WO 01/ 36936 PCT/ US00/ 28249 1 DUAL RI SER/ SI NGLE CAPI LLARY VI SCOVETER

SPECI FI CATION 5 BACKGROUND OF THE | NVENTION This invention rel ates
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|l iquids, and nore particularly, an apparatus and nethods for neasuring the
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Seplowitz, et al., Atherosclerosis 38, 89-95, 1981; Hyperviscosity Syndrome in a

Hypercholesterolemic Patient with Primary Biliary Cirrhosis, Rosenson, et al.,

20 Gastroenterology, Vol. 98, No. 5, 1990; Blood Viscosity and Risk of Cardiovascular

Events:the Edinburgh Artery Study, by Lowe et al., British Journal of Hematology, 96,
168-171, 1997; Blood Rheology Associated with Cardiovascular Risk Factors and

Chronic Cardiovascular Diseases: Results of an Epidemiologic Cross-Sectional Study,

by Koenig, et al., Angiology, The Journal of Vascular Diseases, November 1988;
25 Importance of Blood Viscoelasticity in Arteriosclerosis, by Hell, et al., Angiology, The

Journal of Vascular Diseases, June, 1989; Thermal Method for Continuous Blood-

Velocity Measurements in Large Blood Vessels, and Cardiac-Output Determination,

by Delanois, Medical and Biological Engineering, Vol. 11, No. 2, March 1973; Eluid
Mechanics in Atherosclerosis, by Nerem, et al., Handbook of Bioengineering, Chapter

30 21, 1985.
Much effort has been made to develop apparatus and methods for
determining the viscosity of blood. Theory and Design of Disposable Clinical Blood

Viscometer, by Litt et al., Biorheology, 25, 697-712, 1988, Automated Measurement

of Plasma Viscosity by Capillary Viscometer, by Cooke, et al., Journal of Clinical




of Plasma Viscosity by Capillary Visconeter, by Cooke, et al., Journal of
Clinical WO 01/36936 PCT/US00/28249 2 Pathol ogy 41, 1213-1216, 1988; A
Novel Comwpobesdszed Vi sconeter/ Rheoneter by Jinmenez and Kper/iusoo/i8ess.
Scientific Instrunments 65, Vol 1, January 1994; A New Instrunent for the
Measurenent of Pl asma-Viscosity, by Jgohn Harkness, The Lancet, pp.

280- 281, August 10, 1963; Blood Visco$ity and Raynaud' s Di sease, by
Pringle, et The Lancet : I\/Eas renent of
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disclo and apparatus for determining 25 the bl ood viscosity
usi ng aprDVidwanAMl irdipatessure source and a pressure transducer. The
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4,519,239 (Kiesewetter, et. al.); 4,554,821 (Kiesewetter, et. al.); 4,858,127 (Kron, et.
20 al.); 4,884,577 (Merrill); 4,947,678 (Hori et al.); 5,181,415 (Esvan et al.); 5,257,529
(Taniguchi et al.); 5,271,398 (Schlain et al.); and 5,447,440 (Davis, et. al.).
The Smythe '063 patent discloses an apparatus for measuring the

viscosity of a blood sample based on the pressure detected in a conduit containing the
blood sample. The Kron '097 patent discloses a method and apparatus for determining
25 the blood viscosity using a flowmeter, a pressure source and a pressure transducer.
The Philpot '538 patent discloses a method of determining blood viscosity by
withdrawing blood from the vein at a constant pressure for a predetermined time period
and from the volume of blood withdrawn. The Philpot '363 patent discloses an
apparatus for determining blood viscosity using a hollow needle, a means for
30 withdrawing and collecting blood from the vein via the hollow needle, a negative
pressure measuring device and a timing device. The Ringrose '405 patent discloses

a method for measuring the viscosity of blood by placing a sample of it on a support



pressure neasuring device and a timng device. The Ri ngrose' 405 patent
di scl oses a nethod for neasuring the viscosity of blood by placing a
sanpl e ofwob1/8d93@ support WO 01/ 36936 PCT/ US00/ 28249 3 apdr/asecastiong a
beam of |ight through the sanple and then detecting the reflected Iight
while vibrating the support at a given frequency and anplitude. The
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fluidity of blood by drawing the bl ood throu%ﬁl a capillary tube suring
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determ ning blood viscosity of a_bl ood sanple ov é)jl V\(/Lde.ran e of .shear
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bl 00d s@apmclRIcSAHE Bsa of o6 PaFdg| I612RBEEs ofld Rowsy@sin dokRbipatienwithissiidwses an
apparatus that detects the change in viscosity of a blood sanple based on
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bl ood s@etetmining blobdivigtositpaf a bidod sampleadey -aavidemadge whshear rates. The
20 Merrill '577 patent discloses an apparatus and method for determining the blood
viscosity of a blood sample using a hollow column in fluid communication with a
chamber containing a porous bed and means for measuring the blood flow rate within
the column. The Hori '678 patent discloses a method for measurement of the viscosity
change in blood by disposing a temperature sensor in the blood flow and stimulating
25 the blood so as to cause a viscosity change. The Esvan ‘415 patent discloses an
apparatus that detects the change in viscosity of a blood sample based on the relative
slip of a drive element and a driven element, which holds the blood sample, that are
rotated. The Taniguchi '529 patent discloses a method and apparatus for determining
the viscosity of liquids, e.g., a blood sample, utilizing a pair of vertically-aligned tubes
30 coupled together via fine tubes while using a pressure sensor to measure the change
of an internal tube pressure with the passage of time and the change of flow rate of the

blood. The Bedingham '328 patent discloses an intravascular blood parameter sensing



30 coupled together via fine tubes while using a pressure sensor to neasure
the change of an internal tube pressure with the passage of tinme and the
change ofwédbosesat e of the blood. The Bedi ngham 328 pat entT/@sECISe®ES an
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5,224,375 (You et al.); 5,257,529 (Taniguchi et al.); 5,327,778 (Park) and 5,365,776
20 (Lehmann et al.).
The following U.S. patents disclose viscosity or flow measuring devices,
or liquid level detecting devices using optical monitoring: U.S. Patent Nos. 3,908,441
(Virloget); 5,099,698 (Kath, et. al.); 5,333,497 (Brnd Dag A. et al.). The Virloget '441
patent discloses a device for use in viscometer that detects the level of a liquid in a
25 transparent tube using photodetection. The Kath '698 patent discloses an apparatus
for optically scanning a rotameter flow gauge and determining the position of a float
therein. The Brnd Dag A. '497 patent discloses a method and apparatus for continuous
measurement of liquid flow velocity of two risers by a charge coupled device (CCD)
Sensor.
30 U.S. PatentNo. 5,421,328 (Bedingham) discloses an intravascular blood

parameter sensing system.



sensor. 30 U.S. Patent No. 5,421, 328 (Bedi ngham discloses an intravascul ar
bl ood paraneter sensing system WD 01/36936 PCT/US00/ 28249 5 A statutory
i nvent i oowoegs®se ati on, HI3 (Matta et al.) discloses an pppasariss49and

met hod for neasuring el ongational viscosity of a test fluid using a novie
or video canera to nonitor a drop of the fluid under test. The foll ow ng
publications discuss red blood cell déformability and/or 5 devices used
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ci rcul atory Ch&l‘&CtEl‘lStl%g of the blood sanple are for a period of 3
hours thredugiseCarporatian. 1993t he patient's circul ating bl ood. That assurrption
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need is a further object of this invention to provide viscosity

measur |8¢gn%1rwhcd®¢d@@d @5 tdoerd sl yiscesityl detarminatians; hfeapp@ﬁ,rsstpt@xhwt
i"sr cul as v%gal |8rﬂﬂc§nteéra%ba%[2§e For example, among other things, the Hevimet 40

device appears to require the use of anti-coagulants. Moreover, this device relies on

the assumption that the circulatory characteristics of the blood sample are for a period
of 3 hours the same as that for the patient’s circulating blood. That assumption may
not be completely valid.

20 Notwithstanding the existence of the foregoing technology, a need
remains for an apparatus and method for obtaining the viscosity of the blood of a living
being in-vivo and over a range of shears and for the provision of such data in a short
time span.

OBJECTS OF THE INVENTION

25 Accordingly, it is the general object of the instant invention to provide an

apparatus and methods for meeting that need.

It is a further object of this invention to provide viscosity measuring an
apparatus and methods for determining the viscosity of circulating blood over a range
of shear rates, especially at low shear rates.

30 It is still yet a further object of this invention to provide an apparatus and
methods for determining viscosity of the circulating blood of a living being (e.g., in-vivo



of shear rates, especially at |ow shear rates. 30 It is still yet a further
object of this invention to provide an apparatus and nethods for

det er m nimgovd@eosity of the circulating bl ood of a |ivinpgcbhesegpses. g.,

i n-vivo WO 01/ 36936 PCT/ US00/ 28249 6 bl ood viscosity measurenent) w thout

the need to directly neasure pressure, flow and volune. It is yet another

object of this invention to provide ar? I ndication of the viscosity of the

circulating blood of a livi ing, in a shqrt an of time. 51t is yet
ot her DBRHuEeosty PeSuranient RO Redd i ks &iRSSire prasar e Adwadd” f o
measur i ygytfee viscosity of the circulating blood of a living being and with

mnimal invasiveness. It is still yet another object of the present
i nvention to provitdeyahanethpaohjest ofithis inventiae to providaair indicating ofiteeéosi ty

of the circul ati blaood of . a Jivif . bein h .naot require the
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mgterials. It is gis et wAbtieibjetadttars ibhbrtdn @ prdaderesapparafcahdon to

provi de an apfparat us and net hod for neasur he vi scosmé of blood of a
R

I N t
i vi ng methasistiRamagsuEng e vissasiti e the sireyiatiod blpdseofax aaaeing anthyibhor e

or oxygﬁlrihimjaﬁnlvtasi'\,?négé'll yet anot her object of the present invention to
provi de an Tapparatus and nethod for determ ning the viscosity of the

circul ating bl oodt isacstillepgosaothensobjedthot the gresarti ionenotion e grbeidé amto a
conveying neans (e.qg., peedle) when that a Is.coupled to .g..,
noert caopHaBS A piiadieio! Mdasulng the VegetBandonercoR BB DI ot ibes en
hRventl Béﬁngo%h{ég%él? néf reaQiré‘]Bng F&é’%faﬁﬂi-%é@tﬂgﬁtsf ®Br CRASTUERENicERE or

circulating Viscosity o I ving being™ that conprises disposable
por t i onkiofagicallyiactie® matgrialsst eri |l e envi ronnent, ease of use and repeat

testing. It is stjll t _another object of the pr nt iavention.to provide
a bl ood viscosi t@' @E}ﬁ‘?ﬁ (?.'vger‘h%rbcgﬁg{ §§Jegﬁaf tﬁ?&twgagﬁf@&eﬁ@%m&"h&ge ?'ﬁe

t hi xot r gpharafR 4Hd Plethdtfor AReddupiag thé VistssiBVeNblyEd oRa LI bey BRlt dokst he
present invention to provide an apparatus and nethods for determ ning the

yi el d spetgequise theblogdrte RegxnRsed|to #MOsRNEre afP¥E8Br anot her obj ect of the
Riesent invention,tg sﬁﬁloyétdgn%er object of the present invention to provide an

apparatus and method for determining the viscosity of the circulating blood
contemporaneous with the diversion of the blood into a conveying means (e.g., needle)
when that means is coupled to, e.g., inserted into, the patient.
It is still yet another object of the present invention to provide an
20 apparatus and methods for measuring the circulating blood viscosity of a living being
that comprises disposable portions for maintaining a sterile environment, ease of use
and repeat testing.
It is still yet another object of the present invention to provide a blood
viscosity measuring apparatus and methods for determining the thixotropic point of the
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 present invention to provide an
apparatus and methods for detecting circulating blood viscosity to evaluate the efficacy
30 of pharmaceuticals, etc., to alter blood viscosity of the circulating blood of a living

being.



apparatus and nethods for detecting circulating blood viscosity to eval uate
the efficacy 30 of pharmaceuticals, etc., to alter blood viscosity of the
circul atiwgobseed of a living being. WO 01/ 36936 PCT/ USOBCP@Re28240 1t 1S
even yet another object of this invention to provide an apparatus and

met hods for detecting the viscosity ot7 the circulating blood of a patient
while negating the effects of venous’pressure. SUMVARY OF THE | NVENTI ON 5
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pgessure. The ri sigraccoRfance vacme @étféd:t at th@d’in&é&ﬁlﬁ@ & gpparatidispraeded
degrees with respect to the horizontal reference position; and a sensor
for detfecdetegtingtherposament ofs fluid at plusal$hearafes UBgaRe RS IBA BIRFURR essur e
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ri ser trefgenta paSIQOI&Cb;ﬂ?W raB'OIIStbr aamhgarflrammmh nabé sebmmd }amwwrnEr@n tleenfirst
apparatus is _provided for defermning the viscosi t of a non ni an
fluid REsH fiyig CoBNaMMICALALWIth the H{jd goﬂf&@r%&§?f S%@gg‘uS@eoﬁffér\&‘ﬁﬁ dal .
EBG apRgr gé?&.weﬁa e fﬂw@%é\eeﬂém?ﬁ&heﬁ ng%ﬁ%‘&ﬁﬁos@oe%aét%s?HQH@ a
ori zonta erence position; a capi aving a 20 first end and
second mreelsweer'l'menrls;metuberlstposltnbnledi atgan(an]gleedreaielt ﬂlamwml\lée@r@lesamthf | ui d

t d led to t d
capi | | 4P5PEeia e B anTrEre Bhte Baron s pseae o drrRlnhlis BorblBOt e and
wher ei oftthe fluic Kauke@®y thé d@@ﬁéééu@pfés%ur@mf@?@ht%l ahesIdgH thehiseraape atlegr ees
with respect to the horizontal erence position; a sensor for detecting

t he novalushshedr rates asdhe NummﬂV%mfrtpmdhdflwgs;O@mﬁs through thexfloys resister apd
essur f through the riser tube at plural shear rates as the
v{ﬁ@dﬂ gr{?ﬁq?gﬁa%gnoves fromthe non-Newtonian fluid source, through the

capl | lary tube ang adcdordadee withesindthbe aspect ahthisinventionsanappacdosriat es

data relating to the novenent of the non- NeWtOI‘llﬁl fluid over tine; and a
conput dirovided for determining the viscosity of a non-Newtonian fluid over plural shear rates

using a decreasing pressure differential. The apparatus comprises: a non-Newtonian
fluid source elevated above a horizontal reference position; a capillary tube having a
20 first end and a second end wherein the first end being coupled to the non-Newtonian
fluid source; a riser tube having one end coupled to the first end of the capillary tube
and another end that is exposed to atmospheric pressure and wherein the riser tube
is positioned at an angle greater than zero degrees with respect to the horizontal
reference position; a sensor for detecting the movement of the non-Newtonian fluid,
25 caused by the decreasing pressure differential, through the riser tube at plural shear
rates as the non-Newtonian fluid moves from the non-Newtonian 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 fluid over time; and a computer,
coupled to the sensor, for calculating the viscosity of the non-Newtonian 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



coupled to the sensor, for calculating the viscosity of the non-New oni an
fluid based on 30 the data related to the novenent of the non-Newtonian
fluid ovavobi/am36 I n accordance wi th another aspect of thiBCT/vg@mseon an
apparatus is provided for effecting the viscosity neasurenent (e.g., in
real -tinme) of circulating blood WO 01/,36936 PCT/ US00/ 28249 8 in a living
bei ng. The apparatus conprises: a Iungn arranged to be coupled to the
vascul ar s e bei bes havi n ective first ends
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a livi bel ng rises the steps -of: (a) providing access
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I n accordance™w t anot he aspect of this 1nvention an apparatus is
portions of the input flow pass and wherein one of the first or second flow paths

20 includes a passageway portion having some known parameters; (c) isolating the first
and second flow paths from the input flow and coupling the first and second flow paths
together so that the position of the blood in each of the flow paths changes; (d)
monitoring the blood position change in one of the first and second flow paths over
time; (e) detecting at least one blood position in the other one of the first and second

25 flow path; and (f) calculating the viscosity of the circulating blood based on the blood
position change and on selected known parameters of the passageway portion.

In accordance with still another aspect of this invention an apparatus is
provided for effecting the viscosity measurement (e.g., in real-time) of circulating blood
in a living being. The apparatus comprises: a lumen arranged to be coupled to the

30 vascular system of the being; a pair of tubes having respective first ends and second
ends wherein the first ends are coupled together via a capillary tube having some

known parameters; a valve for controlling the flow of circulating blood from the being’s



provided for effecting the viscosity neasurenent (e.g., in real-tinme) of
circulating blood in a living being. The apparatus conprises: a | unen
arranged wo obsssoupl ed to the 30 vascul ar system of the bepchgsocspai r of
tubes having respective first ends and second ends wherein the first ends
are coupl ed together via a capillary tube having sonme known paraneters; a
val ve for controlling the flow of cirgulating bl ood fromthe being' s WO

01/ 36936 PCT/ US00/ 28249 9 vascul ar, systemto the pair, of tubes, wherein the
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circulating blood of a livin bej ng. The, met hod %o;@riq?ss t he steps of:
(a) prowthar Age sk thestubes anddog aletlado dee Missenity ok theitiopd bhsed areefs o for m
g, nput 11 ow of &l Seiradh mﬁt'hog%l:ar(&heﬂbésgéﬂmhwwém h 4 hfthodi i 0 one

end of a pair of es coupl ed together via a passageway havi ng some known
15 par apreviges fahdetebyinirfgethenpsitosity devgpas seal-tinhe )onf gircelating doashef alivingie pai r

f tubes, t t I nt i t ' f d
of the Being. the Matad SarPisarape slereatre) bQyEing oEceBameES RinReFed: and
second &4R8%vingDeir f?Jt fﬁzmglﬁmoﬁggﬁt fId\ﬁ%Pﬁi?éd%léﬂ?\%@lbﬁm)fdﬁr@ﬁtirﬁ@ﬁhd' input fidw ow so

that the position ogf _ in each of col umms changes;
noni t orintgondendbbadaiposiubes coupieddegether via arpassagenay hayingriemekn@wn bl ood

I’ coamme BhEEHY W dhoot Aok RiRer HECoR S sk Yol O isFoth SPIRRE, 21 g
bl ood b@msashmetgesalbway apdsntoi ofirstpertion of blsecand beesif teepaipbbtutbepdsi t i on

and on sel ected known paraneters of the passageway. DES PTI ON OF THE
DRAW NCBdes texfRen respective saumpsip die fit and éga%g dubesit (g deolging e

| nvent | olkhle cdim8finh InGRRLEALRHBANARR JodfichASRnB BRSSEH d2h'dTithe
under st'064 y reference tot
columns changes; (d) monitoring the blood position change in the respective columns
20 of blood over time; (e) detecting at least one blood position in the other one of the
columns of blood; and (f) calculating the viscosity of the circulating blood based on the
blood position change, the at least one blood position and on selected known
parameters of the passageway.
DESCRIPTION OF THE DRAWINGS

25 Other objects and many of the intended advantages of this invention will

be readily appreciated when the same becomes better understood by reference to the
following detailed description when considered in connection with the accompanying

drawings wherein:
Fig. 1 is a block diagram of the dual riser/single capillary (DRSC)

30 viscometer;



foll owi ng detailed description when considered in connection with the
acconpanyi ng drawi ngs wherein: Fig. 1 is a block diagramof the dual
riser/simgbet/s@aps | |l ary (DRSC) 30 visconeter; W 01/ 36936P@UTAWRB04928249
10 Fig. 2 is a front view of one enbodi nent of the DRSC vi sconeter
depicting the respective housings for_the blood receiving neans, with its
door opened, and the analyzer/output Worti on; Fi g. 2Ais a front view of
t he enbodi nent of _t he DRSC vi sconet

o Lh
col umn | evel det eElork is @pirarlyieN PE Oges?’ﬁ‘&gg et ?tbﬂkq @3%9 V'g"ﬁ%ﬂe e§e| s a
si de V' ¥pigling e r@QB@&llv@wusﬂfgsﬁbethe%lo&d &cefbingmeahywith ﬂgabo%@&f@m of

t he V|sconeter just prior to making a viscosity test run; Fig. 5is a
functi oamii thee amlymrﬁjutphbpm vi sconmeter during the viscosity 10 test

fia n the ri SEp hBa o P ERRESGRERIENS ot PReL PRESHEMESTPlY st

ran;  Fi g9put wih-onéofdReicelunii fevePaeRIctss r@élabé@wnhla/gng&pb@nt dsteefort he DRSC
vi sconeter just prior to, and during, th VISCOSIty test run; 15 Flg 8 is

a bl ock di agram fbig. Bh%amﬁ%@ﬁﬁﬁt%ﬁb%ﬂ@ﬁ gbFige®s novenent of the
col unm of T1urd | BigeRRh fhcliBifaldiatibml 4R DRECIs¥ahb i fudtpRERIgThakiRg NS O S:

Figs. 9A - 9B conp O €6 w ch the opera Ion
vi sconeh &iscodfly tastrur;,0A depicts a graphical representation of the viscosity

ates: Fi o) 108 oo Bis hnghericereme It ORSE ecotoe B ARG IR VSR ¢ ne

Vigscosi tﬂ;n;a living pat | ent's circulating blood plotted against the

'ogarithm of shear rates; 25 Fig. 11 depicts an inplenentation of the

capillary and ri sEig. 6dbpicpmgria@hicablfeprd:&ethmwﬁm:r@iSpeﬁ@/aMansfo(yJid 12 is

a parti althgrr%Sé? tu %%téf‘lﬂé‘ IDI-A\/éSV\\flstcaolﬁee Jef !jﬁ)n {hen\(/als&ozsn%/%egt run 11.

Figs. 7A - 7C depict the operation of the valve mechanism of the DRSC
viscometer just prior to, and during, the viscosity test run;

15 Fig. 8 is a block diagram for the DRSC viscometer which detects
movement of the column of fluid in each of the riser tubes using various types of
Sensors;

Figs. 9A - 9B comprise a flow chart of the operation of the DRSC
viscometer,;

20 Fig. 10A depicts a graphical representation of the viscosity of a living
patient’s circulating blood plotted for a range of shear rates;

Fig. 10B depicts a graphical representation of the logarithm of the
viscosity of a living patient’s circulating blood plotted against the logarithm of shear
rates,

25 Fig. 11 depicts an implementation of the capillary and riser tube portion
of the blood receiving means;

Fig. 12 is a partial cross-sectional view taken along line 12-12 of Fig. 11.

Fig. 13 is a block diagram of a second more preferred dual riser/single
capillary (DRSC) viscometer;

30 Fig. 14 is a front view of the second embodiment of the DRSC viscometer
depicting the respective housings for the blood receiving means, with its door opened,

and the analyzer/output portion;



Fig. 13 is a block diagramof a second nore preferred dual riser/single
capillary (DRSC) visconeter; 30 Fig. 14 is a front view of the second
enbodi newo of/3a9be DRSC vi sconmeter depicting the respectipersusisegs for
the bl ood receiving neans, with its door opened, and the analyzer/output
portion; WO 01/36936 PCT/ US00/ 28249 hl: Fig. 14Ais a front view of the
enbodi nent of the DRSC vi sconeter of Ig. 14 but with one of the colum
| evel detectors replaced with a single point, detecior; ig.. 15 is a
functional di agr afigefl48tg asﬁeﬂhﬂe\é’r%cﬁﬁ? moweﬂhe}%ﬁﬁgﬁ @ﬁ%?é’ 9 ust
prior t | hs P tedtdrs Yeplabed With o Gk pBitdetider am of
t he sec@ﬁg?{gR{qg‘f/ghnéhg%gﬁ{et%é&@ﬁegegé@?tsego%t%‘? d%ri hg at he vipscosiety t est
run; Figs. 17A - RigC18épadundtiopabgiagean of the se¢ondvambedimeri afitherDRSE he
second errbodi{;emt of . the DRSC vi scomgt‘er lust prior to, and during, the
vi scosi fI§CQBSIEr JUghpriof ip maéx_lngl%wsgoglsbe(% Wi agram for the second
egbodi ment of t herigR$E is HifssAIIRLEAIagktr bf 48d s6édndEmMeBRIMerftiof the DRSO M of
fluid in each of the riser tubes using various types of sensors; Figs. 19A
- 19B cdsgamneter alufingwhe Niscositf tesheursper ati on of the second enbodi ment of
t he DRSC vi sconet gr_; Fi 2 P Gt ] ' f LI lary
and riser tube poEpFOE{§AOT g?%ﬁ%ﬁ%of@%ré%%lg\t}{)ﬁ?f Hgnq}saﬁéoﬂ%cﬁgnfssgggﬁgﬂé
enbodi ngsdonefenbediPRRCoiths DRSC &tscofidder jibsigprio? 1o, iandalupiagy) thelviscosity test
cross-sectional view taken along line 21-21 of Fig. 20. DETAILED
DESCRI FHNON OF THE PREFERRED EMBCDI MENTS One of the key innovations of the
resent inventiongis 4igh t g Hﬁf&j 2of tHd Bragcpl ural
gﬁear rates usi ngFlg'Jreecfse%Z’?cﬁ'g %rggrsﬁrfépgﬁ %g(rxgﬁrﬁ/i%a : 'Il'rﬁlég 0can e seen
nmost clviscdmefen Whigh dedesthinodverhentsofahé Icolwins ofiflaid it eagh of theeriséntubeat i ng
bl ood of .a |ivi né:; bei ncg via a circul ating bl ood conveying neans 26)
el evat e¥FIBYFEOR tW@F’i G'8P"Sr ef erence position (hfef). The figure also
depicts a flow r?ﬁi?%? 90A(-e18B comprigald fib@ ohdrtBEtH2dp&YibAHfARE seednd N
fluid communication with the fluid source (e.g., via 25 a riser tube Rl)
and i t serabhdimenidf thepIRSC viscametefer tube (R2) that is exposed to
quTospher i c. presspioe o3 oid bn ifipBiRGHERG ol heleifidry hAbifiser tRbEHYA' Ve
of the blood receiving means for the second embodiment of the DRSC viscometer; and

Fig. 21 is a partial cross-sectional view taken along line 21-21 of Fig. 20.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

One of the key innovations of the present invention is the detection of the

20 movement of a fluid at plural shear rates using a decreasing pressure differential. This
can be seen most clearly in Fig. 16 which shows a fluid source (e.g., the circulating
blood of a living being via a circulating blood conveying means 26) elevated above a
horizontal reference position (h,,). The figure also depicts a flow resistor (e.g., a
capillary tube 52) having one end in fluid communication with the fluid source (e.g., via
25 a riser tube R1) and its other end coupled to a riser tube (R2) that is exposed to
atmospheric pressure. As will be discussed in detail later, when a valve mechanism
46 is opened, the fluid moves from the fluid source, through the flow resistor and up the
riser tube, initially at a high rate and then slowing due to the decreasing pressure
differential, i.e., over a range of shear rates. A sensor (e.g., a column level detector
30 56) detects this movement of the fluid through plural shear rates. When this height vs.
time data is provided to a computer (e.g., a processor) along with the parameters of the

flow resistor, the viscosity of the fluid over plural shear rates can be determined. This



46 is opened, the fluid noves fromthe fluid source, through the flow
resistor and up the riser tube, initially at a high rate and then sl ow ng
due to tiwodesdeasi ng pressure differential, i.e., over BCT/AR@=S2f9 shear
rates. A sensor (e.g., a columm |evel detector 30 56) detects this novenent
of the fluid through plural shear ratgg. When this height vs. tine data is
provided to a corrputer (e.g., a procesSor) along with the pararreters of the
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of the pr esent I nvention to negat e pressure at OW shear ' rates
measur i prgferablevi $¢ aegate mnm&m@sauﬁmgﬁeﬂta@ﬁjow sbeaiates, mifwmtheall\bn@od of

a livi .bei ng.,s.sh eneral at 20 Wi 1. The dual r/single
capi || &%&f‘%?%‘ st?%ﬂ???wégég% %[:g)sarg&%' Pglocﬂew ng neans
22 and an anal yZAﬁ/aﬂuﬁrmt/eragphrams aAd métRo@ af tmresénﬁﬁumm Méd"a@e DRSC
vi sconmeter 20 through a circulating blood conveying neans 26, e.g

needl e, Prgasyre atdew sheaprates forgneasyring thetviegasity ptfculatwg deeqml%tn@nt
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ser vi cedwdlling catheter, etc., or any equivalent structure that can convey circulating blood
20 from a patient to the DRSC viscometer 20. As will be discussed in detail later, the
analyzer/output portion 24 provides a display 28 for presenting the viscosity
information, as well as other information to the operator. The analyzer/output portion
24 may also provide this information to other suitable output means 30, such as a
datalogger 32, other computer(s) 34, a printer 36, a plotter 38, remote
25 computers/storage 40, to the Internet 42 or to other on-line services 44.
The blood receiving means 22 basically comprises a valve mechanism
46 coupled to a first riser tube R1 on one side and coupled to a second riser tube R2
via a capillary tube 52 on the other side. The capillary tube 52 is of small uniform
inside diameter, e.g., 60mm-length, 0.8mm inside diameter. When the circulating blood
30 conveying means 26 (hereinafter the “CBCM 26") is coupled to the blood receiving
means 22, the valve mechanism 46 controls the flow of blood into the receiving means



The bl ood receiving neans 22 basically conprises a val ve nechanism 46
coupled to a first riser tube RL on one side and coupled to a second riser
tube R2 woavas@apillary tube 52 on the other side. The ceprAkewag2idube 52
is of small uniform inside dianeter, e.g., 60nmIlength, 0.8mm i nside
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an el ongat €d tube but nma rise a vari et configurations such as a
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control unit 80, pRrHodld bhe BhdBBtdRT thal He eaplliaryta6eBg ddwchotiiedeasamyy B2.
The first colum |evel detector 54 nonitors the level of blood in 20 the

f i rst rhaeg ta b@enriongated Hbeaskulgnay cemprise [aevasietyjef e_nfiguraontosiichi@sat he

veI of cbﬁjp‘fa??glbaggéé&e second riser tube R2. The processor 58 (e.g., a

greater, or any equivalent) is arranged to anal yze

the data f rom t heThebealyeesobthub portmind24 bhsivhidt eormprsdd adrdstvucmamalle\xel
therefrom as will also be discussed m@%etall | at er Fur.t her t he
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other Ogack-up battery B2. The first column level detector 54 monitors 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" microprocessor 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.
Furthermore, 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
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/output



means 30. The processor 58 also controls the valve nechani sm 46 based on
the data fromthe detectors 54/56, as will be discussed |later. Battery Bl
provi des vab b1/adf93¢ he requisite power to the anal yzer/ out ppCT/OS60I2824 24,
with battery B2 serving as a back-up povver supply. The bar code reader 78
and the environnental control unit 80 be 30 described later. As shown
nore clearly in Figs 2 and 3, the pre]lénrred enbodi nent of the DRSC
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and buttons may be avaif \ Fgg"{ﬁ‘ O%‘ asthB

i nvention 20 is not Ilrﬁﬁ%-&”‘{% R &ccbs shown in F|g 2.
NBr eover, the di splay 28 can be operat ed to mnimze or maximze, or

overlay any parti cul aralghapuineriekeypad 68creen, as is available in any

emergency stop button 70
20 battery status indicators, 72A and 72B, and
function buttons 74.

It should be understood that any equivalent display device is within the broadest scope
25 of the invention. Thus, any number of user interfaces and buttons may be available
through the display 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
maximize, or overlay any particular graphic or text screen, as is available in any
conventional object-oriented operating system, such as Microsoft® WINDOWS.
30 The lower 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 device) 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 column,
various pixels in the CCD 66 will either detect the light from the LED array 64 (no fluid



conventional object-oriented operating system such as Mcrosoft(r)

W NDOWS. 30 The | ower housing 60 conprises the blood receiving neans 22 and
the twowobusa3sd evel detectors 54 and 56. In the preferrpdresmsesent ,
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I nf or magiodshéwn) that is provided on one of the riser tubes (e.g., R2). The bar code contains
20 all of the predetermined data regarding the characteristics of the capillary tube 52 (e.g.,
its length and diameter) and the characteristics of the riser tubes R1 and R2. This
information is passed to the processor 58 which is then used to determine the viscosity,
as will be discussed in detail later. The bar code reader 78 passes this information to
the processor 58 via the wire harnesses discussed earlier. It should be understood that
25 the location (on the door 76) of the bar code reader 78 is exemplary only and that other
locations within the unit are encompassed by the scope of the invention.

It should be understood that the brackets 47 do not interfere in any way
with the column level detection since the movement of blood in each of the
corresponding riser tubes R1 and R2 that is being monitored during the viscosity test

30 run is in between the upper and lower bracket 47 pairs.
The door 76 also supports an environmental control unit 80 (e.g., a

heater, fan and/or thermostat) such that when itis closed in preparation for the test, the



t he processor 58 via the wire harnesses discussed earlier. It should be
understood that 25 the location (on the door 76) of the bar code reader 78
I s exenplvapy1/86Be and that other |ocations within the unpCT/@s@/Bamonpassed
by the scope of the invention. It should be understood that the brackets 47
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The batteries B1/B2 may comprise a 12VDC, 4 amp-hour batteries, or
20 any equivalent power supply (e.g., batteries used in conventional lap-top computers
such as lithium ion batteries). The display 28 provides the status indicators 72A/72B
for each battery in the DRSC viscometer 20. In particular, when the DRSC viscometer
20 is operating off of battery B1, the two battery indicators 72A/72B appear on the
display 28. However, once battery B1 is depleted, the battery B1 indicator 72A
25 disappears and the battery B2 indicator 72B blinks to warn the operator that the DRSC
viscometer 20 is now operating off of the back-up battery B2 and re-charge of battery
B1 is necessary.
Alternatively, the embodiment of Fig. 2 can be altered so that only one
column level detector 56 is used to monitor the level of one the columns while a single
30 point detector 954 is used to obtain a data point from the level of the other column. In
particular, as shown in Fig. 2A, one of the column level detectors, 54, has been

replaced with a single point detector 954. This modification is based on the symmetry



20 is operating off of battery 131, the two battery indicators 72A/ 72B
appear on the display 28. However, once battery 131 is depleted, the
battery Blobmnshvsat or 72A 25 di sappears and the battery B2rCcTvdsaedser 72B
blinks to warn the operator that the DRSC visconeter 20 is now operating
of f of the back-up battery B2 and re-igarge of battery Bl is necessary.
Al ternatively, the enbodi nent of Fig. can be altered so that only one
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circulating blood of a patient and given the dinensions of a capillary
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vi sconeter 20, via its valve nechani sm 46, coupl es_these two 20 col ums of
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moni t or L g RSIRYEIBR arkf 84 fif tHe'RespBLINVE Ssdt 286s ® 8Ad B2 GrigSd). Once

established, the DRSC viscometer 20, via its valve mechanism 46, couples these two
20 columns of blood 82/84 together and permits them to reach equilibrium while
monitoring the movement of the two columns blood 82/84 (Fig. 5).

In particular, as shown in Fig. 4, continuous blood flow from the patient
is permitted to flow from the CBCM 26, through the valve mechanism 46, and into both
riser tubes R1 and R2. During this flow, the column level detectors 54/56 monitor the

25 height of each respective column of blood. When the optimum separation distance is
achieved, i.e., when the column of blood in riser tube R1 reaches h,; and the column
of blood in riser tube R2 reaches h,;, the valve mechanism 46 stops the flow of blood
from the CBCM 26 and simultaneously couples the columns of blood together (Fig. 5).
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



In particular, as shown in Fig. 4, continuous blood flow fromthe patient
Is permtted to flow fromthe CBCM 26, through the val ve nechani sm 46, and
i nto bot wowni/s®Be t ubes RL and R2. During this flow, the cptDwsod/ Byl
detectors 54/56 nonitor the 25 height of each respective colum of bl ood.
When the optinum separati on di stance ég achieved, i.e., when the col um of
blood in riser tube RlL reaches h,; and“the colum of blood in riser tube
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column of blood pre-test level h,; be reached first, the processor 58 issues a positive
20 pulse to the valve driver 86 to close off flow to riser tube R1 (Fig. 7B); alternatively,
should the column of blood pre-test level h,, be reached 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 Fig. 7C.
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 column of blood 82 interrupts the light from the LED 964, the
30 photodetector 966 informs the processor 58, which operates the valve mechanism 46,
to halt any further blood flow into riser tube R1. This level of the column of blood

defined as h,;, forms the initial starting point of the column of blood in riser tube R1 for



shoul d the colum of blood pre-test |evel h2i be reached first, the
processor 58 issues a negative pulse to close off flowto riser tube R2
while comonusdageto allow circulating blood flow into riBer/useims2481 ( not
shown). Finally, to couple the two riser tubes Rl1 and R2 together while

I solating themfromthe circul ating thOd flow of the patient, the 25
processor 58 commands the valve driver”86 to the position shomn in Fig. 7C
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nmovenent y one 0
82/84 in the riser tubes R1 and R2 (or detecting the movement of only one of the

20 columns while detecting a single point from the other column) and, as such, is not
limited to the LED array 64/CCD 66 arrangement nor even limited 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
respect to time using a weight detecting means for each column
of fluid as the sensor; e.g., w,(t) - wy(t);

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



20 columms while detecting a single point fromthe other colum) and, as
such, is not l|limted to the LED array 64/ CCD 66 arrangenent nor even
limted twobdhasol umm | evel detectors 54/56 or single popar/uderzmetsor. | n
fact, the followi ng type of physical detections (indicated by "SENSOR 1"
and "SENSOR 2" in Fig. 8) are covered2 y the present invention: 25
d(Weight)/dt: the change in weight of“each colum of fluid with respect to

time using a weight de t|n ns for each colu
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| ocated at the top of each colum of fluid; e.g., pi(t) p2(t); time of
flight: the | ength of d{Rasitian)idkiktbe caangebnsos;itiorspgaach celunm leyei usieg fr om
assensor (e.g., ultrasaniigifal videatcadherbpe.g. c2wd(tgoPasy(t), 86dof fluid and to
be reflected and return to the sensor; e.g., time of flightl(t) - tinme of

flight2(t); WO 01/3693§ I\J?&élé{)}dSQﬁé%&aﬁQe |r261aié\mtmr&)p’edt to fime fehéage in

vol une of each col um gdjyintbfiug; é’lg h?&?e ?]o time; e.g., VI(t) - V2(t);
d(Position)/dt: the change |n posi tion 0 edch col umm Ievel using 5 a
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| onger changi ng, e DRSC 20 det erm nes has been reached and the
t est runas beerreachedeand the tast dings dersjdatedr | i er, the concept of viscosity

determ nati on us DRSC S t 0.is to. Ltor
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bl ood oHRB@ 2sicefetéN20 & Y& driter dhdTeRah@ i Bbight of aRb] bapasitely-Aiegthgihi ch
one of the colums of bl ood rmust fl ow. ere are a pl urality of

mat hema¢dlgainsmsdioed fragt thesgirayiatingeaload of apasient and given the dimensions of
a capillary through which one of the columns of blood must flow.

There are a plurality of mathematical models that can be used as curve
20 fitting models for the data obtained from the viscometer 20 and (the viscometer 120 as
will be discussed below), such as a power law model, a Casson model, a Carreau
model, a Herschel-Bulkley model, a Powell-Eyring model, a Cross model, Carreau-
Yasuda model. It is within the broadest scope of this invention to include 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 limitation. Thus, one skilled in the art could substitute
any of the above curve fitting models for the exemplary power law model discussed
below.
In 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. For a fluid that is well-correlated with a non-Newtonian
power law viscosity model, the capillary pressure drop and flow rate are related as

follows:

" _ 4kL,
A .

APc =

(3n+1) 8Q| ”

74,




20 fitting nodels for the data obtained fromthe visconmeter 20 and (the

vi sconeter 120 as w Il be discussed below), such as a power |aw nodel, a
Casson nwiebi/3@3cCarreau nodel, a Herschel - Bul kl ey nodel , par/Bssedsk49Eyr i ng
nodel, a Cross nodel, Carreau- Yasuda nodel. It is within the broadest

scope of this invention to include al5 of these nodels. The follow ng

di scussion utilizes a power |aw nodel Ind is used by way of 25 exanple only
and not by way of limtation. Thus, one skilled in the art could substitute
any of Wheralhegheairate, i istrelaedririthescanilary flewdaédbyary power | aw nodel

di scussed below. In particular, for non-Newtonian fluids, as is blood, the
viscosity veay) e3) §oth shear rate, however, Hagen-Poiseuille flow within

t he cap'pf'li:ir—y—s{—il ol ds for steady 30 or quasi-st@dy |aminar flow For
a fluid that s d;-correl ated with a non- Newt oni an power |aw viscosity
nodel, the capillary pressure drop and flowrate are related as follows:
4kL~lyln OPT 4U, (3n+1J8QI ~j (1) Cc c5 n ~O- WO 01/ 36936 PCT/ US00/ 28249
21 wherwhersethehpewerlawevisgpsity is definedias’o the capillary flowrate by: 3n+ 1
8Q,=(3n+1) n 2r0, (2) where the power |aw viscosity is defined as: = klY
In-1 (3 =%|¢ d where L PC = capillary tube pressuredrop (Pa) LC = length
of capillar ube (M Q = volunetric flowrate (nB/s) k = consistency index
(a constant .used in capillary visconetry) - that is determned; 10 n =
pSwer | 800 WhEES (anot her constant used in capillary viscometry) -that is
determ npd= ca%lizl)la?yﬁ?dé;bﬂe%éurew@g (agmeter (m = fluid viscosity

(centi poi Se, % Y = shear rate (s")

L. = length of capillary tube (m)

[+]

Q = volumetric flow rate (m%/s)
k = consistency index (a constant used in capillary viscometry) - that is determined;

10 n = power law index (another constant used in capillary viscometry) -that is determined,

¢, = capillary tube diameter (m)
u = 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-written as:

=) - 4kLc{2( 3n+ 1) (Z_z)(%)} + Ahpg 4)

/. n :

where
p = blood fluid density;

20 g = gravitational constant;
h, = instantaneous height of the 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.



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

| aw vi scosity nodel, Equation (1) can be re-witten as: ~ 2 n 4kL in
pg(hi - MY oE3@3601 3 dh + Ahpg (4) where p = blood fl ui dPdEOSIN28249 20 g =
gravitational constant; h, = instantaneous hei ght of the colum of blood in

riser RL h2 = instantaneous height o% the columm of blood inriser R2 (PC
= inside dianmeter of the capillary tu % cps inside dianeter of riser tube

e a pr bobPRS 1 noteel Brble eeibe) BecsBarMIE b 5B TLRIee SHRLIRTbe
not ed tém frichsn k6reas i te ﬁ&ﬁ tes& R|1aerrw Rﬁ%dlc‘bn'nécﬁr?ﬂﬂﬂ%d rAp@ifentsieln t hat

any friction forces in the riser tubes Rl and connecting fluid
conponebe ignoaed. breaddjtion cthe diamatatiof it riseriabes Kiedrd Reraneregual.ser tubes Rl

e, the necd oty Sedbdif Hirtch eslafpntn pal Phaituhd b ofe hgBETC °
n-1 hl h2 - Ah = n-21at + (OGh- ho) n (5 where ho = h1(t) - h2(t) at

dh
t 20, i.® ddtermineL— -is @BMina8d, Whidhlielés:= - 4kL 3n + 1 2 (6) In order to
determ ne the visdbsity, it is necessary to deternine the values for k and

n using curve fitting based on the test run data. In particular, the
follow ng procedure is wused: 1) Conduct a test run and obtain aII hi(t)
and h2(t) data; 15 2%( Fi tﬂjcurves throgg?—t—he data to obtain synbolic

expr essigons, f op sh, (t 'b?t(-HAh ho) n (5)

where
= h,(t) - hy(t) at t=0, i.e.,hy, = hy; - h,; and

1 4kLe)"( n (4
10 az_E[p%j (3n+1)(¢fj ©)

In order to determine the viscosity, it is necessary to determine the values for k and n

using curve fitting based on the test run data. In particular, the following procedure is
used:
1) Conduct a test run and obtain all h,(t) and h,(t) data;
15 2) Fit curves through the data to obtain symbolic expressions for h,(t) and h(t);
3) Determine all h,(t) - h,(t) data, as well as Ah;
3) Assume values for the power law parameters k and n;

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

n

20 Error = (h1 - h, - Ah) ~ {(nT—l) at + (Ah— ho)nT_]};_—1 (7)



3) Determne all hl1l(t) - h2(t) data, as well as Ah; 3) Assune val ues for
the power |aw paraneters k and n; 4) Calculate the followi ng error val ues
for all devayposats: n n-1 n-1 20 Error= (h,-h2-0Oh)- n-1pdBUS§As24%0) N (7)
WO 01/ 36936 PCT/ US00/ 28249 23 6) Sumthe error values for all data
points; 7) lterate to determne the values of k and n that mnimze the
error sum and 8) Use the determ ned and n values in Equations (2) and

(3) to cul ate viscosity. Fig. 1 OA depicts a graphical representation
of the ch)iaé%éﬁ?ﬁrw Vtaﬁ@sdéf ?Eﬂ?g’spo'gtsci rcul ating blood versus a range of
shear raleSafNe Eétarmﬂa%ﬁheﬁgmgs%fq( ARYAthATRIrimERRhe drRSt stim;\drkpFosi ty

versus shear rate. |t shou e understood that the curves depicted in
t hose o)dp$s the detiedmineidckabndmt vadurs indaquationsd2) aed (3)He Rstate dsendityer 20
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ocated at the elbow portions 50A/50B 0 he riser tubes Rl and
wi t hi n atreémosphdes pressopeintothe tigeritnbesR1oand B2iahovedbe vespasntive lcotlon ons of

the co ents W thin the bl ood 20 receiyin ans 22 w thout deviating
fromt H&C%[Eﬁ‘ﬂ/%nm %‘ﬁé}{'?rﬂr tP‘@c‘?{S,S? AElRE ﬂ%‘@ﬂgﬁnﬁf ed'i"é@ﬁt’?e@ '@%W%tqfl i zes
such vahb®isod RERiVifyfMeaht 2Bivitfen 4 dispdsablBdcod feceVavgImeafB 22 i LeliAsd. ed
enmbodi nrent 120 of the DRSC visconeter described heretofore. This second

enbodi ment 120 folt shauld nzleat be wrderpinogodhal the tlpeationse ohsmaRyk ef the
S0, TERhaf . BErr A5 PSR 2 LS00 YWy SFEUARDETAPande vse
not by way of limitation. For example, the capillary 52 can be positioned horizontally
or vertically; the valve mechanism 46 does not necessarily have to be located at the
elbow portions 50A/50B of the riser tubes R1 and R2. It is within the broadest scope
of the invention to include various locations of the components within the blood
20 receiving means 22 without deviating from the invention. In fact, the next embodiment
discussed below utilizes such various locations.
In Figs. 13-21, there is shown a more preferred embodiment 120 of the
DRSC viscometer described heretofore. This second embodiment 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 embodiment 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



capillary tube 52 and the requisite volunme of blood that is used in the

bl ood receiving neans. As a result, the equations (i.e., Equations 1-7)
gover ni ngwo he3@per ati on of this second enbodi nent 120 anBcTAisoqpseiIs
concerning the colum levels' tine response and viscosity (i.e., Figs. 6,
10A and 10B) are simlar and wll not Qe repeated here. 30 Thus, the common
details of the construction and opera fon of embodi ment 120 mAII not be

reiterated. F rt he as st at ed th respect
rbod neianoaied b bR gy O el HLaalr i DR AR REARIARY nor
necessajbby have to be an WO 01/36936 PCT/ US00/ 28249 24 el ongated tube but

may conprise a variety of configurations such as a coiled capillary tube.
As can be seen inAfiagn be seencinehigodBmthie entwdimept i128scempiigasda bleedi vi ng
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diss pos aiple@n§ 22 des¢fiBO @arlis, e tﬂes@currécfeumﬁg anelrsPIEDbh e bb | dspbsabedimien
nmeans 122, a friction-type_ fitting 147 (see Fig. 14) rel easably secures
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The vacut ai ner nethahloochrecgivingrmeans 122 corprises thewslverineghanispl 46 thatt he

first bl ood ch. the bl.ood ceLyin 122 . for ood
anal ysi 'S rtogv E?Ca eH:E tth cPPt°f§F88F@§e§¥ﬁ8aé6§rca%” H{;)l?l%z ﬁégﬁﬁﬁﬁzc?éﬁtgéd t hat
the vachéteBfrth&Bsd ABESIIbES R UARSRROIN AGdiToA Y vaaithinef nidtaaMisht 01 his
determ nati on and does not inpede, in an , the operation of the DRSC

vi sconebegn addeyl toshelblogdreeriviggmesits m%%f@@i\«ayuaaéwme%am%ﬂﬂ RApegaleri bed
\%’I&tlh ret?.'\%ergf”eélgl g?ggcsé bagt&bﬂ?%ﬁv& b@lggetélg%%(g‘g{h r6|8 ?Ke vaﬁg RChan] smSTG
bef ore $disequendBlded t@slysisin(ebpgiematdbet \shudies). neHowevbgnitsshdldd be
Cpor at | B FOPHANI DR REHI SRR 101 oRs nablarat it part ol e visaoSyg,
17A- 17 &BfninafYR BRE 0DeE gt infitel #Bany WaP @hé bpétation dtthe DRSC viscometer
120 in determining blood viscosity according to that described with respect to the
20 embodiment 20. In fact, the vacutainer mechanism 101, as will be described below,
disengages from the valve mechanism 46 before the viscosity test run begins.
The vacutainer mechanism 101 comprises vacutainer 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 detector 103 (e.g., a photodetector, photo-
eye, etc.) detects the first or initial portion of the input blood from the patient (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. 15) on the valve mechanism 46 which punctures a piercable surface
30 of the vacutainer 107. Simultaneously, the processor 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



25 shown nost clearly in Fig. 17A, when the detector 103 (e.g., a

phot odet ector, photo- eye, etc.) detects the first or initial portion of

t he i nputwbdbosm3é rom t he patient (via the CBCM 26), the Ber®stoms2403
alerts the m croprocessor 58 which activates the vacutainer driver 109 to
drive the vacutainer 107 towards the puncturing neans 111 (e.g., needle,
Fig. 15) on the val ve nechani sm 46 wh#2h punctures a piercable surface 30
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be repeated here. ernatively, as nentioned earlier, the enbodi nent of
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is similar to that described earlier with respect to embodiment 20 and, as such, will not
20 be repeated here. '
Alternatively, as mentioned earlier, the embodiment of Fig. 14 can be
altered so that only one column level detector 56 is used to monitor one of the columns
of blood and the single point detector 954 is used to obtain one data point from the
level of the other column. In particular, the column level detector 56 can be used to
25 detect the falling column of blood in the first riser tube R1 and the single point detector
954 can be used to detect the predetermined level, h,, 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 column
in one riser tube and the use of a single point detector for detecting a single point of the
30 blood column in the other riser tube. It should be understood that any one point of the
blood column can be detected by the single point detector 954. The preferred point

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



| evel of the other colum. In particular, the colum | evel detector 56 can
be used to 25 detect the falling colum of blood in the first riser tube Rl
and the svogl/sspoi nt detector 954 can be used to detect paEUpsREseiser m ned
| evel , hsv, of the rising colum of blood in riser tube R2. Thus, it is
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in one rjser tube and the use of ingle point detector for detecting a
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gener atg Ve Aol mBEh A e Be R RT3 (b EC i ERBIaRy,
i gl engfigadd)Havefinfegral Risses 58AINd 50B RARSe Fdrted intdhevpettiverenss of29- 21.
In particular, the riser tubes Rl and R2 {e. g., injection-nolded 5 pieces)

have i rmagilady elemaitd 580 paticelen aaghengdad thercanitasy element o3 fedns aéorBhds of
3 | o !
a_capl fltﬁq%s%e@g‘?tﬂ%ti %%%S gdvgf' BaEh 'eﬁHacffrtg? %@wse@@A%fndt e'(r:1 %@' %Hcﬁr{g ngsgrrent

153 forns or m tin eeve S over eac o) ows
50A anctlédr infRigs2vhe mapiilarycéleardny 168 cbmpris2s a taperechgntry port 16bemeia 153

i { d port 155 and a t d exjt t, 157 to mnim
any. ¢ urBpeskeRtRor e i fuliMizs A8y biiBuiensaSeee Frepin PRodamssss ol el bow
PPA I ”ttﬂgteéﬁgz&ratﬁ?'é@vv 5gkqmelct%§i%fﬂ9etéﬂﬁéht'1®30aﬁdlﬁxew iRRMHRO8bo@sbeip i nto

rirser tu shoul d be poin out that the "blood receiving" neans of
all  erdrabupinto sisei BibledS2d herein are nerely exenplary of various

nbi nat i f ts, ' t tc... which t
varous ot her -t orheTER e noitedsBEaar Ine.i BHRY: Bgeauadriraf brd Shown
i n Fi g.emBodihterits dddidded hBriRr sradmetel§Camensibnt be varfigestdombihationgef ude

any nmeans and/or nethod for detecti ng_the novenent of the colums of bl ood
i n t he garepenaniBessIcCRBSHIfEr PbgS ete ewBichi 67 teke vadousether rmemihpndhesef t he

C8 ™ ey BRI A Lo £ Ty T o8 v angermnt ooy even
limted to the coAsishoweielFiglets;dt isrwithid4he broddest acope bhend miveatiomdo t ype
O Py e e o AL a B, SENSCR 1o 808 o RS e offlofh & 10
in the riser tubes R1 and R2 (or detecting the movement of oniy one of the columns
while detecting a single point 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 level detectors
54/56. In fact, the following type of physical detections (indicated by “SENSOR 1" and
“SENSOR 2" in Fig. 18) are covered by the present invention:

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

d(Pressure)/dt: the change 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., p4(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 fluid with
respect to time; e.g., V,(t) - V,(t);



d(Weight)/dt: the change in weight of each columm of fluid with respect to
time using a weight detecting neans for each colum 25 of fluid as the
sensor; ev@o1/36m¢t) - w2(t); d(Pressure)/dt: the change ipncpuUsesses of each
colum of fluid with respect to tinme using a pressure transducer | ocated
at the top of each colum of fluid; g., p,(t) - p2(t); 30 tine of
flight: the length of tinme it takes acoustic signal to be emtted from
a sensor (e.g., ultrasonic) |ocated above each colum of fluid and to be
reflected and return to the sensor; e.g.,. tine of flight,é{g) - tine of
flight2(t); 35 d(Vol urdiPeaitionydl theahzriae i RRSIiRRECIRactLeAURS! IGHel UG | i d
with respect to tine;adligtal videe pamerse.g: Ras, (b7 Benfd ansr/ usoo/ 28249 27
d(Position)/dt: the change in position of each colum |evel using a

dsgi tal video canera; dMass)Bbihd thangdosdass withresped(thvlimsg fafteachhe change
in mass W th respect telirmnefflaid; eashm,@p! ogft).of fluid;, e.g., mi(t) -
n2(t). The CCDs 66 may be any conventional device. One particularly

suitabl e one is AYAECHY 66 i) PeAR MbrivefflohaGevitle. Trie é@ﬁ@ulaggguﬁaalk_ CCD

is of 300 dpi- 83p 10 pixel fesolution. The ScanVision Inc. utilizes

con\éentdm?lsl a\@ma?blchmhsﬁcarbﬁsienﬂmW§anT HQGGL]IEEHB-arT haySQfllliSc@frﬁ%dph';ﬁwrrent ed
the  dodiRdigesbiing: ndte: SEARGSRR,nse <50 Mizbk dnyBlbRa; (B85 achliklefhe " ©

bot t omgefitwidie. Mg ILEFED frag9 6S ca® bavinigetented witar sleariety ehlightaseasss, 15 to
the bl ood receiving neans 22 or 122. It should be understood that it is

wi t hi n ineledipgdies optisdiBpe of the invention 20 and 120 to include auxiliary
.., : ' f
pressure (e.g aFtRf)tfe? 5%’ dﬁ‘n%g;i@% 780t RS trﬂoe&pﬁpoaéan Bgecdﬂ?fg'u\’é'd kQTee for

novi ng the col ums during run, as opposed to
vent i nghiegedhalohgtthe botterrofithid heusthg &0dsoREs tocswihg dawini ie mrdert togmimeceess20 | t
i?oul d tg(%h(]; %Ho%errecléﬂ/(?negrrsnte%ggZ hc(;irt1232l.t hough the display 28 provides an
It should be understood that it is within the broadest scope of the invention
20 and 120 to include auxiliary pressure (e.g., a pressure source such as a pump) as
the motive force for moving the columns of 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 not require the display 28. Rather, as long as the
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 computer
and is not limited in any way by that which is depicted in Figs. 2-3.
The blood receiving 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 preliminary 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. 19B, respectively,

35 is omitted.



efficient neans for conveying the viscosity data to the user, the broadest
scope of the DRSC visconeters 20 and 120 does not require the display 28.
Rat her, asobonsy®3@s the viscosity data is avail able to anycDus@us24veans 30,
t he objectives of the present invention are net. Furthernore, it should be
understood that the anal yzer/out put pgati on 25 24 in enbodi ments 20 and 120
can acconplished by a any | aptop perstnal conputer and is not limted in

by t hat ich i icted. i i . 2-3. .. The, bl oqd i Vi
55" and’ 125 of 1 hat 1 SOME TS Eersuecheliel 26 ERUORSH Sarion e Bre R ar o
to be %eﬂ"loﬂﬂﬁééhﬁi@ tb Anito tHeVdiig EABMNIITBIRRE 8ORIh the@Midn le V8 deficher thi's,

gravity assists the venous pressure in conveying the circulating blood to
30 t he 98 amdppessas toi mgniteringsthedalling colwmn ohblood [B2dgnasse @tlsrgegmpuskdfl ow of

bl ood into the atient during th rel g, nar nd_.vi ' t est
Fun. 1 eGSR Ehosb el LG o Bong mirlePo o PRI SR B ans
22 i s ptesshtsna eibRdcleant mdRitokrig Wizt #hd & Haabliee brefeftetiecsluminn@ eans
122 is used in enbodinent 120, the step "insert disposable set" in Fig. 9B
and Fi gnonitmed; kigyeqveryibisywithinthe Braggest eepped this/invgiiondemelsde mesnso - 28

It sh . . . ' N .
et nodr e Rl B sORERsafiY 18 holfehuh @ te Refibb Kolurh3s MG Breg b the,
| evel aeienhdsvel detertorofposed to nonitoring the falling colum of blood 82
b I t of [ ' t when the falli I 82
PR L LT R. B S RS TR P R
ghgnal b%ngs $td gfgg?ﬁ-rhﬁe Rh&VRICoSHy ©flotet ﬁ&-%wtmartfﬁfi@(e.b'QVtﬁl‘é?bairité I'S

wthin th roa scope of this invention to include neans for filtering
or conpesswticagetch) andds set lishited tonlsiofogidal fiyidsaughras Blogdni t ored by t he

columm | evel detegtor 56. 1t shoul d al be not.ed that t t.he  DRSC

U seoneters 20 anitoy e §oBrioRy Bs Betdfe el he Ui GRG0 ner
non- Nev& @t dddbthers eadd, bydpplyingaumeht or RASEKAGWed§é CrealliRBEapttheot
limted to biological fluidS such as blood. Wthout further elaboration,

t he forsegug fag ugel undss vedPUy conditiens af sevige. i nvention and ot hers may, by
applying current or future know edge, readily adapt the sane for use under

various conditions of service. WO 01/ 36936 PCT/ US00/ 28249 29



CLAIM5 1. An apparatus for detecting the novenent of a fluid at plural
shear rates using a decreasing pressure differential, said apparatus
conpri si mpo ob3@3d | uid source el evated above a horizontal reT/@s@mses9
position; a flow resistor having a first end and a second end, said first
end being in fluid communication mﬁta the fluid source; a riser tube
havi ng one end coupled to said second 8nd of said flow resistor and

anot her end bei ng exposed to atnDspEEEhé;pressure, said 10 riser tube
bei ng positioned at an angl e great zero degrees with respect to
said horizontal reference position; and a sensor for detecting the novenent
of the fluid, caused by said decreasing pressure differential, through
said riser tube at. pl vhmbppardus for detacting thexenavement ebadislid atgpivutahsheari d
source,_throu

appar at'GeHYS! h&?‘ﬁqic%e%\%igévgﬁssﬁé gﬁffqr%@iaﬁ,g%ié[&bﬁaﬁa@h%g?bﬁirsg]tgl{'ggbi I2I a;rge

tybe. 3. The appar at usa fifiddource dlevhRidcabiovesa Hofizettal tefé@ncs pesitiohi oned
vertically with respect to said horizontal reference position. 20 4. The
apparatus of Caim1l mﬂ@‘é’irﬁsﬁw Favinge f'éSt&"ﬁcﬁ*i‘dl\ﬁeﬁE%?m%ﬁ”ﬂ iﬁ"él.f'rs_t&ndThe
apparat us of O aiygidy ihRi RrdRlHicIRE TRAnE RuldSodrkei d up _the riser tube
conprises a rising PP Ul a-'Eot i and wherei n- sald sensor nonitors the

changi ng hei ght of saialrigertubghavdhgonekhdicdupledrto saidesecoad@ntef sdid flbei ng
defined as the distance ethen thg top of sagid risi ”ﬁ fluid colum, and
sai d hori zont al r"@F@F%rrﬂ!léJ_a B6eNd PEINY BPOFR t%ﬁﬂﬁ?ﬁ?u%”‘b'?reé?‘aﬁ%s@'df urt her
\%ﬁﬁprl sing a Com%e?rtubéﬁbﬁhg SEYTRIHCR at %Ié@t@ét@?jtﬂéﬁ ié’rb%é%@é@ﬁvitﬁnd

erein said conputer calcullates the viscosity of the fluid ™ased on said

changi ng hei ght okspeadtdorsaid hgrizantaimefesenee positioveandtine. 30 7. An

apparatus for determning the viscosi 0 < oni.gn i r
plural shear rates usi?’nagﬁscaﬁﬂ g%@?ﬁ'@)& ﬁ}eeé’gg?@‘%&t 'f})lf ﬁeefmlﬁa?%ds;ég?oa/ %%gar at us
conprising: WO 01deif@38nfpréd&ehe dafsrdtial Brough said riser tube at plural shear

rates as the fluid moves from the fluid source, through said flow resistor

15 and into said riser tube.
2. The apparatus of Claim 1 wherein said flow resistor comprises a
capillary tube.
3. The apparatus of Claim 1 wherein said riser tube is positioned

vertically with respect to said horizontal reference position.
20 4. The apparatus of Claim 1 wherein the fluid is a non-Newtonian fluid.

5. The apparatus of Claim 4 wherein said movement of the fluid up
the riser tube comprises a rising fluid column and wherein said sensor monitors the
changing height of said rising column fluid over time, said height being defined as the
distance between the top of said rising fluid column and said horizontal reference

25 position.

6. The apparatus of Claim 5 further comprising a computer, said
computer being coupled to said sensor and wherein said computer calculates the
viscosity of the fluid based on said changing height of said rising column of fluid over
time.

30 7. An apparatus for determining the viscosity of a non-Newtonian fluid
over plural shear rates using a decreasing pressure differential, said apparatus

comprising:



a non-Newtoni an fluid source el evated above a horizontal reference
position; a capillary tube having a first end and a second end, said first
end bei ngvooospBed to the non-Newtonian fluid source; 5 arPci/@seo/isedye havi ng
one end coupled to said first end of said capillary tube and another end
bei ng exposed to atnospheric pressure,.said riser tube being positioned at
an angl e greater than zero degrees mﬁ?ﬂ respect to said horizontal

ref erence position; I r.detecting the venme of th
on- Newt ont an 14 @oneeamian Suish Sodics akxpl, RS 2o betranal reterense i
throughysdtigh:ri ser tube at plural shear rates as the non-Newtonian fluid

noves from the non-Newtonian fluid source, through said capillary tube and
into said riser tabepillayitdbs baviog yiistead |ang ajsrcondedngt, isaigl first end beingy enent

of the non- nian {luid.ov and a conputer, coupled to said
sensor ,CaUpfe &%ﬂ t?'ﬁlr}ﬁr\ ﬁawltcméanﬁ '6’0359[%3 'of the 15 non-Newtonian fluid based
0g sali d data rel a4 tisar thibe hBgingRrerad calipldd® sk fifdt whaoif 88id dalpiliafy aIbeY
time. 8. The apparatus of Caim7 wherein said riser tube is {)05|t|oned

verti cand, agptherr erp&aing expared Her aberpsrliericePeassHER $rIdi fisantubs being
appar at nfbf 9 a4 @n?aﬁ\@?. @Heate?afhgnn?é}o'\ﬁ%r‘e@%a\ﬁltﬁ 'r\l;\.l"tsgeétstot ?? . C|2]8r|zontal
i Vi n € non- Newtonr an f1 Ui

circul 1% 04 %0 bei'ng and source is
t he vaaefdrance;wsMem of the |IVI ng bei ng. 10. An apparatus for effecting

the viscosity measurene f circulatin d|n livin ei n
appar atus conpri % ﬁ%'“%??&ﬂ?%ﬁctmtﬁﬁj%v e 8’6%5?% qw}ofiﬁg Eﬁgcgé‘éﬁeiyst em
9h t he{%%.@ebe&asﬁn s és@fe tlé‘latﬁrag%;ﬁ 859~k %Jétr&&raﬁﬁ%rQQG&'a%d to

said | rec clrcu atln ood fromthe being, one of said
pai r oftheumrsNemmansﬂur@ mMpironnaﬂye nom-dNeavdoniag Mdssdunmmthpmma@r s a

vasou PUBRY afibe Al aid Al lutb B Ren S draFse T RGeS be o
val ve, rheverdent 610t|hblrf€ﬂ1 NeMbnléH\ fgidisver Bigddlidndt he fl ow of bl ood into said
pair of tubes whereupon the blood in WO 01/ 36936 PCT/ US00/ 28249
a computer, coupled to said sensor, for calculating the viscosity of the
15 non-Newtonian fluid based on said data relating to the movement of the non-Newtonian
fluid over time.
8. The apparatus of Claim 7 wherein said riser tube is positioned
vertically with respect to said horizontal reference position.
9. The apparatus of Claim 7 wherein said non-Newtonian fluid is the
20 circulating blood of a living being and the non-Newtonian fluid source is the vascular
system of the living being.
10.  Anapparatus for effecting the viscosity measurement of circulating
blood in a living being, said apparatus comprising:
a lumen arranged to be coupled to the vascular system of the
25 being;

a pair of tubes having respective first ends coupled to said lumen
for receipt of circulating blood from the being, one of said pair of tubes
comprising a capillary tube having some known parameters;

a valve for controlling the flow of circulating blood from the being's

30 vascular system to said pair of tubes; and
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



31 each of said pair of tubes assunes a respective initial position with
respect thereto, said analyzer al so being arranged for operating said

val ve towosnb@se said pair of tubes fromthe being' s vaseot/asomgsisem and
for coupling said pair of tubes together so that the position of the bl ood
in said pair of 5 tubes changes, saidB?naIyzer al so being arranged for
nmonitoring the blood position change“in one of said tubes and for

et ec 1 o oo ) B0 oS Al

appar atus of C aitfeddio) H%QalyiéfQl_sérlﬂair)@Qﬁaﬁgé@ﬂ)r%deﬁﬁm@saia@aﬁ\%to

detecting at |east one blood position in the other one of” said tubes
conprises noni t dsolate saiépair oblubps o the belngrajeasicalarsgstermand tonesoeplingai d

tubes. 12. Th t f daiml ' j f
eifoct i ng t he vi Segpey offines BEhe? sp o5 The pRRiin P RRLA0LR 1 SoRURE et ng
ig real-tine. 13ubdbenAes sdidainalyz6t slsobéihguhenged feanbnitdrirkthd bidddes has

a 15 second end and whereupon sai d apparatus additionally conprises neans
for venting sai cPasifisrehangedn onesisaiibes @ndifabdatecting Réleashpemblood
atmosphere. 14. T it?ol?ﬂgrtﬁéBﬁwé?for}g%'s@i&%b‘@g%{nﬁ'fe{ E&bﬂ@%ﬂ@'t%&?@cgﬁﬁf s the
change in weight of said pair of tubes over tine to eftrect said nomitoring
of the blood poghtiblvodbasegkthe?€orl5. The apparatus of Caim 12 wherein

said respective ipnjiti ositions onmpr.ise a first pre-test, position of a
Frrst cobam of blbod Uid APRasahie! CiaTB10 Wieeln 0 spbzsf eibeatandrda
ggcond Of?F %’e&%?i‘iagpé’tsl'e%abpﬁnéfbléoé%%][Hénci‘ﬁ' HeNotBbr HIn@odk ¥hidhtubBs R&Shprided t he

ot her sai ir of tubes, said first pre-test position and said second
pr e- t egnoniparing therbloed pgsitioh icbaoge in thenotbachneoheaid tabes6. The appar at us of

Claim 15 wherein idRair of tub ar riented .uprigh d rein said
first pre-test poSTtio %erg S&ZC[@,fﬁé@ Wrﬁ?@ﬁa?a'ﬁ%Paﬁfétggpss%a%ﬁ?ﬁk‘gs}t

col um grfediihg e dizdosia) meaggmﬁbmrcﬁdr@aratiﬁ?wdm £IVingibehsg i vabome.
initial height of said second columm of blood. 17. The apparatus of Caim

16 wherein said ahal yzEie aeparatys @hClaso t2hahgeein eachl ahkakkiuhes bas &ai d
FErst and RAeH Ak WHERsuFh Li@aPpardth O LhdiBdrRR EThHTON aR2f2 foPdenting

said second ends of said pair of tubes to the ambient atmosphere.

14. The apparatus of Claim 12 wherein said analyzer detects the
change in weight of said pair of tubes over time to effect said monitoring of the blood
position change.

20 15.  The apparatus of Claim 12 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 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.

25 16.  The apparatus of Claim 15 wherein said pair of tubes are oriented
upright and wherein said first pre-test position comprises a first initial height of said first
column of blood and said second pre-test position comprises a second initial height of
said second column of blood.

17. The apparatus of Claim 16 wherein said analyzer detects the

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



18. The apparatus of Claim 17 wherein said anal yzer detects said change in
colum hei ght by detecting the tinme of flight of emtted signals toward the
top of eeehysdseai d colums. 19. The apparatus of C ai m e8rwkermse4y sai d
emtted signals are 5 acoustic signals. 20. The apparatus of C aim 16
wherein said anal yzer includes a digl%g vi deo canera for detecting the
change in colum height of said firstYand second colums of blood. 21. The

t f d [ d t ect 10 ch '
pressure of sa o 1.0 o T poaiaiinn ot LA A TowREres sais Brab 7 A S8R Pl sai
moni t Orérféﬁh fin EBr%n#H ﬁaghmaét@eﬁngﬂmﬁe o?ﬁ?ht—%\‘%rﬁlﬁﬂ% s«?gnms Rwdrd HhdMop?

wher ei n sal anal yzer detects the change of volune in blood of said pair
of t ubeaf @ashaiffsaidt calaimhsooni tori ng of the bl ood position change. 15 23.

i d oyt ronment & o-cont o HHEAES & AT AGWFREBTBUE o luesf Bkl pithry

t gbe aéc(ﬁ;gh§t5@mta|3al ly the sane tenperature of the Iiving being during the
time said anal yzer couples said pair of tubes together. 24. The apparatus

of O aim 23 wher 2t sal e apRaTaBIsARItIaIM BWherin said aralyzeringlydes adicitale
bl ood inys8i g brfopf%etté’aﬁ@eme Eggﬁag;]éj‘rﬁ Bldrin tﬂlﬁ%@aggls%‘a”ﬁ%[ %tnp %ecbo‘?xfd the

l'i ving \E)el ng | ng t zer cou pair o
t oget hedoludhs oTbE)oaippar atus of daim 15 wherein said respective | n| tial
positions of the bloq n sai of tupes is established

operation of sai ®hnal Iappggatugmg Glapar SSFINPAC NI V‘ere‘? Pﬁtssﬁ\ed
hbrst igy atdg@'.ngfégéure%?%a fidt akg s%@&ﬁ@@ol'uﬂ#ﬁé@ﬂblﬁé?%brﬁﬁ\% ®Sdffft saked by

the oper at I"on sald ana yzer. apparatus of Claim15 wherelin said
p03|t|dnoonf(onngeofdhedﬂommposmod cpangeof t ubes changes conpri ses the novenent

of a respective leyel of said flrs and nd_.col uqms_qof bl noying in
opposite directi ﬁ“%’f‘@Psﬁ{uﬁ OCIgwal@gv erﬁ@t%@'ﬁ?@yﬁ{ gegg?tfe nce
val ue Q%a\h@@fbfwmné%lbﬂfdd Mﬁséle\p@tra)f et efféat mmmwlnﬁfof%@bmom _
wherein said position of the blood in said pair of tubes changes conprises

a falllﬁf{flt&ﬂﬁhﬁngﬁ bl ood away fromsaid first initial height and a rising

8%' umm of bl ood 'Q?é%ﬁﬁérgtu%%?emn'ﬁ'fuhﬁér%ﬂ\&t% ng SRRdnARFH N EBhtr YO

/36936 PCT/ USO 824
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.

24. The apparatus of Claim 23 wherein said environmental control

20 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.

25. The apparatus of Claim 15 wherein said respective initial positions
of the blood in said pair of tubes is established by the operation of said analyzer.

26. The apparatus of Claim 16 wherein said first initial height and said

25 second initial height are established by the operation of said analyzer.

27. The apparatus of Claim 15 wherein said position of the blood in
said pair of tubes changes comprises the movement of a respective 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.

30 28. The apparatus of Claim 16 wherein said position of the blood in
said pair of tubes changes comprises a falling column of blood away from said firstinitial
height and a rising column of blood away from said second initial height, said analyzer



33 nonitoring the blood position change of said rising colum of blood and
detecting said at |east one blood position fromsaid falling colum of

bl ood. 2%o#hssappar at us of C aim 28 wherein said at | easpCcDUSONNESROD
position is said first initial height. 5 30. The apparatus of C aim 16
wherein said anal yzer determ nes the gi fference val ues of said heights of
sai d col unns of bl ood over tine, knovw'% as h,(t) - h2(t) wherein h1l(t) is
sai d hei first..col of . bl.qod. and h2(t hei ght of said
S b3S o b AT BRI o e ARG Bl 5oL
det ect 38adidrAbiood Poshiopdidhn BeicUBligRolrAh@r Rl of bl ood. ~known as
Ch, after nonitoring the blood position change for a period of time. 32.
The apparatus of 29.ai ﬂ@ama@sw@mm 25whgrein saiglad igast ese bleed pasidsi t y

usi ng hl&a} i E % O’l to determ ne the consistency index, k, and the
power qH&&E‘ glvenby n n-1 n-1 n15hi(t)-h2(t)-Ah:-n
wgere 1 4kL~ n n 3@ 2 TMeapPdratussollCIMianM® yikereimsdi)analyzet Qpterdfind<ire

Iengt h of capillary tube; (PC = inside dianmeter of said capillary tube; cps

di arréilﬁﬁife@ﬁeslﬁhtﬁsc@ﬂ iﬁﬁ@etﬂhtfbp&%daﬁwmnépé blaed axer timg..known-agh
densi tehzggpar Yein | 1@?1‘5&%2(? hq@@ Wﬁgﬁatfﬁ@ttcol cﬁ'ﬁ ofBI b g’r@@ﬁg(dpgya %éﬁ?@ﬂg 34

33. Th erei n sal anal'yzer ca | ates t
Vi scosidaid second colgnsadfblded.er m ned val ues of n and k in the equation:

31. The apparatus of Claim 30 wherein said analyzer detects an offset

10 of said heights of said columns of blood, known as Ah, after monitoring the blood
position change for a period of time.

32. The apparatus of Claim 31 wherein said analyzer calculates the

viscosity using h,(t) - h,(t) and Ah to determine the consistency index, k, and the power

law index, n, as given by:

-1 n=1| n-1

15 h(t)— hAt)- Ah = —{(nTjaH-(Ah—ho) n }

where

) 1(4kLCJ"( n )(¢_3)

=72 sgg) Bt U\ g2

and where

hy = h,(0) - h,(0);
20 L. = length of capillary tube;

@, = inside diameter of said capillary tube,
@, = diameter of said columns of blood and where @, <<< ¢,;

p = blood density; and

g = gravitational constant.

25



kyl n -1 where 3n+ 1 8Q5 Y n roc and where Q = volunetric flowrate in
said capillary tube 0, = capillary tube dianeter; and = shear rate. 10 34.
The appamvedos3@Be Cl ai m 12 wherei n said anal yzer operates Bai/gsowambiase to
isolate said pair of tubes fromthe living being s vascular systemwhile

si mul t aneously coupling said pair of &gbes toget her. 35. The apparatus of
Claim 12 wherein said anal yzer conprisés a respective nonitor for each of

said pair of tubes, each of said r ectjye nonitor 15 nonitoring,the

bl ood posi L1 on chihge T SRPAASBEENEY Wheten 58id sRAVRRLSRIGNREDIe] ai m
35 whergl idr ﬁ,g]eé;; IR r4 i light arrays and
char ge \ﬁ%d&)psiﬂZUg’dg\% es Idzp%:)s) .I %d;\?é%ﬁggggp?% {??ﬁgf agigrr% 36 wherein each
of said re ettive light arrays conprises a plurality of light emtting

di odes é{ﬁ}%ed in linear fashion to 20 illumnate a respective tube al ong
the length of said tube. 38. The apparatus of Caim 10 wherein said

anal yzegherenpri ses: a nonitor for nonitoring the blood position change in
one of said tubes; and a detector for detecting the at | east one blood 25

posi tion in3mwheldbt8@r of said tubes. 39. The apparatus of C aim 38 wherein
sai d oA i riges a light array and a charge coupl ed device (CCD). WO
/ Us00

01/ 36936 P /#8249 35 40. The apparatus of Cl aim39 wherein said
light array conprises a plurality of light emtting diodes arranged in

| inear fashjon to illum nate said one of said tubes along the |ength of
sai d t (fJ¥ WHE™® The apparatus of C aim 38 wherein said detector conprises a

light @ =evilidetic bW ISteandart BasINAatsst or .

¢ = capillary tube diameter; and

y = shear rate.

10 34. The apparatus of Claim 12 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.

35. The apparatus of Claim 12 wherein said analyzer comprises a
respective monitor for each of said pair of tubes, each of said respective monitors

15 monitoring the blood position change in said respective tubes.

36. The apparatus of Claim 35 wherein said respective monitors
comprise respective light arrays and charge coupled devices (CCDs).

37. The apparatus of Claim 36 wherein each of said respective light
arrays comprises a plurality of light emitting diodes arranged in linear fashion to

20 illuminate a respective tube along the length of said tube.

38. The apparatus of Claim 10 wherein said analyzer comprises:
a monitor for monitoring the blood position change in

one of said tubes; and
a detector for detecting the at least one blood

25 position in the other of said tubes.

39. The apparatus of Claim 38 wherein said monitor comprises a light

array and a charge coupled device (CCD).



42. The apparatus of Caim 12 wherein said pair of tubes is disposable.

43. The apparatus of Caim 12 wherein said valve nechanismis disposable.
44. A nmetwod1/8ese det ermi ni ng the viscosity of circul ati ngpot/osa/sb49a 10
living being, said method conprising the steps of: (a) providing access to
the circulating blood of the |iving bﬁhng to forman input flow of
circulating blood; (b) dividing said put flow of circulating blood into a

first flow path apd a second flow path into which.respective portions of
sai d input Fhow phbs. B agparaeiot B 34 kPerCio b BORFSay SoR8rsat Audi ng
a passgggmmyy GRight ity ikt esAPargeA liRéaERBhBAI0 illUrinhf0sAd bRE oFahid fir st
and second flow paths fromsaid input flow and coupling said first and
second tubesvajpmgribetlengthrafsaigbtubeat t he position of the blood in each of

said fl ow pat hs changes. i L: : - L {.o..0one of
said first and seigﬁndeﬁﬁgw%r%m&aéf%é'%%éf %F%Rgg'e‘f&g%&gg{g?’ﬁgﬁg‘?&?EQ’% one
bkood m'ﬁitﬂirig)@ioﬂé dridea phb®ydetstorof said first and second flow paths; and

(f) calculating the viscosity of said circulating blood based on said bl ood

posi tion change, %aid Hie arRRATAIUSRE GRIBLLE Waarel $#daal obhibesisdisresatidwn
parameters of 2ysgai %rﬁ@‘?@?ﬁgﬂ@% q?od‘:lra'irﬁ”m %ﬁraﬁesgﬁt Dade FhebhaismA

wherein said step of dete east one ood position In the other
one of dispabdbleg.st and second fl ow paths conprises nonitoring the blood

position change ip, the, other one of sai.d first and second flo at hs and
Rherei n sai d steghbt  cALEag G dBinsTce dbe Mecsiin of ULl HIERd AF a he
\ibscosin:vyndjggﬁg %d%tﬁgbc&m{jg@%qo@@igtéggoﬁhange in each of said first and
second fl ow paths and on sai sel ect ed known paraneters of said passageway

portion. WO 01/ 3de}prav@iingiscoessipdbe cgeulating trleodrafithe tiviog being e faBnaer ei n

sai d st.e ul at i. n . viscosity of said circulating blood is
conduct'@guﬁfw?§t§'—r(flﬁ%r@ggaf?%’rhe met hod of Cl aim 46 wherein said first and
second fl ow pat hyb) aniting seid iapaEidw vEcieallatimsblobd imteadfiisbflow patthand a

positions and said step of nonitoring 5 the bl ood position change over
time cWﬂQ@@“’rﬁﬁiht"ﬁPM‘mC@ lﬁSP@ﬁﬂYﬁjﬁoﬁt'ﬁ%@f%‘ﬁ'Wﬁ pass, one of said first

15 or second flow paths including a passageway portion having some known parameters;
(c) isolating said first and second flow paths from said input flow and
coupling said first and second flow paths together so that the position of the blood in

each of said flow paths changes;

(d) monitoring the blood position change in one of said first and second

20 flow paths over time;

(e) detecting at least one blood position in the other one of said first and
second flow paths; and

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

25 said passageway portion.

45. The method of Claim 44 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 comprises calculating the viscosity based

30 on said blood position change in each of said first and second flow paths and on said

selected known parameters of said passageway portion.



of said first and second colums of blood over tine. 48. The nethod of
Claim44 wherein said first and second fl ow paths conprise respective

col ums o¥obi/e®mads i N upri ght positions and said step of nopPCT/@RM3249% he

bl ood position change over tine conprises nonitoring the change in colum
hei ght 10 of at |east one of said fipst and second col ums of bl ood over
tinme. 49. The nethod of O aim47 wheregPn said first and second col ums are

vented to anbi ent atmosphere, 50. e hod of Cl aim 46 erejn said first
and second flow fHt-hs T%Mﬁthgé qfeérg@eﬁéém?ﬁfﬁl%ﬁ@' i ﬁtelﬁ’p?{\gﬁ{c“'%é‘gtﬁh@ns and
sai d st ] Y It da@iti nge over tinme conprises

! \ﬁ&o%ftxg‘?ghﬁdoél}d"%tﬁ@qug{#%g?orﬂo@c%{fin He%f‘tlﬁ'!n %a ge ov | npr

nonitoring t ange 1 n sald first a second col ums of
ci rcul ati ng bl oodt7overThe methdsllof Glaém Hét wiberedf saliddirsh argl seéwonel flove pathsf i r st

e R B R kA
mgni t Orthéﬁldd?ﬁpc?éiﬁ% Sarlde Qe tiffe %ﬁ%ﬂ éﬁb_ﬁi‘ﬂﬂirig thé@hapyaifisolfm Hé?@l’(]thf

each of said colums. 5Z. The netho ~aim51 wherein said emtte
si gnal ofseail trsbapdisecord gakumns afblogqthevertimed of C ai m 47 wherein said

cofum, el o s 0001 el 5 A AR P BB

Claim 46 wherein said conprise respe

col urmsconipridd fegpbcastoluamns dimtbarindiptighp positions ahdrsaiwstebafhoritbring
position change over tinme conprises nopnitoring, the change. i ressure of

s n
sai d fithebl OSIHQILERANGS QMaR SiMer CaRIEResJveriteringthemhan M@'B%wedghfa ai m

46 whergi ' i -dagg- l.se respective colums
|l§ upricgkﬁe Ie;%éﬁplgocﬁs%taénl ggﬁgggg%@d g&uﬂnﬁ{ﬁﬁot}llécg%ﬁgﬁﬂéﬁﬁg ood position change
over tine conpris&s norhd methogl df iBaichdihgberein sasldirsifarskdetohd cotunamsiaresecond

col ums of #rcu ating bl ood over tinme. WO 01/36936 PCT/ US00/ 28249 37 56.
The met§EEGI0 &N f%t@g'”ﬁ/ﬁ%?%rﬁn said first and second flow paths conprise

respective col umiy i N FHY hgModPOBCIiRES WherehRbSidFireRarkf sdumd s patHshe

bl ood position change over tinme conprises nonitoring the change 1 n volune

of sai ccomprise respgectivecenidmeslinuprighdpositions apdesaid step.of monitoring the blood

15 position change over time comprises monitoring the change in weight of said first and
second columns of circulating blood over time.

51. The method of Claim 46 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 of flight of emitted signals

20 towards the top of each of said columns.

52.  The method of Claim 51 wherein said emitted signals are acoustic
signals.

53. The method of Claim 47 wherein said column height is monitored
by a digital video camera.

25 54. The method of Claim 46 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. '

55.  The method of Claim 46 wherein said first and second flow paths

30 comprise respective columns in upright positions and said step of monitoring the blood
position change over time comprises monitoring the change in mass of said first and

second columns of circulating blood over time.



5 57. The nmethod of Claim46 further conprising the step of maintaining the
tenperature of said passageway portion at substantially the sane

t enper at w@onde98he |iving being during said step of noni poT/URG/A8® bl 00d
position change in said first and said flow paths. 58. The nethod of Caim
57 wherein said step of maintaining tE? 10 tenperature further conprises
mai ntai ning the tenperature of said fi'rst and second fl ow paths at

substantially the _sane_te rat u of e livin ein urin aid step of
roni tori ng the bidod pBis TEHPG RGN 4P Sapish FigRrarehd Seestd) B3 Balie” So.
The nmethpfpide @sﬁbaﬂi@cdmhgwu?ﬁgm pustidnafandi s4idlsied cTahéhitdiipdithe bloay of
circulating blood into a first flow path and a second flow path conprises
15 est gisitidn changef oves tinpr eompeses mppitoring thesghangeris vobune ehsaif fisstand and a

second pre-test |lev for, said second colum of blood, said first and
second Cé’-r'fje%oﬁum&g’l(gloﬁgi%%r%merferent fromeach other. 60. The method of

Ckai m 59 wher ei n SAMheshépodlof CHigLYGuIrther Edraprising tesstep of emaintaitsg the
determ ning difference values of said heights of said first and 20 second
col unmdteptPerature obsaif RassagewA RArtien at gubstantially the sp@edemneratuce ehthe

01O R Bl A0 EBLp A s B IBks bRty apdeeqa e,
furt hersaidfipwisaths.det ecting an of fset of said heights of said first and
SN oS o o i PP, it g T Al
200 1 R EFENIR S BnoBes sy WS toplrathrLh ot ynang
wher e \Watbd /=8 cadstardiallysos sasm®i temperature4ddl thenliving being=during sgacstep of 1 or
and mer;lgmft]grin:g {F\’e(t%o& pggﬁi% ;change in said first and said flow paths.

59. The method of Claim 47 wherein said step of dividing said input
flow of circulating blood into a first flow path and a second flow path comprises

15 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.

60. The method of Claim 59 wherein said step of calculating the
viscosity comprises determining difference values of said heights of said first and

20 second columns of fluid over time, known as h,(t) - h,(t) wherein h, is said height of said
first column and h, is said height of said second column.

61. The method of Claim 60 wherein said step of calculating the
viscosity further comprises detecting an offset of said heights of said first and second
columns, known as Ah.

25 62. The method of Claim 61 wherein said step of calculating the
viscosity further comprises using h,(t) - h,(t) and Ah to determine the consistency index,
k, and the power law index, n, as given by:

n

(t)- hot) - Ah = -{(—”;—1) at+(Ah- ho)nT_l}H

where



LC = length of said passageway portion; 5 (PC = inside dianeter of said
passageway portion; cps = dianeter of said first or second colum of fluid
and wher avepr3693< cpr; p = blood density; and g = gravit pCT/@Rel28e0Nst ant .
10 63. The nethod of Claim62 wherein said step of calculating the
viscosity, p, further conprises using éhe determ ned values of n and k in
the equation: p = klY In-I where 3n 381 8Q Y niO 15 and where Q =
volunetric flowrate in said passageway portion Oc = passageway portion

di aneter; anp(quanaé rpte Lﬁ§}64. An apparatus for effecting the viscosity
measur egeat- o uLa%+ﬂg od in a living being, said apparatus

conpri sing: a\lage Biain gt o be coupled to the vascular system of the
bei ng; a pair of tubes having respective first ends and 25 second ends,
said first ends being coupled together via a capillary tube having sone
known psHpwRERY s; WO 01/ 36936 PCT/ US00/ 28249 39 a valve for controlling
the flow of circulating blood fromthe being s vascular systemto said
pai r ofhtTbd8)-B£P¥ val ve being coupled to a second end of one of said
pair of, 1 hej I .said lunmen; and 5 an anal yzer, coupl ed
to sai °Vé#€@?‘§Q%m§ ﬁ@?g@?ﬁﬁgﬁgggﬁd valve to permt the flow of blood into
sgi d papJ= dfsideibiesneteahef saip passhgevidhiopdrtion; each of said pair of tubes

assunes a respectjve.initial positjon wth respect thereto, said analyzer
50 b IEMIRGRLead T3Sk seePR coluen GLie g where ¢, <<% B;

p = blood density; and

g = gravitational constant.

10 63. The method of Claim 62 wherein said step of calculating the
viscosity, p, further comprises using the determined values of n and k in the equation:

n-1

p= Ky
where
. (3n + 1) &
}/ - n 7Z_¢C3
15 and where

Q = volumetric flow rate in said passageway portion

#. = passageway portion diameter; and

¥ = shear rate.

20 64. Anapparatus for effecting the viscosity measurement of circulating
blood in a living being, said apparatus comprising:
a lumen arranged to be coupled to the vascular
system of the being;
a pair of tubes having respective first ends and
25 second ends, said first ends being coupled together via a

capillary tube having some known parameters;



10 isolate said pair of tubes fromthe being' s vascular system so that the
position of the blood in said pair of tubes changes, said anal yzer also
bei ng ar memgesk9BOr nonitoring the blood position change par/ose/mst49sai d
tubes and for detecting at |east one bl ood position in the other one of
said 15 tubes for and cal culating the 5iscosity of the bl ood based

t hereon. 65. The apparatus of Clain163 wherein said anal yzer being arranged

for detecting at |east one bl ood position_ n the other e pof said tubes
i i i I H 0 ﬁ' ﬁl ﬁe ||I9 Ecr I g[] :

conprises nonitoring 3 NéV6'9bFopdS pa dhe & 48 'i?H?Wég one of said

tubes. 20 66. Ther@RRRE Bhity PiadeupirBySenies Al PakdfdudaeRf us i s adapted

for effecting the viscosity nmeasurenent of circulating blood of a living
bei ng i n real -ti malve BEingTinuptgshter aseeorst et of engef saidipaif obonpri ses neans

for venting sai econd .end of i her e said pair of tubes to

at nosphere. 68. %iHée%SBarbaﬁ'Q%g%?a%jg?%'gguW%g'r aﬁﬁ sai d anal yzer detects the
28 change in wei ght ofapandlypat,coiplddbesaivedlvée] for domtelifreet sai d
nonitoring of the blood position chan e apparatus of C aim 66

. e. 69. The
wher ei n sai d respaid vakejtaipermit ”ﬂ)%ﬂ@\ﬁ’iogﬁgmddﬁﬁ?pﬁ'@é’aﬁ of tykgs pre-t est
position of a fir | : aid pair of
tubes and a secon@ﬁ%%gbpgﬁgéggpﬁﬁgﬁ%&%&lgé@g%tl%:o sﬁéﬁk‘%u@ieil ood with
respect 30 to theaaebpectife dwitial pasitionf withbeespestitheffeto stsajat e-t est posi tion
and said second pr e_teStalg;g sition bei ng?di fferent fromeach other. WO

01/ 36936 PCT/ USO0H8YZS alsQ Deg #HENGRHAPAPRS NI G ¥ABE ttherein sai d pair
b tubes are orieghgeh séiBrdaWtSftﬂBQsWB?r{tgl'e][l?er?ng%’Qvfabénﬂbr Bygefest position

conprises a first nitial "height of sal _ ~colum of bl ood and said
second pre-test pasithatothec popitiopesf thesblanddin said pairhef fihesof sai d second

col um of bl ood. 71. The .apparatus qf .Claim 70 wherei. jd anal yzer
detects the chan nigﬁst:%el"ﬂrﬁ%’%ﬁ&%ﬁféog%e'%SHa?g?%wgﬂgh'gCgﬁ%nd col umms of
bl ood. 72. The appargibos fYsitidrachardde Wieinei of saiddtudes! adgifodet ects sai d
change in colum height by detecting the tine of flight of emtted signals

toward the top dletegling affleastioneddeedpasition in the other one of said
15 tubes for and calculating the viscosity of the blood based

thereon.

65. The apparatus of Claim 64 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.

20 66. The apparatus of Claim 65 wherein said apparatus is adapted for
effecting the viscosity measurement of circulating blood of a living being in real-time.

67. The apparatus of Claim 66 further comprises means for venting
said second end of said other one of said pair of tubes to atmosphere.

68. The apparatus of Claim 66 wherein said analyzer detects the

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

69. The apparatus of Claim 66 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 of blood with respect

30 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 73. The apparatus of Claim72 wherein said emtted signals are acoustic
signals. 74. The apparatus of Claim 70 wherein said analyzer includes a
digital wodessssanera for detecting the change in col um ber/gkto/sbsosai d
first and second colums of blood. 15 75. The apparatus of C aim 70
wherein said anal yzer detects the chgpge in pressure of said first and
second colums of bl ood over tine to fect said nonitoring of the bl ood

iti h . 746. T t f. i 66. wh i id |y
fetects the  chartid: of T ARAreRS & o BB Waraingard par of fikes 36 obpfled sai o
moni t Orw@g;nhgﬁna%e%m%id 7%t Efé;iletst BBsifibRBERpridds a Tingt iRRHAGMDf 8hidFrsi m 66

further rising environme control neans, said environnental control
means netlumaiafiblapd &ied bhidakcond pae-test positicarcpmprises asecanskiniial heightot he

sane te rature of the living being during the tine said anal yzer couples
sai d pa?rg')géfac?'ﬂfgggw%gfttﬁlgpq' 25 78. The apparatus of Cl aim 77 wherein said

egvi ronnmental comf.ol ThHEppar@ustcti ORirh D Hepdini Saidaashlpear detectsutres at
substantially the same tenperature of the |living being during the tine
sai d anchangerin selypne eighit @f paidrfirstand srepndoelvmas of Pioodrhe appar at us of

Cl ai m 69 wherein id i i3l oS ki ; i id
pair of tubes is -é%t abTIF%%@@BLé;G? r?z CE)I%@JF azﬁi @hgt%m?z%'défag%%?ggrg%é%gg@a The
appar at¢rangle ifcaiumyReightbpdetestingltHe tirae of fiight af erhitiegtsigreatsitoweird thes topond
initial height are established by the operation of said anal yzer. WO

01/ 3693% /QfiSaid 9@YAYS- 41 81. The apparatus of C aim 69 wherein said

Rgsi tion of the bypod ype @’y L1031 &f ClaikH72S whRANH ©Saif OBMtete Sigriaks SRy enment
of a respective level of said first and second colums of blodd noving in

opposi tacalistiesignals and wherein said anal yzer determ nes the difference

lue b i i ls,. 5,82, Th of '
Wherei n_sai d posi tron DiE phESEG Gam 2 frefelR BB iugRER Bl  ses
a fallinge§ VamiBtaOfor leetiryvie thamgs a Eofums thdightt bR baidhfisg Rindasebahd i si ng

colum of blood away from said second initial helght, said anal yzer
noni t or¢aigmnB&fibl position change of said rising colum of blood and

qetecting said 25| eaphe UBaPHBSbIRERI' A5 viHeBno 84l SRA2&9aGRThe !

IFood.
change in pressure of said first and second columns of blood over time to effect said

monitoring of the blood position change.

76. The apparatus of Claim 66 wherein said analyzer detects the
change of volume in blood of said pair of tubes to effect said monitoring of the blood

20 position change.

77.  Theapparatus of Claim 66 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.

25 78. The apparatus of Claim 77 wherein said environmental 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.

79.  The apparatus of Claim 69 wherein said respective initial positions
of the blood in said pair of tubes is established by the operation of said analyzer.

30 80. The apparatus of Claim 70 wherein said first initial height and said
second initial height are established by the operation of said analyzer.



10 83. The apparatus of C aim 82 wherein said at | east one blood position
Is said first initial height. 84. The apparatus of Claim 70 wherein said
anal yzer wievesdaysees the difference values of said hei ght BcDUS®&sa4ocol umms
of blood over time, known as h1l(t) - h2(t) wherein hl(t) is said height of
said first colum of blood and h2(t) '4% said height of 15 said second

col um of blood. 85. The apparatus of aim 84 wherein said anal yzer

det ect ffset d h ht f bl.ood
Sfter monitoring ha olHbAPPRELH PO aiREeg wHRs Ryl poglisBror fRRSEh T
appar atgdisq ?%w%‘%uﬁ@s?éhdﬁ%} tdinéﬁéé?‘s fARFhy¥ahefRbCH adRetilVE fovel Of sa@omﬂ ty

using hl(t o determ ne the consistency index, k, and the
power arm/\secm@olurmnagf bioedrmeying in oppasite-directipps and wma(rem saitanalyzer -

2 h, (O)deteHE'(%? thi&'fy\hg’é%egi’%'ug#be@&%& P%‘Py%FE%%%ea% %i/ 36936 %?:T? Bcsiog?grsigo

43 cpc = inside ghaneried appariusl of Sim mwrteuém sa(ucﬂ’lpomtudn&rfﬂherbloﬂd mai d
colums of bl ood and where cpc <<< cpr; ensity

gr avi t a33i@Ralr otlvkhes ShENgesCaMprisea @Hw&&ﬂ%n ef blepﬁ@mayérqméa@.fwgdwal
Zggl yz%elgﬁﬂeﬁtaqé‘hgﬁlgt&%mﬁ'oi B@ff%aﬁfr%ﬁﬁ%@s@@drﬁ AR hBIgRE SaRAHES2& N
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.
10 83. The apparatus of Claim 82 wherein said at least one blood position
is said first initial height.

84. The apparatus of Claim 70 wherein said analyzer determines the
difference values of said heights of said columns of blood over time, known as h,(t) -
h,(t) wherein h,(t) is said height of said first column of blood and h(t) is said height of

15 said second column of blood.

85. The apparatus of Claim 84 wherein said analyzer detects an offset
of said heights of said columns of blood, known as Ah, after monitoring the blood
position change for a period of time.

86. The apparatus of Claim 85 wherein said analyzer calculates the

20 viscosity using h,(t) - h,(t) and Ah to determine the consistency index, k, and the power
law index, n, as given by:

n

hi(t)- ha(t)- Ah = —{(HT_I) at+ (Ah- ho)nT_l}n-I

where

) l(4kLcJ"( n )(ﬁj

“=73 pgde) \3n+ 1\ 4}
25 and where

hy = hy(0) - h,(0);
L, = length of capillary tube;



3n + | 8Q 10 Y- n ~O- and where Q = volunetric flowrate in said capillary
tube O, = capillary tube dianeter; and = shear rate. 15 88. The apparatus
of C ai mvéG owbmBei n sai d anal yzer conprises a respectivepaDustums2f%r each
of said pair of tubes, each of said respective nonitors nonitoring the
bl ood position change in said respectiye tubes. 89. The apparatus of Caim
88 wherein said respective nonitors conpri se respective light arrays
and charge coupl ed devices (CCDs). 90. The apparatus of O aim 89 wherein
each ofwsaiflf'q%@'ﬁ@?ﬁtﬂ/@f $Q'§}ﬁ>ﬁp'”af}’r%‘§’§ conprises a plurality of Iight
emtti t um nate a respective tube
along t ﬂﬁ%ﬁ 1;éa{s'gl%g L{nﬂ%%bf‘g?ﬁd?ﬂghgtgéggr@ S f O aim64 wherein said
anal yzep G(bmnd derssity; abda noni tor for nonitori ng t he bl ood position change
in one of said tubes; and a detector for detecting the at |east one bl ood
posi ti ap=igravitetionbheonsténtsai d t ubes. WD 01/ 36936 PCT/ US00/ 28249 43 92. The
aEparat us of Caim9l wherein said nonitor conprises a light array and a
arge coupl ed device (CCD). 93. The apparatus of Caim92 wherein said
light array conprgges e BFHé@tué ¥f Claitl 8 wheféihtdad afbREEs caAtiRESthe N
linear fashion to illumnate said one of said 5 tubes along the |length of
sai d t ubecosity, uTheingpaid detesminedvallias of nvanelleinmthetquatienect or conprises a
| i ght emttl n di ode and a photodetector. 95. The apparatus of C aim 66
wher ei n/,s;sli ‘Pair of tubes is disposable. 96. The apparatus of C ai m 66
wherein said val ve nechanismis 10 disposable. 97. The apparatus of Claim
64 V\hervt\alhgresai d anal yzer further conprises

Lo /=(3n+1)8_Q_

n 7z¢f

and where

Q = volumetric flow rate in said capillary tube

¢ = capillary tube diameter; and

y = shear rate.

15

88. The apparatus of Claim 66 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 tubes.

89. The apparatus of Claim 88 wherein said respective monitors

20 comprise respective light arrays and charge coupled devices (CCDs).

90. The apparatus of Claim 89 wherein each of said respective light
arrays comprises a plurality of light emitting diodes arranged in linear fashion to
illuminate a respective tube along the length of said tube.

91. The apparatus of Claim 64 wherein said analyzer comprises:

25 a monitor for monitoring the blood position change in

one of said tubes; and
a detector for detecting the at least one blood

position in the other of said tubes.



a container, said container collecting an initial portion of the flow of
circulating blood fromthe being's vascular system 98. The apparatus of
Cl ai m 97 wher/ai9se sai d anal yzer further conprises 15 a deperTAsoo/mdjsacent an
i nput port of said valve for detecting said initial portion of the flow of
circulating blood fromthe being' s vaggul ar system 99. The apparatus of

Cl aim 98 wherein said valve isol ates id container fromthe being' s
vascul ar system whj | e coupl i ng, sai ai .. of tubes.to the being s scul ar
aystem 20 100, W apii SRRESER IR By NoekBsgid Mendfr cabfitesa R Ve
moni t or§rafigh@alchafgPE6GREE devitgddayg! in one of said pair of tubes in
order for 'said analyzer to 1isolate said pair of tubes fromthe being's
vascul ar system 901. Thersppadtioef Glgimr 92 wheieintsaid jighlogiray cempeiseg @ at i ng

bl ood of i bei.ng,,. sai d d . : : .

D oo LG PR I SRR DR MBSk o

i gput  fy,BHs gfor@ithgué@gthqg sblde@e. (b) directing said input flowinto one end
of a pair of tubes coupled together via a passageway havi nhg some known

paranet ers, sai d $putThe appaiatis of§laim SLiyhetein saigkdetectopeopprises alight r  of
t ubes, - sai.d P dinto a first portion of a second one of
sai d pa‘%rﬁﬁtﬁ#bg{ilgggsaq}dnggﬁgfe%r%@%&?or m respective colums in said first and
second tubes; WOgH./ 36BaGapiaratusl CEE2vEH wHhdrejrc3aid palraf tubgsssdidposspect i ve
colums fromsaid_inp flow so that the position of the blood i.n each of
said col ums cha?%es?]trled)apﬁﬁFﬁtPqu né'af'ﬂe‘sil"@‘tﬁie‘ﬁﬁ?lpi YAVEHRRGRAMSM,Fe of
Posaid &Q‘géggﬁe'of bl ood over tine; and (e) detecting at |east one bl ood
position in the other one of said colums of blood; (f) calculating the

vi scosity of the f.r culhe apparblused Claiasdviereiesaid snalygefogher eamprigasge,
said at_| east one_.

sajd A container, saldlc%n éiﬁglg cglPeSé:ititnigoa% i%ﬂl%| BBn%‘El gfﬁh@%o@%\“@ir@&é%%ﬁfoﬁ of
from the being's vascular system.

98. The apparatus of Claim 97 wherein said analyzer further comprises

15 a detector adjacent an input port of said valve for detecting said initial portion of the flow
of circulating blood from the being’s vascular system.

99. The apparatus of Claim 98 wherein said valve isolates said
container from the being’s vascular system while coupling said pair of tubes to the
being’s vascular system.

20 100. The apparatus of Claim 88 wherein one of said respective 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.

101. A method for determining the viscosity of circulating blood of a
living being, said method comprising the steps of:

25 (a) providing access to the circulating blood of the

living being to form an input flow of circulating blood;

(b) directing said input flow into one end of a pair of

tubes coupled together via a passageway having some

known parameters, said input flow passing through a first

30 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;



passageway. 102. The nethod of C aim 101 wherein said step of detecting at
| east one bl ood position in the other one of said colums of bl ood

conpri sewoonsdeé i ng the bl ood position change in the other/usenesefs sai d
colums of bl ood and wherein said step 15 of calculating the viscosity
conprises calculating the viscosity bg;ed on said blood position change in
each of said colums of blood and on id selected knowmn paraneters of

sai d passageway. 103. The method. of Caim 102 wherein said step of
calculating the viscd§) W'%'If‘gtsﬁé(P@SP@Etl' ?Cﬂﬁmﬂﬁgﬁiﬂ“ S8ddBRuct ed i n

real -tinme. 20 104,,Jhe weiitheRd PBsi%ﬁ‘icST‘ HE3 bR # RaehRl 6F s8rPecti ve col ums
of blood are in upright positions and said step of nonitoring the bl ood
positi on change aodumnhschangesipri ses nmonitoring the change in col um hei ght
of said respective col s of blapd,,over tine. 105 .The nethod of Caim
101 wherein said col un(:c}gn"b ”'{W'Sggﬂﬁcprlr%?qeggs'h% ChaDggedpiqne %fél ums of bl ood
i g upright positigy$canehsPotbisbepver tienah®ri ng the bl ood position change
over time conprises nonitoring the change in colum_ height of at |east one
of said colums of bl d6didetestingiatieasi gge bines pasiticitindheqthgm 104 wherein
one end of said pa| oPgaialéBﬁﬁm-ﬁssof NERged to anbient atnmosphere. 30 107. The
method of daim1l wherein said respective colums are in upright

posi t}ons and s;ai d s; gf) cdicumating dhieé ngcbbiey bf ﬁmicimséﬁri;]g)blaﬁdange over tine
WD 01/ 36936 PCT/ US00/ 28249 45 conprjises nonitorjn e change in weight of
sai d respective RASEINSN RIEbleqd EB?"HQ” qhenea. sokt gE 5%?@1 Of¥s. The met hod of

thai m 103 wher el 1584 BosfipRUild 8f SERCIRGWT pafameeirs @fsaRest ti ons and

said step of nmonitoring the od position change over tinme 5 conprises
nonitoring the tipassagewhyght of emitted signals towards the top of each of

said colums. 109,, Theg net hod, o .almA108 wherein sai 1tted signals

are acoustic signdls. qmetmofr\g%ﬂ@d_ 1fW 'S¢ 4S%Re4echqé%tmgdat§]88%m

hei ght drfe HBBH RERBN iA ChdYtHer dndidfahidvésh@Ans dFBIdd comprises monitoring the
blood position change in the other one of said columns of blood and wherein said step

15 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.

103. The method of Claim 102 wherein said step of calculating the
viscosity of the circulating blood is conducted in real-time.

20 104. The method of Claim 103 wherein said respective columns of blood
are in upright positions and said step of monitoring the blood position change over time
comprises monitoring the change in column height of said respective columns of blood
over time.

105. The method of Claim 101 wherein said columns of blood comprise

25 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 at least
one of said columns of blood over time.

106. The method of Claim 104 wherein one end of said pair of tubes is
vented to ambient atmosphere.

30 107. The method of Claim 103 wherein said respective columns are in

upright positions and said step of monitoring the blood position change over time



111. The nethod of C aim 103 wherein said respective columms are in
upright positions and said step of nonitoring the bl ood position change
over timwooDsgBsé ses nmonitoring the change in pressure of PeRUSIIVEB3Pecti ve
colums of blood over tine. 15 112. The nethod of C aim 103 wherein said
respective colums are in upright poggtions and said step of nonitoring
t he bl ood position change over tine nprises nonitoring the change in

mass of id ti. I f ci lati bl ood tine, 3. Th
ot hod RIS TODIOTRGHE Fiane 1t WEiAtt e SackBeRRRG s palrns SO |
posi ti oflgodedestingd. step of nonitoring the bl ood position change over time

conprises nonitoring the change in volune of said respective colums, of
bl ood over ti me.108L4. ThehmethahotiClimdO3 whared saidrespediyemolynngatid st ep

care et iteLioe SREBRIC I b g ofigB TR HESE hofiohe B 58t Breng tne
bEood pashpriises rbaiREHhg the Sitdgloffhgiites binitted sighalgnewardbihe Toreofeichad said C ai m

114 wherein said step of maintaining the tenperature further conprises
mai nt ai $Al@YNBhe tenperature of said respective colums at substantially

t he sane tenperat [ AVA hel NS al d I g 30
the bl ood positi owgghgt]%é(a#'?ﬁﬂdsdgfgg @E@L@ﬁ%@lﬁé?ﬁﬁ%ﬂhﬂ@téﬁ%@p g%hd?%géﬁéoﬂcfn of
C ai m Idignatkerein said step of directing said input flow of circulating

bl ood into one end of air o bes rises establishing.a first WO
01/ 36056, pon usoot Bhoathe Rethatot aR B8 Berdi ek cstamp e diSmenipen oo
apd a S@pﬁraqigri%q OigeBdam&ye!l for said second colum of blood, said first
and second pre-test levels being different fromeach other. 117. The

net hod of d ai m 116.whBremethed df Ctaip 183 wherein saif igspertiveicobysns gre in
conpri ses. determ nin i fferenc f l i | I st and
5 secoriP sty FidisalEofr B HERod inaD fe Biottian, thatdh Svt kit 'S
sai d heddihpristfs raahitorirlg thetchapkenim prasdubof sais ségpdetivg bbluninsseli lose overd
colum. 118. The nmethod of Claim 117 wherein said step of calculating the
vi scositifefurt her conprises detecting an offset of said heights of said

fgrst and second Lol VRS mfiaY'Bf @Rirh b3 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.

113. The method of Claim 103 wherein said respective columns are in

20 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.

114. The method of Claim 103 further comprising the step of maintaining
the temperature of said passageway at substantially the same temperature of the living

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

115. The method of Claim 114 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 during said step of monitoring

30 the blood position change in said respective columns.

116. The method of Claim 104 wherein said step of directing said input

flow of circulating blood into one end of a pair of tubes comprises establishing a first



10 119. The nethod of C aim 118 wherein said step of cal culating the
viscosity further conprises using hl(t) - h2(t) and Ah to determ ne the
consi stemgoi/smex, Kk, and the power | aw index, n, as gi vear/goo/28249n-1 n- |
hi(t) - h2(t) - At = - n -1 at + (Aht - ho) n where 1 4kL~ n n ~~ 15 a =

- 2 pgo~ 3n + 1 0,2) and where ho = 2 (0) - h2(0); LC = length of
passageway; (PC = inside dianeter of Ql d passageway; 20 cps = dianeter of

e B e WA SR 0
wher ei ’#}&E’i‘rgﬂ o?tb%boo aFoaﬁr%PbﬁB 's@Goﬁcﬁ‘gre et lév%@%lhg dlfPereEtJfrbﬁﬁéa&PGméf ses

using t eternined val ues of nan I n the equation: VO
01/ 36936 PCT/ USO0f 824the Mmethothef I3 1]]68Q'hqrel(r\3$aid)ste|n ofaa,lcu.dmmg/\ﬂ@re Q=

Shear rdteesty omates,efaamips ey v of sBEhauBiLh SrRis Ay
agcess drondtBIUThh ot flid BlertrRe krifwri &€h (1) h®) méf@m B agREICRSigkfsart i ng a

finite anount of the initial 10 portion of Said input flow of circulating
bl ood ifirsbecelupwmmng heis said height of said second column.

118. The method of Claim 117 wherein said step of calculating the
viscosity further comprises detecting an offset of said heights of said first and second
columns, known as Ah.

10 119. The method of Claim 118 wherein said step of calculating the
viscosity further comprises using h,(t) - h,(t) and Ah to determine the consistency index,

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

n

hi(t) - hoAt) - Ahe = —{(i’;—l) at +(Ahi - ho)%l}n_l

where

g ) l[4kLc)"( n )[ﬁj
“= 2\ pgde) \3n+ U\ 4}
and where

hy = hy(0) - hx(0);
L. = length of passageway;
@, = inside diameter of said passageway;
20 @, = diameter of said first or second column of fluid and where @, <<< @,

p = blood density; and

g = gravitational constant.

120. The method of Claim 119 wherein said step of calculating the

25 viscosity, i, further comprises using the determined values of n and k in the equation:
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47
where
_ (3}1 + 1) 80
V= n 7r¢c3
and where

Q = volumetric flow rate in said passageway

¢, = passageway diameter; and

y = shear rate.

121. The method of Claim 101 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 container.



