; pge3ei f (6 TDI#r BY HARSHAD PATEL FIELD OF THE I NVENTI ON 10 Thi s invention
rel ates to approaches for:qualifying results obtained in usin t est
strips. The invention is particularly suited for testing tC\LW“ﬂ‘HM‘ ‘ﬂ\ “@m
test strips used for neasuring prothronmbin tinme (PT tine) ood
in whichya nmeasurenent area i W hig hat cat al yze€®®he bl ood
clotting cascade. BRI EF DESCRI PTI @%@%\WE@ 15 Figures 1-3
represent information known in the art are referenced in the Background
of the Invention. Figures 4 and 5 diagrammtically illustrate aspects of
the present invention. Variation of_the invention fromthat shown in the
figures is contenplated. Fig. 1 A iELA%SWB)"S-&eW of a test strip as nmay be
used in connection with the present invention; figure 1B is a side view of
that test strip. 20 Figure 2A is a schematic of hardware elements for a
meter for that may be used in thempiresent invention; figure 2B shows an
alternative variation of an el enEFLDEF THRANETION in figure 2A. Figure 3 is
a graph of data as used to determne PT tinme. Figure 4 is a graph showi ng a
qual i fithtion zone fdhisdnyentien retgasio efproaphes fpryalelymgiresulis htaiged iBvsing ng a
qualification zone for a second control. BACKGROUND OF THE | NVENTI ON
Eur opean patmaite watpiripsaThomvERion isopantic8ldy siited forgesting thie lqn iy ofaest stripubl i shed
January 26, 2001, describes a device and systemthat may be used with the
present i nvesetif@mmeafFiripg ptothrombin 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
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. 1A is a top view of a test strip as may be used in connection with the present
invention; figure 1B is a side view of that test strip.
20 Figure 2A is a schematic of hardware elements 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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presented herein as adapted fromthe 840 publication shows a parall el
julti-channel test strip.2. In it, nmeasurenent areas 4, 6 and 8 are

provi ded. Upon introducing a sanple, usually whol e blood, at introduction
port 10 and depressing a bl adder 12 and releasing it, a partial vacuum

draws the bhredidd1Ruemaclaanaeion theRo i;@oma%eﬁo@g £ ParhleD ffultOfhadke] tefine t est

strip also includes a bypass channel 18 which draws sanple toward bl adder

12 to all erﬁga. %Q%t,nﬁge@&ieﬂl@m%e%?ilﬁrﬁdgtaréé}ﬁ\gﬁﬁ?ﬁg}%ﬂﬁﬁf&dﬁﬁnpﬁ951{ 14,0 prevent

overcom ng t surface tension that pins in the heasurénment areas

at the St oD LRGHb ORI o T oBERASHBETEOLS: ddblesdithy d BN Blgl@eRL0N Lhe 11 ow

of sanple as reaches poin perm e ucl rou
formation" - the stacking,of. r bl.oqd cells - ich is an i tant step
[ moni ¢or | REUAGRUEI e g b8 hedet Riemid 4t nio SAGENep SBondF B R ot o o
15 stop junction operation is des 'beg}in U.S. .Patent 5 230 866. . A test
strip body S&PaEeddeye BxpaseprRLla yhigh tiaus s GREEE e levid
el enents _above .are for mﬁﬁb%) cutouts in internedi ate | ayer 20, sandw ched
bet ween 18 t BEPAIE/RAESSYEE 2l g STBIUNSHON offes o PUevenpp W eanipg e Syrkace fension fhat
doubl e- si ded, adhesi ve tape. Stop junction 16 is preferably formed by an
addi ti onal @ Bistyidiin/thg fepasyroment aregs atahe ston JURRIGA with the cutout in 20
| ayer 22 and sealed with sealing |layer 26 and/or 28. Each cutout for stop
junction 16 is pFefidrmedsyrements, dasimpostagiitel stop die dloarn{ sympla as ihrepghes gt may
optionally be used to cover sanple port 10. The filter separates red bl ood
cel I s from aowhiolpernyt whrdduciblp (‘wulzauk formanay” ctbestackingof redjeeit cetlo- whickisact
with the blood to provide additional information. A suitable filter
conpri ses amn anpostatiystapi i mepitdying inod plogtingruaip $hegpresent invention. The principle of
15  stop junction operation is described in U.S. Patent 5,230,866.
A test strip body is described as preferably produced from three layers. The elements
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  layer 22 and sealed with sealing layer 26 and/or 28.
Each cutout for stop junction 16 is preferably at least as wide as channe] 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 interact 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. -



25 pol ysul fone nmenbrane of the type avail able from Spectral D agnostics,
Inc., (Toronto, Canada)..An optional reflector may be on, or adjacent to, a
'surface or layer of test strip 2 and positioned over the neasurenent areas.
If a reflector is present, the device becones a transfl ectance device. 5
Typical l'y, in progedlygintpheiutidg thedtst ktflp, regREENbubibte-joidibked dnt argdk 416 &@ ont o
areas 4, G and 8. The chemicals at each site are disclosed in the 840

publ i cati ongaghe hemitdly ARRBRItE el disciobedih @R 40 pAdlickiinORPDRhREbbRaBR NE
el uate, and reconbi nant Factor Vlila in area 6 and 3) thronboplastin and

bovi ne el uagaal HNBroniboflafR Bvind BRiate OFR 9ok @Ant Facdf $8a & dréy S8liggt ed to
normal i ze the ciotting ti me of a bl ood sanple by counteracting the effect

of an anti C%&%@d}fﬁm 108 GHAR RSy V\@;Jeegxg gg%sg?ﬁea%%ﬁgﬁ&& inQPeales ge_ﬁe%geg%oi S

selected to parti y overcone t I co agul en e bovi ne

eluate (pla ] itrate ine eluate) is avalla r om.Haenot ol ogi ¢
Technol ogi oBomlit i lohite iy A% iel SuBp Bk Ebuelelocl¥E e PEe oA RHEREN RN

D am ostjca, (G eenw.c CT). Thronbopl ast i ecomhi nant Ti ss tor /
P eagbht S HERU e ooy Agt Fisted fRameTRr gy e sieaf dtap
printing, a sanpl o is.cut in untreated. polyester films S AR1235,
avail abl e f F{S‘fﬁggﬁ}ﬁ%‘gi J\I;%esbﬂggﬁiﬁaﬁ@féf@ AU iigate g"&ﬁnezfﬁﬂfteb ﬁtaar‘(alr%l%fﬁ‘é’? ed, in
register, to the top.of the.double-si tape after regpving the rel ease

| ayer. A di af’rﬂ%tﬂioézﬁtjg“{’??@%ﬁsoéujﬂﬁwggﬁ);trﬁ et Fastor g&éé% QBFECAPE t he
sandwi ch. Finally, strips,of single-sided adhesive_tape such as M5X4841,
avai | abl e f B89 Ca,(@f%enrﬁ&gi ?T%/F{quoa}bepla%'ﬂ(lieé%rn‘ﬁlﬁmé RisysifiagtoneP Toreagen: 20

pol yester layers to seal the stop junction. Use of the test strip can be
under st ood WORHORR Chiniend Piaggosiics, dREien Nd)-of the el enents of a meter shown
.in figures 2A and 2B (al so adapted fromthe 840 publication), which

cont enplét es an Afieoiitisg afemple popfis @ mamirodedpolyestatalm weleieARBAISi s al so
possible. In that case, bladder 12 is nmanually depressed before sanple is
appl i ed to pwailebledrom Adhesives Reseaseh, (Glsn Raek, PA) gnd thendpmingted, jg segisrsrtpdtens i s
to turn on the neter, thereby energizing strip detector 30, sanple defector
32, neasur etapf thgdopblarsgled tapp afterpemening the cedeasy 1ags. A tiedbenautsile siapep is to
insert the strip. Preferably, the strip is not transparent over at |east a
part of it sjuncken thewgh thetthramlayers ef theshnd wichpFindlly) stiipsofkingleesidefl ladhesimait i on by
LED 38 of detector 40. (Mre preferably, the 5 internmedi ate layer is
formed of atapesudhraa MeA8d hiavankebterframh 3Ms (St.t aak MiHckeapplieto ltheghutsidéad thenot
enter nmeasurenent system 34.) Detector 40 thereby senses that a strip has
been i ngért edlyestet layersggeeab thblstad gharwctiact uat or 42 to conpress bl adder 12. A
meter display 44 then directs the user to apply a sanple to sanple port 10
as the third andUbadftthestes striphen bs enderstoot! withiréferencetto aisclietmiatd &f thd@ements

measur enent sequence. The enpty sanple port is reflective. Wen a sanple is
10 i nt r oduc efla meteoshola is figwee2 pand 2B (alsoaldgedofsorh thg B840 pubdicatior)) whichand

t hereby reduces the light that is reflected to detector 48. That reduction
i n Light, i coftemplatesargnadrsatedmetat diterdativiely, mehehsgerdtioa dkdso pbRabld iethaesul t ant
suction in channel 14 draws sanpl e through the neasurenent areas to the
stop j unct i o#se, Haddeetis nimmadlyrdepresttd befer@ sdmpl6 iscappllied, to pork HI) 1l relecdediet ect or
52 pair is provided to nonitor the light transmtted through the sanple as
it is cbkettThefirslfepihayes perfernstidne ik 3 tRinidie Othéregydnemiving sttipddiecron 30f ti me
(as described below) permts a calculation of the PT tine, which is

di spl ayed ogarhjiedéetedier32gdmsplirynedtsystbth 84 eimaldptonabliaatet 86, TREBRORL 3épsis oS

mai nt ai ned at about 37 C by heater 36. Each such function is controlled by

a m cropr oC@fe@theGiHpD PRofer £y et Sid nbr & atanbswRr SllQkeIpdri bt ek agHmp! €,
read-only menory or hard-wirted |ogic 56. 20 As descri bed above, the

detect or sepsgSerfedSAPVA vidtk SR TRbRinBY by iED 58 BRletectdy 461 €ARFL r&¥raBlyBElUCE i ON
in (specular) reflection of a light signal that is emtted by 46 and
detected by 48. However, that sinple system cannot easily distinguish

bet ween a whol e bl ood sanpl e and sone other liquid (e.g,. blood serum

pl aced in the sanple port in error or, even, an object (e.g., a finger)
that can approach sanple port 10 and cause the systemto 25 erroneously
conclude that a proper sanple has been applied. To avoid this type of

error, another enbodi nent neasures diffuse reflection fromthe sanple port.
Thi s enbodi ment appears in Fig. 2B, which shows detector 48 positioned
normal to the plane of strip 2. Wth the arrangenent shown here, if a whole
bl ood sanpl e



4 5 has been applied to sanple port 10, the signal detected by 48
| ncreases abruptly, because of scattering in the blood sanple, then
decreases, because of roul eaux formation. The detector system 32 is thus
programmed to require that type of signal before causing actuator 42 to

rel ease bl a@&ﬁ@rfneai%tel 1|Jﬁ?isg§h@em 0P b nERWRHsFArer SCOAB sb ﬂuaf@ic.ﬁﬁ%ﬂagigh{b%eph&dder

does not substantially affect the readi ngs described below. 10 Fig. 3

depicts a t3éf?tiexcrﬂ%;asl1'n(étn%t @&99??.29&3%{&856950/&&& Wiy @ugtﬁﬁggs fdePMsdehgng or S0

is plotted as a function o ood 1s first detec In a neasurement

area at ti M erslbrfadtdg'edc{'uiaﬁ {Etc%fngﬁelsst l’ﬁ‘adégﬁmeﬂet&o(%igbg%ﬂ tgﬁxtddrié%ts H@ﬁggl ood

fills the ne renent area éPhere ction 1n curren rrn

i nt | i d to | t (8 | d i th - OXi t

vl g R A SA e P A R B
15 d. t t, it t hayi b t db h. t

oo 1 N RSBl LR TSI OB SO R B ST

The roul eaux effect allows increasing |ight transm ssion through the sanple
(and | edS s&diodaradiggy hesample PeTtrbaseipe gt ropck a df andoinerely redugsyiths light poi nt
3, clot formation_ ends roul eaux formation and transm ssion through the
sanpl e r eacHsbisgetigsied iq Agtectas 48 Phhat reduction in gbt,dm fusy sigpals atwaion 2K rdledser val B
bet ween 20 points 1 and 3 or between 2 and 3. The result is typically
reported i nbladferd2oFhe respltantgpetiop jin ¢hanne] k¢ drapya sanemathroush thelmeaguerent phs
Thereafter, the blood changes state fromliquid to a semsolid gel, wth a
cor r espondi itthe si@n dunicken. For dachymeasurementareadt, 6 and §rad FI2 80 end dstecionSZpairient (O
bet ween the maxi num 3 and endpoint 4 correlates with fibrinogen in the
sanpl e. Meapuavided e mortod ¢hedightiranbmitied tirough teesapiple as diingotting strip yield a
curve of the 25 type shown in Fig. 3 for each of the neasurenent areas. The
data frdmthe cuAudgsgsif ofithe iasmitet lightss ¢ fewten efitendt (andeseasbed below) Byrmits @ used
to qualify the data fromthe curve for neasurenent area 4. The neasurenent
of sanpl e f rcalowlatiameof4hei B tirad, indhidhaddispidyed whete metersinptayedt Rreferabbr ssapld and 8
yield results wthin a predetermned range. If "either or both 5 of these
control neasempensint s maistained stiatleut3AeC baherer 36h Eaclesuclefuastion\is tdntrataithyer t est
strip is indicated. Such an indication would be in order if a test stripis
faul ty. Ageiniigtopioc@xircdhipaydicomralitd be st sstaradingodgahmable yread-allyméaodyi ng
Control 1 and/or Control 2 tests. SUMVARY OF THE I NVENTION |Ii has been

di scover ed, ohbam@wdfed ldgie$6.i N sonme i nstances test strip readings outside a
10 typical therapeutic range (2.0 to 8.0 INR) nay not be indicative of
faulty pest stripsdedotibedrabbvisthe du@ctbidsehdes a cdhdl@inlseimplepoR 30,aimplhey t est
subject's blood. Wth earlier systens such as that descri bed above which

i ndi cate a tdemttingtareduction indspetylarpreflc@iod@f a Hglit@ignslithal ickadittédtpyecaadi ti ons,
user conpliance would nerely result in another error reading, pronpting
anot her r et @sfected Be4R HRNRN:, tha\siilé §temOdauRs edily alstingiidibeivdesa WhkBOWN
problemw th test strip 15 qualification accuracy outside the usual

di agnosti ¢ ®fool REHAR @ dotneloB2EBquid te. SYBN0dASeRIN) pRY¥ QLTI the sample port in error or,

even, an object (e.g., a finger) that can approach sample port 10 and cause the system to
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



to qualify formerly "fal se negative" test readings as alluded to above.
Correcting such inaccuracy offers benefits in avoi di ng unwarranted
frustration as well as lost tine and energy - certainly for the user and
possi bly that of physicians who mght ultinmately be consulted. Wile

avoi di nge su : L.Agi : [t 4 I di rect
savi ngs %0 ﬁi}yb%grgwﬂgﬁ?@\%gﬂ%éobﬁg, tgggi%%%%g&%hfgye“rsp%ﬁgaggsg%&g?’g%e‘ﬁ%ﬁ?P 1;/i ng a
statistically,sianificant, nunber of test .,strips not her i.nprovement

opt | onal |y tPiE Py ke AR Sher S estraRt: Lol pY RE AER,
acceptable test strip readings, for low |NR values. .Correcting thijs

i naccur acy &ﬁlf“ﬁ?%’dﬁkgisipf%ﬁ' 5P meguire that e E%Wﬁ?FéWCS‘P‘FQg@th Bd test
strip accuracy - a_benefit of clear 25 utility. Additional benefits and
advant ages Faspsabladdend2. dhp delane! severalseroadsynaelcasing the Yladderdoesnet 1 evi ewi ng
the subj ect disclosure. Systenms of the present invention preferably operate
i n connect i pstantinly affgetdhrrsedings descsibedhelapys and hand hel d meters as

descri bed above. Mathematical algorithnms or functions, 6 referably those
descri b&d in detFigl3 devictiw typigtle'classgnatied” qurvean wiiich caens fham detpctog §&isi f yi ng
PT time results by conmparison with results fromone or two control -type
reacti ons. Pletiedasa fgoetion lofitimaBloodok &rse detedediy asaphsunement anal attomedinde theas wel |
as the net hodol ogy di scl osed form aspects of the present invention.

DETAI LED DES@Rirar M, OetvwikicpdiyENhd ONhd Bloddfiltketbe medsuregnentazed Aheretuaioni n
greater detail than provided in the Summary above, the subject test strip
qual i fi cati oncusigstdanmg thclt tiveé imoshaal fsalue td Kghti sattaedbyed celisyad id thusal ation to
Figure 4 and 5 and various equations. Before the present invention is
descri bed i spgoxiinadetaaiire oftbykaneatocrit. tAtipsint 2, sk@ple hakefiltddahamedtatemelit asea
invention is not limted to particular variations set forth and may, of
cour se, 1yar ¥nd iVaf destlits rabveA@RShaRiny beéh siapged byotht kop juliiesit Thered 2eliasghitdbed and
equi val ents nay be substituted w thout departing fromthe true spirit and
scope of t heaékelilelcoms (foilleaftdbint#lbn). TBOuRRK dife6iallb @8 McreaiindEBdE toO
adapt a particular situation, material, conmposition of matter, process,
process st ega@missioaRBrouftothé mlpqxéoaaﬁ@rebsvseaueﬁa;g}rih&heam inRAREb@Redn PRIy 2sent
invention. Al such nodifications are intended to be within the scope of

the claims gae A1QoRt 8. cldretRes RS rouaSt ArdatiodREEr&snmiRloH @Fohgh 1B OVi ded,
it is 20 understood that every intervening val ue, between the upper and

lover |imtgpinid Rathes ARARINARAL TROPT Ghidehn 68 SRt frdntHhe iMERAITDbaRbaae | N that
stated range i's enconpassed with h

in the invention. The upper and | ower

limts 8) tDERR 15MBhlPheth@RTLHITRYHE RLGRRARAIY YeddBed RGLMARH it ANRRG; SRl | er

ranges and I's al so enconpassed within the i'nvention, subject to any

specifical | Katéﬁ&logﬁ%dnialé@eh liago)t NG eehrit GHe Eléw&an%%aﬁ: ﬁ&ﬁlii&i@%&f’seﬁ@-nge

i ncl udes one or [imts, ranges excluding either both of

those incl udgd éei, WithS c%fr@sp@ﬁcﬁﬁ’g JeB&diue ﬁpﬁéfh{‘tr&xﬂﬂﬁsjsi'aﬂ‘efﬂeir%cﬂcﬁl B Qurrédt (('J)S

contenpl ated that any optional” feature of the inventive variations

described hgLgbdh HBMaBiGSeS add¥nbibiftAdofrb@el R HBHSIREN HERE bnpl@F 11
conbi nati on w tﬁl any one or nor elgb(])l? '?cﬁe ?eat ures descri bed k?er ein. 7
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



5 Unl ess defined otherwise, all technical and scientific ternms used herein
have the sanme neani ng as conmmonly understood by one of ordinary skill in
the art to which this invention belongs. Al though any nethods and materials
simlar or equivalent to those described herein can also be used in the

practicegor fﬁgst cgguﬁfrn(;%bf\?xﬁénﬁia?@é‘}ﬁl&vﬁgBﬁ’g’p rtheh Q‘? ert Wﬁ%&gerq%"t %HE?S and

materials are descri nent 1 one ein 10 (e

?neofg% ;fé‘lif'dﬁnf%feEE%Eaﬁésdwj@?%?vnﬁhdﬁgﬂ °f§swp lSrE fw“?d %gnceg tems are
o1 osent - appPRERHIBIRLRaTH it rismut e [ins SebAct Fiea e T <ton ¢ ha

the present invention is not entitled o antedate such nmaterial by virtue
of prior invention. Also, it isSHRY Yh ¥Eﬁ§%® herein and in the
appended cl ai s, the S|ngular 15 fornms "a" and,"” "said" and "the" include
pl ural referent sitop egwd lﬁmer@@)ﬁ\owverdh@am $oynednmra@%t§st@tnmémr§é outsideger sel v,
it is contenplated that the clains may be so-drafted to require singular

el enment 30 or typice] therepeutiy rappe (2dhial8. GINRanay nohieh indicative pbiably g siipscbutn t he
text or drawi ngs, This statenent is intended to serve as antecedent basis
for use of stz detolthesdharmcterstics pithetpyt salgjettsdlladdy With'qarliey Systemd sudhenslthake i n
connection with the recitation of claim20 elenents or the use of a
"negative" désiibad abnve valiicloindisite a Tast suiiphiy fadiy ahd ofdiexysretest vmdet sbeh a@pndip hiss,
representing the inventive approaches to test trip qualification are shown.
I n each gr apier caufijaact wordd tnerelyareodtria amgher errodreading sniptingiateitter catest s shown
insolid line. Differences between the present approach and anot her
approach, previ ol presasninvenp@tsobyes b iyéihEeaiiore Mhknoiwhasobldafvith &st éyscr i bed in
U S. Patent 25 Application titled "Test Strip Qualification Systent

At t or neys Dogi#ificMon adurdcy @ddide e 180h] dlagmise ockBérapdiae ingd. [t Maebs hapbyddy
dashed lines. The differences between each approach are indicated by

hat ched ar egsqualify fofiskrly EfalseSepdtive” A dMRPELADRed 16 ab6ef €oabdvigBidact i ced in
connection mnth the test strip described in reference to the ©840

publ i cat i onjnaBcurac) okfrs Berdfits§iM laPddih € Shwdfahicd Srustetion e Well 4sQo tifd@hd BREdYOd,
nmeasurenents are preferably made on whol e bl ood sanpl e at each of the t hr ee

test strip HQM?'T@Q&@E%S@O%E&}fﬂhﬂﬂﬁﬁ%[dﬁﬁﬁ whb e ultitikeely bovsshledF 9. 3
used to determine an INR value for each well. First, whole blood sanple is

drawn into €aGk a9bidinbSudh@REricRtks MaQ ARiSQ1 Bt ih e@bnﬁﬂnw sdwﬁgshmeléc@;@ﬁlgg he
dried reagents and reacts at each site. The data obtained for control wells

G and 838r e pbY) bb 38k ve@b iR lal didarkb6r éi'x%hé"ouglryq{ﬁhﬁﬂﬁyl déjﬁ et AR iR dRidhe ment
area 4 prow ding PT tine. The test resultS, including that ‘for the

controls, i g,Rb&iceiaiypsconverted to INR results for use in the al gorithns
descri bed berow and reporting results to the user. Measurenent areas 4, 6,

and 8 preferabl yﬁh&ﬁ&%@l oVeHadht GRS iePlibyafe ﬁ@&hﬁa@&qo@ﬁwl@m &ggpnnect' on

with the 840 publicati wher € t he “anti coagulant 1n sanpl e I"ood is

Coumadi n. (g&%fw §@ce§/tm%] ﬂgﬁ%ﬁﬁ%ﬁ&tlo@ﬁﬁﬂ vhiled UkRctthg th!’ﬁﬁcn adgﬁa tion

may be varied, as na st strip conflguratlon tion,

variation i lehﬁl}%f{/r?%ﬁﬁéé‘t‘%fl%e&ct ; NoPfrs'; 1%956 Rl %t Sglracg UGH, &t oRElen 1N

reactant che e resufts obtal preci se

o et ! BADRLABR SR PR el o S
reliable, ;t rgu Til Isde dlf |lrst and second control conditions ("C1 " and
"C2" condit FOHS g BEPE &et V&' Dy falling within a predetermnined result
range. Fig. 4 il ons

t h ter i
determned by th i ragﬁ’ﬁd’éeSF 19v§5tb%p6§gr§€l§§p%ran%%n%cﬁgr?rgzﬁggg{;pib%ypude
nbi toti f th buff b
Coagul at | on g0 Bl Tasers AU E A ePitay VAL oL DT O RACOB 1 | a
protein. Fig. 5 illustrates C2 boundary 25 conditions. Its character is

determ ned by the compounds in reaction area 8 which preferably includes
reconmbi nant tissue factor with buffers and preservatives and bovine

coagul ation factors of the extrinsic pathway. 5 In each figure, the
graphs illustrate conditions up to the usual therapeutic value of 8.0 INR
Still, extension of the qualification zone conditions beyond this point is

possi bl e. However, qualification for assay PT INR values in a range of 0.8
to 8.0 INRis contenplated. Any result of greater than 8.0 INRis
considered and preferably reported as HHGH and any result less than 0.8 INR
is considered and preferably reported as LON 10 In figure 4, lower limt
58 and upper limt 60 for ClL INR readings are shown. The lower limt is set
at about 0,60 INR This Iinit |s |ndependent of assay | INR Fbmever only a



20 respects fromthe Test Strip Qualification System application referenced
above. There, if Cl is equal to or between 0.60 and 1.91 INR, the test
stripis qualified so far as C is concerned. Such an approach is indicated
in figure 4 where the dashed line 66 continues fromline 62. The hatched

area D give re?é}%ﬂlggliogea&eis%e@fn dei elBR). RxE EE%%{SLPT Bk &R0 a&%ﬁﬁt%ré@%lk}tjy{nhw I on

accuracy offered by present I nvention’ over e previous appr at does

not account _.far ssav. LNR wi,th respect to Cl. Test accuracy.is inproved
Wt r espectgaetits B fhait i i REE s T et R R Rg 1% {ha
woul d otherw se qualify in the apove-reference hod. 1 In Fig. 5,
Upper C8 andlEPg et W sPReSs e han Govelr & mRodok e ised
portion of the upper limt in CL, the upper limt G for C2 is defined by a
function de%ﬁﬁﬂ@ %mﬂﬁﬂ§§§§§“W?$@Wﬁﬂ-ue. By testing, C2 INR val ues have been
observed to be proportional_to assay |INR values. Wile such a relationship
may be expressed in vari ousPHeEDRFSCRIRBON QR dHBINVENHEN| city and ease of

i mpl enentation, the function defining upper limt 10 G is Ereferabl y a
line eqb@tion. Wien drgewsbiag therinvengon igmraater detpikthan providedingheSymmay | NR
value, and x is assay INR value, m 0.56 and b 0.60 provide an excell ent
fit to test ableathesubgachiesdtriplqwalificatiomiystemOuni smetodofod 8§ nsseuk degeribed imct i on
dependent on assay INR value. It preferably enploys two |ine segnents 72
and 74. Therdlatiostto Figne 4szad fend vatRus squatonsc Befond thé bresént mvedien @2ddsavbed il i mi t
line in the above-referenced patent application. For each, m 0.36 and b

0. 37. Howeveuch detadgroienes, it & td e undefserod it thiggneandesis tbhiimigedt to pertibdaever |1 mi t
is dictated by that line. This approach is shown in connection w th dashed
| i ne segnenvarvdGoexdecfodthngd magrof koue, segnEmious 2hankes mpriermaie to thh@ventasient
invention qualifies lower value C2 INR readings in 20 instances where the
assay | INR i desatibalandbquiealainomiy e sibstdutetevitiont deplaitmg froi théiiredspaitcihd i onal

val ues qualify may be made by conparison to a |line segnent 74 having a

| esser sl opecoppaf the tivesfony IvéREd N Mnardy. rA&difdationd mdy. be- ma¥s td dapt £ phmidul0n

di verges fromor drops-off fromline 72/76, it defines area E that results
in the qual sitiatiad, ingdterfaf, caipdsitioad® matt@Shro&dss, pRess steP b stpsQiodhd ébjdckige, pr obl em
of "false negatives" described above. i 25 In actuality, the |ine equations
descri bed abgi¥andB¥orReE he@Rdsbil @bedidnh Ar Bk ROIBERDNS hre ttenfaPtoHedithid cant

figures are expressed in order to indicate that variation on such

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 more of the features described herein.



an order is contenplated. Still, figures 4 and 5 are drawn with the
precision to which the present invention is preferably practiced. This
bei ng said, substantial variability in approach 11 5 is contenpl ated as
part of the present invention. For instance one or nnre pol ynom al

i b d,t d bul d
P ondi ) roeul s b et A T o i SLBE T ek SRS 7o
C1 d C2, b d. | t h t
(o thase ui the oo oy ooy e oot By Bhe bt SRy S Spi56 s dvies banr - "

present inventiaon shoul d not chan e. Wth respect to 10 CL, the upper limt
will take tHeveREEypalengss A{ﬂl*félgwnymiag,dﬁaﬁ@ Hla%?&‘éléﬁiﬁ’cﬂa‘f Qredpizalent ¢ NRSS/al ues t o
disqualify false positives in conparison to the referenced Test Strip
Qualificati &qsq@pqﬁb@ﬂnm Hsorbegysedin thegprasgice presting gthe prepgnt myentionctberpr i se at
| east two sections, with the second section expanding the qualification
zone for a (prefbraed metodsahdimeterss arodpseribef. tAJ]l exibing suebyécometierppentiensd here® The
met hodol ogy of the present invention nay be practiced with either one or
wi th botlld of(eghpsEicatmps,patentsatkent dplisaions adthardalorey &,indolratedryoreferapnd | n
figure 4 (diagrammatically illustrated by area D) disqualifies fornerly

er r oneousl| y-hereiti mats edtiratyc 8p¢ sdfdrencedBethd ¢ ptolrded sopelpfoe thentdisclosdre grioreto 5
(diagranmatically illustrated by area E) accepts fornerly

er r oneousl y-thafilinpadaesch fisgaisemapplecatidd. NothRnghdéreia éoto be g@istredd, astah @drdiSsion

i nprovenents of the present invention offer optimal results in terns of
econony and thet gherpesgntl ifivegitic ik biyd eititlddas tntedatd uSh merE\be virt®f pri@Sevehtion.
invention is inplenented, in instances where Cl and C2 results are

qualified, test StrlpAmetleirsndte&maﬁ%ﬁéd}%ﬂ@wanﬁitﬁelappenﬁsdcmzh@ B8 SiaYular
(preferably in terns of an INR value). If either or both of these control

nMeasur eNBNt Soaksea®Uhid, tesdidand SthE'aiRe188e $l8fal RRbntsAMREBE SRk cRirly BRI e
indicating test reliability or fitness is displayed by the test strip

meter. Errorissadesvenes, i is%oﬁtamsla%d PR BhintsahdyWeQo ARl ® RE@RENt ed (i .
e., messages indicative of C 1, or C1 and R’allure) Altérnately, a

retest w th @nRelLPEEMERSEr e%&lbﬂ@mr?%}ﬁtx&iaﬂﬁbxﬁexﬁ%dhdﬂéﬂ GRbER. heredin theRerlofl M5
Though the invention has been déscribed in reference to a single

iITustrated LXANR erhiQPhdnRnedsliMeddig O RAKAL bAeIAE bAUTof RRLPGRE exdilifie
invention is not to be limted to what is described or indicated as

cont enpl at eqefm;ﬁdrogy%% p@&ély b @or@@%n f&&eqlkw Lhé@Bn with @eRbGadsTorAaihhe present
invention is to be limted only by the literal or equitable scope of the

fol I owi ng 1QidleRls'8 the ebr PELEGvE A Mm mifkiBh® 13
Turmning now to Figs. 4 and 5, graphs representing the inventive approaches to

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 1. Anmethod of test strip qualification, said nethod conprising:
providing a test strip conpri.sing an assay reaction area, a first control
reaction area and a second control reaction area; obtaining PT results for
each reaction area; conparing results fromsaid first control area to first

control gualificationyghdifgig Astafifhs hebofdiblefihdr nRMoACHORGGRME kel area to
second control qualification criteria, wherein said first control

qualificati Bnge%bil Igédeaon%{merﬁlg&l GRpHRRELch bf fﬂietthr@entgst@lrip%ur‘sﬁlmt brepSai d

upper limt bern | east partialTy dependent upon assay reaction area PT
results; ang i i ndi.cati i

rariabi | £y ieotiethel B0y PERRANT R, 3 iR deRALEEE AR S b bh et
dependent upo ay. reactiaon.15 area PT.results at or belo baut. 2. 0 I NR
SP The: et hoaoPas HofEAEhlstE afvy 8 Bach o e Sl Foae R P B Mo POl e
functi on degendent upon assay reactijon area PT results. 4. The t hod of
a9 whBEerRe Eap PRy he s (e ohpPPEEE ook el § Fagdent  of
assay reacti OB areag PT re;&lt or reaction area PT results at. or above
about 2602, BSepiRAuaELY the, datgEpRdbe QFvedTom mgasyrement ageas} pravidipg &l dime. €A | ower
limt conprises a value independent of assay reaction PT result. 6. The

met hod of cleafi TRty ingjuding that fey the confimisy ig prefanably ecnypited to B Rireralds fopsednch
reaction area are INR values. 25 7. The nethod of any of the preceding

cl ai ms, whetgjalgostimy dgecaiberbelom andorpayiing fesults fa therseEr i teri a conpri ses an
upper limt and a lower Iimt, said upper limt being dependent upon assay

reaction area PT resu¥easurementdrdapdedy aid Surefersblyi ingjuds sugh coamgsisensand secti ons

dependent 14 , .
indicated above in connection with the ‘840 publication where the anticoagulant in sample

15  blood is Coumadin. Of course, which measurement area includes a given composition may
be varied, as may the overall test strip configuration. In addition, variation in the reactants
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 control conditions (“C1” and “C2” conditions,
respectively) by falling within a predetermined result range. Fig. 4 illustrates C1 boundary
conditions. 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 VIla protein. Fig. 5 illustrates C2 boundary

25  conditions. Its character is determined by the compounds in reaction area 8 which
preferably includes recombinant tissue factor with buffers and preservatives and bovine

coagulation factors of the extrinsic pathway.



5 upon assay reaction area PT results, wherein said second section
drops-off fromsaid first. section. 8, A system programred to operate
according to a nmethod selected froma group of nethods consisting of the
test strip qualification nmet hods of claims 1-7. 10 9. The systemof claim

8, further conprisin ri n n_assay reaction rea a
first conltrol reacti mé%&l‘ ﬁ?@%@ﬁgm ‘ﬁ)gﬁl ?&8?\8 ﬁ Berepqyjic
conput er - r eadabl rrbod a pro ramto dirgct erform
a met hod sel"gt‘? eﬁSf??'g% gﬁg TR YHEIE CPRIDF Boskdd o ip

qual i fication nethods of cIa| s I -7 15 15 . A?. A@ . A

. AS. Ay. Ay. Apomb]qm\@cp(vgqg, Apalification fgs(@s}aa])?‘gd]{ﬁ. vph;es in a range of 0.8 to 8.0 INR is
| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] capwemnplaied abiny epdtdicgRedter ghan 8 PIER is c@sidered and preferably reported as
"k$, &K&E( H( | (} xsnhc] X] calU] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caHd&Hcal enj rajltlajscbindhd B s aprsadercd|and prefengbly EpJrjedaatOWL++' | | - Q h.
.1s///1L00012#4588;

| w mhc”YP] ca] ca] ca] cahd@jea] eec bihit &3 end wpepclahit ) &a |03 INBatalalzs afechdwa] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca!; <=#>@ACEEH]IUMWIP1PzPP' QQQ
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a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca, } bCl 10% & () -

10% & () - 10%8r@nctidn é@%&n{ dir dssay INR determines the acceptable C1 INR values. For the sake
f'10% /& ()-Y 10% & ()-s}4{EJE10% & ()-!'10% & ()-L

10% & ()lSMlg%lﬁﬁ (idityldddbesse oF tmphBiPlndation, tEOGECtLAYY e }zrbﬁ@a line equation. When
10% & () - #! 10% &'?)-'10%&' - GL0%'& ()-f 10% & ()-(n' dE410% & () -

1-10% & () - %ﬁﬁr@é’s"écﬁﬁn@e forf Mnf( )l-'b, Wﬂ&!@@s ¢ INR value and x is assay INR value, to best

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
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proporiional to assay INR values. While such a relationship may be expressed in various
way, for the sake of simplicity and ease of implementation, the function defining upper limit
10 68 is preferably a line equation. When expressed in the form y = mx + b, where y is C2 INR
value, and x is assay INR value, m = 0.56 and b = 0.60 provide an excellent fit to test data
generaled.
Lower limit 70 is also defined by a function dependent on assay INR value.
It preferably employs two line segments 72 and 74. The first line segment 72 is coincident
15  with the C2 lower limit line in the above-referenced patent application. For each, m = 0.36
and b= 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 about 4.0. 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 resuits in the qualification of additional test strips - thus
avoiding the problem of “false negatives” described above.
125 In actuality, the line equations described above may been defined with greater
precision. Two significant figures are expressed in order 1o 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
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the nature or general approach of the present invention should not change. With respect to
10 C1, the upper limit will take the results of the PT assay into account for lower INR values to
disqualify false positives in comparison to the referenced Test Strip Qualification method.
With respect to C2, the lower limit will comprise at least two sections, with the second
section expanding the qualification zone for a higher INR values as compared to the
previous approach.
15 The methodology of the present invention may be practiced with 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 time for the assay (preferably in
terms of an INR value). 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 (r.e.,

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

strip may simply be indicated.

12
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example, optionally incorporating various features, the invention is not to be limited to what

is described or indicated as contemplated with respect to possible variation. The breadth of
the present invention is to be limited only by the literal or equitable scope of the following

10 claims. That being said, I claim:

13
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20

25

obtaining PT results for each reaction area;

comparing results from said first control area to first control qualification criteria and
results from second control area to second control qualification criteria, wherein said first
control qualification criteria comprise an upper limit and a lower limit, said upper linut being
at least partially dependent upon assay reaction area PT 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 PT results at or below about 2.0 INR.
3. The method of claims 1 or 2, wherein said upper limit comprises a linear function
dependent upon assay reaction area PT results.
4, The method of claim 3, wherein said upper limit further comprises a value
independent of assay reaction area PT result for reaction area PT results at or above about
2.0 INR.
5. The method of claims 1, 2 ,3 or 4, wherein said lower limit comprises a value
independent of assay reaction PT result.
6. The method of claims 1, 2, 3, 4 or 5, wherein PT results obtained for each reaction
area are INR values.
7. The method of any of the preceding claims, wherein said second control qualification
criteria comprises an upper limit and a lower limit, said upper limit being dependent upon

assay reaction area PT results, said lower limit having first and second sections dependent

14



10% & () - y@lO% & ()-1aaaaMobcdEmbC ! @ 10% & ()-!10% & ()- 10% & ()-
10% & ()-:10% & ()- -10% & ()-cUcccddFedEnbC

I @10% VB ()-10% & ()-10% & ()-Z10% & () -

MLO% & ()-10% & () - FeReee8f ffdEnMbC ! @/ 10% & ()--"10% & ()-)10% & () -

10% & () 5 Y4.(3%n 86542%' réhed@Paréa 17 regullﬁl\@m Eﬁ&ﬂz‘@@xﬁ section drops-off from said first

l @yZ10% & () -110% & ()-9@!10% & () -

10: 91096&f%% et 0% & () - hChhh|||dEbC I@E991096&f() 10% & ()- 10% & ()-
10% & ()-!109Y /f&f() 10% & ()- Normal" "Heading 13]c" "Heading 23]c"
"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Headi ng 83]c" "Heading 93] c"A "Default Paragraph Fontb

0 5=EOMTi \ fj| prtvxz| ~ cf.V8fi FCH LYE B"(*',/05: J./ P:
Rovxen | et TPl e AT SR SCabie Fh P & feRE! gy 2 eroum of
Poggg}g I( ? L +Cg1lél %;)gﬁcgg;ig@ggé ettesilzE ?t%qra {ua 1%ga?1?)n mn%rcl)tds of claims 1-7.

<=>? BCDEFGHI JK YZ[\]" " abcdef | o
2 Lhe system o}_w %unl!er comprising agest tﬁp comprising an assay reaction

area, a first control reaction area and a second control reaction area.

10. 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 1-7.
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