. 13 SEP 2006 5 TEST STRI P QUALI FI CATI ON SYSTEM BY HARSHAD PATEL FIELD

. OF “THE I NVENTI ON 10 This invention relates to approaches for qual i f?’ Elg
results obtained in using analyte test strips. The invention is SEP2006

-particularly suited for testing the quality of test strips used for
measuring prothronbin time (PT tinme) with whole blood in which a
measuf enment area i ncl udes TasTcORpPdRiALIRCL IS YSE&at al yzes t he bl ood
clotting cascade. BRI EF DESCRI PTI ON OF THE DRAW NGS 15 Figures 1-3
represent information known in the argy and are referenced in the

Background of the Invention. Figures 4 and 5 diagrammatically illustrate
aspects of the present inventi opar¥ado Biiegn of the invention fromthat
shown in the figures is contenplated. Fig. | Ais a top view of a test

strip as may be used in connection with the present invention; figure 1B
is a side viewof that test strip. 20 Figure 2A is a schematic of
hardware el ements for a neter g0 difal: MRS used.in the present
invention; figure 2B shows an alternative variation of an el ement of the

et Ef in fi gure 2[%15 lﬁ &ﬁ&?&e?atés%o E&R?S f?g @%ﬁfyﬁiﬁ%suﬁ? g?tgmgd lll%tS]ﬁr m ne_ PT

tinme. Flgure4|sagr qua zone
Cecond caRbTu M Eifa%s%af . Shfaﬂvé%ﬁ%&“%%%b%?ff#n@apiﬁ%‘ﬁﬁpu%{. cati on
doscr | bowed fuevpebna AP By RLi e traf) Sl TR R e hieaRp
‘ | nvent Ozrsrea 1|1:1|c1%'desla coernp:(L)smonS tllzlathr ca‘gﬂszes the blood clotting cascade,
C BRIEF DESCRIPTION OF THE DRAWINGS
15 Figures 1-3 represent information known in the art and are referenced in the
" Background of the Invention. Figures 4 and 5 diagrammatically illustrate aspects of the
present invention. Variation of the invention from that shown in the figures is contemplated.
Fig. 1Ais atop view of a test strip as may be used in connection with the present
invention; figure 1B is a side VieV\} of that test strip.

20 Figure 2A is a schematic of hardware elernents for a meter for that may be used in
the present invention; figure 2B shows an alternative variation of an element of the meter in
figure 2A.

Figure 3 is a graph of data as used to determine PT time.
Figure 4 is a graph showing a qualification zone for a first control.

25 Figure 5 is a graph showing a qualification zone for a 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
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5 presented herein as adapted fromthe 840 publication shows a parallel
mul.ti-channel test strip 2. In it, measurenent areas 4, 6 and 8 ar£3 sgp 2006
provi ded. Upon introducing a sanple, usually whole blood, at

i ntroduction port 10 and depressing a bl adder 12 and releasing it, a

'parti al vacuum draws the blood though channel 14 up to shared stop

j unctison benid B Gerbigsh ad bl fRnPhE R4d ;IELQ:Jh%ﬁaﬁ sRow AR AleFRARNG kBN Ch

draws sanple toward bl a der 12 to alleviate 10 negative pressure at the

stop jun dsfulh o (0 SleadPeRinE Y EAS @\sﬁasgmtpgaq&éae Hﬁﬁﬁ%&u& ll_.Je%_hat pins

the flui e nmeasurenent areas at stop juncti o

measur e ne(ﬂ vl/ﬁolé ﬁo%ﬂ?m&@djfméuogo% fboanﬁ a%fla a%d %fﬁ%ésfng eqct hes

that poi nt reproduci ux or.ma |on Ckl ng of

red bIoodc - rrprta step, i nitori 0

clotting W WH@VESW'}B%?‘O?%%% Q#“e Rpish e petopd® A5y on
operatlon 1 s _descri be S. Pat 2308 strip body is
descri bedis?l ﬁ%‘@?lé?eéﬁ‘idtw?ff gb%efé&%f"&bﬁiﬁq?% %@W?d%éﬁeﬁzéﬁﬁl}ﬁ"? above
are formed by cutouts jn internediate | ayer 2 sandwi ched between a top
| ayerl022 neghiye BETEBHR ths 8PP PASHOpOETeR o YPNt CP"&SFQPH‘IIZZ*I? YrkseiisneEosthate d
‘adhesive tape. Stop junction 16 is preferably formed by an additional
cutout i rpinsghefiudn hearerraaent akisgihtg sWpikRctibe cutout in 20 |ayer 22 and
sealed with sealing | ayer 26 and/or 28. Each cutout for stop junction 16
i s preferablyFat PT awesuremsents tlé impotdntitostdp thel flow of santpde as itmegchepthaonal |y be
used to cover sanple port 10. The filter separates red blood cells froma
whol e bl qatht sapguing rgmodueiblatiyulenr faimtion r-aagsaking of radtbéocaatllsm Wck Be

bl ood. to provide additional information. A suitable filter conprises an
ani sot r opindmpednt steein erebangiibyd dotZibg pohy/the bfesame inverthhaTie: @ncipleoft ype
avai l abl e from Spectral Diagnostics, Inc., (Toronto, Canada). An

- optiazal s@fjletibe bperayonliedatrbeain B, Beemts 230,86 surface or |ayer of test

strip 2 and positioned over the nmeasurenent areas. If a reflector is

present, the dentiGRIpIAAP FRRsAibed AAREEIBR PTG IR @fee 1dycks. STheRRNZHR0
above are formed by cutouts in intermediate layer 20, sandwiched between a top layer 22
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

20 layer22 and sealed with sealing layer 26 and/or 28.

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 blood cells from a
whole blood sample and/or may contain a reagent to interacf with the blood to provide
additional information. A suitable filter comprises an anisotropic membrane, preferably a

25  polysulfone membrane of the type available from Spectral Diagnostics, Inc., {Toronto,
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. -
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5 Typically, in producing the test strip, reagent is bubble jet printed

- onto areas 4, 6 and 8. The chemcals at each site are discl osed i.i 3 BEP 2006

840 publication as: 1) thronboplastin in area 4; 2) thronboplastin

bovi ne eluate, and reconbinant Factor Vila in area 6 and 3)

"thronbopl astin and bovine eluate alone in area S. The conposition in area
6 is sel ect ed Typicalhyg irprodrcing thetest sad, rdagertt isrmboik-jet pihed dneaigk ¢, dynd
counteracting the effect of an anticoagulant, 10 such as warfarin. The

conposi t i NIMTHelthahiRals 8t dash S8 L€ Uiecoded irpihe Bi@pdtYicaioaragaytrbRBopddstiedt of an
anticoagul et. The bovine eluate (plasma bariumcitrate bovine eluate) is

avai | abl e;réa 0o tHrBBHEN RO vine @) GhP e SBbindrBRAdtd AN OM, ardd |§) and 3§ COMbDI nant
Factor Vila from Anerican Diagnhostica, (G eenw ch, CT). Thronboplastin

(reconbi ﬁﬁmmbo%gtiﬁlt%glg %9%1?51115‘[& E%lé RAHENY ) Fhe compdiRR ihteh @ i eldded 3

D agnostics, ( 15 ter printing, a sanple port is cut in
untreate e .t L4 i

Rosear ch, PP PR Telorhe e UF Bl BRE, cqRbALE ol PO ARESARE, |
the atop STLRCTIBHTL MEOoURCEIE TS + ed€ PR L BiranlPos Spendie) " °
strips of single-sided adhesiv t ape .such VEX4841, . avaj e from3M
(st P paul afl:lm\??‘_ﬂa?’fe Tgxﬁgﬂ%zﬁ%: ‘frl\f fraéit@%sﬁoﬁ@e e%efebﬁwy@%@%%yte; S 10
sea e sto unct.i on. e of the str can be_under st ood wi

ref erenc ?eﬁél%ﬁiﬁf‘iﬂegl% (Byrlinglpr, téecoﬁlwlémr%‘fféf VUp&Rm AR°F5%Bur es 2A
and 2B (al so adapted fr,omt_ge 840 publication), which contenplates an
aut omat edPiAgostca, reaieh, (e Thrombaplastin gpwonbmaghl swe Fpder (Josspesed. | n

-that case, bladder 12 is nmanually depressed before sanple is applied to
-port 10, froveRripeCligsalPiagwstse(ReriiagsNBt ep t he user perforns is to turn on
the neter, thereby energizing strip detector 30, sanple detector 32,
measudenment systes IS, aspnpdpRdrbia git iheeirested pelyestirdiimavdnag AREESi s to
insert the strip. Preferably, the strip is not transparent over at |east
a part ofavidabledrern Adgesiveh Reseamh, (GlgeRaokdP A) and thenilirhinbied gk regiser, to the
illumnation by LED 38 of detector 40. (More preferably, the 3 1 3 SEP
2006 top of the double-sided tape after removing the release layer. A die then cuts the stop
junction through the three layers of the sandwich. Finally, strips of single-sided adhesive
tape such as MSX4841, available from 3M, (St. Paul, MN) are applied to the outside of the
20  polyester layers to seal the stop junction.
Use of the test strip can be understood with reference to a schematic of the elements
of a meter shown in figures 2A and 2B (also adapted from the 840 publication), which
contemplates an automated meter. Alternatively, manual operation is also possible. In that
case, bladder 12 is manually depressed before sample is applied to port 10, then released.
25  The 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

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



5 internmediate layer is forned of a non-transparent material, so that
background |ight does not enter neasurenent system 34.) Detector 40
thereby senses that a strip has been inserted and triggers bl addet 3 SEP 2006
- actuator 42 to conpress bl adder 12. A neter display 44 then directs the
.user to apply a sanple to sanple port 10 as ' the third and. | ast step the
user nust performto initiate the neasurenent sequence. The enpty sanple
port i5s ristinedisteieyer\hnmed sfampharahspaiddt maenddecbd backgoouni dglgalopd mtport
it absorbs light fromLED 46 and thereby reduces the tight that is
r ef | ect edntepn@dehetidnt sydtm SHpDet st 40tthadsbyistnsks Gibl 5 stiihdsbeen insdrigh ahds
actuator 42 to release bladder 12. The resultant suction in channel 14
draws sanplgrd bladieghctlidie 478a 84 R eR DladdéraasA nieteridinglay Ua fheh diredts BB usdror
each neasurenent area 4, 6 and 8, a LED 50 and detector 52 pair is C
provided Bidrfle {d@mipledfat 103 RRMhitd £ 140 50p 8B wEemBPPRem Ainktfatd S
clotting. 15 Analysis of the transmtted |light as a function of tinme (as
descri be ] lat.i, ; ) 7E, ' is
di spl ayegh%%%ﬁ%nfr%g{%bﬁ%fggﬁlg%h gfj.s rlg 8?%6%@%t1§%mé§eﬁte 1e"(eir ature is
mai nt.ai n oot f | i at.rol | ed
1R NG e 200 the357afr1n%%)é)%oibﬁ%§>'ibs%%gh§§rﬁy Qg:g):j md%?%ﬂg&g%lc?sntﬁgﬂéﬂt

by a” 'm croprocessor chi contr ol re s

progra | e ead-only me 0 ard-wi red logic.56 0 descri bed
bover "t e et S HetkelEE Tt BfochiH I b oSyl 46 e
detectin reduction.in (specular) ref]ection of a light signal that is
o 1 ed SyAdn e Fptath S H R & sappieufey b Mg Sy it armton
easi |y distingui.sh between a whole blood s rg)l e_and saone other liquid
(e.g,. bI'DEE SOBIWHFORIFLE saphimrapyremeh fse &. ﬁ)@%t ’PHEﬁﬁﬂoqnd&P’eecwreﬁﬁew ian

Cobj ect (e.g., a fi g%&rst%l t hat can approach sanple port 10 and cause the
~syst em t PrPBdedrip B¢ ¢/light Hansgged: thropeinthe saple asihmAldtingas been appl i ed.
To avoid this type of error, another enbodi ment nmeasures diffuse

refldétion frénAbHe ot bafeneietlieht rp Sucivsefime s deppbad below) writs 28,
whi ch shows detector 48 positioned normal to the plane of strip 2. Wth
t he ar r arsglewiainn afitbaT Haecwhiclf is displagédeorhomdtes displhe 44 Preghlp, 2006

temperature is maintained at about 37°C by heater 36. Each such function is controiled by a
microprocessor chip 54 controlled by software stored in programmable, read-only memory
or hard-wired logic 56,

20 As described above, the detector senses a sample in sample port 10, simply by
detecting a reduction in (specular) reflection of a light signal that is emiﬂed_ by 46 and
detected by 48. However, that simple system cannot easily distinguish between a whole
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 fo

25  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

normal to the plane of strip 2. With the arrangement shown here, if a whole blood sample



5 has been applied to sanple port 10, the signal detected by 48 increases

abruptly, because of scattering in the blood sanple, then decreases¢35EPéW5
" because of roul eaux formation. The detector system 32 is thus progranme

to require that type of signal before causing actuator 42 to Trelease

bl adder 12. The del ay of several seconds in releasing the bladder does

not supst gRtyed dnpriad fo8akpleD8rt16aMk 0G5 d853Ed 1esh RELAW abkpifl Becadedepi Ct's

a typical "clot 'signature” “curve in which current fromdetéctor 50 is

plotted asscaﬁerfflé%ﬁ %Hlet o(afsafn. I@herﬁd&%%e&?eﬁ%x@é&f ﬂﬁ%%ﬁﬂn&iﬁ%&%&gﬂbﬁmm

area at tine e ti Interv etween points 1 and 2, the

i e i nt L%Y%%H?Sigﬁﬁ‘éﬂf‘%‘?%?f) Z@%I?El%%‘é?%@@%%ﬂﬁf‘%eéﬁag&%%f ed?%lﬂ?ﬁféﬁgn;“a;
! ered by Tt .
e ur ereiteath e e o T fengt Pt seiond ol Emiin TR B8R st opped by

the stop junction. .The red.cells begin to stack up |like coins (roul eaux
f or mat i onyoSHH V&ﬁF@MEW%@FSCEFTMOWncreasi ng |ight transm ssion
through the sanple (and | ess scattering) in the tinme interval between
poi nt& 2 and 2 3ndebisty mipypigal “globtgnabrastitsin amird upgmtdmdeateiondliton and
transm ssi on through the sanple reaches a maximum The PT tine can be
cal cul at eploftydownatfivection pEtinsg| Bledsa fiygb detecte! ip oiprasurpmerd @reg abiimp bt lidken 2 and
3. The result is typically reported in ternms of its "INR" (i. e.,
| nt er nat i Wmainiewal fabetredn Peint ¢ jand IHbke bladd Blls the meatyreseut erhangesedvrizne from
liquid to a sem- solid gel, with a correspondi ng reduction in |-ight
t ransmi ssinearemiloring thatctimeimntsrval sulue énlight @attetod byvedreellhadnsshissrerm 3 and
(bndpoint 4 correlates with fibrinogen in the sanple. Measurenents made on
~“a whol e bippodkimampleasunsofithe hdmaatatit. 14 pyinel Gampledias fikedothe tlagsuredtent arpe shown
in Fig. 3 for each of the neasurenent areas. The data fromthe curves for
t he 1Nt fimlis at(reRASUNEERRL HavRaded stopdeBy AE etop fedtid0 Thel eddi ks Bdaf tdat a
fromthe curve for neasurenent area 4. The nmeasurenment of sanple from

area 4 i ssiydlipdikt@6in® (thyleMREOrmaABRS ThEiTERhS @RcBIBAS itraalidg Bepti €1 d
results wthin a predetermned range. If either or both 5 13 SEP 2006

transmission through the sample (and less scattering) in the time interval between points 2
and 3. Atpomt 3, clot formation ends rouleaux formation and transmission through the
sample reaches a maximum. The PT time can be calculated from the interval B between

20  pomts 1 and 3 or between 2 and 3. The result is typically reported in terms of its “INR” (i.e.,

International Normalized Ratio). Thereafter, the blood changes state from liquid fo a semi-

solid gel, with a corresponding reduction in light transmission. The reduction in current (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
25  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 from area 4 is validated only when

measurements on areas 6 and 8 yield results within a predetermined range. If either or both
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5 of these control neasurenents are outside the range, then a retest with
anot her .test strip is indicated. Such an indication would be in or—i(%eng' 008
a test strip is faulty. Ageing or oxidization of reagents can

.potentially yield failing Control 1 and/or Control 2 tests. SUMVARY OF

THE I NVENTION It has been di scovered, however, that in sone instances
test strhphéQachtiy et Shah@ e okfdd Mpimak tiderspauviittanbangestc@ipGsto 8.0
INR) may not be indicative of faulty test strips, but rather due to the

char act eflighied S Seth ah e ¢854 wotlajbe st orderdt #RE: st & @l lAlgeihg Sy St €N such as
that described above which indicate a test strip is faulty and order a

retest upgehaRMGitrGaeamld L QBRntialSAdld GRHR CRREE] WM ComRbe] ¥srg esul t i n

anot her error reading, pronpting another retest. The present invention

sol ves a yet heretofore unkngyn, Pt ﬁﬁ%ﬁngﬁst strip 15 qualification

accuracy outside the usual dlagno§€§t?%% therapeutic range. It may be

enpl oyed to aliify forperly "false. 1vye" t...readi | 1 uded
THHA detr dxgcﬁ)ézpr?eed,i%weve‘% it il gcgz?et mé/tgtg:g% gegtl sttnsp ﬁ%%dl%%i&lugfdﬁ% :

to above. Correctlng naccuracy offers

un anted frustration as I | ost ,1ine and e -.certainly for
the- thar el hediR p28n R B ORJOmP Tt REeRGE e foseiy b

consul t ed. il e ayoi ding. su occurre S Jdndirectly result in
economi craﬁhﬂmeg@ ,thetﬁ\ﬁf‘ré"ﬁtteng’zﬁ/ Pﬁfggt%@“ﬁﬁv%ﬁ%@hn%%ﬁﬁf 5 SYFRInsApeh gitte of
erroneously_disgualityin a statistically significant _ nunber of test
strips. %56EtmdQ ?w%w%ﬁetea&sf wrris fpuliytand pElgr picteshendsy @sl fnditiphent i on
is to disqualify fornerly acceptable test strip readings for |ow INR

val ues. G5F perliangs wonld merplycesnitie poaiha erren tsadiag. iPFOnG S penthas retesta| se
positive" offers inproved test strip accuracy - a benefit of clear 25

“utility. AddiThemaesentievestion solvend yeideeetnieorgaskammn pipemppathdgspsirient to t hose

with skill in the art review ng the subject disclosure. Systens of -the
presbnt quali@prtionacquras entaide yheopeal diagnastic eotherspauitio nangt.t h nwy b sppbabd e
test strips and hand held neters as described above. Mathemati cal
al gor i t hiwsualifyffometly Sfudse negutiy 8" 18 PeaBM@H as alluded to above. Correcting such
inaccuracy offers benefits in avoiding unwarranted frustration as well as lost time and energy
— certainly for the user and possibly that of physicians who might ultimately be consuited.
‘While avoiding such occurrences may indirectly result in economic savings, direct savings
20  may be achieved by the avoidance of erroneously disqualifying a statistically significant
number of test sirips.

Another improvement optionally offered by the present invention is to disqualify
formerly acéeptable test strip readings for low INR values. Correcting this inaccuracy and
disqualifying former “false positive” offers improved test strip accuracy — a benefit of clear

25  utility. Additional benefits and advantages may also be apparent to those with skill in the art
reviewing the subject disclosure. |

Systems of the present invention preferably operate in connection with a disposable

test strips and hand held meters as described above. Mathematical algorithms or functions,



5 preferably those described in detail below take assay PT tine into
account for qualifying PT time results by conparison with results from
one or two control-type reactions. Those algorithns as inplenented3Iisyp 2006
software and hardware as well as the nethodol ogy disclosed form aspects
. of the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTION 10 In
describing the invention in greater detail than provided in the Sumrmary
aboves tHiefesatly @ote deGibed in defriltdRiv, fdke atsbp AT SiyRtigiNadtetnfet Hats/idcopTi t s
use are described in relation to Figure 4 and 5 and various equations.

Bef ore t igie Pés@BEH conipaBEtn vaith fedulid @561 dd @€ tidconfbichpsiehaiohs. Tiawever, it is
to be understood that this inventionis not limted to particular

vari at i ofs,$fins b lerAlEh A ¥oftPire GOMAS Bwark @ Well Yotht QéthoBNBRO@SISRY be
made to the I nvention 15 déscribed and equi val ents may be Substituted

wi t hout ﬂﬁ%%@%kﬁgﬁﬁkﬁﬂaéagmk&&&lSpirit and scope of the invention. In

addi tion, i‘cat1ons nmay be nade to adapt a particul ar

it tter r process step or
_ﬁﬂme&mﬁgNg%gﬂg

situation, material, co
steps, to the objective?BQ§%Tr| and—sc € present invention. Al

such di fication re jntended to be within. .the scope of .the clains
madelher ei n. Fur t HBRGFEDS fRATEMIOn B gt fegil fem erqadel e SBmay i g 20
understoad that every intervening val ue; between the upper and .| ower
it of 4OH&tine %ﬁ&@f éﬂatﬂpaﬂwhfgf@wgq system 2 Rethads fosits g5 fﬁé depaoRd -t hat
stated range is_enconpassed within the _invention. The upper and | ower
limts ofelalingixFignig4 e Send yuwupaguaiipfe Refae Repyesg myepaqn g descibedine
smal | er ran%gs.and is al so enconpassed within the invention, subject to
_any spewichidgtailihpwexen iiisde b imderstqod thah ghisimmerdign isaneg Smitethiorpartionlsr st at ed
,range includes one or both 25 of the |imts, ranges excluding either both
“of thosevirigpusdetiorthand wan oé cairsp virpc Vade changehmay bewnade to gre myingion it is
contenpl ated that any optional feature of the inventive variations
descti bedeshebediand ayvadentssresy Heomubdiitatpdiwih@it deprtingdepethd ént kpirit ad i n
conbination with any one or nore of the features described herein. 7
13SEP700€kope of the invention. In addition, many modifications may be made to adapt a particular
situation, material, composition of matter, process, process step or steps, to the objective,
spirit and scope of the present invention. All such modifications are intended to be within
the scope of the claims made herein. Furthermore, where a range of values is provided, it is
20 understood that every intervening value, between the upper and lower limit of that range and
any other stated or intervening value in that stated range is encompassed within the
invention. The upper and lower limits of these smaller ranges may independently be
included in the smaller ranges and is also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the stated range includes one or both
25  of the limits, ranges excluding either both of those included limits are also included in the
invention. Also, it is contemplated that any optional feature of the inventive variations

described herein may be set forth and claimed independently, or in combination with any

one or motre of the features described herein.



5 Unl ess defined otherw se, all technical and scientific terns used

‘herein have the sane neaning as commonly understood by one of ordinﬁry P 2006
skill in the art to which this invention belongs. Al though any net ééﬁ

and materials simlar or equivalent to those described herein can also

be used in the practice or testing of the present invention, the

preferred nethods a%é&?&&fn%@hﬁeﬁﬁs%ﬁﬁﬁ%&?&d Blehtifofethd 118 Ritbh G&de

matter nmentioned herein 10 (e.g., cations patents pat ent

onrirety. Ratfopafig fﬁ@tﬂwtﬁ‘?ﬁg‘f@@ff @‘%qc??xfd & fsrk?%‘ﬁ% ey

prior to the fili,n d the an. h| herein is
to be conslfl}'[ﬁlelan gglm%% ggtﬁ?%% aBth hrga %Sssgnr% %A GER |%nﬁ ?qq%losr?ot
entitled t ate such teria virtue.of prior invention, Al so,

s noted t ‘Eﬂq’ég ea R Ere bRt P aﬁ%%&ﬁ&é%ep b Bpssal Y REOR By ul ar 15
fornms "a", "sai d" and "the" include plural referents unless the

context cl estwd H‘P@P%ﬁt w4 marigls e deacribednd 8 e3isiing supiect mattep MeRRFFA PEEN hat
the clains maybe so-drafted to require singular elenents or exclude any
opti ondl ele@npHblicateiscRataws, pEen apmisatings and kard wae)isjacoppratedrbavpifgace Thi s
statenent is intended to serve as antecedent basis for use of such

excl usi ve heran mi iiscinbitgly. akhe refoiende items orel pyovidaddokelydfor thiie diseloponpreartts on

with the recitation of claim20 elenents or the use of a "negative" claim
| i m t ati onthsfilingldatewfithe present apphcagison. Wothing Horeimgis apbscongpred aem adugssidne

i nventive approaches to c¢ test trip qualification are shown. |In each

graph, subhstalie pradehiginventionisdionghtitled tohtedate Sedbtmatériny By Wirtd e of Srids iowaatidnn
(§O|Id line. Differences between the present approach and anot her

pproach, previ-ous| yisdex e R Ys bich 8Semand (Mhk Bifeaded s, tassislese" | bed
in US Patent 25 Application titled "Test Strip alification Systent

Attorngy Defketa”Nand, b IEHdO04d “tHeb (RO Plurd YOG AR trfleROKLMtRt AERyHANES DY

dashed lines. The di'fferences between each approach are |nd|cated by
hat ched arg@gwish)’ C@ﬁ\@rseg it isohielnpla®@Ghar ARRIAAS Bal Se H-GLAEAR!Y, %tﬂreaCt | ced

in connection mnth t he "t est strlp described in reference to 840
publi cati afhouBr dedemEbr &fie any optional element indicated to be so here in the text or
drawings. This statement is intended fo serve as antecedent basis for use of such exclusive

2?7 48

terminology as “solely,” “only” and the like in connection with the recitation of claim
20  elements or the use of a “riegative” claim limitation(s).
Turning now to Figs. 4 and 5, graphs representing the inventive approaches to
C test trip qualification are shown. In each graph, subject matter according to the present
| invention is shown in solid line. Differences between the present approach and another
approach, previously developed by LifeScan (Milpitas, CA), as described in U.S. Patent
25  Application titled *“Test Strip Qualification System™ Attorney Docket No. LIFE-044, filed on
even date herewith are shown by dashed lines. The differences between each approach are

indicated by hatched areas “D” and “E.” Still, each approach is preferably practiced in

connection with the test strip described in reference to the ‘840 publication.



5 1In qualifying test strips according to either nethod, nmeasurenents are
preferably made on whol e bl ood sanple at each of the three test st WiﬁEP 2006
nmeasur enent areas, Yyielding curves of the type shown in Fig. 3 use 0
.determne an INR value for each well. First, whole blood sanple is drawn
into each of the reaction areas so that the fluid rehydrates the dried
reagemt s .and r eact & @ialiRAghess kitips acthdingad aittebteilioddnénrepent el wel ls 6
and 8 are 10 used to qualify the data fromthe curve from neasurenent

area 4 prpyeRbRendde oh iwhBle blddg sathfls it &:618 b th thrderi6dt ¥elipRgeabiliatherf @fead, he
controls, is preferably converted to INRresults for use in the

al gori t hnpe|gias ehrdaesdt tRalneRe i ﬁ?.o B ukda%o haSMhihSard VK NBudSeEach twell.
Measurenent areas 4, 6, and 8 preferably include such conpositions as
i ndi cat edy: [ : j 1 i '
anti coagaran o ThoRARRAE b At e e hP AR o 3 ALL ARG ol e
measur enghl g iEhebhite Lﬁﬁfr%éctsaat%h&les'ﬂe.c?ﬂé“&’gé §tQRed BY c ol Rl sGna o, LBy the
overal | tes str|gp configuratron. In addr t1on. variati on iR eact ant s
t he lves is ¢C ted. .Such variation in reactant. c i stry would
fed | et Bty BB R B fobu Pt meR et wan e P dfeps
described below in g predictably fashion. As alluded _to, for_a PT result
from t he &% &5y ISmBsRGIE fRehfor {5 BRI R PTaEFlY coBtPrieEth RYR Eesults RN sat i sfy.
first and second control conditions, ("Cl" and "C2" conditions,
respect i Vg lgorElims daspribeg bfoptind repopingdesuliy WitheweFesul t range. Fig. 4
illustrates Cl boundary conditions. Its character is determ ned by the
conpounds. i n react Msasuzameat geagtd, 6rang Sereemably ynclydeshehiompesiotsiaant ti ssue
(’fact or with buffers and preservatives, bovine coagulation factors of the
~ext ri nsi andieatésubpye msonneciatbitnta  840gublnativn wherp thetastiepagelpg in Sample
illustrates C2 boundary 25 conditions. Its character is determ ned by the
conpdinddload is Eawnidom @ff warsg wiictcheaspresketraadal igclides lagies compostipnnaayt
tissue factor with buffers and preservatives and bovine coagul ation
factors dk vhitial, extay ths beerghteltwaip. colfigurRicSER 20MGon, Sarlatioe acthe feagute, t he
graphs illustrate conditions up to the usual therapeutic
themselves is contemplated. Such variation in reactant chemistry would affect the results

obtained and precise mathematical relationships described below in a predictably fashion.
As alluded to, for a PT result from the assay measurement to be considered

20  reliable, it must satisfy first and second }comrol conditions (“C1” and “C2” conditions,

respectively) by falling within a predetermined result range. Fig. 4 illustrates C1 boundary

conditiops. Its character is determined by the compounds in reaction area 6 which preferably

include recombinant tissue factor with buffers and preservatives, bovine coagulation factors

of the extrinsic pathway, and recombinant factor VIIa protein. Fig. 5 illustrates C2 boundary
25  conditions. Iis character is determined by the compounds in reaction area 8 which

preferably includes recombinant tissué factor with buffers and preservatives and bovine

coagulation factors of the extrinsic pathway.



value of 8.0 INR Still, extension of the qualification zone conditions
“beyond this point is possible. However, qualification for assay Pﬁ'S%’BZUBB
values in a range of 0.8 to 8.0 INRis contenplated. Any result of

greater than 8.0 INR is considered and preferably reported as H GH and
any result less than 0.8 INR is considered and preferably reported as

LOW 10 In figure | 4.m c L m NR

r eadi r%lgs are shovvnfh e%ﬁg{r&%%%?%@ﬁﬂgtegeg a%nslggg%tthgg?%g{h[ﬂ%fd%hi s limt
i s i ndepengdent.,af..as INR.. However ... ognly a portion of e upper limt
5 1 ndeparenr sFmRC ST e iont BY Ssoantode S e Rr Shod B PRS0 ' The
val ue of the.upper limt.for | NR i out 1.9. For ; ay I NR
val ves. | P RCRPBr bt reseul ni s prmaeer (RS Le BB Ribl o o

I NR val ues. For the sake 15 of sjnplicity and ease of jnplenentation, the
funct i on PeeRHPitedr Ap yesyltp &réat%rcfhfax%-%H\IRWF@HSIdf‘é&dp%@g%@“argﬁﬂ reneEed 8 m y =
nk + b, where y is G INR value and xis assay INR value, to best fit
test dat dUGEhEdnEERsHi leshiban 9.8 ENB fpgsayidered andprefgrahlydeneried BeLYW. nt er cept )
is Z0.91. By use of the "=" sign, it is neant equals or is about equal.
Thi s 18pproach to qlrefiguis4, depvertimiteBand sppsr fimitd0 faaCh MR fdadings drm shonm.
significant 20 respects fromthe Test Strip Qualification System

appl i cat iThe lovedr dirgiris ed apdbove). 6S0TINR. €Thid fimi€ls independputdf asay INRbEoween, 0. 60
and 1.91 INR, the test strip is qualified so far as O is concerned.

Such an apprapuaton o thawhpedieid isiimdebergiefiie f dssahENR. Bher dbash@chstay MSRGH
continues fromline 62. The hatched area D gives an indication of the

| pr ovemeBguti2, teShlus bf ihp ufipkliii featT DR isabEwNak YF @ idvwed edapINFDTRseNt
i nvention over the previous approach that does not account for 25 assay

"I NR Wi t h argsdpies HefeBddak on 88 INRCAdidrAfés e abdipraBlath MR Vi8S P&iGhe §ae O DY
discarding low assay INRresults in region D that woul d ot herw se

qual iyky idpsitdy@ciPaienelrehfRREntatitRl e uncdh it pRereakbly g(ﬁﬁﬁeq&&ﬁérﬂ Whéh h5é

upper 68 and iower 70 limts for C2 INR readings are shown. As wt

201[ Llngtnl %%pﬁe&@d HARSForhlyE fuxl"b, Gherely 18 CYRRR valuk Thd x 88isddd INRFaluE, tQSEsit.”ed by
fit test data generated m (the line slope) is = 0.50 and b (the y-intercept) is = 0.91. By use of
the “=" sign, it is meant equals or is about equal.
This approach to qualifying PT results with C1 data differs in two significant

20  respects from the Test Strip Qualification System application referenced above. There, if C1
is equal to or between 0.60 and 1.91 INR, the test strip is qualified so far as C1 is concerned.
Such an approach is indicated in figure 4 where the dashed line 66 continues from line 62.
The hatched area D gives an indication of the improvement in test strip qualification
accuracy offered by present invention over the previous approach that does not account for

25  assay INR with respect to C1. Test accuracy is improved with respect to C1 by discarding

low assay INR results in region D that would otherwise qualify in the above-reference

method.

10



dependent on assay INR value. By testing, C2 INR val ues have been

- observed to be proportional to assay INR values. Wile such a P 2008
rel ati onship nay be expressed in various way, for the sake of si I‘Z’i%ﬁtyyp
~and ease of inplenmentation, the function defining upper limt 10 68 is
preferably a Iine equation. Wen expressed in the formy = nx + b, where

y is @ INR val uen pigds Xihger 88 s/ lobiR70/iadhtiefor 00 ONRGeadBds BreZh@wB0aPr OVi de
an excellent fit to test data generated. Lower limt 70 is also defined

by a fUn%i&?ﬁp&ﬁ&?@ﬂﬁ@gpﬁéf‘ﬁﬁﬁ%ﬁm,'d}ﬁlp%@f J8it 68 Kdr c@g@aﬁm@bya%ﬂaﬁ&ys two

i ne segments 72 and 74. The first line segment 72 is coincident 15 wth

the C2 | T ' Y Ay O i h I i.gation. For
QB Endkht B aséag KR g_a:iélt% %@e@mgeéggﬁ@qm EEhRBEEHbsaDR 1, %3

each, in = 0.36 and according to the referenced

PrOCESS, e £l 0GR hbiE Lok SUOAREN R B8 Fi PP oach

is shown “I'm connecti o I ne segnen romline
segnent 72. Lln.contirast tk{i esent. i nventi.on |ifies.l.ower valuye C2
NB T oadi iy T AR A lronliclE aRl BT R i ARl i o Fe S Bhnrt Rallc
4.0. A determ pation.of which dditionaé. agyes_gualify may b e by
compafh s T By RIS TR AP oS ) BE LR JeT e, b WA 1 AR
where m 0. 1529%ad b =12 As this fun4c1t i on diverges from or drops-off
from |iAdluppindeis pssayl¥R walee, ;34 5 apd B O 0upvide wreseslientfitdp fost &8a i on of
additional test strips - thus avoiding the problemof "fal se negatives”
describedﬁﬁﬁﬁﬁé. 25 In actuality, the line equations described above may
been defined with greater, precision. Two significant figures are '
expressed i n or der Lowerlimt his alse Hefined &y iaduncgpn depesdeahon aspeydPderalyes
contenplated. Still, figures 4 and 5 are drawn with the precision to
~whi ch t hdt piefeeabbsremploxsdwo ilioaissgments 82 endiTy. yTherfag tling exgmeThi2sis beincidert ai d,
substantial variability in approach Il 1 3 SEP 2006 5 is contenpl ated as
part 1of twith the €2 dowerilimidnteiimihe abor-refkenenigatenpapplicationnFer qadt, ymo@i3al
equations may be used to set C and C2 bounds. Alternately, tabular data
repr esentandidy = 0.37. However, according to the referenced process, the entire lower limit is

dictated by that line. This approach is shown in connection with dashed line segment 76

extending from line segment 72.

In contrast, the present invention qualifies lower value C2 INR readings in
20  instances where the assay INR is at or above about4.0. A determination of which additional

values qualify may be made by comparison to a line segment 74 having a lesser slope,

particularly where m = 0.15 and b = 1.2. As this function diverges from or drops-off from

line 72/76, it defines area E that results in the gualification of additional test strips - thus

avoiding the problem of “false negatives” described above.

25 In actuality, the line equations described above may been defined with greater
precision. Two significant figures are expressed in order to indicate that variation on such

an order is contemplated. Still, figures 4 and 5 are drawn with the precision to which the

present invention is preferably practiced. This being said, substantial variability in approach

11



results within each qualification range or zone 78 and 80 for C and C2,

. may be enployed. Irrespective of such changes as may be apparent 402 SEP 7006

these with skill in the art, the nature or general approach of the

_present invention should not change. Wth respect to 10 O, the upper

limit will take the results of the PT assay into account for |ower INR

val ueg t g cd?l'téjﬁﬂ'ﬂ?tbd S Ypbdr s pﬁ&sﬁtﬁﬂ‘{%ﬁﬁ%ﬂ e HERAL. 3R rtngorhgayov\eglr enced

Test Strip Qua |cat|on met respect to rlimt

wi | | com@hagnéfnay séﬁéed;@@et TeGha Eﬂﬁmﬁq tﬂlt{:rggte %9&19 daiﬁa gé; fennmgwa“d' ng

the qualification zone for a hi ues

previ ous 5 net hodol o nve t|on be
practi cedag%ﬂg ﬁlﬂelt ghqugﬂgcaanr%g% Rr 8?%@5?% dvné% eénpl%sgset
forth above, the ipprov nt i.n figure di agr tlc ustrated
by area D) disqual Wfis%?%?%‘?ftﬁﬂ?}}@a@ge}séﬁ@@ﬁgé’)’IEHaF‘BfT@J ‘(Iié%gb‘i‘g‘ﬁl
results; thelrrprove |nf|ﬁure5 (diagra tica illustrated by
area E) MHiRalyesr g %Hpg;oaéh PH %a{féffngﬂrwﬁf&ioeé ayd ﬂ@ga%qaee“fl@sreip@gt to
Practiced together, the 20 inprovenents of the present invention offer
opti ffll ds metl@wrﬁlmlbw#staleﬁthwé%rﬁf therfd asgayduieegpunhiogieater ANR rgjuesdat
strips. However the present invention is inplenmented, in instances where
d and CZlisqpalgulfals nesiévepumcomipasigon toahe refarericpd Test Stripdushficgionetoduns PT

“time for the assay (preferably in ternms of an INR value). If either or

C

bot h of tWidsespwhior@, thedasenlanenilscoapeasoulssidwotshaiofs withiggescadf | ned,
anot her sort of nessage indicating test reliability or fitness is
di spl ayedediipn ekjunding slte qulifiqationtee fortr igher IR salgessas spapartd © the the type
of failure may be presented (i. e., nmessages indicative of CIl, C or Cl
and C2 f girdvisig)apprébdher nately, a retest with another test stri p may
sinmply be indicated. 12 1 3 SEP 2006 CLAIMS Though the invention has
beenidescribed i n TS GRG0 dyDf TheSraghtOn'ehli tShhPbEFa@edRIUE either one or
with both of these improvements. As set forth above, the improvement in figure 4
(diagrammatically illustrated by area D) disqualifies formerly erroneously-indicated
acceptable results; the improvement in figure 5 (diagrammatically illustrated by area E)
accepts formerly erroneously-indicated negative results. Practiced together, the
20  improvements of the present invention offer optimal results in terms of economy and
accuracy in qualifying test strips.
However the present invention is implemented, in instances where C1 and C2
results are qualified, test strip meter display 44 shows PT timerfor the assay (preferably in
terms of an INR vahue). If either or both of these control measurements are outside the
25  ranges defined, another sort of message indicating test reliability or fitness is displayed by
the test strip meter. Error messages specific to the type of failure may be presented (i.e.,

messages indicative of C1, C2 or C1 and C2 failure). Alternately, a retest with another test

strip may simply be indicated. -

12



optionally incorporating various features, the invention is not to be
limited to what is described or indicated as contenpl ated with resp&gp 2006
to possible 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, | claim 1. A nmethod of test strip qualification, said
nmet hod conprising: providing a tesﬂjé*}ﬁ% conprising an assay reaction
area, a first control reaction area and a second control reaction area;
obtaining prothrombin results for each reaction area; conparing results
from said frhoghfheinyestionhas heqrglessribed inggisrenes toguinals ilusiratcdexampleer i a and
" esul t 8pidny Hadio G VoPlon&fefifch AnSREOEn SO fole 1HBIS AR Moficlber | 2
wherein sard first contror T fication criteria conprise an upper |imt
and a l[ngigeted jay edngemplajed wth:;ﬁpmct foi pebsiblg wariagiom (The beeadthgé theipedsenyt inkeplénndent

Lo a oaap e HRRELOADPHE AU BARARE L pEBHI o MEHAT 4 0F Ciaim

wherein said upper Ilnlt i s dependent upon assay reaction area
prothrqg%in.res Its.at or bel ow about a 2.0 International Normalized
Rati 0. 134 bfifg s %Hnof'clain12, wherein said upper limt conprises a

| i near function dependent upon assay reaction area prothronbin results.

4. The method of claim 3, rejn s u limt further conprises a
val ue i ndep&’?&f‘é‘iﬂd offest s gyl %8%@?1 Sﬁ}a‘i}l%?t@g&ﬁ%’f‘ﬁ‘fﬂ%nbl n result for assay
reaction ar vlﬂi’n@tahés@ﬁiﬁbﬂoﬂl, ﬁla@ga bacBRLMEn, a TBRYINtR] LoallidnHkQrAdki onal
Normal i zed Ratio. 5. The net of ¢ a|n13 wherein said lower |imt

conprl§@§H%MW§PU@m#ﬁHéﬁéndent of assay reaction prothronbin result. 6.
The net hod &ﬁmﬁ%ébﬂhﬁomﬁ%ﬁ&%ﬁ@ﬁﬁEQ%Q&QFR{Qeées“'ts obt ai ned for each

reaction area ar I'nternational Normalized Ratio values. 13 1 3 SEP 2006
comparing results from said first control area to first control qualification criteria and

results from said control area to second control qualification criteria,
wherein said first control qualification criteria comprise an upper limit and a lower limit,
said upper limit being at least partially dependent upon assay reaction area prothrombin results;

and outputting a message to a user indicating test strip reliability.

2. The method of claim 1, wherein said upper limit is dependent upon assay reaction area

prothrombin results at or below about a 2.0 International Normalized Ratio.

3. The method of claim 2, wherein said upper limit comprises a linear function dependent

upon assay reaction area prothrombin results.
4. The method of claim 3, wherein said upper limit further comprises a value independent of
assay reaction area prothrombin result for assay reaction area prothrombin results at or above

about a 2.0 International Normalized Ratio.

5. The method of claim 3, wherein said lower limit comprises a value independent of assay

reaction prothrombin result.

6. The method of claim 1, wherein prothrombin results obtained for each reaction area are

International Normalized Ratio values.

13



7. The nethod of claim1l, wherein said second control qualification
criteria conprises an upper limt and a lower Iimt, said upperliﬂ?§EP2%5
bei ng dependent upon assay reaction area prothronbin results, sai ower
limt having first and second sections dependent upon assay reaction
area prothronbin results, wherein said second section drops-off fromsaid
first section. 8. A nethod of test strip qualification, said nethod

conpri $i NY: THhIH JT@1afin | ©SherSih k4i@ sORPEInEbNaBRcaASS BdltefiS S RE: A €3, a
first control reaction area and a _ second control reaction area;

obt ai nPIRYT RBERt & iBich limdswid uppeidimigbeirg depsrdeniponpesay reeeifdareng resul ts
from Sgr'ogxr&hlﬁﬁ tesERN i@ 108!&; ﬁﬁittthif'n%fi% arfdQ8¢dng lsec‘gMﬂA de{plr;%q%}lﬂq lﬁ)gfl Iﬁ%sh}; eria and

resul t rom said second contr rea to second con I'cation

cri t er feastiontaesag@rothrombih readiswheraim saidbsecendedectianalaerisedf or sad ifigst castipn.i se an
upper limt and a lower |limt, said upper limt being dependent upon
assay reaction area prothronbin results, said lower |imt having first
and se8ond A extliodn$ tedegrigngiatificatipo,rsaidssayodreemptisiopy ar ea prot hr onmbi n
results, mhenginﬁiaig.second.section drP s-of f fron15fid first s&ction
and out put tERYVR8 ALEE YR CQBPRINGAT ASSAY FRPA ATy LS CONMOF Tep°tioBRfaBM it y . 0.
The netdaos @htrell rédciivPareisherein said lower limt first and second sections
conprise linear, functions. 10, The nethod of claim8, wherein said first

section and®b&iing BrOHERMbE ST ea5 ARl 4¢3 an  assay reacti on area

pr ot hr onbi neokfpatihd reSifiis R aiBeirdt @nirllaflan@ fitPbstroNQIaBtdiieg riféas bt 11. The
met hod of claim8, wherein said upper limt conprises a linear function.

12. Theeswistirmrseds scepng sonigol ajgade sqeandgantrpl piplificitipnetifesis obt ai ned for each
reaction argah id s8UbRI Db PRl MRE B AL nRsE B Yt BiRit addPa loWaE et hod
of claims8, rer%?n sgid firs ééntrol qua ificatiJﬁkcri{erlz(Eonprises
an uppbmit, aidvipperdinit beihpdapendeniipon assay teacksperreal prethtonibén reeplist salddawer

parti al. i t i S .14, A
Cyst el SEPREREEMe 000 SRR WrEREh! B0p EP ea R EIRAMDAAREAS, i
of et wheksin said second section drops-off from said first section; and outputting a message to a user

indicating test strip reliability.

9. The method of claim 8, wherein said lower limit first and second sections comprise linear

functions.

10. The method of claim 8, wherein said first section and said second section coincide at an

assay reaction area prothrombin result of about a 4.0 International Normalized Ratio.
11.  The method of claim 8, wherein said upper limit comprises a linear function.

12.  The method of claim 8, wherein prothrombin results obtained for each reaction area are

International Normalized Ratio values.

13.  The method of claim 8, wherein said first control qualification criteria comprises an upper
limit and a lower limit, said upper limit being at least partially dependent upon assay reaction area

prothrombin results.

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

14



14 1 3 SEP 7006 <consisting of the test strip qualification nethods of
clainms 1-13. 15. The systemof claim 14, further conprising a test 3S%EPI 106
conprising an assay reaction area, a first control reaction area

second control reaction area. 16. A conputer-readabl e nmedi um enbodying a

programto direct a systemto performa  nethod selected froma group of
met hodeEneishing cgttl;e,fastgquptqqghficgg?n Bethods o&gl&}npﬂ thtion nethods of clains

1-13. 17. A conputer-readabl e nmedi um containing data representing sanple
results, wherein said data is nade by a nethod selected froma group of
met hod&d-c orBesyiter ob¢lainh k4, fisther eqmyirising @ dest SHFip eemprisingrastaswy seagtionared, As

1-13. ﬁét control reaction area and a second control reaction area.

16. A computer-readable medium embodying a program to direct a system to perform a
method selected from a group of methods consisting of the test strip qualification methods of

claims 1-13.
17. A computer-readable medium containing data representing sample results, wherein said

data is made by a method selected from a group of methods consisting of the test strip

qualification methods of claims 1-13.
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