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- CONTROL IN A FLU DI C DI AGNGSTI W\\WMoss-reference t

Application 5 This application “ ending U. S. Applications

09/ 333, 765wofoilreds June 15, 1999; anghep9/ 354,995, filed IrdTyusb69923999.
BACKGROUND OF THE I NVENTION 10 1. Field of the Invention This invention
relates to a nedical diagnostic device tHat includes an el enent for

controlling fluid flow through the device; nore particularly, to a device
that facilitates fluid flow through a stop junction. 15 2. Description of

the Related Art A variety of OMRILCARYHIAYWASONTROLANMeAUr es | on
bi ol ogi cal fluids, such as bl#ﬂﬂ?I@ﬁi}%@NﬁTI%g)ﬁﬁdE’a’ to d%‘mmmmm
: e

anal yte concentration in the flui procedures neasure a varitery of
physi cal paraneters - nmechanical, optical, electrical, etc., - of the

bi ol ogi cal f| gigds-referfVeBd BribhBpRidationt es of greatest interest is glucose, and

dry phase reagent stri I ncar por at i n YATE:. j el used
extensively in cl iﬂar‘%%q%iFﬁ’é’Brtglfﬂgf foe%e, dlg%ﬁ{gl%ﬁ)g%%%%gp f’?ggézéi ﬁ(i)egglﬁ?ﬁﬁg and
hones to test199Qnmlded9/354,995 offledIn 6,198¥.ds for glucose concentration. In
fact, reagent strips have becone an everyday necessity for many of the

nation's estimated 16 mllio |t | Lhce di abetes can
cause 25 dangerous anonal i esﬁﬁm%hwwlﬁéﬂ contribute to
vi sion Ios;, k!dEey failure, and other serious nedical consequences. To
mnimze e ris 14t guences, nost people wth di abetes nust
t est t.hemiel v<ia's pelﬁl.lgg???geﬁpg%&? en adjust their glucose .concen rat{on
accordingly, for iHsaeetionrplatsséne wp gal dé‘)?B‘PS@ngYIC% fyigelu ?‘fsaﬂleieﬁlen
Iont gﬁt ' 0“?- ﬁ’i'&&%mgem%% ﬂBw&hroﬁ@meHFlﬁédf; nioropatigilaryo fea deviedlwtr at i on as
as four LLimes r r i One type of gl ucose neasurenent
syst em oper at @H%qtgﬁw%@ﬂg#gg&%&ﬂ%@pgc ul ng the oxidation of blood
glucose on a dry reagent strip. The reagent generally includes an enzyne,
such as glycose oxbgs%ﬁﬁﬁafofgﬁmgg@dg@hydr ogenase, and a redox nedi ator,

R g PR T RTINSO e

Nakamura et abuch agblbol) ineRat20  saliva, to determine an analyte concentration in the fluid.
The procedures measure a variety of physical parameters - mechanical, optical,
electrical, etc., - of the biological fluid.

20 Among the analytes of greatest interest is glucose,and dry phase reagent strips
incorporating enzyme-based compositions are used extensively in clinical laboratories,
physicians' offices, hospitals, and homes to test samples of biological fluids for glucose
concentration. In fact, reagent strips have become an everyday necessity for many of
the nation's estimated 16 million people with diabetes. Since diabetes can cause

25  dangerous anomalies in blood chemistry, it can contribute to vision loss, kidney failure,
and other serious medical consequences. To minimize the risk of these consequences,
most people with diabetes must test themselves periodically, then adjust their glucose
concentration accordingly, for instance, through diet, exercise, and/or insulin injections.
Some patients must test their blood glucose concentration as often as four 10 times

30  or more daily.

One type of glucose measurement system operates electrochemically, detecting
the oxidation of blood glucose on a dry reagent strip. The reagent generally includes an
enzyme, such as glucose oxidase or glucose dehydrogenase, and a redox mediator,
such as ferrocene or ferricyanide. This type of measurement system is described in U.S.

35  Pat. 4,224,125, issued on September 23, 1980, to Nakamura et al.; and U.S. Pat.
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SUBSTI TUTE SHEET (RULE 26) WD 01/ 75433 -2 PCT/ US01/ 09237 4, 545, 382, issued
on Cctober 8, 1985, to Higgins et al., incorporated herein by reference
Hodges et al., WD 9718464 Al, published on May 22, 1997, discloses an
el ect r ochewioalsdevi ce for neasuring bl ood gl ucose that ircalusdess2swo
netallized 5 polyethylene terephthalate (PET) |ayers sandw ching an
adhesi ve-coated PET internediate |ayer. ‘Pve netallized | ayers constitute
first and second el ectrodes, and a cutout in the adhesive-coated | ayer
defines an el ectrochem cal cell. The cell contains the reagent that reacts
with the gl uc4)s4s,382, &mhﬂdamcocsdmpl%el%ﬂ'helﬁggmmal sinedrporgted bereindiyd  t he
sanple is |nt{?q§n%gd at an inlet on one of the long sides. 10 The

ev

el ectrochenm ca i ces for_neasuri n 00 described in
the patents cited Bedgseet ahs WO §HI8A6 ‘h W&?‘ %%%ﬁ%@én%éﬁ?se S#bvi ces used
]tlor drreasurl néleéﬂﬁl | hethiBal @eviee fir fth @M bWOd(ghﬁ:bmharmcﬂudesﬂswmmetniltﬂedg: cal |

ui ds, genera ar.e e f anpl e inlet
to one or ?mr%°18%/th§fmet8f&’$8ﬁ§ g‘?ﬁﬁﬁ e%(}%@l ceh}n?’yplhﬁqﬂ'e CB&%S%%I e flows
t hr ough capi | intermedintariayet. Tho oretedlized dayerssonstideie pw pad 50 ug glectiodss; and #unber
?chﬁggngzscflﬁgt GHSS Bl aﬁﬁésﬁ)etco%&ralyte&egmncaét cutdcm«nmbem Tiedell@sntaima d |

| ons var i met hods nt r npl e.

U.S. Patent 4@5@%@3“’“[‘%@@% © RRIPQSH 158 glf@‘giaml{ % Téo%e& e?o(?ig ﬁ?oaglgs a
devi ce t hat |mlsudp]s1sa1neadqab®at|aul1mlbta1mm|0@theéd03%d€fsam | i tate movenment of a

drop of fl i BRRibedins t o
forﬁ1 on tﬁ drop ”?ﬂéeeelé&{o %qgﬁbé‘s%rﬂaé’asﬁﬁ?magd %u@d%glﬂfsasﬁl‘g él beus L0
7, 1999 to Cr ﬂ@rp@teetS@ttethipboye,@Sé “PHtaéH?leﬁma%al&‘%mﬂ ‘§§ﬁ‘é‘8 S8R y 17,

1984 to Col urrmasund.gaﬁdlgs @oncentratiohs orcharnetefistics of biothgidatBuitl$ gendnally share
pressure-act “gtlngeéi tﬁéﬂ%ﬁ%"@ﬁ él‘éeofgw&%p&r OJaﬂgﬂgmf ' e OPufte ?tﬁé b&ma%men the

zones. Hi s de essur ances on. a men; scus at
t he i nt er f aced@bcdFypiedly, aSifmIFlsﬂo‘fﬁ)théo%h(?aﬂn&lé@éweks&%"qeﬁgfo ppaged;apart

different 25 GhBRsSs, %%&Pofwmk bRbsédwIdW, diclosptheSiesiaapnasivasvinese at
at rmspherl C pre Suélﬁfﬁ%lﬁl{l %%gggﬁél g\ggﬁésfﬁt %ﬁ?(ﬁ fﬁ&gfﬁ%%&ﬁ that st ops

the Iiquid me ARG zone to_the second. The
configuration of thTSsPlatenm2511@083orssuEQ100M%}T01h3‘;t198h’t° Colugihus, digckees 3 he | qui d

flows into thy, ﬁggﬁ%@lﬁéﬂﬁ a%%}ﬂe‘ﬁﬂ@trboﬁﬁﬁhb&ﬁ)tfaaﬁtaw méventent 6Fadrbp yf fluid
gener at ed pressure to urd

push the meni senpleinp therﬂeﬁlc?’ x4 cé‘%{i{]ﬁﬁc"%ﬁ’éﬁ {1} éggul%é? goﬁ{n ollﬁg%@g ﬁﬁb@:élg%hgd
on Septemyer 19S. Fafsh95907,8 T sowesl cntDeaskmber 71999 tosaismorest abhe back pr essure
B P LSy PSRl YRS D oo g g1
multi-zone fluidic devwe that has pressure-actuatab e means or controlling the Tlow of
fluid between the zones. His device makes use of pressure balances on a liquid
meniscus at the interface 25 between a first zone and a second zone that has a different
25  cross section. When both the first and second zones are at atmospheric pressure, surface
tension creates a back pressure that stops the liquid meniscus from proceeding from the
first zone to the second. The configuration of this interface or "stop junction” is such
that the liquid flows into the second zone only upon application of an externally
generated pressure to the liquid in the first zone that is sufficient to push the meniscus
30 into the second zone.
U.S. Patent 4,868,129, issued on September 19, 1989 to Gibbons et al.,
discloses that the back pressure in a stop junction can be overcome by hydrostatic

pressure on the liquid in the first zone, for example by having a column of fluid in the

first zone.
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first zone. SUBSTI TUTE SHEET (RULE 26) WO 01/ 75433 PCT/ US01/ 09237 -3 U.S.
Pat ent 5, 230,866, issued on July 27, 1993 to Shartle et al., discloses a
fluidic device with multiple stop junctions in which the surface

t ensi on-i ngpagdsAsck pressure at the stop junction i s awrgrarsoseb23f or
exanpl e, by trapping and conpressing gas in the second zone. The 15
conpressed gas can then be vented before-3 applying additional hydrostatic
pressure to the first zone to cause fluid to flowinto the second zone. By
varying the back pressure of nultiple stop junctions in parallel, "rupture

junctions" can be tjsrmshtslzauiseg1ésamsnmy<2m99%ma1eqommmesau S.

Patent 5,472, | ssue nbe
Pat ent 5, 627, @ﬂ%f deY}FeSE'T éu?ﬁ%ﬁ ugeth ]j%;ugaf‘?kfeg %%gget%(%ﬁ%c\(/nzfrﬁg%%g %? fe b ck
pressure in apressOrest the sjaprjundtion is am@nntﬁql Sor exemple, by HepHing and COBIRESSHES ot

at mospheric p, %a@?rﬂh@%ed&hﬂ%o& ¢R&1S i T uggn es@angers@wme@besaue@bafmt is less
than the pres

ure requi red to overcone d
2 ht " at mosprEBhE AR YR e BT 103%« sxficpne R FRe g ¢ fy SRR ~one
pressure is Tﬁ@pdmdedmé Byt Myxﬁg tistbaclopressumwad mustiple stop Mmggﬁmls ourgll@ag K oot ent
ressure. .
P u ; L@‘E’%ﬁ M:Bé eﬁ@%&@ci g:gwélﬁé B Akl 26 'bﬁck p¥o5sséu‘e

6,011, 307, is to Naka et al gﬂg F %
Oct ober 29, 1997, TdSsBaterﬁésW@ 683 desyed en ReeemRst ProkdoF it Schs Vi?eﬁcj U Sl e
that incl udepggh 320 941)) Bis610688 using Bértrifupsl foew lta:avebgonmihd: bawk prashige ir @act i ng

the sanmple with a rea | done by
optical of? el HERIUGER gﬁgf‘dr%’a }saﬂ?m{& ?cﬁﬁrlﬁgﬁg&lg S nstﬁls%p?%s'h%r e are
mul tiple to acerifugallylgenaated pressusmtpion less thop Bheprosgurg Fi%ﬂ\‘ifé‘{l to epgEsope $i§ anong

tSh?S 8 Z Sgt | ONBack Hrddatra AR Gedtintll RonH is Hﬁdtﬂ?sp‘ils@@ ﬂew&ﬁd I'EURsumdﬂcﬁv aBaitiondl
i ssue 0_Ya 3 ses an
apparat us for C‘EPBTfP%"BPFeﬁ@‘“%W&pHﬁ% tB%]tf a"g‘r““r?@n%f (%e%’?"'; AT S’%?‘géué bp %kgéé%{sngs a

"t hermal presThe ecolibivine rémdims gb ptovdspleericipeessirevi ng force for noving the
sanpl e thrpugh thﬁ‘sa??t@ﬁﬁ%téﬁglo?ﬁ ddec?onﬁaéé%ﬁﬂer@ 71@6949Naka5tweﬁhmehﬁprll 7,

1998, to Yassi nzadéeh oses rret od determn t

coagul ati on t prEcieber29% 1T adiselnsss & théfi‘“f1 Qfg'{? FTH%YZ&W %ﬂ%l tp‘ett he

sanple to OSCidchﬁgﬁdWﬂglﬂib Wﬁ&gﬁyﬁgﬁce‘lﬁ)&um tHea réactngribe sample witbaused

by alternately increasj CAS GpRBRdR: None
ﬁ%g@t I ataha ﬁaﬁ@%mh@ﬁ uﬁ%ﬁﬂg dB 6&§§1Wr%1e9ﬁ’oéh@ﬁ1

of the refere ove 's Vi C ow ,channel

30 has a st opljalisonateombadiments; therryte B Itiple E°he f?”@&u&‘ir‘lrség‘("?’ﬁ)?‘? 72 PRRARY OF
THE | NVENG) ONcHdahel, THY 86V b@Bn@ihess sdetiond igBathinced witleont asing stop jumetsansi ng an

anal yte U.S. Patent 5,700,695, issued on December 23, 1997 to Yassinzadeh et al,,
discloses an apparatus for collecting and manipulating a biological fluid that uses a
"thermal pressure chamber" to provide the driving force for moving the sample through
the apparatus.

25 U.S. Patent 5,736,404, issued on April 7, 1998, to Yassinzadeh et al., discloses a
method for determining the coagulation time of a blood sample that involves causing an
end of the sample to oscillate within a passageway. The oscillating motion is caused by
alternately increasing and decreasing the pressure on the sample.

None of the references discussed above suggest a device in which flow channel

30  has a stop junction that is angular in the flow direction.

SUMMARY OF THE INVENTION
This invention provides a medical device for measuring an analyte
concentration or property of a biological fluid. This embodiment of the

35 device comprises
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concentration or property of a biological fluid. This enbodi nent of the
devi ce conprises SUBSTI TUTE SHEET (RULE 26) WD 01/75433 -4 PCT/ USOL /09237
a) a sanple inlet for introducing a sanple of the biological fluid into

t he. devi ceywolorasdsb r st capill ary channel for conveyi ng t hecgarspi/e92str om t he
inlet to a branching point; 5 c) a capillary connecting channel for
conveying a first part of the sanple fr-@amthe branching point through a
measurenent area, in which is neasured a physical paraneter of the sanple
that is related to the analyte concentration or property of the fluid, and
to a first stop junctigy; d} sanglapildtfarixtrédopmgs sanplernd theftoslogioal fmid ng a
second part of the 1Q s le in a first direction from20 a first region,
proximate to the B % point, to an overf] ow region, di st_a{ to-the
branchi ng point, the fibjatrsteagiliery chamnel fay canvsxisi|thesanpls Femdedalet 19 & second
direction SUbSta”tﬂﬁﬁlchﬂx gfeendi cular to the first direction; e) a second
stop junction in the y§ ss chapnel , conpri.sin LY -@gH.0n that

i )separates the first &hd of&M 1%09155%&’%@@1}@@%&%&% sgt:éoqﬁg o e giteerrn' ned
di mensi on. in the samplrfrbm thebemhing pointthraugh g measusement areas IRVHELS| | ary

di mension, and 20 ﬁ:éds&:e&%ﬁ%i&i‘ Li€r 4A1RY saRPIdhat ik BlEdhotthearalyité 1 St

regi on, whereby any excess san% e t&gtquﬁggg{/s tj%}e Sa .inlet wll pass
through the secorrDesnEBLoNOTRIORSHY OF o8 BW?PQSJ' ™ Devi ces of the
present invention provigje, iaagillagbybisachanhbidor whucyieg a sdcondeart ofdle ce, a

stop junction that is,an Fe L Qs w g i fhchingcCt i on
can be 2% desi gneﬁmmet'ﬂ%:ﬁéagfrleéﬁoélc’)}ﬁ;ﬁn{[ %(?I e%ﬁ%ﬁggﬂlg? rrgﬁﬁi&gaélgetsﬁgre. te

that in the presenoigpechniovefiowaasiomdisty & @F@Eﬂﬂé@{‘gE%i‘Bglt eﬁrﬁtégglg’r‘e shown
bounded by paral | el leaf @fillatytifnb@ion iasecont ldgedtivacorsthntiailepdrpandiculantd ch

has the capillary dimensjon, is uniquely determ ned. Alternatively,
capillaries of thet?‘FgS%ﬁ’t"?“@ﬁntoul d be cylindrical. In that case, the second

direction is radial, in)a plaseemdstopdtnstionin the bxpasy ¢hapnglcOBPrISBEdi cul ar to
t he di rech%on of Wo&h&?q%g%ﬂﬂat BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g. |
0

depicts t operation junction i i cal vi ce.
P P Sigsggargitlejs tﬁg ﬁ?st anci~| ovaer ovs(rj re%%ns,de ce

=]

ii) has a second predetermined dimension . in the second
direction that is greater than the capillary dimension, and
20 iii) forms an angle that points toward the 5 first region,
whereby any excess sample that enters the sample inlet will pass through
the second stop junction into the overflow region.
Devices of the present invention provide, in a capillary flow channel of the
device, a stop junction that is angular in the flow direction. Such a stop junction can be
25  designed with readily-controlled breakthrough pressure. Note that in the present
specification and the figures, capillaries are shown bounded by parallel plates. In that
case, the "second direction", which has the capillary dimension, is uniquely determined.
Alternatively, capillaries of the invention could be cylindrical. In that case, the second
direction is radial, in a planar circle, or disk, that is perpendicular to the dire‘ction of

30 fluid flow.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 depicts the operation of a stop junction in a medical device.
35  Figs. 2 - 5 depict the flow of a fluid in part of a device of this invention.
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35 Figs. 2 - 5 depict the flowof a fluid in part of a device of this

i nvention. SUBSTI TUTE SHEET (RULE 26) WD 01/ 75433 -5 PCTIUSO /09237 Fig. 6
is an expl oded perspective view of a device of this invention. Fig. 7 is a
pl an vi ew wb dihsssslevice of Fig. 6. Figs. 7A, 7B, and 7C cegvyusoreasmpl e
frlling the device of Fig. 6. Fig. 8 is a plan view of a preferred

enbodi nent of this invention, which incl-dudes three 5 neasurenent areas.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON When fluid fl ows through a channel, a
di scontinuity in channel cross section can forma "stop junction,” which
can stop the g tslsiaxib dedPedpetive it dfa deviGe ofthisémmtentiorl 0 4, 426, 451;

5, 230, 866; a[hd ? 34, i or orat taerel n by reference. The stop
junction resul®¥ lFPB??PsYb‘*rW S G AME Bt creates a back pressure that
stops 15 the Figd. GAd7BgBmd§€ubpfct@mﬂh@b@@ﬂlerﬂg"lﬁwmgkﬁ ‘the discontinuity. The
stop j uncti org; Sslswg%&ﬂwof ARerebe@ embbimekiof el anefidn, whieh irchwies theati ng
edge of the nehiscu encounters the vertex of an acute angle and is then
stret ched Sl dﬂ‘@i‘s‘t‘fﬁ%‘e’étrWof the 15 angle. This may be 20 described as the
angle "pointing” in a dlrectlon opposite to the direction of fluid flow

This inventi ,[.R_tL Bﬁ,mﬁpmﬁ ReNaetioN devi ce t hat has a flow
channel wt S Junc op i r&cl:tlon 1S q E
direction of flow, Wﬁmﬂlﬁdﬂsws Heoyshiachpingl, @ ﬁ”fo’%tﬁ\éutéfﬁhﬂﬁ&m tcff’sﬁ?eé? # t hr ough.
the stop | UnC&ah%lnv@@tbﬁjhﬁdtﬁnj"s;vlﬁcmnmopdlmmudrﬂuwdaspiee@'ﬂmdmHIS‘ Petentace

across the st f&do j E,zg(? ?%q: N84 89Y2 4 2GRS ;até:d"iféﬁblﬁby FRQEACQ THSstop

br eak- thrb(hg ar e apparent ‘fromt esth | on hat fol | ows.
Fig. 1 depi ctjsngimntresuits &ommfmte@mg}h%ﬁa@s abpgkpregsuseiagt sjops L mul e | ayer
sandwi ch. — Togyij ﬁiéﬁfscﬂs%&ﬁﬂ ro@é&ﬁxfgrﬂﬂ the Bikcomindity. Theistvpgumotidh &t e | ayer 16.

e scored | ﬁ?@%ﬁr% ﬁag%#aleaég Wi} up 190G cqdvor el AERAR "0 10" op

junctions 21 arduRdréthe veetspefn ameﬂe;anglilamtl,s thearsppishe alpng the amesetf thet o
channel f RSh¥ AR "pointihgeinheEreblictPonposicito de 21.
Fi gs. ﬁd éﬁnltl#eb%&gr%gsm?&g medi cal ptbo digagnostlc stprpl pof Fig. 1in

whi ch 30 stoé)‘IqC mt’fﬂ)‘ﬁg OW. and 21A have been nodified by addi ng serrations
24 and 24A, res peplhs iEptionSelateatd medidal fimgnastia devica thet has giflow/charnel

"points” toward, sa edcﬁi%ﬁ& S, Svhich 255t before
and j ust afte‘fvﬂpf" %Bé‘gkc {’ﬁlﬁhgé Ju‘fogﬁfsuaﬁ mn%l rens ectlvelt}i/(5 Not e t hat

t he breakthrough opsrmits flpidin thegbaqquto\béqa!(ébgowthheﬁtﬂpﬁ% 1OBMSEIEEE F 8 ¢t he
direction,pf fledbtemiihédpresine defférereiaviencthe stop junbitors Ehe advaotagesrientheci ng

controlled break-through stop junction are apparent from the description that follows.

Fig. 1 depicts part of a medical diagnostic strip 10 thatis a multilayer sandwich.
Top layer 12 and bottom layer 14 sandwich intermediate layer 16. A cutout in
25 intermediate layer 16 forms channel 18, Lines 20 and 20A.5 are scored into the
bottom surface of layer 12 and form in channel 18 stop junctions 21 and 21A,
respectively. Thus, sample S, introduced into channel 18 at sample inlet 22, stops when
it reaches stop junction 21. '
Figs. 2 and 3 depict the part of a medical to diagnostic strip of Fig. 1 in which
30  stop junctions 21 and 21A have been modified by adding serrations 24 and 24A,
respectively. Serration 24 forms an acute angle A that "points" toward sample inlet 22.
Figs. 2 and 3 depict sample S just before and just after it breaks through stop junction
21, respectively. Note that the breakthrough occurs first at the vertex that points
opposite to the direction of fluid flow. The effectiveness of the serration in enhancing
35  flow through a stop junction in a capillary channel depends on the angle and the length
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35 flow through a stop junction in a capillary channel depends on the angle
and the | ength SUBSTI TUTE SHEET (RULE 26) WO 01/ 75433 -6 PCT/USQL1/ 09237 of
the legs that formthe angle. The smaller the angle and the | onger the

| egs, the @wopeatess the effectiveness of the serration. Theg/usefoRse angl e
is small and the legs long, only a small hydraulic pressure differenti al
across the scored region will cause the -sanple to flow through it.
Preferably, angle Ais less than about 90 and its axis of symretry is 5
aligned with the direction of flowin the channel. Stop junction 21A has an

ang' e that | g%f%eﬁegsqxdﬁﬁrfan@mé adle OfheGhalaeahe afyld fniithe R)ngerph@bgs ¢hd greager 25
and it wou ave r.educed.jesis t tere
end 26. Figs. tﬂﬁeé‘?‘fa"ﬁ“@ﬁ %’ttf’? rEepe #1 \SF/% o?’?fthggtfgfelzé lg\kél}rngg aﬂ@ffﬁ %q%lgnlg? ter it
has broken tdrrraditlgﬂraahmprepaum:dlffgmn@d acrpgp th¢ gpored, regxﬁ@wgléﬁﬂsgth@mg? $Ped at
Stop Junct i oMy frouhf t,'h?réfé HATRI 1655 B06 aBaR I8 abd DA By mmeiryiCt | on
21A at its two en ea (ﬂgrou%}fs occgr t here, because al though the
angl es at %heaﬁif‘mgheé\’%‘:%”éé P850, they are smaller than, the
angle (i.e., the Sippjuackont21df hashe aaglgthet pdints toyesirdend Fafehamneb by thatist he
center of serratll% fzgﬁﬁ?%ﬁdﬁa‘vF?edﬁééd%sﬁtS}Fce%@tBE'fE\xﬂ&'saﬁﬁlémw t he

position sho he sa

pas hr ou unction 21A
across the emntfrredmdd?c% Fl&%%@@?%ﬁ& opgof *—‘P’@ °“§hgl?1an§§’<@1%(#g fthhs
perspective Vigerthronh %pgﬁicﬁmm .0h Fig)d, the eampit is stoppedlat&bwp,]uﬂ'ﬁ@ncmégnost iC

devi ce 30 has a t Iuﬁ%{% ReVe t di at

I aﬂar 36. 1 e@ﬁs %pﬁqméiﬁéaso%aﬁegghxgg@ s?(g(?rJrre E)l ﬂkhalt ﬁ?ayerrgﬁ!I e 2 he m:)vmI ? he

cutouts in t hixeaktbepgiwtascurthersbgcauge althougtutes Iaég pgtde B30 °nF1§)?'rﬁ§ge iﬁﬁfﬁ

coal i gned hol g% gy bidlsRiallBithat Be h@%w(l 6 Shernpplempnt| ofyterangl2; thétippits fowpid | ar y
2

ACORCIN S RCHER 2 E N R T ol

or conve

measur ement  agipavndf Fig 5athe samsple stilbpass thieughatop jwgrtioniZdf aﬁmﬁg&i" Gﬁmﬁg" 1&@‘

formed by tion of the 25 cap| | lary neck, at the end of
rreasurerreﬁ% ?22‘;“3@%

and the 00| nci d hol es 48A, .48B
I nternmedi ate 25 | a@lngg»@nep( f??é’teﬂ'fgjr%d ?@Pf’@gpégespect i vel y.
Hol es 48A, 48Byemith. %@dﬁgﬁosn&@BMSm(BmIa)top)layerfﬁé(hﬂdIboﬁom|1¢)QI354 oper ati on

when t he Iayera%&ar 1 aget ﬂe%?te !f&ga%ou&;negero?ﬁ@r&egemmthe RRer¥, t Wo

hol es are nee

om r.ene area 46
preferably cotngathnswahmetagfemthsm Depictsdin Eig, 6 P@%‘é‘?k%@lﬁ?@ﬁggy t hat

i ncl udes go b Ah&d 180 i ReindsateTaysr 6P ahduoprlay2® 3%fitstepiller dhaynsi 4G for

pornt 42t o ofMerEsag o RICh S8 ReErhE o SRR IBT ORI O3

unct | bypass ® chan
i npedes fl ow mhaxmaMAefdrlcowerymglSempleshrougt@ﬁas}“&ﬁ’(?ﬂ %FP%% @FW the

intersection Qf eapiilldibd 4RYPRERedH)ARE BlterSedtianet the 25 capillary neck, at the end of

measurement area 46, and the coinciding holes 484, 48B, and 48C in intermediate

25 layer 36, top layer 32, and bottom layer 34, respectively. Holes 48A, 48B, and 48C are
conveniently punched in a single operation when the layers are together. In a less-
preferred embodiment, only two holes are needed. Thus 48B or 48C could be omitted.
Measurement area 46 preferably contains a reagent 50, Cutout 58, is part of a bladder
that includes the 5 adjoining regions of top layer 32 and bottom layer 34. Capillary

30  bypass channel 52 provides an alternate path from branching point 42 to overflow
region 54. A stop junction 56 in bypass channel 52 impedes flow into overflow region
54, Stop junction 56 is formed by the intersection of capillary bypass channel 52 and
the coinciding holes 56A, 56B, and 56C in intermediate layer 36, top layer 32, and
bottom layer 34, respectively. (Either hole 56B or 56C can be omitted). Note that stop

35  junctions 48 and 56 also require seals 48D, 48E, and 56D, 56E, respectively.
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the coi nciding holes 56A, 56B, and 56C in internediate | ayer 36, top |ayer
32, and bottom |l ayer 34, respectively. (Either hole 56B or 56C can be
omtted). Note that stop 35 junctions 48 and 56 al so require seals 48D,
48E, and 5®4B,01B&k3 respectively. SUBSTI TUTE SHEET (RULE 2&r/0&0/2875433 -7
PCT/ US01/ 09237 Fig. 7 is a top plan view of the device of Fig. 6. The
device depicted in Figs. 6 and 7 is parta-cularly well suited for measuring
bl ood-clotting time - "prothronbin tinme" or "PT tine" - and details
regardi ng such a device appear below. The nodifications needed to adapt

the device for ot @% mdltaﬁlaﬁha@%@aield@v@@wmadlmwddv&gue@ete@m{mgm 5 t?,g”
routine experi tion, sa ied,f0.sa Qr t
after bl adde¥dggs Hﬂ?c'gé%wﬁlg%ﬂ{egg? %?‘iﬁa?%gg k ngfrmgg %Flgyer 32
and/ or bot t oror "PAyime" 34nd fettilsadganding suchea devico appehnbeld. aau@mowcmm be
resilient. ! hdifddtlg tﬂ%ﬁcé@or%ﬁmerﬁﬁdﬁ@l@i@%&ﬁda hyond RAuil Rskere | S

rel eased, roug first  capil aqrtﬁ ﬁ]g nel 3§0 to
br anchi ng 5p0|thﬁnwzu%?f‘ﬂeﬂ@6’éf@'ﬁ°rb op¢ration, sapppl E@rﬂ?@ 5 R SUBRE RRE 38 A%
measur enent asladied $8 hdsrbeer cempressed nClearty, theatgion aftop dayensd2 and/adottémcan be

filled With SRl AfioR i Eiddl s bddEss st B REBLAL Rk bladga st igbout

equal to the &d connecti ng channel 44,
capillary bylpﬁ%@mpﬁﬁa?dqewh@thehhédw @ﬁleﬂ‘fm%ﬁ@&WQG | the measurenent

lr)relt hod Ib s Optél ﬁ&éteam@yunmmtabﬁmﬁﬁgpmm o thiolgtnéapiltaeyl f r om
el ow, bottom T {r ar,en r ement
area 46. Ebr ?"ch%?gé’]f'mé%‘g% meag&ge %xﬁtag 48 h} f%tg ebém?&{apﬂflﬁﬁumwr ee of
bul ki ng r eagemt®46 canrbreefilled Wlﬂ:wamﬂenthbyokumequ bbdderésri%wmbéy atdea

Figs. 6 and 7, equAfid] éir&n%dméﬁﬁrw&ﬁmﬂﬁvw BoréctiCdhafbl 4¢&:ld§1<ﬂdry by

deconpr essi on r_88. Wien th reaches s
sanple 20 fl mag% ﬁ%’ranﬁ"\“eﬁ%‘é%‘ﬁ gg ﬁP‘f mie%S“feﬁbeE}i {ngwjf)hlfs °p§1?[%1pﬁ}%he
fl ow of sanpl mea&amtremaa@f@&ﬁdfmtbe 1]rlmmnated fromdzeln'w, botpmdajgr bmastbeoul eaux

formation’ he Lgg- Which is an inportant step
in noni t oM ng&%ﬂsgasrgﬁ% ?%lt%oglg?nﬁggt n?%le ent I nvent !quq[ The function and

operation of Fore B isats scagepi AR epnteiht hﬂﬁn}?j’ﬁ 2 thatig s o &8Py to Figs.
7A, 7B, and 7@mllg%ﬁqmwopmhhemle@¢mnce during which a sanpl e is drawn

into device 30 for Qe nea?ggrseﬁrgﬁsz s 1913 ‘ﬁﬁ‘q‘qmbfh%(j%bﬁe ygmghcyauéﬁt er a

user has applied aA % pgﬁgsed
This can be abydenotnpsissidn bfblagdst §8- nyheﬁﬁleéﬁmﬁ%rr%ach‘?scﬁ@’ JBFCthI ot Fig.
7B depictgythgygi tuation after the bladder is deconpressed. The resulting

stops. For PT measurements, it is important to stop the flow of sample as it reaches that
point to permit reproducible "rouleaux formation" - the stacking of red blood cells -
which is an important step in monitoring blood clotting using the present invention.

The function and operation of the bypass channel can be understood by

25  referring to Figs. 7A, 7B, and 7C which depict a time sequence during which a sample
is drawn into device 30 for the measurement.

Fig. 7A depicts the situation after a user has applied a sample to the strip, while
bladder 58 is compressed. This can be accomplished by applying one or more drops of
blood.

30 Fig. 7B depicts the situation after the bladder is decompressed. The resulting
reduced pressure in the first channel 40 and connecting channel 44 draws the sample
initially into the measurement area 46. When the sample reaches stop junction 48, the
sample encounters a back pressure that causes it to stop and causes additional sample to
be drawn into the bypass channel toward stop junction 56. Note that stop junction 56 is

35 "weaker" than stop junction 48, because it has an angle A that points toward branching
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reduced pressure in the first channel 40 and connecting channel 44 draws
the sanple initially into the neasurenment area 46. \WWen the sanple reaches
stop junction 48, the sanple encounters a back pressure that causes it to
stop and caupessagddi tional sanple to be drawn into the byppgesiiebtsnnel
toward stop junction 56. Note that stop junction 56 is 35 "weaker" than
stop junction 48, because it has an angl esA that points toward branching
SUBSTI TUTE SHEET (RULE 26) WD 01/ 75433 PCT/ US01/ 09237 -8 point 42. (See
Figs. 1-5). Thus weak stop junction 56 performs two functions. It first

i npedes t hte f bt 4, (S se Hsylt ’Dhu%\ébfbfafc ktgpgaxegmsb Petforinb Uso AMEHOHs! It figst |
nmeasur emen area i econ anpl e
T CNe e M e e
pressure diffd6 e:milérapaﬂy;u $ricongd, drpetrhits anyexEsss sagupde t@fﬂ@( twoyghnteften 48. Such
287 causi ng 1 °§%“€“e“n§ﬁ?%§?@éﬁfﬁ rTD y bssutoBlferende Pobithg St bid ' O
undesi rabl , figes efiftorIraction 4@1’@6&@?3’6 %ﬁhrfﬁte@m?ﬂ  Cagge ﬁ’@}ﬂlatf’ 'ﬁ’@]ﬁ
situation V\hethralghertumhndﬁbnum daasind &5 moserhert of singde tunargh the heaspregwsur es on

the sanple supf A BRONE! bf B ASSHiGuleg bliicpanpl e 10 inl et 38 to
and the pressure on ]H'r Fee sur aces in over?l ow T egi on 5 st op
junction 48. Fig. Bigddpideniets thesitugtionmden anpgutibram °P’Fl€s" W8vi ce

t hai i ncl ;Jﬂes g% rlébﬁurteMﬁlesﬂH%BEuﬂdce@SamEﬁﬁheﬁc ﬁ'Essﬁmﬁdn theeaasple amintet _zlerl 228146
contains thro astin re n

contain cdfitr 8? eﬁbﬁsﬂ“ﬁf’%gﬁ IS’Q‘}%C?%]@ 08 géggggén@%tgﬁﬁbéé%gaAr ea 146A
contai ns t hr ombop! Eigt B depittee preferredsmbodimest ofa*herprrewbﬂmcmih@tmé edesthreg | o

1o ek i o ik
Measur ement ar ea 1ﬁ %ﬂ?ﬁ%‘?aﬁ‘é’e‘?ﬁ‘i‘t&ﬁeﬂﬁg&d{l dnﬁ@ﬁ @Qﬂ c;?g%gfdg?rg al one, to
partial | y ovempeserablythe edrftetst desdribad belowi émaglﬂﬁémontaiﬁmlsrombhpleﬁmn’e‘a&m ement s
are made on LHG,SL{d chzodrﬁ;gnz{n't ?‘Ect&‘fV%f'eI‘ g&;m&hﬁ séfgﬁéd’foeif&ﬁﬁllz@fthdy I mary

interest, T's measur geasur emegjIl i s
val i dated onl yloingtimeekah edwcoamerég tbg\e PRy OF HpEGPRAuIR, SUGh a8
Wi thin a predefagfafh. fMQas{u%ﬁ@ﬁt artd 146Btdogtaing thrbmbéplastin ahé beeine elnate alone, to

TRaSUreMent s ot Sy bikiind BE BR8P SR AIhE Y hdekihshag uEHRRdSC

stop junction WTh a measur ement ar eas, . Stop J ynction
156, in bypa®s thﬂm@T tirgoof the spemple the raeasereeemw@axw@rcszss IAE*H‘P'E onal

details thlot hics aF31Q8! FI%%véifthﬁth/ﬁeabtﬁ&ﬁ&ith@?hhia@ﬂa@aﬁlyIWheﬁmﬂﬂemqlts &h S.
P e bor o e AR LA Lo ot i Rl WP B3 BP0, o
PCT/ US01/ 0923 Zhese control measurements are outside the range, then a retest is mdlcated Extended

stop junction 148 stops flow in all three measurement areas. Stop junction 156, in

bypass channel 152, functions as described above.

25 Additional details on this embodiment of the invention appear in copending
U.S. Patent Application Serial No. 09/333,765, filed on June 15, 1999, and
incorporated herein by reference.
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-9 1 daiml. A nedical diagnostic device for nmeasuring an analyte
concentration or property of a biological fluid; conprising a) a sanple
inlet for introducing a sanple of the biological fluid 5 into the device;
b) a firstweaphisdsfiry channel for conveying the sanple freorTusel/oms7zet to a
branchi ng point; c) a capillary connecting channel for conveying a first
part of the sanple fromthe branching pei-nt through a neasurenent area, in
which is 10 nmeasured a physical paraneter of the sanple that is related to
the anal yte concentration or property of the fluid, and to a first stop
junction; d) jqigapi |l | ary bypass channel for conveying a second part of the

sanple in a first direction froma first regiaon ' nchi ng
point, to ari'oveﬁmgﬁc?l ggﬂgucgﬂegxp%for{%a.: gﬁ%@h@%ﬁ%@&ﬁ& o%ﬁﬁbp Pllrtfst

regi on havi ngfa bidogieglifluida complismgnsi on in a second direction substantially
per pendi cul ar to the f'a?St a Srh6 1@ or iBkodhcRBGRRRpBLoTEhd BIBIBLICA Tuid) t he
bypass channel, caonprising a boundary region that i) separates the first
and overf1%w regi dn8 thexsvice) has a second predetermined di mensi on in the
second direction that b)s gadadtespilldrpohannel forquinkéyingy theisanapls iftom thejindeti i i )

forms an angle th | N rd the first region, whereby any excess
sanpl e t hat enter?ataﬁga{nggﬁnﬁpgﬂgnl et will pass through . the secorg)&l t op

s
junction into the overifoow &gty comestingrhannebior canysying afis part of the her
conprising a sucti@gmpRaYdns the brahching beint GEJHEH Aintsakirementiatda, infvehidhi isst  and

second stop junction, for drawing s | & | { . ' oward stop
junctions!®30 3. ‘Fﬁ%as?fggﬁ(?gy%‘}%B‘%ﬁlflﬁg’%ﬁ?#ﬁﬂ%ﬁ%lﬁz ,evﬁéiégézng%%i ses a
first layer and seoocmitratiey@promttyloéthstfluish andio afifstestoraBetion; esi | i ent regi on

over at |east a part ofg)its 3hgfary b§SRAERIAE fBYcoabeyind £icebal pireofitiyer, and
in which a) cutouts in the |layers form

ith. the | vt i nlet,
first channel, coARBlaipadirs ﬁ?’i@n,ﬁ%ﬁﬁ%m&ﬂ%g%r%e%yp%@coﬁgmeﬁ

35 b) the suction tdaxioeeflownpgiorns dista tdtha tichechingpeintStheSIrst Tegien WERR ( RULE
26) WO O 1/1Z 5433 PC&LW&Q&&&F in a second direction substantially perpendicular to the first

direction;
€) a second stop junction in the bypass channel, comprising a
boundary region that
i) separates the first and overflow regions,
20 ii) has a second predetermined dimension in the second

direction that is greater than the capillary dimension, and

iiiy  forms an angle that points toward the first region,
whereby any excess sample that enters the sample inlet will pass through
the second stop junction into the overflow region.

25
2. The device of claim 1, further comprising a suction device, in fluid
communication with the first and second stop junction, for drawing sample from the
sample inlet toward stop junctions.

30 3. The device of claim 2, in which the device comprises a first layer and second
layer, at least one of which has a resilient region over at least a part of its area,
separated by an intermediate layer, and in which

a) cutouts in the layers form, with the layers, the sample inlet, first
channel, connecting channel, measurement area, and bypass channel;

35 b) the suction device comprises a bladder that
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-10 51) is distal fromthe sanple inlet, ii) conprises at |east a part of
the resilient region, and iii) has a volune that is at |east about equal to
t he conbined volunme of the first channel, neasurenent area, connecting
channel , aw®d o1sgass channel, and c) the first and secondeciogpipaeact i ons
conprise coinciding holes in the first, second, and internedi ate | ayers
that are sandw ched by a third | ayer andofourth layer. |0 4. The device of
claim3 in which at |least the first or second |layer is substantially
transparent adjoining the neasurenent area, and the physical paraneter that
is neasured is optical trafgpm sg distal from Hesatpieiiniet, of claim 3 in which the
physi cal paraneter of the sagple ol d asur enent
area. 6. The device of claiﬁﬁg iﬁ&gﬁﬁ%%%ﬁﬁﬁﬁ%gggﬁﬁgﬁgﬁﬁwgggggggﬁgains a
conposition that facilitatdl) bl bash vdlene thatjs at least gbent sgial i the pombingd whol e
bl ood, and the propert yyonhfl HGhéBABSHaRAE]) heddiu@bdehtQiFbl, Borinebitng oBBnnél, ande
device of claim®6 in mﬂ%%h tH%Fﬁg sition conprises thronboplastin. 8. The
device of tlaim6 furtHEPEE gﬁg at | east 20 one additional fluidic
path fromthe branchi ng poithe fitsbandsecdnt atbpgunctiensdomprist ceineiding heles pat h
i ncluding a 25 CO%@%\EI)&?,%@%&Q, SRR 10968 ot sBiRCed DG taitRId lafer The

ich a

device of claim8 1n Irst alternate path is to a neasurenent area
that overconmes theasfpwdh 1ay¢r an anti coagul ant and a second alternate path
is to a neasurenent area that partially overcones the effect of an

ant i coagul ant ,30 10, . h € £ | ' | oeas t area
in the ?i r@t 31 te?ﬁ%‘?%%%?ﬁcag%?m%ﬁvglgggél%%%}r%oﬂgﬂé)st?c%?dyg\grilne efh&g?g}? and

reconbi nant Faensparent adipining themecasyrement eeatetnd the Raysical RamelerdBH e al t er nat e
path conpri seﬁlegg&géaqupﬁm&mm@dggmbovi ne eluate. SUBSTI TUTE SHEET ( RULE

26)
5. The device of claim 3 in which the physical parameter of the sample undergoes

15  achange in the measurement area.

6. The device of claim 5 in which the measurement area contains a composition
that facilitates blood clotting, the biological fluid is whole blood, and the property
being measured is prothrombin time,

20
7. The device of claim 6 in which the composition comprises thromboplastin.

8. The device of claim 6 further comprising at least 20 one additional fluidic path
from the branching point to the bladder, each such alternate path including a
25  corresponding measurement area and stop junction.

9. The device of claim 8 in which a first alternate path is to a measurement area
that overcomes the effect of an anticoagulant and a second alternate path is to a
measurement area that partially overcomes the effect of an anticoagulant

30
10.  The device of claim 9 in which the measurement area in the first alternate path
comprises thromboplastin, bovine eluate, and recombinant Factor VIIa and the
measurement area in the second alternate path comprises thromboplastin and bovine
eluate.

35
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