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" FIELD OF THE INVENTION This invention relates to approaches for {3 SEP 200

qualifying results obtained in using 15 analyte test strips.. The
invention is particularly suited for testing the quality of test strips
used for neasuring prothronmbin time (PT tine) with whole blood in which a
measurement area includes a conposition that catalyzes the bl ood
clotting cascade. BRI EF DESCRI PTION OF THE DRAWNGS Fig. IAis a top view
of atest strip as may be used in connection with the present 20 inventi
on; figure 1 Bis a side view of the test strip. Figure 2Ais a schematic
of hardware elenents for a neter for that may be used in the present
invention; figure 2B shows an alternative variation of an el ement of the
met er - of figure 2A. Figure 3 is a graph of data that used to determ ne
PT tinme. 25 Figure 4.is a graph showng a qualification zone for an assay
second control. BACKGROUNZESOSTRIHRUBNMENTOONYEImDOpean patent application
EP 0 974 840 the (840 publication), published January 26, 2001,

desami bes a device and systemthat may be used with the present

invention. Fig. | presented herein as adapted fromthe 840 publication
shows a parallel multi-channel t@sisghpPaderSEP 2006 5 strip 2. Init,
measurenent areas 4, 6 and 8 are provided. Upon introducing a sanple,

FIELD OF THE INVENTION
This invention relates to approaches for qualifying results obtained in using
15  analyte test strips. The invention is particularly suited for testing the quality of test strips
used for measuring prothrombin time (PT time) with whole blood in which a measurement
area includes a composition that catalyzes the blood clotting cascade,
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A is a top view of a test strip as may be used in connection with the present
20  invention; figure 1B is a side view of the test strip.

Figure 2A is a schematic of hardware elements for a meter for that may be used in
the present invention; figure 2B shov%zs an alternative vaﬁation of an element of the meter of
figure 2A.

-Figure 3 is a graph of data that used fo determine PT time.

25 Figure 4 is a graph showing a qualification zone for an assay second control.
BACKGROUND OF THE INVENTION

European patent application EP 0 974 840 the (840 publication), published January

26, 2001, describes a device and system that may be used with the present invention. Fig. 1

presented herein as adapted from the 840 publication shows a parallel multi-channel test



: ,u‘s(ual |y whol e blood, at introduction port 10 and depressing a bl afideEP b

and releasing it, a partial vacuumdraws the bl ood though channel 14 up
to shared stop junction 16, The test strip also includes a bypass

channel 18 which draws sanple toward bl adder 12 to alleviate negative

pr essur estdp 2t hAt, Stcapurpriait hieadd, Graélé 8 aterpviéade ipoavigtfodatihgg sdnkyde, sur f ace
tension that 10 pins the fluid in the neasurenent areas at the stop _
j unct i onuspkidy widle BlRAS Uk Rifedicton bdrt 1 BaddRpretsaiyl o Bladdet MPardReledstput, of sanpl e
as it reaches that point to permt reproducible "roul eaux formation”

t he st ackiiig vafuuieiaii §0d106€ HoSgr chahet 14 11§ to Arell BBP funildn el ElMhe ddt

nmoni toring blood clotting using the present invention. The principle of

stop jun ﬁf’?‘g" %Qﬁﬁés?db@@aés%hﬂﬁéﬁrsi vg@%y&r%yﬁu&gégﬁ@mléﬂﬁ%tﬁ%evﬂé bl

strip bo escri as prefer pr o ree layers. The

el ement s -y LD ' .

sandw chléeﬁ%‘%;b\?\%sg‘%gg t?%g&? ﬁﬁ@ét%&%;&ggofﬁjegeg% {)‘%e%{oﬂﬁg%@g %ﬂ%ﬁér?eé?%gghﬁ y, layer
22 i Odoublt%- i%elgt%dnkllesi ve tape. g;tog '.ung.ti on 16 is preferably fornmed
by a addi't 7'onal® cu ouefasﬁunmf’réﬂ}e%?saé Pt CHJ/J PR al | gned with the cutout in
| ayer 22 and sealed wth seal.ing | ayer 26 and/or. 28. 20 Each cutout for
stop juncti orf%igjri%eaﬁqrgtfl?i%lﬂlli/l Itf“ﬁg%fto%gle Oﬁ’é)féﬁn@ﬁ%éqaa?ﬁﬁl% filter
may optionally be used to cover sanple port 10. The filter separates red
bl ood cePymite P?fﬂ%ﬂgeprﬁﬁ’eﬂl@e eBEemdamsian B ? Hrokingot chitlepdeells r waigRHt t o
interact with the blood to provide additional information. A suitable
filter ceWBPPLEY sigh hmpatring plogd HatiBe apag thsmemser apleyticn. Thopymins efhe

menbrane of the type available from Spectral Diagnostics, Inc., (Toronto,

25 Canad#yp jupgtiogppeietien is describeskin V. Srdyientes. &39,866r adj acent to, a surface or

| ayer of test strip 2 and positioned over the neasurenent areas. If a
ref BTt or is /ptesisin bodyhedagentied es prefoabtyspraduced &nwfthree tapere e Tifealéroms
Typically, in producing the test strip, reagent is bubble jet printed
ont o ar eawvdare@orard by 8utclfih & inkeemddiad leyat20csotiwishdddbetveen ditgclaps@d i n t he
840 publication as: 1) thronboplastinin 2 1 3 SEP 2006
and bottom layer 24. Preferably, layer 22 is double-sided adhesive tape. Stop junction 16 is
preferably formed by an additional cutout in layer 22 and/or 24, aligned with the cutout in
layer 22 and sealed with sealing layer 26 and/or 28.
20 Each cutout for stop junction 16 is preferably at least as wide as channel 14. A filter
may optionally be used to cover sample port 10. The filter separates red bloed cells from a
whole blood sample and/or may contain a reagent to interact with the blood to provide
additional information. A suitable filter comprises an anisotropic membrane, preferably a
polysulfone membrane of the type available from Spectral Diagnostics, Inc., (Toronto,
25  Canada). An optional reflector may be on, or adjacent to, a surface or layer of test strip 2
and positioned over the measurement areas. If a reflector is present, the device becomes a
transflectance device.

Typically, in producing the test strip, reagent is bubble-jet printed onto areas 4, 6 and

8. The chemicals at each site are disclosed in the 840 publication as: 1) thromboplastin in



5.-area 4; 2) thronbopl astin bovine eluate, and reconbi nant Factor.pQSEpimm

. area 6 and 3) thronboplastin and bovine eluate alone in area 8. The

conposition in area 6 is selected to normalize the clotting tinme of a
bl ood sanple by counteracting the effect of an anticoagulant, such as

. warfarin. The conposition in area 8 is selected to partially overcone the

~

ef fect ofereard; 2hihqrehontsstindrine Thvatehe raeoralimpgt BactosVikeda asafiadddki tr at e
bovine eluate) is -available from 10 Haenotol ogi ¢ Technol ogi es,

( Bur | i ngttlonmbyfiystinand berbiarduate #Henstinareyi8l dhe composivien icaea 6 Bisglgeiesto ca,

(G eenwi ch, CT). Thronboplastin, fromOtho Cinical D agnostics,

( Rar i t an norohilige thafcleingrmeandfiaridoodas amplepblyeopueicting e affeciofun tnteatgdant,

pol yester film such as AR1235, C avail able from Adhesi ves Research, (d en
Rock, PAyudind vidifarin| Eicompesttioniin atee §lisdelicted topdrtidly diibrebmap thefeffedief an

doubl e-si ded tape after renoving the release layer. A die then cuts the

stop | ungfidoagulédir THYBovinRe:hily @Rstha¥&iin Bifrafe BEvia@ndME)Gh avaTbakby, Strips
of single-sided adhesive tape such as M5X4841, available from3M (St. -

Paul ;) o M2f8t TRANIOi N RKHPI§ TS rebbBbinRR PGS Blla fr@% HiSericn S€al the
stop junction. e of the tést strip can be understood with reference to
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meter, AhLternatively, manual operation is also possible. In that case,
bl adder is manual |y depressed before sanple is applied to port 10,

thor eby. EﬁZ?Sf*{ﬁe%@ﬁné%%{%staa@%@f%s?g%%fﬁtgeﬁ%%%@%ﬁari@irf%l‘e’c% WQ%L?EW”EE .
34, . [ Ny 25, |
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its area, so that_ _an inserted strip wll block the illumnation by LED
38" ofl Sdotartidre ﬁfo%bie(%ﬁfﬂéapﬁﬁé?féﬁlaamgth@ﬁ@easF yeh fets BERcySPesoPs for med of
a non-transparent material, so_that background |ight does not _enter
measur emeHICUSRSEQush e threplyars phibe amdiirky Bipglls s el sngdg-sidedsadpesivenas been
inserted and triggers bladder actuator 42 to conpress bl adder 12. A

met er di gweéych;m 44 avaidable froma 3NE €5t Payil, MN) are applied to the outside of the

polyester layers to seal the stop junction.

Use of the test strip can be understood with reference to a schematic of the elements
20  of ameter shown in figures 2A and 2B (also adapted from the 840 publication), which
contemplates an antomated meter. Alternatively, manual operation is also possible, In that
case, bladder 12 is ménually depressed before sample is applied to port 10, then released.
Thie first step the user performs is to turn on the meter, thereby energizing strip detector 30,
sample detector 32, measurement system 34, and optional heater 36, The second step is to
25  insert the strip. Preferably, the strip is not transparent over at least a part'of its area, so that
an inserted strip will block the illumination by LED 38 of detector 40. (More preferably, the
intermediate layer is formed of a non-transparent material, so that background light does not
enter measurement system 34.) Detector 40 thereby senses that a strip has been inserted and

triggers bladder actuator 42 to compress bladder 12. A meter display 44 then directs the user



1.3 SEP 2006 5 to apply a sanple to sanple port 10 as the third $Eﬁ5ﬂﬁ?%5

* step the user nust performto initiate the nmeasurenent sequence.

enpty sanple port is reflective. Wen a sanple is introduced into the
sanple port, it absorbs light from LED 46 and thereby reduces the |ight
- that is reflected to detector 48. That reduction in light,.in tam

si gnaFs &2 fRPLY dFampie fesapplegge o %Thﬁg'd@rm?gaﬁt SﬁPetﬂ? E%eﬁﬂugtrﬂeffgﬁ%fq BRI
channel 14 draws sanpl e through the neasurenent areas 10 to.the stop
j unct i on theTBPASWERRNREEET % FEH TRl s3mRle Pt deflegtives WhED 2SEMBIR det ect or 52
pair is provided to nonitor the light transmtted through the sanple as
it is cldrtddaepd imedhssgmplegiorty Jﬁebswhaglghﬁ frare EPi4§1end therehy redvessiterlight i me
(as described below) permts a calculation of the PT tinme, which is
di spl ayedbabis refigstadet detecivsisl That detluating in hightye dwracemalsragatodithtp relesse strip
fitness or reliability. Preferably, sanple tenperature is maintained at
15 about btBAd€ 1By Theatwiant36cticia bhanned H4 fdmvetseropie itts owghrthe wmedsecbmeyt @eas
m croprocessor chip 54 controlled by software stored in programuabl e,
r ead-1onl yo tieewp yurklion ABr cieh etchdneahabaved, d e S0eLEDS0rand éatsesr 52 mizipl e i n
sanple port 10, sinply by detecting a reduction in (specular) reflection
of a |i ghtovedegiamohit@tihd IscheiFirsinatbdirodéh @O shmpiedsarit eRultyg. 48. However,
t hat sinple system cannot easily distinguish between a whole 20 bl ood

sanpl e and SORRaIQ4HEF the brfiddirkttedQiofh as AN SLHHEas RERESEN below)NRmRW! €
port in error or, even, an object (e.g., a finger) that can approach

sanpl e pRhtwHbntdh LR ERe tvﬁﬁchsiyﬁfls_ﬁlﬁ}éd%n 184 %&e@@ymymfm%yﬂﬁsgabét a

2 .

proper sanple has been applied. To avoid this pe of error, another
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enbodi ment” appears I'n Fi oned 25
t t (th t. i f
whol &bl S3H1SPE R Reflle &, Fabh o Kok S BOAHATR M B0 B8 1T
det ected by_48.] | b f t i in the bl ood
sarpl o, CHg LB SBARE S B B A E ) mPREBIA. The detoctor
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detecting a reduction in (specular) reflection of a light signal that is emitted by 46 and
detected by 48. However, that simple system cannot easily distinguish between a whole

20 blood sample and some other liquid (e.g,. blood serum) placed in the sample port in error or,
even, an object (e.g., a finger) that can approach sample port 10 and cause the system to
erroneously conclude that a proper sample has been applied.

To avoid this type of error, another embodiment measures diffuse reflection from the

sample port. This embodiment appears in Fig. 2B, which shows detector 48 positioned

25  normal to the plane of strip 2. With the arrangement shown here, if a whole blood sample
has been applied to sample port 10, the signal detected by 48 increases abruptly, because of
scattering in the blood sample, then decreases, because of rouleaux formation. The detector

system 32 is thus programmed to require that type of signal before causing actuator 42 to
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" rel easing the bl adder does not -substantially affect the readings
described below. Fig. 3 depicts a typical "clot signature” curve in which
current fromdetector 50 is plotted as. a functhon f tine. Blood is
First> derdareandsr 42 s duRe piom Tarsagonds Pl by Hagdss OB | nt er val A
between points | and 2, the blood fills the neasurenent area. The

reduct i ofrbsgniialyafiestdb realingsdgsarihed blowe interval is due to |ight
scattered by ted cells and is thus an approxi mate neasure of the

hemat ocrit. AFigpbilepicta typiaplpiclet sigmatire| fusee ntvdicheasigptdrrandetetad0iand is at
rest, its novenent having been stopped by the stop junction. The red

cel | s begilotted & a ook ofipme.i Keodwifing déteced maumesdgemettiagm)at tifihé. Indhd eaux
effect allows increasing light C transm ssion through the sanple (and

| ess scatiinefatergil A rbetveen poin® 1iand ef tablobé filletn npasunérsen? ared SThametudtionAt

point 3, clot formation ends roul eaux formati on and transm ssion through

the 1samp QrfepadRias tat fitleXinfeval isThe Pt seRteeany bl @at sid iathedad rom t he
interval B between points | and 3 or between 2 and 3. The result is

typicall %ﬂr&@@;ﬁﬁ@ﬁeaﬁﬁe behEBer@todrit SAL Jol¥R2, sakiple s £il18H @E RRhduPdadn: Mg Mal i zed
Rati o). ereafter, the blood changes state fromliquid to a sem-solid

gel , Wit by fis GofEeSRaRdRg: ﬂa%glg%&pﬁwﬂjr%@%bg g%fsm?r-eﬂ&ﬁ%. S QL ceﬁ{]ﬁeglfxﬁgu_ﬁ i on

in current 20 (C) between the maxi endpoint 4 correlates with

fibri : \ ] |
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..using the strip yi a curve o own | each of

h _ .0l
( measur oheRpioneR8 g MEief Ot ne BierbIBanBRLORRD Curve
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(i.e.,International Normalized Ratio). Thereafter, the blood changes state from liquid to a

semi-solid gel, with a corresponding reduction in light transmission. The reduction in current

20 (C) between the maximum 3 and endpoint 4 correlates with fibrinogen in the sample.

Measurements made on a whole blood sample using the strip yield a curve of the

type shown in Fig. 3 for each of the measurement areas. The data from the curves for the
controls (measurement areas 6 and 8) are used to qualify the data from the curve for
measurement area 4. The measurement of sample frofn area 4 is validated only when

25 | measurements on areas 6 and 8§ yield results within a predetermined range. If either or both
of these control measurements are outside the range, then a retest with another test strip is
indicated. Ageing or oxidization of reagents can potentially yield failing Cotntrol 1 an/or

Control 2 tests. .



Ty

1 3 SEP 2006 5 SUMVARY OF THE I NVENTI ON In connection with such &3 SEP 2005
two-control test strip such as described in the 840 publication, the
present invention applies certain criteria to produce a highly-accurate

‘test strip qualification process based on results obtained from each

control . Results fromthe fiSBMARIERTE NN % e qualified if they fal
within a sinple nunerical range. Wiere results are 10 expressed in terns
of INR O réngpuRggiontwidrsupea NeespnEpoat suipsnchasdescrbed NP£%r3é0 accept abl e.
Results fromthe second control (C2) are quallfled if they fall within a
zone or pubhtatian, thopmeatinggntion aelicoesstatepitsradnprodpes s ighdprpcqumte feffe.  When
results fromthe second control and assay are expressed in terns of INR
t he f unctipqslificaioh proeeds aset oo nsyltodbignagi frgn fachromired. Resuds frem the fiki gher
assay INR values. As in the referenced system test strip results are 15
qual i fi esntrelr(Cdpire quatified ifttieeyliall fvithin@rsimgk nadéial tapgs) Whirbreehltsoanel C2
results falling within the prescribed ranges. Systens of the present.

i nvert i aRpRil el REhyofaPR! 81 eeallifge /D Betveaabolt 6@ardi ISPDTRRkAccehRBl. StTi p
and hand hel d neter as described above. Mathenati cal al gorithns or

functi onGesulty¥rdth @ledblond thage @z@%ﬁerqulaﬁﬂed iPthel@EA Jiteh Qe Rkidhsed to
qualify test strip data in a highly 20 accurate manner as evi denced by

exenpl aryuh &AWy iEnctishCdbpERRM dpdn &8y PT ﬁfn%r HHoH resBECRIR kﬂe%@@o%d\%ﬁ&u a
hand-hel d nmetef in a rapid fashion.” The al gorithns as i npl errente by

har vt Bl S8 L IE B RO Ao RSB Ly B e oot
b h

rvent! Qobl GSGRLEL Ao kb g s%{éﬁoﬁemﬂ%wé%ie"éfﬁt ;
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under st ood t. adt thls invention is not limted to partlcul ar variations
set for th*SHEFH&ES of cour se, vary Vari ous changes may be nmade to the

i nvention ri n Y n | rtin
fr Oﬁ’l E hce) tr S Sgtﬁtpg g thgﬂ%se%’t %ven%og p}e%ergﬁ?’/ oll))e?atg 'ijnbgotnnécltjlgr? gmﬁ“ a dlsposabgepa ting

test strip and hand held meter as described above. Mathematical algorithms or functions,

preferébly those described in detail below, are used to qualify test strip data in a highly

20  accurate manner as evidenced by exemplary results. Such results are preferably
accomplished with a hand-held meter in a rapid fashion. The algorithms as implemented by
hardware as well as the methodology disclosed form aspects of the present invention.

DETATLED DESCRIPTION OF THE INVENTION
In describing the invention in greater detail than provided in the Summary

25  above, the subject test strip qualification system and methods for its use are described in
relation to Figure 4 and various equations. Before the present invention 1s described in such
detail, however, it is to be understood that this invention is not limited to particular
variations set forth and may, of course, vary. Various changes may be-made to the invention

described and equivalents may be substituted without departing from the true spirit and



« .6 1 3 SEP 2006 5 scope of the invention. In addition, many nodifilchfERAES
maybe nmade to adapt a particular situation, material, conposition of
matter, process, process step or steps, to the objective, spirit and

- scope of the present .invention. Al such nodificatiogns are intended to be
withid tHPeOEGEANSRiaH dn afditiohs meprECHBc#iaRs may pe Wégerﬁs? APLAREFISUE 1 ange
of values is provided, it is understood that every 10 intervening val ue,
bet ween tsheatigppederig Fompomiion 9imatten brachsst PIPeRYECIatdleafyio Bembieciteat ed or
intervening value in that stated range is enconpassed within the
i nvent i onspiniT el seppreaf teamesehtgmesntipi. nAY suchfmadifeesbonsred intendedatn e svithmy
i ndependently be included in the smaller ranges and is also enconpassed
Wi t hi n t hiee dcopeeotttheodtaims wagdebdreiho any specifically excluded [imt in the
stated range. Were the stated range includes one or both of the limts,
ranges excl udi ng 1Burtheith@t, Wietda Rhgd dTogRed 8 ptdiitRd, it is ihi&stasdthal &very
included in the invention. Also, it is contenplated that any optional

feat upe QfteivBEing Pared) btk@enViBé hififer ARBloWeSIEhit BEEatieioRiand BBYotRE stas@torf Orth
and cl ai ned i ndependently, or in conbination with any one or nore of the

feat ures judesthi Ptk HWRkMied H.E\Léeﬁsen&ﬁﬁl%a@h&@ W9 Entiod! Thi BefREGRI and

scientific terns used herein have 20 e sane neani ng as connonly

under st 0qgl, Y 0RG s AnBlBAEY oS k'ﬂ&kz %ﬁe&n}d%ﬁ%{iﬁl@e&m 0 e r‘i‘ﬂé’ﬁ%’&{af)' on

bel ongs. Al though any nethods” an ar or equiva

the presanty AampRLRl Wi ihe B RiO siFEE ol I ARH AL ey BEHE O ©F
e o b SR e R bR DTS oef S por o e

o1 clty t G HaH o S el Bt e ntluel i gast B (e prosent

oY esent . IHPEHRREH {PLGP SR FErEaoR B GIROHAY S deH R ER PEFOGGAA t e of

prior invention. Al so, it is noted that as used herein and_ in the
append ed-Sgh fgsthand C{l%]@e% }nﬂaﬁp{gﬁnﬁy, or in combination with any one or more of the features
descrnibed herein, ‘

Unless defined otherwise, all technical and scientific terms used herein have
20  the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials similar or equivalent to those
described herein can also be used in the practice or testing of the present invention, the
preferred methods and materials are described. All existing subject matter mentioned herein
(e.g., publications, patents, patent applications and hardware) is incorporated by reference
25 . herein in its entirety. The referenced items are provided solely for their disclosure prior to
the filing date of the present application. Nothing herein is to be construed as an admission
that the present invention is not entitled to antedate such material by virtue of prior invention.
Also, it is noted that as used herein and in the appended-claims, the singular

forms “a,” “and,” “said” and “the” include plural referents unless the context clearly dictates



. ,fbﬁrms "a," "and," "said" and "the" include plural referents unl essl 1 AEP 1006

" context clearly dictates 7 1 3 SEP 2006 5 otherw se. Conversely, it is

contenplated that the clainms nmay be so-drafted to require singular

el ements or exclude any optional elenent indicated to be so here in the
text or oemvifendnvearpaly iisis serierenieted Hat the epasdnaydeserdyated $ waviEC edent
basis for use of such exclusive termnology as "solely,"” "only" and the
like in copracdemtsrekcledreany opiienat dlemens indedated e bejodieeain shegexttohe use of a
"negative" claimlimtation(s). 10 The present invention is preferably
pract i cedramitgs. Thie statestentsis iitgndadith sepe s ederedont Hasssdbosed! sutherensdet | on
with the " 840 publication. According to the present invention, Cd

i ncl udes iegfrblogl @ntsolOgUtInL i .0 tHedikb Of Gnhaticw with Gicastitafioyodidfigct of
anticoagulant - Coumadin in particular - in the blood sanple to

pr ef er abbympt9tGE use IF k “heari@” dEhWesRtofs)8 and 1.9 in a good-quality
test strip. C2 differs formd both in the conposition (as 15 indicated

abovg) and quanti t%e;bfres&ﬁ%%hﬁ{;rjiggre?é‘ﬁﬂ?ﬁﬁcﬂ@@%ﬁttheitgstgiﬁﬁ ah§agent
formul ation. Fewer factors are added to C2 to create a parti al

nor mal i Zﬁfoic%ré?ifdistcrb@ec?ifnfcgfﬁ{egﬁ% wt L &‘%tﬂuﬁﬂ)r%ﬁb'ﬁ.%ﬂéco}c?nﬁgtcf{aghﬁé@s%gt sanpl e.

Reacti on*area - correspondi - ‘preftera reconbi nant
tissue f ' Fh : reser i\ve vin | ation.factors
of “the clieition bl et SR ARELBUEREI ALl 7 St IR RN sl 01
area 8 20, corr.espondi t.0 - .pref.erably includes onbj nant tissue
factor witff" ‘ilpé‘f%m‘gwgg F gjgci’llcif’gtsi“\r}%lg lo IHS%F:)?B’ pcf?)‘g’éfﬁla?? |Cf nn&f Q%W%‘?ns of the
‘extrinsig¢ _pa . In . qualifying test_.strips asurenents . are preferably
C made on &ﬁé‘Pé%ﬁ%B&o"%MWée%tﬂr‘gaGﬁ differs {‘i’é’gtcﬂrbé’ &G COZPPIROHES s ur ement
areas, yieldi Hg cug ves of the type shown in Fig, 3 used to determ ne an
| NR VI uddfeaied ahovg) sl quantity pEeoasyiptiandaqiors gEese e reagenyfosmmiabeni nt o each
of the reaction areas_so that the fluid rehydrates the dried reagents and
reacts atewgdugiorspieaddefia Cdde sregp e artialdqorsalization ¢fdhe ¢Errof teand 8 are
used to qualify the data fromthe curve from neasurenent area 4
provi di nantpyaguiarkin tihkoedsmplee Reaction aresd uehtssponding 1 G - pregerably
includes recombinant tissue factor with buffers and preservatives, bovine coagulation factors
“of the extrinsic pathway, and recombinant factor VIIa protein. Reaction area 8 —
20  corresponding to C2 — preferably includes recombinarnt tissue factor with buffers and
preservatives, bovine coagulation factors of the extrinsic pathway.
In qualifying test strips, measurements are preferably made on whole blood
sample at each of the three test strip measurement areas, yielding curves of the type shown in
Fig. 3 used to determine an INR value for each well. First, whole blood sample is drawn
25  into each of the reaction areas so that the fluid rehydrates the dried reagents and reacts at
each site. The data obtained for control wells 6 and 8 are used to qualify the data from the
curve from measurement area 4 providing PT time. The test results, including that for the

controls, s preferably converted to INR results for use in the algorithms described below and

reporting results to the user.



controls, is preferably converted to INRresults for use in the 13 SEP 2006
al gorithns described below and reporting results to the user. 8 1 3 SEP
2006 5 Based on nmultiple test strip lots evaluated at multiple clinical
sites, it was determ ned that sufficiently accurate qualification of test
strips results if Bdel @imilBleftat stip lothaslvared appeltiplichntalcitesabous 1. 9 and
a lower Iimt of about 0.60 (instead of the nore nodest range indicated
above) . AstefngnedGRatquifilcichilcaicinate quelifidatian oflisst biaigs keedn iOhs eTIEH fHhet C2
follows a linear or proportional relationship with the assay results

obt ai nedhasA@aipPer It & dbo@M M #éingt sRBbuBLAVI (Msledd Sf tAOfhofd thitiesial Sites
was used to generate qualification criteria The qualification criteria

for F@%dfc@ﬂé& eRa;. eAJS Rsch hﬂﬁéicm&ﬂ}es%hi smsak xeenddbfséreé@cﬁat & RRgss and
y- |ntercep val ues. The slope an upper [im't Tine as seen in figure 4

IS greaghed Bgé}o{r;né}asnamelﬁoh ith ihmaés% Eg;%tagx} aOA%slﬁ”dMﬁ!Sﬁ' n. The

lines di verge one C ano er at highe ues, thus creati ng a C2

Wi depj ng, gg@ d dte&t%ﬁ: 13 #&H&cﬁ?ﬂte}%ﬁ &e% rg%n%%%%ﬂ&f%?l@@’ c;}%er pper limt 58,

when" expr :58 and b 0.90
the |ine produce provi an exce to t d ta generated. For

t he second controﬁr SRgﬁsﬂwrﬁ?ﬂ%ﬁf%\ﬁ}eﬁm%éeprreB?g ]g%ﬁrjﬂ% = nmx + b,
with r = 0.37 to 8 the line ouc rOV|d .

excel | enfiTFt Hepe sad v gt gﬂﬁﬁe %80136591%@1@?1\9 Bfgseegipheupd if o
meant equals or i s about equal In actuali I[ﬁ the I|ne equat i ons
descri befreagotien thayol %‘ﬁeréi’gﬂlﬁecfo\ﬁsf)ﬁef‘@r%?lér ‘“p]r“%§é| BeEss fronenssi gni i cant

figures are expressed in order to indicate that variation on such an

~order i sanodr avhghsr BY valpasthus givelinga) ks widenjag avplifiextioggars 43 cat i on

criteria.) Still, figure 4 is drawn with the precision to which the
invehtion is pref eFaphasepnnd coned ypper it e when xaressed ntbsfarm y mx +
variability in approach is contenplated as part of 25 the present
i nvent i oh. wittom 5 %86 terfcE, andhe= @ PO the line protyasgmdades eny ersctellem 6it teetgstidataused t o
set the bounds, especially for C2.. Alternately, tabular data
r epr esengénagitede Fof the sagondeamtrellover limit 60, when expressed in the formy =mx + b,

with m = 0.36 and b = 0.37 to 0.38 the line produce provides an excellent fit to test data

L]
]

generated. By use of the sign, it is meant equals or is about equal.

20 In actuality, the line eduations described above may been defined with greater
precision. Two significant figures are expressed in order to indicate that variation on such
an order 1s contemplated. (The same holds true for C1 qualification criteria.) Still, figure 4
is drawn with the precision to which the invention is preferably practiced.

This being said, substantial variability in approach is contemplated as part of

25  the present invention. For instance, one or more polynomial equations may be vsed to set
the bounds, especially for C2. Alternately, tabular data representing results within each
qualification ranges for C1 and C2, respectively, may be employed. In any event, vanous

qualification zones or regions are defined. Further variation may include modifying C1 and

C2 chemicals. While altering the chemistry may affect the charactenistics of the functions



- qualification ranges for d and C2, respectively, may be enpl oyed] 3I9Fpamis
event, various qualification zones or regions are defined. Further
variation may include nmodifying G and C2 chem cals. Wile altering the
‘chenistn% may affect the characteristics of the functions 9 13 SEP 2006

5 defi nidefning deqiyaifiqationrqnsh thegrsayal nafiee gfchepratenhigvetion shouldrotpr esent

i nvention should not change. In instances where C and C2 results are
qual i fi e#angehe test strip neter display 44 shows PT tine for the assay
(preferably in terns of an INR value). If either or both of these
control neasur enehtigstarces whers Cd@nd b2 resaltpars qeidifiethabk teststiphestersiaptay of
message 10 indicating test reliability or fitness is displayed by the

t est st rddphored BT timEiforahe mess@opsably peeintsiof ah GNR hdye)t Fpethef orftaid afr e may be
presented (i.e., nessages indicative of , C or  and C2 failure).

Al t er nattedsy corfirol le@Sitervdntshranndidethe tagds defiiddpanvtiyer Sorb®l ifesbgei Ndi cat ed.
EXAMPLES C A series of trials were conducted in connection with the

present ihdivRing tdireRsbilithar Bfteds)s ASpiMRa 6h 17000 strip hes®. Biiopinsssueise of an
experinmental nature, necessary to determ ne and/or verify the accuracy of

the testgshifid 3 tyalpd dRORaPHPEBRERd $i.3é.{gﬂéssaogseih@iicﬂive-5@_€1 resyl¢s of such

testing gave positive indication of sufficient accuracy in test strip
accuracy, i t : -] b - of the filing
Gat e 1 ormd GBUED, AR, HFauShid Mt RS ERhn L SRPL L nitull ||
i nvention has yet been 20 nmade avai ﬂﬂ%ﬁ.%o the public. The accuracy of
~the inventive nethods function was fTrst Studied in connection with
"subj ects enrolIedAg%ﬂ&Q&ggmgndege%dqqs.hpstkﬁgti nﬁmfgr %valu tion

Scr T BEY “HBAVE PR UL R PRI Eal "THFTAI™ venous

agai nst test strips as
bl o was dra ang te d.on a. . reference cl.inical_ |aboratory device.
Thesd resul 1 Ser a6 s dint et e o reresnaypase B8RSR Bon t hr ough
expanded agr %Stgfnnn;[le %?Ar%%ﬁ%’th%‘c&gcyco%%é tgsef\: rst?ipcq%gl%?cra%igxg e[]pp(l?c]:ac]g ‘g%ght

herein. The results of such testing gave positive indication of sufficient accuracy in
test strip accuracy achieved through use of the present invention. As of the filing
date fqr this Specification, no product according to the present invention has‘yet been
20 made available to the public.
The accuracy of the inventive methods function was first studied in
connection with subjects enrolled at three independent institutions for evaluation against test
strips as described above. In such clinical trials, venous blood was drawn and tested on a
reference clinical laboratory device. These results were used-for absolute reference. By
25  comparison through expanded agreement analysis, which considers comparison of the
clinical interpretation of test Iesults- versus the ultimate laboratory reference system,
inventive system produced a 99% clinical agreement. This rate of agreement evinces
significant improvement over the approach of the CoaguCheck meter by Roche Diagnostics

(formerly Boehringer Mannheim Corp.) that produced a published performance of 87%

10



- clinical interpretation of test results versus the ultimate | abor &tbSgP 2006

reference system inventive system produced a 99% clinical agreenent.
This rate of agreenent evinces significant inprovenent over the approach
of the CoaguCheck neter Roche Diagnostics (formerly Boebringer :
Mannhéi megeged agmatenqomuﬁ@re‘@ryareﬁmm s Haest pleip feopnienyenayfof 8ot 904 3 SEP
2006 5 expanded agreenent vs. | aboratory reference. A test strip error

f r equencyapbbmbedin Gnbésina witb ieer dmital mabdomkbe piesamt iwédtionhese cl i ni cal
trials for the present invention. Lay person trials were al so conducted
on patients who t elstygerohaimselare sisatondhaed odgdtiene ovho taed ibdineeived 8 i n t he
home environnent with the subject test strip and neter and were than

l'i sted wifddridefirfed wind10ier@ls s the Goive BRESnRkAGHH tBE subfiet ®&fseipand endiiaad at ory
system 10 The home environnent/ end user results were conpared with the

clinical weRsHhd $stedMWitn tdur Bdurs ¥iOreRSQHICRIGoARe BF&Qice [ABAURPSHtaPNSI St ent
with the first study at about 0.5% A 0 5% error frequency rate was

Obsewed mpg&ﬁaaﬁ%m&t%msg reﬁﬂﬁl u% It With-the éﬁaﬁcgfl%sxﬂﬁg'r&fs &hgd for

bot h C> occurred at a 0.1 %t guency rate. running mnul tiple
F;SS;23%@8%0‘3&%%%%'6%#%%E&Etcm?ﬁ%ma?ﬁ%rfﬂg%md i ev.%iA%?‘ B2, ned
tob 5%.cl I t t of.

anal ysi s TRt G LS RGBT RN R B PR ¢ e

subj ect vent i refe bl racticed in the hands of t he | ayperson
end- userb?tﬁcg giloscgﬁ ﬁd@t?hi/"%ﬁgﬂ}cﬁf%y reference can be stated. such

‘'t hat 94% of the tlne t he enﬂE ﬁleﬁobttaﬂrns%% esults .20 within 0. 5 INR units
“of the |aboratory PaFERETRELNE ohsHtestrior Soifimadeskstap grrrark sHpical |rrproverrent

over a correspondi ng 90% perfor mance rating for results within 5 INR as
publ 13 hedUFRCE SHIABRETOB SOt Yaue the lahoeateny irefpeprpuistise W@.@ﬂtwne#ﬁ%brgh t he

i nvention has been described in reference to a single exanple,
in 95% clinical agreement using expanded agreement of result analysis.

Using the cunmlative frequency approach, the accuracy of the subject
invention as preferably practiced in the hands of the layperson end-user in comparison 1o the
laboratory reference can be stated. such that 94% of the time, the end-use obtains resuits

20  within 0.5 INR units of the laboratory reference method. This shows a significant
improvement over a corresponding 90% performance rating for results ‘Within 0.5 INR as
published in connection with Avocet Medical products.

CLAIMS

Though the invention has been described in reference to a single example,

25  optionally incorporating various features, the invention is not to be limited to what is
described or indicated as contemplated with respect to possible vanation. The breadth of the
present invention is to be limited only by the literal or equitable scope of the following

claims. That being said, we claim:

11



25 optionally incorporating various features, the invention is not to b
limted to what is described or indicated as contenplated with resb@éEPEQQB
possi bl e variation. The breadth of the present invention is to be
limted only by the literal or equitable scope of the follow ng clains.
That being said, we claim 11 1 3 SEP 2006 Though the invention has been
descr+ kil » s H0gl- |.e, Ll on i n orating

vari o%lg)%glelg%ulglgé@oﬁ kqllce‘iglb%le\?le%ts %ﬂ%@i@ re%‘t%H?eot%t?eS%F%lér:ng}f%@l%/’oOp\ﬂ%g%lp}f s descri bed .
or i ndterpbratng asiceitanpsdhethventidn ik aspede Hntitddas sitat & deadritrtliop mdichal
breadth of the present invention is to be limted only by the literal or
equi t3FeRlCTPiRd wWith Fesgeqtdp Pesit @vwa&ioa«s’!hqb{aﬁd%e% the Pseseat Inyentionds ibe1. A

et NOBinfdd S by Ae iLraflBALYiGEREA of AL BIBFARAGaFRIPT! ST NG providing a
test strip COTT%I‘ISI ng an assay reaction area, a fi1rst control reaction
area and a second control reaction area; obtaining prothronbin results
for ch, react.ion ea, conparing results fromsaid first control area to
afir até%‘ﬁgrsﬁfi’ﬁﬁgfainf‘i cation criteria and results from said second
control area to a second control qualification criteria, wherein said
first control qualification criteria conprises an upper limt and a

| owerl.l i m A medlzddofftest stripopratificdtionpséd methodicomipeising: about a 1.9

I nternational. Normalized Ratio and said fjrst cor%%rol | ower Jimt being

about a 0.RBVIAHEA FSHSIENCAMNGREAT 3563 1085108, arehn @ Tl canirel ragetion @ to

a USefechiiigndbl RectifSkestrip reliability. 2. The nethod of claiml,
wherein said second control qualification criteria conprises an upper

limt and ebtdiningpréthronthin sesiulls foppach deaction abea; ng dependent upon assay
reaction area .prothropgbin results, said |lower |imt ing fi.rst and -
Cecond secTBREDEEEIIBRE O beTiryT Teb .t Hoh cam Bl iR RS R &80 1 5.
3. ThesdRihed sQl sé‘dloﬁﬂ @bgtrol"é(ﬁ%rtﬁ'a%e&ﬂid%oﬁﬁ&l%ﬁﬁliﬁ@dﬂo‘h%t&{d, Whbleth HRP st

limt conprises a |lIne

control qualification criteria comprises an upper limit and a lower limit, said first control upper
limit being about a 1.9 International Normalized Ratio and said first control lower limit being
about a 0.60 International Normalized Ratio; and

outputting a message to a user indicating test strip reliability.

2. The method of claim 1, wherein said second control qualification criteria comprises an
upper limit and a lower limit, said upper limit being dependent upon assay reaction area
prothrombin results, said lower limit having first and second sections dependent upon assay

reaction arca prothrombin results.

3. The method of claim 2, wherein said second control criteria upper limit comprises a line

function and said second control criteria lower limit comprises a line function.

4. The method of claim 3, wherein said line functions are expressed as:
y=mx + b
wherein y represents an International Normalized Ratio results obtained for said second
control and x represents an International Normalized Ratio results obtained for said assay reaction

area,

12



function and said second control criteria lower limt conprises a{35ep 106
function. 4. The nethod of claim 3, wherein said line functions are :
expressed as: y=nx + b wherein y represents an International Normalized
Ratio results obtained for said second control and x represents an

| nt ernati onal .Nor ' t | ts. .obt ai f id ti
brea 1o SaeeRTIns Fihat and Bl Bt et SPbUBRE ar, 2T0 00 Tor sard upper
limt; andwiéieingh0.56 S BE-@ET10:98 RF shid 19wS8ithRr said lower limt. 5 A

met hod of test strip qualification, said nethod conprising: providing a
test strip conprising an assay reaction area, a first control reaction

area and a, seco cqonirol r.eaction.area:; ,obtai.ni t hr onbi | t |
for ehon radiranoL PR i iy il oo PeRtE" Pr ot cont ol area to
first contgelidaisad febtisedd épiding &1 4s8ay2REcti BN RIS oREYI fefction e aSAdG

second control area to second control qualification criteria, wherein
sai d seewhepnirohrepetionares;i fi cation criteria conprises an upper linmt and a

| ower limt,. .each I ng. dependent ,on gssay reaction area prothronbin
ba%ﬂ‘%p?ﬁ@ﬁ{oﬁlgm%r‘?‘?ﬁgggoéga?horegc }.?éle#eai’ndi cating test strip

results; a(ha

reliabilitygpmpring Aesulte FBAChO First lcahid]l arcath Srgticonsal dhalAEATd BifsHar A
criteria upper and lower limts conprise line functions. 7. The method
of cl edmpaging vgsette framssidisacpmdbedniied atea txssegped esuirob gudification crjterig, whegein

wher ej_n [ Nt er.nat i onal. rmalized | o.resul. t aj ned
For cufdechRBLGRATha ARt 08} LBtk PR o e L PR Paci oDl
Rat i oddpefidént Sn @@hﬁk@eﬁoﬁ fea pdthoabddestlgaahd on area;

outputting a message to a user indicating test strip reliability.

6. The method of claim 5, wherein said second control criteria upper and lower limits

comprise line functions.

7. The method of claim 6, wherein said line functions are expressed as:
y=mx + b
wherein y represents an International Normalized Ratio resuits obtained for said second

control and x represents an International Normalized Ratio results obtained for said assay reaction

area;
wherein m=0.56 to 0.58 and b=0.90 for said upper limit; and
wherein m=0.36 and b=0.37 to 0.38 for said lower limit.
8. The method of claim 5, wherein said first control qualification criteria comprises an upper

limit and a lower limit, said first control upper limit being about a 1.9 International Normalized

Ratio and said first control lower limit being about a 0.60 International Normalized Ratio.

9. A system programmed to operate according to a method selected from a group of methods

consisting of the test strip qualification methods of claims 1-8.

10.  The system of claim 9, further comprising a test strip comprising an assay reaction area, a

13



wherein nz0.56 to 0.58 and b--0.90 for said upper limt; and wher&BBEP 2006
ng~; 0. 36 and bzO 37 to 0.38 for said lower limt. 8. The nethod of claim
5, wherein said first control qualification criteria conprises an upper

|'i m t fishcbrnarol maetior area tnd & sdcdnd corgiol cenotiobreapper |imt being about a 1.9
I nternational Normalized Ratio and said first control lower limt being
about a 0.60 International Normalized Ratio. 9. A system programed to

operajg ac dRdn t

consi lstiel ngggb Ger%‘gdg? blg‘tﬁtrl Ip qﬁgll i gta ﬁﬁg&!&% a%gy?:tlgglltﬁt%gﬁlforénalo The
syst emethbd sd:lac:tad fromf aigrohpe of metheds smnsg;uag b’éﬂt tedt strp qulificatenngethodsadf's ay
reacti,on a a 13 1 3 SEP 2006 first control reaction area and a
secontl ](’5‘5‘ reaction area. 11. A conputer-readabl e nmedi um enbodyi ng a

programto dlrect a systemto performa nethod selected froma group of
met hods consisting of the test strip qualification nethods of clains
1-8. 12. AAc:onwutee-rreadab]dm@mdhmmmwaieprmgltdt@mnmpmmwsnwhn@imitbI e

resul n sajd nmade b hod s ec froma group of
ot hotkth inelediy B ctapd sHEtEL BT giopb of Balons ConrOne RE et e Pl me
1-8. {ddhlification methods of claims 1-8.
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