal culating the viscosity
of the bl ood based thereon. - 2 MAR 2004 31 5. The apparatus of Claim4

wherein sapd, ﬁ@é&&gﬁ@&rbﬁhfwtﬁé&@U&@»%fb@bdﬂeﬁ@etumataubemyfmnethiﬁleml
pOSItIOﬂ Int ot’her one of said tubes COHE@ESGS ﬁDnItOFIng t
8

posi tion chasben ihe vissesity test begies. Siinaedna P oftge. Wﬁ@dﬁﬁﬁfé‘?ragtﬁgés B’ftgél aim4
wherein sald gpega n%é"l'c?%étlﬁnSh a%%BL%%J %?er@ﬁé&%fxél'w;r%ﬁ? thé ?ﬁ@t%bbbéc&?@%r enent

of circul aff H alivin he appar at us of
Claimé \Ah@astentmve:aafyhhmfthemnmbttp@bmsnhtash@s reatoRdCRert by e méi’r@@f&b@a’r\d
appar at us- addlt &ﬁlly conprises neans for venting said second ends of said
pai r of tub¥ e anbi ent atnosphere. io 8 The apparatus of Caimbé6

wherein said anal yZ Nitegieitivelysas hentibretearlier, avebdightn Ieflelsieitebtcpmﬁan tmrusealbes
over time to effect said ni tor h | ood, Rosition The
appar at us tf deteal thedaling coymR of bpc%é’s'ﬂéé? ?{ﬁg qsﬁff%ﬂ kf&o%’ﬂ ﬁ\gnguﬁglg P5e a
first pre- B&%E%opgﬁll tarPbe Qéeditofde'téit tHeh BT Vistosiey té@ﬂrumﬁohltlbﬁslwzﬁofthe?nstr@ one
of said parr of tubes and a second pre-test position of a sefcond col um of

bl ood wi t hcolumped bloog in n&erdtlh@RZOfThya1 itispathin the breasiest scopePiihe oveplian ¢ oy
pos' %on apd s2k gqegg‘s%g}%n@r@mﬁ tevapéétwenfobﬁwmoﬂhé trfer @ingkli9pbsiashopt her .

e apparatu erein said palr of tubes are ori ented
upr i ght anme/memabcmumaum oferiser pbe-anddhe pessofta Yngledatidetacter for defecting ¢ al

20 hei ght - i d f RPPhLE i on
conpri ses g@?%?\%l”% e gﬁoﬁ%luﬁ{n |Rf"?sal P'gsgigdt% Fﬁﬁnﬂdg%qﬁ oc%'go 11. The
apparat us @f‘ny Ghalpnﬂnlef Weeblmd]ccslam czmabey&@ectdébedlns single poiatdptestar 8%4.um
“hei ght of I d fi econ | U 2. The
appar at us 3f e@f%f?'fﬁ’ Ro'ﬂ/ﬁéité‘? B ?5? U'&'ﬁn?svfgfé’rr B}?O\{?egts'sfy %eée’? d‘MA ﬁa%@@r“hﬁ&c%‘r um
hei g by @RiReEL NhytdiRett pomt bf thel cgbmnadanebe detedtex g'natc@rtto\mndratthéhe op of
each of said col unns _
“corresponding height vs. time data/curve. |
As shown in Fig. 8, it is within the broadest _scqp¢ of the invention to
" include any means and/or method for detectihg the movement of the columns of blood
82/84 in the riser tubes R1 and R2 (or detecting the movement of only one of the
20 - columns whilé detecting a single point from the other. column) and, as such, is not
limited to the LED array 64/CCD 66 arrangement nor even .'|i'mited to.the-column level
detectors 54/56 or single point detector. In fact, the following .type' of physical
* - detections (indicated by “SENSOR 1" and “SENSOR 2" in Fig.8) are covered by the
~ present invention: -

25 d(Weight)/dt: the change in weight of each column of fluid with
L respect to time using a weight detecting means for each column
of fluid as the sensor; €.g., w,(t) - wz(t)

- , d(Pressure)/dt: the change in pressure of each column of fluid wuth
30 respect to time using a pressure transducer located at the top of
each column of fluid; e.g., p4(t) - pz(t)

time of flight: the length of time it takes an acoustic signal to be
emitted from a sensor (e.g., ultrasonic) located above each column

35 of fluid and to be reflected and return to the sensor; e.g., time of
flight,(t) - time of flight,(t);



13. The apparatus of Claim 12 wherein said emtted signals are s_ gwgdof
~signals. 14. The apparatus of C aim 10 wherein said anal yzer incl

digital vi d@@%‘é’rﬁﬁa for detecting the change in col um hePGHUS¥282Y; ¢
first and second col unmms of bl ood. 15. The apparatus of C aim 10 wherein
sai d anal yzer detects 1o the change in pyessure of said first and second
colums of blood over tine to effect said nonitoring of the blood position

change. 16. The appar at usi(¢blufledidmtife wheigei in veAinde ahehstzeslumatof LR witte

change of volunme in bl ooc}eg;e&@dﬁ}ng,aé_q_,,%(t;ubgg;to effect said nonitoring
of the blood position change. is 17. The apparatus of Claim®6 further

TS T B o, TSR St sfaRl e v
ng

tenperature of the livi Ing during the“tine said I'yzer couples said

pair of tubes together. Iy, IbgiapRatahts iPhalh Wil hodliey fivd BAkLen
n Ete tod| ubes at .

envi ronmental 2o control Qtaln € n"said pair o
substantially the same te @PW&J\H’O?‘!;T g'Tivi‘hg being during the tine said

anal yzer coupl es sai | I t ubes tpgether. - 2. MAR 200 ‘33..19.

appat@t us of C aim dg g)ﬁ%l% EoMANER @'&W?\/’Q—"f_ﬁ‘;}? P?él".e‘ﬂ)BB‘?ﬁaBB?lgf %‘F I%%%Ebl ood
in said pajjicoheled2estd Geeihimel ihshastobity he pamsntti airtuldting dicbdflewy Zeée.  20.
The apparatus of Caim 10 wherein said first.initial height 5 and said
second i ni evenall igegel thgrtesteyp s ppeissinalglytheinges é@t'tihdﬁedfcgﬁﬁﬁ- Whenter

- 21. The appabpidifedt thé @0DTBEBR R |an§&_idﬂaﬁgmg]§ih@rbnéctm&émﬂeéfhamihd

pai r of tubes changes conprises the novenen a respective level of said
first and besbaen ceaaedangithe tedaumisiermainatedopposite directi ons and wherein

Tevels. 25 The appar aruciar Pl TRF Eale bt e SR SR R R a1 n
sai d pair @RS Esorieters isctonponigwsha change iy heightiohtwe, eppostielywagvingom
sai d 11 5% el AR RE e g o B e bR BB o B RONON et
~of said ri siggilaby thedughwhith bhead tencblomhe of blogpdsaust flmw.| east one bl ood
‘position fromsaid f‘?ﬁérienagé %OpllHrgﬂty%cf'mbaltt?é)nqétical models that can be used as curve
20 - ﬁtting models for the data obtained from the viscometer 20 a_nd,(the viscometer 120 as
will be discussed belOW), such as a power law m'ode_!, a Casson model, a Carreau
model, a Herschel-Bulkley model, a PoWeII~Eyri’ng .fmodel.-a" Cross model, Carreau-
Yasuda model. It is within the broadest scope of fhis.invention'_to i'.nclude'all of'these_'
models.. The following discussion utilizes a power law model and is used by way of
25 | example only and not by way of fimitation. Thus, one skilled in the art could substitute
any of the above curve fitting models for the exemplary power law model discussed
below. | ) _
tn particular, for.non-Newtonian fluids, as is blood, the viscosity varies
with shear rate, however, Hagen-Poiseuille ﬂow within the capillary still holds for steady
30 or quasi-steady laminar ﬂow. Fora ﬂLjid that is v-'\ée'll-correlated with a non-Newtonian
E ~ power law viscosity model, the c’apillafy pressure drop and flow rate are relat_ed as

follows:

a4k,

A==y "7y

(3n+'1J 80| ”

n 7r¢c3 I




23. The apparatus of Caim22 wherein said at |east one blood posi P&Q 2'001
said first initial height. 24. The apparatus of Caim 10 wherein

anal yzer 2owdatgssztnes the difference values of said hei gm:snmwwd

col ums of bl ood over tinme, known as h~(t) - h2(t) wherein h~(t) is said
hei ght of said first colum of blood a h2(t) is said height of said
second col um of bl ood. - 2 MAR 2004 4 25. The appar atus of Claim?24
wherein said anal yzer detects a i d h hts of said colums of

bl ood, kndMWﬁfaéh&ﬁhe%ﬁr?@r 7rr\§r¥P'ta dﬁ? ﬁ@p'h?%glawﬂé ¥'on change for a period
of time. 26. The apparatus of C aim 25 wherein said analyzer 5 cal cul ates

the vi scositngﬁLm BEt) - h2(t) and ~h to determ ne She consi st ency

i ndex, k, aArd | aw i ndex, n, as given by: 2

h~(t)-h~(t)-~h=-"( -~cax+( ~h- ho)"" n where a--~ ~4kL~~~~~ 3n+l~(~"~ 1P8 J |
to and where ho = h~(0) - h2(0); L~ = Iength of capillary tube; cps =

i nside dia ter : CPps di aneter of said colums of

bl ood and WheFe h%ﬁ?@'r%v&\ﬂgé#tg yd%’?&ada den3| ty; and g = gravitational
const ant. T MAR 2004 35 27. The apparatus of C aim\ 26 wherein said

anal yzer. ca’I'CLIﬂ alt es the viscosity, p, using said determ ned values of n and
k in the equation: ~~-klYh_, 5 where y-C3n+11 8Q n J n~ and where Q =

vol unetri cafd @hefeat e in said capillary tube ~= capillary tube dianmeter; and

io ~ = shear, rate, r of Claim6 vherein said analyzer
operates safd™ \FQPU@%tHg?QBqSQFVeeD‘g Zbgiu r of tubes fromthe Iiving being' s
56: The. apuar st oy o oaherei ool anal yoer bomprises 15 a oo
respecti ve&mﬁ?'t—'met’f‘bqov\é%ﬁ?@yyn Sai d pair of tubes, each of said respective

noni tors npRi dgpisisichdyhitdeX (@adnBwRnt Usémmczia@mgsy mcmetcy)r-eaaasumeenmdmes 30.

The apparatus of Claim29 wherein said res
1(’!1O P n = power law index (another constantused in J%p(flary viscometry)-that s determined;

¢. = capillary tube diameter (m)
« = fluid viscosity (centipoise, CP)

7 = shear rate (s™)

15 Since blood, a non-Newtonian fluid, is well-characterized with ‘a power law viscosity

model, Equation (1).can be re-writtenas:. -

i S B om0

c

where
p = blood fluid density;

20 g= gravitatiohal constant;
h, = instantaneous height of tﬁe column of blood in riser R1
h, = instantaneous height of the column of blood in riser R2
@, = inside diameter of the capillary tube

.= inside diameter of riser tube and where @ <<<@,

25 - Ah = an offset due to yield stress of the blood and is a property of the blood.



noni tors conprise respective Iight arrays and charge coupl ed devi C?M \
(CChs). 31. The a arat us of C aim30 wherein each of said resgect Rzé““

|jght arrayd¥@8H¥#P¥Ses a plurality of light emtting di odeBCHUPHASEY in
| i near fashion to |IIurri nate a respective tube along the length of said
tube. 32. The apparatus of Caim4 whergin said anal yzer conprises: - 2

MAR 2004 36 a nonitor for nonitoring the bl ood position change in one of

sai d tubesy saaadldabéiﬁ@eatmat th@nerm et tHen@pliibsy @bellefsbssumeedlange spersittak on i n
t he other of said tubes, '

par erein a| d

noni t or coﬁﬁy frgségnéomﬁamthansay Ugﬁaﬁ M%@”@SBB"%‘”S%?& T@Qﬁ%n $8AN The
appar at us %Hdgé&n ‘Paddifs e i ddfbibd difthe A AEORRINARR Brdbatidl Tty Of
l'ight emt I odes arranged in linear fashion to illum nate said one of
sai d tubes aI ong t heBy integrating bethi sidestfdquabion(d) Witreresppelrtattime.dhe aradm 32
wherein said detect o&bcorrprl ses a light emtting diode and a phot odet ector.
36. The ap f pair of tubes is disposable. 37.
The a‘tbpar a?%ég%ﬂﬁag %bgm@?%@él dﬁ\é;‘g ‘ve nechanismis i5 di sposable. 38.
A met-hod for determ n| ng the viscosity of circulating blood of a living
being, said method conprising the steps of: (a) providing access to the

circulating blood of t |I\i ng being to fe@‘—man i nput flow of circul ating
bl ood; 20 ( ) |V|Ad;n it t(AfAt V\ﬁ'cwculatlng bIoodjntoaflrst
fl ow path second in h respective portions of said

i nput flow pass one of sal d f| rst or second flow paths including a
passageway portion having some known parameters; - 2 MAR 2004 37 (c)

i sol ating saﬁd first and second flow paths fromsaid i nput flow and

- coupling s&'§First and second flow pat hs together so that the position of
the bl ood in eafr bf(t)sd,d) &4tte®; ipaths lghangesd (d) nonitoring the bl ood
position change in one of said first. and 5 second flow paths over tine; (e)
detecting at Ieast .one bl ood posi tion in the other one of said first and
second fl ow path ‘&Eﬂq f) C ting the viscosity of said circulating
] oo based on é % L} ({g)ange, said at |east one bl ood position
and sel e%ted NE¥H. - o o

In order to determine the visco_sity, itis necessary to determine the values for k and n
using curve fitting based on tne test run data. in particular, the following procedure is
. used: - o | | | |
1) Conduct a testrun and obtain all h J(t) and hy(t) data
15 - 2)Fitcurves through the data to obtain symbolic expressions for h,(t) and hy(t);
| 3) Determine all ht(t} - hz('t) data, as well as Ah; .. -
3) Assume values for the power law p'afameters kandn;

~ 4) Calculate the following error values for all data points:

20 Error = (h1— h, - A'_h)—{(f—;-_l)at}(,;h_ ho)i_;—‘}ﬂ : . (7-)



to paraneters of said passageway portion. 39. The nethod of C aim 38
wherein said step of detecting at |east one blood position in the2 Retllone
of said firgio@nessecond flow paths conprises nonitoring tHog/usoeeet4Pposi tion
change in the other one of said first and second fl ow paths and wherein
said step of calculating the viscosity i§5 conprises cal culating the

Vi scosity based on sai d bl ood position“hange in each of said first and

second flow and on s lected known paraneters of said passageway
portion. g“?r%’t’?fo‘f?' @Tﬁ'?ﬁ? %ﬂ%’r ein said step of calculating the

viscosity @ntéﬁbdo@br&w@ﬂh@@ame@wkla@dcroumducrﬁmrzmhemrorsuneanao 41. The
nmet hod of

aim40 wherein said rst d sec fl
respectlv&)d!ﬁ%ﬁ'?ﬁéje&mb'ﬂ%ﬁaﬂﬂndﬁmeﬁﬂ'ﬂEBUQV"?F?SO ﬂgg\fst p%xgagﬁngqc Sity.
moni toring the bl 00‘i’ggﬁqﬁNdkeBl'Etsqlerﬂ‘ﬂcélY@dre%rﬁfﬁtl&%mﬁéﬁ@@oé’l?ﬁfh@fpbﬂgnttshe
0

change in colum he sald st and second_col ums bl ood, over
times - drcMaRngOddocgersas amepgendf Isbganrates anchFig e depiissaileoarithelc and

second flogveégarggs%ggg%sﬁ;everﬁq%paﬁaé 48166 Ol 4HBBIPbe RldEbtbY okt 8bleupRsd LT Ons |

and said s position change over tinme conprises
moni t or i ngddpicted rathgse igrapths! ammelmecghnatbematscallyaead tbakthefDRBECvigdometeand

second col ums of over 41 wherein
said fi rstz% 'GC'Qéﬁ‘iﬁBOY:%?Wgs grreg?%@ﬁ{;@@c;@%ar{% tg%m)sp Ere. 44. The
met hod of O a: m 40 \m@crrabuﬁe%aaméﬁmértasaedmemd_ nmdwmwopwwsumnheeop )
respective colums in uprig pasitions . and sa ni.t o t he
bl 00tP posi ©fi 1A f@ﬁhﬂ’é’éscﬁe’r‘“q é(?reci_i‘ 5@3’ ﬂ%ﬁﬁm{SﬂP @chﬁlgtlg%gﬂogqur{ %ggg

of said fipslinRRPneRCHREsERliIMEHSe ﬂéerqub&umtanagazbbm weaespdotive céumihe
nmet hod of a|m40 whereln said first ‘and sec go L ths c 4)% e
respect i veoldlidamis aditigsy thihassealy peigs@ssbands iprd 1GR3} fhe

bl ood posi 541@3 M ispB8SaBIE Bidod re &l h enddne@2i® mi ed.i ght
of em tted{hlsﬁg%a S Vr\grﬁéaﬂs' %@\f@%ﬂ%? sgach of salrd c\(l)ll grms 46. l 'lI{hfez_FHet hod

of ‘Clai m 45 wherein ISaaf@U@matSDeéesU@q’ﬁﬁ@oﬁr ﬁ‘aéc'BGs{qCét'%“ﬁgrRil any 70
U dele came I HERHICEREVER iehe S gl srohuTB DG EhfpR SHIPBRS.
f1 ow pat hsnotbypway ef lirekatent iRoe ezainplenthe ecapiliary §Rcapds posiiehedrher gar\t@"xt ep
of or vertically; the valve mechanism 46 does not neceséarily lhave' to be located at the
“elbow portions 50A/508B of the riser tdbes R1 and R2. Itis within the broadestl scope
of the invention to include various locations of the components within the blood
20 'recewmg means 22 wuthout devuatmg from the invention. In fact, the next embodlment
discussed below utilizes such various Iocatlons . L
In Figs. 13-21, there is'shown a more preferred embodlment 120 of the
DRSC viscometer described heretofore. This second embodllment.120 for all intents
and purposes is the same as the first embodiment 20 except for the location of the
25 valve mechanism 46; the use of a vaCutainer mechanism 101, the position of the
-capillary tube 52 and the requisite volume of blood that is used in the blood receiving
means. As a result, the equations (i.e., Equations 1-7) governing the operation of this
second embodiment 120 and the plots concerning the column levels’ time response
and viscosity (i.e., Figs. 6, 10A and 10B) are similar and will not be repeated here.
30 Thus, the common details of the construction and operation of embodimerif 120 will not
be reiterated. Furthermore, as stated previously with respect to the embodiment 20,
the capillary tube 52 used in the embodiment 120 does not necessarily have to be an



noni toring the blood position change over tine conprises nonitoring the
change in pressure of said first and second col ums of bl ood over 2 iMAB. 2004 -
2 MAR 200 3@o49ssoBbe nmethod of O aim 40 wherein said firstrambosenend fl ow
pat hs conprise respective colums in upright positions and said step of
nonitoring the blood position-change'o§ﬁr time conprises nonitoring the
change in nmass of said first and second colums of circul ating bl ood over

8 T TobAS oo S B oAbt by Pt e

moni t or i nqypde bl ood p05| tion change over tine conprises nonitoring the

change in volume of said first and_sec col m15 of ood oyer ti
The nethod of C ai mAS0CETLPEHEENIBNHS; §$ @’et?@ g‘?'@}?”&ﬁ% C%Prfﬁeél%lbg%dt he

t enper at urr@céﬁ/ ?he REFSASSYRE RRlyzeABult ﬁéﬂ@ﬁ aat '/%' Wwith theehlss R ceiving

tenperature o I ving berng during said step of nonitoring the blood
posi i on ohaargEZZ desqmdfaaflsqr d3|@,%d eCEiVing rpa@mu%gan PedlisRosAblg AfreC ai m

o orer el hsalel ALeh Bladhb el AshthaenbBaREcding midtid 122, £ RIERbAIGR

mai nt ai ni n terrpera rst and 15 | ow pat hs at
subst ant i aﬂtthr)g 14%(ssaifig. ﬂéhl[mmbiyaeoﬁretshm ﬂop\ﬂrud@fbeerrtgbelBﬂllmigﬂwhwsg!QEp of

nonitorin ood osi t.ion chan t 53.
The net ho%%‘f’h' tg %%'W gg %%g 'tstg%ad%titb% gqpnogqgal lrjl%lultg\{vf rﬁ%&vﬁ%f
circul ati nghyal (I THUE, B feinicile the de@Qéthe Bmddaeeéimngd\édmwmamle aderator
conprises estab |sh|ng afir

St | evel for said t colum of
bl 0@® and nreesey,disgpgagethe fl't%£1$? 8p g?ﬁY)a\{‘éeeE@r‘F aﬁ'ﬁm?é]#r@oﬁfbog sai d

first and second preHedsidod Rt¢ehvindiRbars X domsitesitheUaiaehechibhigh 46that The
met hod of Cl aim53 wherein said step of cal cul atjng the vi sc03| ty co%rl ses

det er mi ni nig newfibeated @t thextapeef fiser dufiecdRhengihe CB?'"%%‘Hbe 52 hps\hg
first and g %&%gﬁtwd@\;bés' RH- Qn RO! I M@trorkmu?aﬁné}“rﬁé&hams‘ﬂr?ﬁbi haber ein

h~ is said I rst unn and is said height of said second
col unm. 55becfraddedtotie tmootneaemrmnmwn Teawac@ﬁwr BYechanism 1;9t1|H¢§mttﬁe

R L g G i S
sai d step sibseglent didodg abhlysisi-tesi hematoctith studiesjpr iHewevesi itgsheyid) be
"2l 2 adarSiog ek “Aeveaéugae.ngﬂﬁa{;@n?ﬂﬁx?a%g & npltord ity bR RISy
' determmatvon and does not impede, in any way, the operation of the DRSC viscometer
120 in déterm_ining blood viscosity according to that described with respect to the
20 embodsment 20 in fact, the vac'uta'ir'\e'r rhechanism 101, as will be described below,
dlsengages from the valve mechanism 46 before the wscosnty test run begins.
The vacutamer mechanism. 101 comprises vacutamer 107 that is
-poSitionable by a vacutainer driver 109'. Operation of the vacutainer. mechanism 101 |
is depicted in Figs. 15, 16, 17A-17B and flowcharts Fig. 19A-19B. In particular, as
25 - shown most clearly in Fig. 17A, when the-deteétor 103 (e.g., a photodetector, photb-
eye, etc.) detects the first or mmal portion of the input blood from the patlent (via the
CBCM. 26), the. detector 103 alerts ‘the microprocessor 58 which, activates the
vacutainer driver 109 to drive the vacutainer 107 towards the puncturing means 111 |
(e.g., needle, Fig. 1 5) on the valvé mechanism 46 which punctures a piercable surface
30 of the vacutainer 107. Simultaneously, the procéssor 58 commands the valve driver
86 to place the valve in the first position (as shown in Fig. 17A). As a result, the first
or initial portion of the input blood flow is captured.in the vacutainer 107. After a fixed



io where _ | r _4kG'l ( nl | 2~pg~, ~"~3n+1~(~'~ and where ho = h~:0g -
h2(0); L~ = length of said passageway portion; i5 cp~ = inside WP 8004 of

sai d passagey@y/Redet i on; cpr di aneter of said fi rst or seCHuMILEHUM of
fluid and where cps < ~pr; = bI ood density; and P g = gravitational
constant. 20 57. The nmethod of Claim 56 wher ei n sai d step of cal cul ating

the viscosity, N, further corrprl ses u5| the determ ned val ues of n and k
in the equation: f~ =

and where tne, \t«oham‘@ﬁ’iﬁ?dﬁ oy Wﬁ‘feésp‘n 561?%“%3@&%3@%9%18}(}%? cﬁ%/g?’QO@ th ™"
pasSagemygﬁgﬁéé@hg'vgeﬁraﬂer 187ftom the Phﬁétbnrﬁ%r’ﬂlﬁ\@anﬁ 158. WAIh tRigpiti @ltpastidror

effecting cosity neasurenent circu atln% bl ood in aI|V|n(ﬂ1be|n ,
sai d appar af the inputiblosd figw captused imtba vaeulage d 0f oNSORSERIFN &8N FeMPKR

vascul ar s st em of bei e O 8SRGtatdCaridiyArig ends
and second @‘F\‘H@'"egébzeff tﬁgeq{ygpagpn%{dc%% éé’lgté?c{){egt Re? Vi aP% cap|¥ agry
tube ]Lgavi n%e?ﬁ?nﬁﬁrshi@werI@ﬁrs@te&ireemote];éloaatedl ve for controlling the flow of

circulating bl ood fromthe bein vascul ar es
said val ve being coupletiapgoys yg%@??opfeﬁas%{ Séﬁéh%iogﬁ@megf#% nr?jdrgfe/gpand
bei ng couplygg 1 GisSRidbetHEDAGuLAIREr FIT faﬂﬁihezr&rn,cmmgrmhMStu 1sme¢reeesser 58 or
controlling said.-valve to 20 permt the flgw o ?%lnto tn(f:l
CUbes wher lssoeormends tivalve Bt G todape (s YA i ecsaDof Heliddh (Fig

respective 1‘7%3%95 rOQR fHqupwbﬁdeffeamﬁérstimerr%t@p wmedusenalbgm d@bvsmhé)el ng
arranged f erati sal

valve to isolate said ? ube tl
- 2 MBR ZOOQeAmUeeR&thDUQ@stbaIcapl”éVs\‘i?eﬁf'%Hpt'fl*fﬁtr'sﬁﬁgﬁ}?og 955“ ie‘tﬁ ood
in said pai Oft%rfsl%fgn RANASSitor TR %ld%!&%df&rﬁﬁs%égcrbﬁb@rg WHe’rhn&ﬂtﬁinhQével

rmnltorlng S|t|on change 1 n one of said tubes and for detectlng

at | east ongtédtocsb @etsctslajpredetermmedﬂm hendtisforagitae prasessy $&Thedy, i
cal culating t

of - 1 I 9 RiRnhathds of
d ai m 58 V\/r%r@“?f:\{ @Wﬁﬁ??@?%&?ﬁg%&r rgga;tge I@% %gglog? |unc-ﬁhg‘ﬁgl eas?hgne
bl 00d posi tdghsm bf ﬂslbed Mriwtrmed?bfeashesihg; (bigs. tdhand $§26), m«:qlwmnmj bloge

g gf’?hsggs%é%g?ﬁﬁ‘gyﬂ@ed%&r pgge Srrg ¥hén %Iuﬁﬁﬁ 19y WRGtoras deTQ&s?rERW Hads of

been reached the processor 58 actuvates the valve drlver 86 to rotate the valve into the -

third posrtron (Fig. 17C), thereby rsolatlng the two columns of blood from the mput
blood ﬂow while simultaneously begrnnmg the vistosity- testrun. This vrscosuty test run

is srmrlar to that described earlier with respect to embodlment 20 and, as such, will not

20 be repeated here. ' -

- Alternatlvely, as mentioned earlier, the. embodlment of Fig. 14 can be
altered so that only one column level detector 56 is used t monrtor one of the columns
of blood and the smgle pomt detector 954 is used to ‘obtain one data point from the
level of the other column. In partrcular the column. Ievel detector 56 can be used to

25 detect the falling column of blood in the first riser tube Rt and the S|ngle point detector
954 can bé used to detect the predetermined 'lef\/el; hgy, of the rising column of blood
in riser tube R2. Thus, it is within the broadest scope of the invention to cover the use:
of one column level detector for monitoring the change in position of the blood colurin
in one riser tube and the use of a single po_'int'detec':tor for detecting a single point ofthe

30 blood eolumn in the other riser tube. it should be understood that any one point of the
blood column can be detected by the 'sing_le point detector 954. The preferred point

is the initial column level for the viscosity test run, namely hy; or hgy. However, any



I'0 adapted for effecting the viscosity nmeasurenent of circulating blood of
a living being in real-tinme. 61. The apparatus of O aim 60 furttleMAR 2004
conpri ses n¥h8/IBI6 venti ng said second end of said ot her BEEUSH/28A9d pair
of tubes to atnosphere. 62. The apparatus of C aim60 wherein said anal yzer
detects i5 the change in weight of sai d%]fpair of tubes over tine to effect
said nonitoring of the blood position change. 63. The apparatus-of C aim 60

wher ei n Sgc#tﬁerrrfo?rﬂ‘?ﬁfllev nn%ufnmé; bield d@ﬂ%@héetetﬁe'ao% dﬁgﬁésgmo f

position rst co espect to0 one of
t ubes and . se‘@cﬂﬂiafiweﬁet est position of a second colum 20 of bl ood with

o et ot NeTo A8 oR ko Bl SRR orSPbbdd Bheehlifs VR PoR 1 T
appar at us ghowsd lalmgﬁiizomler i partiaular, (e nisemltuuesl:l%'saaai RZdelgenh@rttuuwm@dﬁd and
wherein sai.d first retfg&m@a tlon ri, Ses, [

a-firs
200 23 heiRJfEeBNALE P a%'asedrd “i%&%?ﬁ&cﬁvf‘ee'ﬂ%%?fa
position C&ﬂﬂla'r?@lérr%& eSDNH gbﬁlchlafﬂ eeltnledhtomfe c%mdrﬁ@en@elt £33 fofs afforih 0od.

65. The afgarat us of Claim wher ei n sai:d anal yzer  detects the change in

col utm  heifgiing sleexathptisiides oaiasbansridbe @thScﬁOAbao@)éOBs Aspshome most

appar at us I

hei ght by ct |ﬁ%%‘héﬂ?§%€% @]féilné’rﬁalsﬁé%h g%igliqﬁﬁg%gﬁygﬁ (?snéhe top of
each of. salademdl exbmornt 857, torh:errmppanattwrbul@nce:laathn d&wm@gdnlmoctaas'seernom ed

Si | s ar | 6 said
angl zer tﬁ(e, E@ hg&ﬁ’é’lt%‘lﬁw‘dg‘o g%?r'r@}gew&gq% m%%‘ Wéﬁ%ﬁyﬁﬁé@m umm
hei ght of aad dp frito sisetialefRB-ond col ums of bl ood. 69. The apparat us of

Cl ai m 64 wherein -sai yzer detects anage i,n pressyre of said first
and second col ums dE ﬁP@gd%Sv%c?m{qdnﬂu dh"i’et &lﬁ @81”’ rECaViithi F‘&Pl‘ﬁg"aﬁo?"the
bl ood posi émaadlnlmmdrscmedTmempaw aierslyoéxeauaanm SOvatisise comdiiaions afyzer
detects the chaqu\e g g} sal air  of tHbefs 10 eff&}pt sai d
noni t or i ngCYPPE %I%&Eaﬁ&sﬁl" ﬁ%‘l’lﬁn&’ Ich V%{ﬁl&r%l gisfogms dhap those

four tsher coggydf@bmgd.ggogwhé@rﬁmnt al. cont roI neans, said environnental
control neans maintaini ng t'he_bl ood .in said capil I ary tube at- substantially

the same tenperat ur d\o$h QVﬁbll‘q an| H it is within the broadest Scope of the invention to
mclude any means and/or method for detectmg the movemenit of the columns of blood

in'the rlser tubes R1 and R2 (or detectnng the movement of only one of the columns
while detectlng a srngle pomt from the other column) and, as such, IS not limited to the

20 LED array 64/CCD 66 arrangement nor even limited to the column Ievel detectors
54/56. In fact, the followrng type of physrcal detectrons (lndlcated by “SENSOR 1" and
“SENSOR 2" in Flg 18) are covered by the present mventlon

. d(Weight)/dt: the change in welght of each column of fluid with
_ o respect to time using a werght detecting means for-each column
25 . of fluid as the sensor; e.g., w,(t) -~ wy(t);

d(Pressu re)lclt:lhé cha'née in pressure of each column of fluid with
respect to time using a pressure transducer located at the top of
each column of fluid; e.g., p,(t) - p,(t);

30
time of flight: the length of time it takes an acoustic signal to be
emitted from a sensor (e.g., ultrasonic) located above each column
of fluid and to be reflected and return to the sensor; e.g., time of
- flight,(t) - time of flight,(t); '
35

d(Volume)/dt: the change in volume of each column of ﬂurd with
respect to time; e.g:, V,(t) - Vz(t)



being during the tinme said anal yzer couples said pair of tubes together.
72. The apparatus of Claim 71 wherein said environnmental controly wERIr2804
nmai nt ai ns t\QS 0%9)99 in said pair of tubes at substantial | yctf€eens2192 MAR

- 200 44 sane tenperature of the living being during the tine said analyzer
coupl es said pair of tubes together. 73. The apparatus of C aim 63 wherein
said respective initial positions of t%& blood in said pair of tubes is
established by the operation of said s analyzer. 74. The apparatus of Claim
64 wherein said first initial height and said second initjal height are
establ i shed by the oper ad(Position)diathe chaRes ipositipn of eaeh salumNleNs YNy ai m
63 wherein sai d positi onadfigitahevidsioeamera; &8i. osdbr Fos)uBBY changes
conprises the novenent of a respective level of said first and second

col ugns of bl ood novi ng d(Masp)idisthesctaingedn mass withdesnest t ¥imedeeaghal yzer
det erm nes the differencelwahoeflbid agem gk dytespective | evels. 76. The
apparatus of C aim64 wherein said position of the blood in said pair of

t ubes changes conprirReEGDS 68 miap Beenl onverttiohblaedicandnearficuanssiiitdbie r.st
initial. height and a rising colum of hlood a 0, i.d cond.ipjtial
hei ght, saing iamupijakie TRENPERMIFHEN (N OBBBBch%\Q% Eha&éﬁdﬁ 031?’6@&%8 Eﬁl"si ng
col of et | i . temsutinee &dreentigies iCCDNadquisticrai d
fal #mg c%%n%g@ng?'godﬁg?§?&T\ﬁgbgplggr_at us olf é:l aihm 7Els;v¥ner in ;‘;i d at

| east one softoade.2d heolsER| asrays Hsaan beiimplemented yth vaHety Gfg'.ghfﬁn?”?ﬁﬁar at us

of Cl aim 64 wher el i d: apal yzer determnes the difference values of said
hei ght s ofmg%@ggg%ﬁ@g&g@gbl'ood over time, known as hi(t) - _h2(t) wherein

h~(t) is said heightFudhesaord, ftier doorc®h ofrthephousing 806an Be @opfigureddpeei ght
of said second, colu of., bl oad: . ' fA1S..

3 ai m 76 dheoe fondite Shiery Sae pepiing 6VEE 8P dubs dEin MoRGHB BERIAReE:, |
col ymns oftogh@gbod%awming?miﬁms.22‘dsre722.mni toring the blood position change
for a period of tine, 80, The appat of. . i j ' VzZer s
cal cul ates the vi scaaneyi e figBfigo gty Shudih bl bRk ihEpfon

consi st encyp bREa20 t&incRidd duxiiagopvessura\e igndepressyre ssutgievasighias: a pump) as

h=(t)-h~( tt)h-e~nt|]o:tfvae‘3(fg>]Fcle’fgrt n%\ﬁrr\]g e ¢ oTJrﬁnsnof blood 82/84 during the test run, as opposed |

to venting each of the riser tubes R1 and R2 to the ambient atmosphere. '
20 It should be further understood that although the display 28 provides an -
efficient means for conveying the viscosity data to the user, the broadest scope of the:
DRSC viscometers 20 .and 120 does nbt require the display 28. Rather,aslongasthe -
viscosity data is available to any output means 30, the objectives of the present. "
invention are met. Furthermore, it should be understood that the analyzer/output portion
25 24 in embodiments 20 and 120 can accomplished by a any laptop personal cofnbuter-
| and is not limited in any way by that which is depicted in Figs. 2-3. _ _
| The blood réceiving means 22 and 122 of the respective embodiments 20
- and 120 are typically located to be at a position.that is lower than the patient’s heart.
By doing this, gravity assists the venous pressure in conveying the circulating blood to
30 the blood receiving means 22/122, but this also prevents any backflow of blood into the
patient during the prelimin_ary hook up and viscosity test run. | .
It should be understood that where a re-usable blood receiving means 22
is used in embodiment 20, or where a re-usable blood receiving means 122 is used in
embodiment 120, the step “insert disposable set” in Fig. 9B and Fig. 198, respectively,

35 is omitted.



where _ | _4kL~l r n 1r ~.'1 2 Cpg~OXBn+1~~~~~ |oandwhereho—h(na
h2(0); L~ = length of capillary tube; cps = inside dianeter of R 2004
capil lary twoe/36p6 = di aneter of said colums of bl ood anBCTUHNEIWPs <
cpr; i5 P = blood density; and g = gravitational constant. 81. The
apparatus of C aim 80 wherein said analgger cal culates the viscosi ty, p,
using said determ ned values of n and K 1n the 20 equation: " _. =klyl where

- 2 MAR 2U04 46 Y_ ﬁngﬂéu@%n b bel no?erbbd thiter Qxent‘bﬂlakl”@érrhbﬁ meo‘rﬁ!réféntr@?' n

said capillary tube ~ = anet er
The appar arheibocdffnﬁnanmoﬁﬁommnm rrslrmaihranaf beed 84 wﬁbﬂm%@@umnﬁ@@ée@pw@

nonitor f each of ald alr f .t C C t rs
nonitori ng’sta}‘f’eo%OSS ?)Hkq"f PEe @‘ﬁéﬁ'ﬁ@’ ?ﬁu%@i%b?%osds@cgleé\f’agﬁ?ga lH% thohe
?ppﬁr at us rfseGh gha?@aemﬁeqmr?fgmng eshent Bms mmtmus merpsmgeconm?eét ive
i ght arrays and charge coupl ed devi ces t us aim
83gwﬁer ei rP¥%%ﬁﬂ§S & ”Eﬁgoc ?%B&f‘ﬂ tptRg SigRt 2] 4 5 éy@”édhﬁr‘?@ EPHMD 1] Peof
light em %6mg>r9d ofewe Fﬁf‘@wﬁmh fhd br‘&%ﬁéstjs%obé%?'lm@ﬁv@nﬁdd WTheate nieans

respective tu | ong .t h of said . The apparatus of Claim
58 wher ei riorsﬁllamngr\@ﬂ mpemﬁrpg |ttyesm|sa wben tﬂaﬁ faltmrg aelmrols mgnitared fivothe

position ¢ nge aid tubes; and 20 a detector for. detecting the
~at | east o%ii n&%@;:{&gﬁ in the other of said tubes. 86. The apparatus

of C aim 85 wher-ei n|tsﬂuodldmiao bemotesitpat thes the DRI viagaragtermal angHZOgan
| COUpl ed d%\g Ss?eo( chetermme %e v1sco%Q)Q %f Ztgzher non-Newtonian fluids: (e. 9. onls palnts
' cosmetlcs etc ") and is not limited to biological fluids such as blood ' :
Wlthout further elaboration, the foregoing will so. fully tllustrate our
nventxon and others may, by applymg current or:future knowledge readily adapt the _

same for use under varlous conditions of servnce



87. The apparatus of Claim86 wherein said |ight array conprises a
plurality of light emtting diodes arranged in linear fashion to)ijArupgpate
said one of said tubes along the length of said tube. 88. The apparatus of
Claim 85 wherein said detector conprises 5 a light emtting diode and a
phot odet ector. 89. The apparatus of C ai4g 60 wherein said pair of tubes is
di sposabl e. 90. The apparatus of Claim wherein said val ve nechanismis
di sposabl e. C.! g@% The apparatus of C aim 58 wherein said anal yzer further
conprises a ner, said container collecting an initial portion of the
flow of circulating blood fromthe being s vascul ar system 92. The
apparatus of Claim91 wherein said anal yzer further conprises a detector
adj acent an input port of said valve for detecting said i5 initial portion
of the flow of circulating blood fromthe being's vascular system 93. The
apparatus of Claim 92 wherein said valve isolates said container fromthe
bei ng' s vascul ar syst ém whiAneapparatuisifor detedmirdng thef viscdwity df@a ndre bei ng' s
vascul ar system 94. The apparatus of Cl aim82 wherein one of said

respectiye RewiBmiahaluid 866eMtifal BhBaLARESUShEAdeSEasing bréssurefdifferefitiaii r  of
tubes in order for said analyzer to isolate said pair of tubes fromthe

bei ng's vasgud ~A.method for determning the viscosity of
circulati nggg'fjgéoodﬂééfugr%ngl nsé )ei ng, said nethod conprising the steps of:

- 2 MAR 2004 48 (a) providing.,access.to the circulatin | aod the living
bei ng 1o form an. | npue THrGHPBISERY SRIcFRurEe sraypiRd fb9Vele PoBePpl said | npu
flow into one end of a pair of tubes coupled together via a passageway

havi ng sonel¥AtRAceRAMA ers, said 5 i nput flow passing through a first one
of said pair of tubes, through said passageway and into a first portion of
a second one of said paiapiltary tuliseBaving erfitet endwand arsecesd end; saiddstiend i n
said first and second tubes; (c) isolating said respective colums from

sai d i npat bbiry coupled tdthie idreNeodonianfluif séureepl ood in each of said

colums changes; (d) nonitoring the blood position change in one of said
colums of bl ood over ztddgRtuseAaving one end coupled to said second end of said
capillary tube and another end being exposed to atmospheric pressure, said
riser tube being positioned at an angle greater than zero degrees with respect
to said horizontal reference position;

15 a sensor for detecting the movement of the non-Newtonian fluid,
caused by said decreasing pressure differential, through said riser tube at plural
shear rates as the non-Newtonian fluid moves from the non-Newtonian fluid
source, through said capillary tube and into said riser tube, said sensor
generating data relating to the movement of the non-Newtonian fluid over time;

20 and

a computer, coupled to said sensor, for calculating the viscosity of

the non-Newtonian fluid based on said data relating to the movement of the

non-Newtonian fluid over time.



(e) detecting at |east one blood position in the other one of said_ colums
of blood; 15 (f) calculating the viscosity of the circulating bl godl MR &4
on said blood position change, said at |east one blood position and on

sel ected known paraneters of said passageway. 96. The nethod of C aim 95
wherein said step of detecting at |east e blood position in the other one
of said colums of blood conprises 20 nohitoring the bl ood position change

in the other one of sgid cglu I . ein. sal of

cal culating the vi scogi ty @hﬁﬁﬁ%@%@ﬁ%@f?&%ﬁ@ %@@%‘gﬁ @}’gﬁgsed on said
bl ood position change in each of said colums of b]ood and gn said sel ected
known par anBegifigned vedically wdtbJgepgst to SalJ @fm?@de rARCHPOSHBR- net hod of
Claim96 wherein said step of calcul ati n? the viscosity of the circulating
bl ood i s conducted i n3real Themppagstus Dfi€laim hadheseingaid no-Newltenianflydi d
respective colums of blood are in upright positions and said step of

moni tori ng {h@eldivathtingbloodof & livingtatngaad the mendvewtontesfluidisourse isg t he
change in columm hei ght of said respective columms of blood over tine. 99.

The nmethod e GASHURSY YRR itRe fAhd befigimms of bl ood conprise respective
col ums of ood 1 n upright positions and said step of nonitoring the bl ood

position change over i nme | ] i Qi %&% i mm

hei ght of at | east ong" of sﬁgﬁn%gﬂcazﬁﬁjﬁnqugéf&gqHgggégﬁ‘sedro%{t?ma. 6%ﬁe§ﬁéfjnet hod
of Cl aim 98 wherein,pne .end.of said pair_ of tubes |s.vented to anbi ent

at nospher e. CT@@.&' '%Qi)or?gt'ﬂc?d"vd'f’g %F"g'igmgg'fl W@éﬁus C?:’3'1'i“?sf's|"%%pecti ve col urms are
in upright positions and said step of nonitorin he bl ood positjon change
15 over time conprises noniatlﬁmeﬁ‘garfme@r@rhﬁmwpq@é}%me Yﬁscélg?rcfyﬁt%ﬂé’gti ve
colums of circulating blood over tine. 102. The nethod of C aim 97 wherein
sai d respecthevbeingt uims are in upright positions and said step of

nmoni toring the bl ood position change over tinme conprises nonitoring the

time of 141 ight of emtted gigHiebStubewhadmgtiespdstiviedirsbéndmcdupiéd sasdid
colums. 103. The method of Caim 102 wherein said emtted signals are

acoust ¢ dngﬂgé@if%r}l@gfeipgingig@%lgﬁ}n& BlooffRSrfi S bUING! 8he of Sbid St NIbAST ONt 1 S
comprising a capillary tube having some known parameters;
a valve for controlling the flow of circulating blood from the

being's vascular system to said pair of tubes; and

15 an analyzer, coupled to said valve, for controlling said valve
to permit the flow of blood into said pair of tubes whereupon the blood in each
of said pair of tubes assumes a respective initial position with respect thereto,
said analyzer also being arranged for operating said valve to isolate said pair of
tubes from the being’s vascular system and for coupling said pair of tubes

20  together so that the position of the blood in said pair of tubes changes, said
analyzer also being arranged for monitoring the blood position change in one of

said tubes and for detecting at least one blood position in the other one of said

tubes and for calculating the viscosity of the blood based thereon.



-2 MAR 2004 50 105. The nethod of C aim 97 wherein said respective colums
are in upright positions and said step of nonitoring the bl ood posi2t MaR 2004
change over tine conprises nonitoring the change in pressure of said
respective colums of blood over tinme. 5 106. The nethod of C aim 97
wherein said respective colums are in gﬁright positions and said step of
nmoni toring the blood position change ov time conprises nonitoring the
change in nmass of said respective colu of . cir (o gver time.
107 “The et hod of a1 & m optareparaids 4l Braitis Serdh YA koS aig
upright positions and said step of nonitoring the blogd position, change
over tinme cafpprgediondaiesting aldeastona blrgd Hqsiﬂ\?GI'ﬁr%e 8&“%8"& ofsaid bese
colums of bl ood over tine. 108. The nethod of C aim 97 further conprising
the step of comprises nanitoring the hisedapasitiorochangednghe othigrane ofisaidibghemt i al |y
the same 15 tenperature of the living being during said step of nonitoring
the bl ood position chgnge Thesppdratas péClaimed edieneinsaid Apparabes iset hod of
Claim 108 wherein said step of nmintaining the tenperature further

conpri ses 'y&%l%h%r'&rféaﬁ\ RERASRIsHY e subeinent SERREAANR 198b8BRE IRing

substant1 al e sane tefperature of the living being Zo during said step
of nonitoripg.the position change in said respective colums. 110.
The net hod gg'”@l'ﬁir%lagﬂﬁherei n said step of directing said input flow of

circulating blood intg one_end of ai.r. af tubes co i §€es. ablishing a
first pre-test level for S;ﬁaqqp,agqatug(gp‘mnb “8166%’8 %hojsggﬁﬁ.lﬁpgsd}a@a -2
MAR 2004 51 test level for said second colum of blood, said first_and

second pr e- 8€eand endpadyieigupen saidaRParatys additionsily epmprises MeaNS O hod of
Claim 110 wherein said step of calculating the viscosity conprises

det er mi ni ngvelntirfigesaid second eads of sai phihef ybes tothaambientfatmespberng. second
colums of fluid over tinme, known as h~(t) - h2(t) wherein h~ is said

hei ght of said first gol umrhangpafatus of dlainhe wereiplsaidiafalyzendetects then.

112. The nethod of C aim 111 wherein said step of cal cul ating
change in weight of said pair of tubes over time to effect said monitoring of the
blood position change.
9. The apparatus of Claim 6 wherein said respective initial
positions comprise a first pre-test position of a first column of blood with respect
15 to one of said pair of tubes and a second pre-test position of a second column
of blood with respect to the other of said pair of tubes, said first pre-test position
and said second pre-test position being different from each other.
10. The apparatus of Claim 9 wherein said pair of tubes are
oriented upright and wherein said first pre-test position comprises a first initial
20 height of said first column of blood and said second pre-test position comprises
a second initial height of said second column of blood.

11.  The apparatus of Claim 10 wherein said analyzer detects

the change in column height of said first and second columns of blood.



t'he viscosity further conprises detecting an offset of said heights of said
first and second colums, known as ~h. io 113. The nethod of C aimd MAR 2004
wherein said step of calculating the viscosity further conprises using
h~(t) - h2(t) and Ch to determ ne the consistency index, k, and the power

| aw i ndex, n, as given by: h~(r)-hz(r)- ~j’2~—-~C~-~)ar+( ~h~- ho)~" n where 1

I4th<ﬁ rfn | I 15 a=-z ~Pg~~ ~3n+1~(~' ~"and where ho = h~(0) - h2(0); L~ =
dianeter of said firsiZo zeg%%hgﬁaaﬁﬁﬁﬂ&ﬁﬁftwﬁ%eﬂa%%ﬁ@%iﬁ?%%rdﬁg@ps )

bl ood density; and P g = gravitatjonal const 2004 .52 114. The
met hod of - ChIhaNERge iR eoki Baiont by gtestingane Sia okl amBedsignale
further conprises using the determ ned values of n and k in the equation: ~
= k 1Yl"_~ ®wardrtke yog eheagh glpaid rolumns.and where Q = volunetric flow rate
in said passageway ~= passageway di aneter; and to = shear rate. Y 115. The
net hod of O aim 95 whéBei nThaiappatatps of CﬂmmnZiwhngremcsas‘semmadwsgnahswleat| ng
bl ood of the |iving being conprises collecting a finite anobunt of the
initial goorgbéubt@fsgﬁmg input flow of circulating blood into a 15

cont ai ner. AA A .Au . A .Ay. AYh2 .A A .Ac. A Y2 _Au Al .AA

{.As. Aar. A . AN9 A( A@i ipé%gﬁ%ﬁéﬁuﬁgmﬁm E@Whef?em%'g%l ﬁﬁéﬁyfﬁnéﬁaeé

JAa. A(@A . A A CAA

T R A O e ek -

second columns of blood.

15. The apparatus of Claim 10 wherein said analyzer detects

10 the change in pressure of said first and second columns of blood over time to
effect said monitoring of the blood position change.

16. The apparatus of Claim 6 wherein said analyzer detects the
change of volume in blood of said pair of tubes to effect said monitoring of the
blood position change.

15 17.  The apparatus of Claim 6 further comprising environmental
control means, said environmental control means maintaining the blood in said
capillary tube at substantially the same temperature of the living being during
the time said analyzer couples said pair of tubes together.

18. The apparatus of Claim 17 wherein said environmental

20 control means maintains the blood in said pair of tubes at substantially the
same temperature of the living being during the time said analyzer couples said

pair of tubes together.
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20 determines the difference values of said heights of said columns of blood over

time, known as hs(t) - ho(t) wherein h4(t) is said height of said first column of

blood and hy(t) is said height of said second column of blood.
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Q = volumetric flow rate in said capillary tube

5o capillary tube diameter; and
10 = shear rate.

28.  The apparatus of Claim 6 wherein said analyzer operates
said valve to isolate said pair of tubes from the living being’s vascular system
while simultaneously coupling said pair of tubes together.

29. The apparatus of Claim 6 wherein said analyzer comprises

15  a respective monitor for each of said pair of tubes, each of said respective
monitors monitoring the blood position change in said respective tubes.

30. The apparatus of Claim 29 wherein said respective
monitors comprise respective light arrays and charge coupled devices (CCDs).

31. The apparatus of Claim 30 wherein each of said respective

20 light arrays comprises a plurality of light emitting diodes arranged in linear

fashion to illuminate a respective tube along the length of said tube.

32. The apparatus of Claim 4 wherein said analyzer comprises:
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37. The apparatus of Claim 6 wherein said valve mechanism is
15 disposable. |
38. A method for determining the viscosity of circulating blood
of a living being, said method comprising the steps of:
(a) providing access to the circulating blood of the living being to
form an input flow of circulating blood;
20 (b) dividing said input flow of circulating blood into a first flow path
and a second flow path into which respective portions of said input flow pass,
one of said first or second flow paths including a passageway portion having

some known parameters;
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10 parameters of said passageway portion.

39. The method of Claim 38 wherein said step of detecting at
least one blood position in the other one of said first and second flow paths
comprises monitoring the blood position change in the other one of said first
and second flow paths and wherein said step of calculating the viscosity

15  comprises calculating the viscosity based on said blood position change in each
of said first and second flow paths and on said selected known parameters of
said passageway portion.

40. The method of Claim 39 wherein said step of calculating
the viscosity of said circulating blood is conducted in real-time.

20 41. The method of Claim 40 wherein said first and second flow
paths comprise respective columns of blood in upright positions and said step of

monitoring the blood position change over time comprises monitoring the

change in column height of said first and second columns of blood over time.
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change in weight of said first and second columns of circulating blood over time.
45.  The method of Claim 40 wherein said first and second flow
paths comprise respective columns in upright positions and said step of
monitoring the blood position change over time comprises monitoring the time
15 of flight of emitted signals towards the top of each of said columns.
46. The method of Claim 45 wherein said emitted signals are
acoustic signals.
47. The method of Claim 41 wherein said column height is
monitored by a digital video camera.
20 48. The method of Claim 40 wherein said first and second flow
paths comprise respective columns in upright positions and said step of

monitoring the blood position change over time comprises monitoring the

change in pressure of said first and second columns of blood over time.
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ga?Sk= 10 paths comprise respective columns in upright positions and said step of
monitoring the blood position change over time comprises monitoring the
change in volume of said first and second columns of blood over time.
51. The method of Claim 40 further comprising the step of
10 maintaining the temperature of said passageway portion at substantially the
same temperature of the living being during said step of monitoring the blood
position change in said first and said flow paths.
52. The method of Claim 51 wherein said step of maintaining
the temperature further comprises maintaining the temperature of said first and
15 second flow paths at substantially the same temperature of the living being
during said step of monitoring the blood position change in said first and said
flow paths.
53. The method of Claim 41 wherein said step of dividing said
input flow of circulating blood into a first flow path and a second flow path
20 comprises establishing a first pre-test level for said first column of blood and a
second pre-test level for said second column of blood, said first and second pre-
test levels being different from each other.

54. The method of Claim 53 wherein said step of calculating

the viscosity comprises determining difference values of said heights of said
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the viscosity further comprises using hq(t) - hx(t) and Ah to determine the

consistency index, k, and the power law index, n, as given by:

I = a(t) ~ Ak = _{("_n—_l)m (o _hg)%},._,

10 where

=1{s) FlE)

and where

ho = h¢(0) - h2(0);
L. = length of said passageway portion;
15 @ = inside diameter of said passageway portion;
@, = diameter of said first or second column of fluid and where @ <<< @y,
)= blood density; and

g = gravitational constant.

20 57. The method of Claim 56 wherein said step of calculating
the viscosity, 4, further comprises using the determined values of n and k in the

equation:

[

n=ky
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and where
Q = volumetric flow rate in said passageway portion
5 4= passageway portion diameter; and

y-= shear rate.

58.  An apparatus for effecting the viscosity measurement of
circulating blood in a living being, said apparatus comprising:

10 a lumen arranged to be coupled to the vascular system of the
being;

a pair of tubes having respective first ends and second ends, said
first ends being coupled together via a capillary tube having some
known parameters;

15 a valve for controlling the flow of circulating blood from the
being's vascular system to said pair of tubes, said valve being
coupled to a second end of one of said pair of tubes and being
coupled to said lumen; and
an analyzer, coupled to said valve, for controlling said valve to

20 permit the flow of blood into said pair of tubes whereupon the
blood in each of said pair of tubes assumes a respective initial
position with respect thereto, said analyzer also being arranged

for operating said valve to isolate said pair of tubes from the
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pair of tubes changes, said analyzer also being arranged for

monitoring the blood position change in one of said tubes and for

detecting at least one blood position in the other one of said tubes
5 for and calculating the viscosity of the blood based thereon.

59. The apparatus of Claim 58 wherein said analyzer being
arranged for detecting at least one blood position in the other one of said tubes
comprises monitoring the blood position change in the other one of said tubes.

60. The apparatus of Claim 59 wherein said apparatus is

10 adapted for effecting the viscosity measurement of circulating blood of a living
being in real-time.

61. The apparatus of Claim 60 further comprises means for
venting said second end of said other one of said pair of tubes to atmosphere.

62. The apparatus of Claim 60 wherein said analyzer detects

15 the change in weight of said pair of tubes over time to effect said monitoring of
the blood position change.

63. The apparatus of Claim 60 wherein said respective initial
positions comprise a first pre-test position of a first column of blood with respect
to one of said pair of tubes and a second pre-test position of a second column

20 of blood with respect to the other of said pair of tubes, said first pre-test position
and said second pre-test position being different from each other.

64. The apparatus of Claim 63 wherein said pair of tubes are

oriented upright and wherein said first pre-test position comprises a first initial
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65. The apparatus of Claim 64 wherein said analyzer detects
the change in column height of said first and second columns of blood.

5 66. The apparatus of Claim 65 wherein said analyzer detects
said change in column height by detecting the time of flight of emitted signals
toward the top of each of said columns.

67. The apparatus of Claim 66 wherein said emitted signals are
acoustic signals.

10 68. The apparatus of Claim 64 wherein said analyzer includes
a digital video camera for detecting the change in column height of said first and
second columns of blood.

69. The apparatus of Claim 64 wherein said analyzer detects
the change in pressure of said first and second columns of blood over time to

15  effect said monitoring of the blood position change.

70. The apparatus of Claim 60 wherein said analyzer detects
the change of volume in blood of said pair of tubes to effect said monitoring of
the blood position change.

71.  The apparatus of Claim 60 further comprising

20 environmental control means, said environmental control means maintaining the
blood in said capillary tube at substantially the same temperature of the living
being during the time said analyzer couples said pair of tubes together.

72. The apparatus of Claim 71wherein said environmental

control means maintains the blood in said pair of tubes at substantially the
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5 analyzer.
74. The apparatus of Claim 64 wherein said first initial height
and said second initial height are established by the operation of said analyzer.
75. The apparatus of Claim 63 wherein said position of the
blood in said pair of tubes changes comprises the movement of a respective
10 level of said first and second columns of blood moving in opposite directions
and wherein said analyzer determines the difference value between said
respective levels.
76. The apparatus of Claim 64 wherein said position of the
blood in said pair of tubes changes comprises a falling column of blood away
15 from said first initial height and a rising column of blood away from said second
initial height, said analyzer monitoring the blood position change of said rising
column of blood and detecting said at least one blood position from said falling
column of blood.
77. The apparatus of Claim 76 wherein said at least one blood
20 position is said first initial height.
78.  The apparatus of Claim 64 wherein said analyzer
determines the difference values of said heights of said columns of blood over
time, known as hy(t) - ho(t) wherein hy(t) is said height of said first column of

blood and hx(t) is said height of said second column of blood.
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the blood position change for a period of time.
80. The apparatus of Claim 79 wherein said analyzer
5 calculates the viscosity using hq(t) - ho(t) and Ah to determine the consistency

index, k, and the power law index, n, as given by:

In(t)—hz(t)—Ah:—{(n l)aa+(Ah o) v }4
where

“=‘L(g$)(MZJ(§J

10 and where

ho = h4(0) - h2(0);

L. = length of capillary tube;
¢. = inside diameter of said capillary tube,
= diameter of said columns of blood and where @, <<< ¢,
15 = blood density; and

g = gravitational constant.

81. The apparatus of Claim 80 wherein said analyzer
calculates the viscosity, 4, using said determined values of n and k in the

20 equation:

|}

u=ky

where
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5 ;= shear rate.

82. The apparatus of Claim 60 wherein said analyzer
comprises a respective monitor for each of said pair of tubes, each of said
respective monitors monitoring the blood position change in said respective

10 tubes.

83. The apparatus of Claim 82 wherein said respective
monitors comprise respective light arrays and charge coupled devices (CCDs).

84. The apparatus of Claim 83 wherein each of said respective
light arrays comprises a plurality of light emitting diodes arranged in linear

15  fashion to illuminate a respective tube along the length of said tube.

85. The apparatus of Claim 58 wherein said analyzer
comprises:

a monitor for monitoring the blood position change in one of said

tubes; and

20 a detector for detecting the at least one blood position in the other
of said tubes.

86. The apparatus of Claim 85 wherein said monitor comprises

a light array and a charge coupled device (CCD).
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88. The apparatus of Claim 85 wherein said detector comprises
5 alight emitting diode and a photodetector.
89. The apparatus of Claim 60 wherein said pair of tubes is
disposable.
90. The apparatus of Claim 60 wherein said valve mechanism
is disposable.

10 91. The apparatus of Claim 58 wherein said analyzer further
comprises a container, said container collecting an initial portion of the flow of
circulating blood from the being’s vascular system.

92. The apparatus of Claim 91 wherein said analyzer further
comprises a detector adjacent an input port of said valve for detecting said

15 initial portion of the flow of circulating blood from the being'’s vascular system.

93. The apparatus of Claim 92 wherein said valve isolates said
container from the being's vascular system while coupling said pair of tubes to
the being's vascular system.

94. The apparatus of Claim 82 wherein one of said respective

20 monitors detects a predetermined level in one of said pair of tubes in order for
said analyzer to isolate said pair of tubes from the being's vascular system.

95. A method for determining the viscosity of circulating blood

of a living being, said method comprising the steps of:
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(b) directing said input flow into one end of a pair of tubes coupled
together via a passageway having some known parameters, said
5 input flow passing through a first one of said pair of tubes, through
said passageway and into a first portion of a second one of said
pair of tubes in order to form respective columns in said first and
second tubes;
(c) isolating said respective columns from said input flow so

10 that the position of the blood in each of said columns changes;

(d) monitoring the blood position change in one of said columns of
blood over time; and

(e) detecting at least one blood position in the other one of said
columns of blood,;

15 (f) calculating the viscosity of the circulating blood based on said
blood position change, said at least one blood position and on
selected known parameters of said passageway.

96. The method of Claim 95 wherein said step of detecting at
least one blood position in the other one of said columns of blood comprises

20  monitoring the blood position change in the other one of said columns of blood

and wherein said step of calculating the viscosity comprises calculating the
viscosity based on said blood position change in each of said columns of blood

and on said selected known parameters of said passageway.
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respective columns of blood over time.

99. The method of Claim 95 wherein said columns of blood
comprise respective columns of blood in upright positions and said step of
monitoring the blood position change over time comprises monitoring the

10 change in column height of at least one of said columns of blood over time.

100. The method of Claim 98 wherein one end of said pair of
tubes is vented to ambient atmosphere.

101. The method of Claim 97 wherein said respective columns
are in upright positions and said step of monitoring the blood position change

15 over time comprises monitoring the change in weight of said respective columns
of circulating blood over time.

102. The method of Claim 97 wherein said respective columns
are in upright positions and said step of monitoring the blood position change
over time comprises monitoring the time of flight of emitted signals towards the

20 top of each of said columns.

103. The method of Claim 102 wherein said emitted signals are

acoustic signals.

104. The method of Claim 98 wherein said column height is

monitored by a digital video camera.
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over time comprises monitoring the change in pressure of said respective
columns of blood over time.

5 106. The method of Claim 97 wherein said respective columns
are in upright positions and said step of monitoring the blood position change
over time comprises monitoring the change in mass of said respective columns
of circulating blood over time.

107. The method of Claim 97 wherein said respective columns

10 are in upright positions and said step of monitoring the blood position change
over time comprises monitoring the change in volume of said respective
columns of blood over time.

108. The method of Claim 97 further comprising the step of
maintaining the temperature of said passageway at substantially the same

15  temperature of the living being during said step of monitoring the blood position
change in said respective columns.

109. The method of Claim 108 wherein said step of maintaining
the temperature further comprises maintaining the temperature of said
respective columns at substantially the same temperature of the living being

20 during said step of monitoring the blood position change in said respective
columns.

110. The method of Claim 98 wherein said step of directing said
input flow of circulating blood into one end of a pair of tubes comprises

establishing a first pre-test level for said first column of blood and a second pre-
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5 first and second columns of fluid over time, known as h4(t) - hx(t) wherein hq is
said height of said first column and h; is said height of said second column.
112. The method of Claim 111 wherein said step of calculating
the viscosity further comprises detecting an offset of said heights of said first
and second columns, known as Ah.
10 113. The method of Claim 112 wherein said step of calculating

the viscosity further comprises using h(t) - hx(t) and Ah to determine the

consistency index, k, and the power law index, n, as given by:

n-1 Nk
h(t) = haot)— Ah = —{(T)at +(Ah -—ho)T}
where

i5 o= ’;_(’g%)"(snnﬂj(%i)

and where

hg = h4(0) - h2(0);
L. = length of passageway;
¢ = inside diameter of said passageway;,
20 @, = diameter of said first or second column of fluid and where @ <<< @y
)= blood density; and

g = gravitational constant.
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and where
Q = volumetric flow rate in said passageway
4= passageway diameter; and

10 ;= shear rate.

115. The method of Claim 95 wherein said step of providing
access to the circulating blood of the living being comprises collecting a finite
amount of the initial portion of said input flow of circulating blood into a

15 container.




