; me3eeb| (z6TAG# 5 HARSHAD PATEL FI ELD OF THE | NVENTI ON Thi s invention
relates to approaches for qualifying results obtained in using 15 analyte
test strips. The i nvention is particularly suited for testing the quality
of test strips used for nmeasuring prothronbin tinme (PT tinme) with whol e
bl ood i? whi ch a measurenent area includes a conposition that catal yzes the
bl ood clFotting cascade. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 Ais atop
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 2Ais a

schematic of hardware elenents for a neter for that may be useﬂmmm'mmmmmm
present invention; figure 2B shows an alternative variation of
of the nmeter of figure 2A. Figure 3 is a graph of data that used t asosox

determine PT tine. 25 Figure 4 is a graph showing a qualification zone for
an assay second control. BACKGROUND OF THE | NVENTI ON Europeanﬂﬁatent

application EP 0 974 840 t he TeSBSTRRIQUAGACATION $YSTaEl| i shed Jan WWWWMH

describes a device and systemthat may be used with the prese
Fig. llpresented herein as adapted fromst he 840 publication shows*caooo2+
paral l el multi-channel test 1 5 strip 2. Init, measurenent areas 4, G
and 8 are provided. Upon introduci rripr3Hsa@Pgiee, usual |y whol e bl ood, at

i ntroduction port 10 and depressing a bl adder 12 and releasing it, a
partial vacuum draws 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 allevi ate nega orveHINOESHEE at the stop junction order
to prevent overcom ng the surface tension that 10 pins the fluid in the

measurenent areas at Thi ekt rklet8EHol aproaches 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 shows an alternative variation of an element of the meter of
figure 2A.

Figure 3 is a graph of data that used to 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



For PT nmeasurenents, it is inportant to stop the flow of sanple as it
teaches that point to permt reproducible "roul eaux formation" - the
stacking of red blood cells - which is an inportant step in nonitoring

bl ood clotting using the present invention. The principle of stop junction

operati gn is%dﬂgi:’.Zl?lrit' %%yiregne% eﬁeas??{s Gl s éﬁﬁg)gfiq%gfsUPé?in%&u%ﬁg a%luﬁfglg, body is

descri bed as era roduce rom-t ye e efenent’s above are

f db i n i nedjate | N d .a I
22" and bot toHED el Whh BRI poRAE puf funs SORE RiARL 1ERMGRIRARD. Thpe

Stop junction. 16 is prefe I or b n addi ti,onal. cuto i.h | ayer 22
ond)or 4. B pashindreve hetled bt Brids St R EHORS et b

| ayer 26 and/or 28. 20 Each cutout for stop junction 1G is preferably at

| east as wiH& @0 BHudss @ bynass chrnpgl 18 whichdvawssamplg 44 wapd Héd%séﬁt%%le%wer
sanpl e port 10, The filter separates red blood cells froma whol e bl ood
sanpl e and/nsgativapressie alithe Hon Bgon prdebioiPAVERtYErcommy thetfarfpdedengiondhabr ovi de
additional information. A suitable filter conprises an anisotropic

menbr arld, priesttbe BH yn e pspspsemdnbareasbid slapdunetion he type avail able from
Spectral Diagnostics, Inc., (Toronto, 25 Canada). An optional reflector may
be on, or adjacéntPT meamuremeanfsait s importaay/iersiopfthe few oksample ag itaerghgsdldtt i oned
over the nmeasurenent areas. |If a reflector is present, the device becones a
t ransf | ect grie taparing eeprddopibiedirduleauk forpetiohlic ithegtackieg drsd blobd cells - mbagent i s
bubble jet printed onto areas 4, 6 and 8. The chem cals at each site are

di scl osed iadn itnpertdiul eppinbhonitatin®blo@dsclotfing udiny therjregenbiatdntion IThe prinGplanta 4; 2)
t hronbopl asti n bovi ne eluate, and reconbi nant Factor Vila in area G and 3)
t hr onbopl asdtdpyusstidn bpatative ieldsadted il VSePitent31286,886. The conposition in area 6
is selected to nornmalize the clotting tine of a bl ood sanple by

count erigct i ng t hetegtfstriod@ls deecribad dsGReerdblig ptodusdddfontthreaddykeal Mhe eléMents
conposition in area 8 is selected to partially overcone the effect of an

ant i coagul eqbove arb forkiey byleuteltyitiRetnibiate @y e 20, seiivhdted aétweapa/ﬂo? @yei2ate) is
avai l abl e from 10 Haenot ol ogi ¢ Technol ogi es, (Burlington, VT); reconbi nant

Fact or VI aandhefidrMEpEr 242 Prefdr@0y) 03kl 2As d&uBl8dM LhesiveTdpe. Sth RARRRAIESS | N,
fromOtho dini caIm?Di agnostti?fgg?)@( Raritan, NJ). Afterappri EI'EI ng, a sanple

port is CutykfRraRirb@fdd 2R idBsHafoutdul InThyRd 08 a@BorAB1AZRed RiBihk 3Pb& ih r oM
Adhesi ves R}()asearch, (d én Rock, PA) and then laminated, in register, to the

15 top of tlG douk] &avh A stARL19EIRnd/6 By I Ng the rel ease layer. A die
then cuts the stop junction through the three layers of the sandw ch.

Final | a0 strips ebcrSdunh fr $of fcRRINRSE MieretMBLat $a6thhs 3SR A, 142X F1tbADI €
from3M (St. Paul, MN) are applied to the outside of the polyester |ayers

to seal theysf QRichMRYeiuOL to l\:’?ﬁeé Smidiort ﬁl.s’fl“héﬁl:c%ér Repfafiifbs P&1 BIRSHELLRL £OH WM th

reference to ‘a schematic of el'enents 20 of a 'nmeter shown in figures 2A

and 2B (al S@hcﬁgﬁggf%éﬂlpﬁ@ﬂdﬁo? ﬁxa?é&taﬁ‘ﬁ’p{féa%é?ﬁ { ABeractPiur e 6004 ﬁﬁ%ﬁ?@ S an

aut omated neter. natively; manual oOperation is also possible. In that

, bl addefy: 2 4 ual : : j | t 10,
Chen’r ol oasid ol pRRUA 4 XeARRIREIEHoIES b SRl Ty PRAMERLRN Y Dher

Syet om 34, OISR At AT el SRR PRl o, TTRMLT ™ o
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non-transpa?’qg groun 06es no
measur enent s¥$tem 34.) Detector 40 thereby senses that a strip has been

inserted an scliges Vfadder actuator 42 to conpress bl adder 12. A neter
di splay 44 then directs the user to apply a.s Je to sanple port 10 as
the third and | d¥pica 3@}‘}‘Erﬁguwe%ﬁétpppégge{ﬁ%bi‘@@ W’?"é‘fdeonfr?@e%agﬁ‘? ment

sequence. The enpty sanple port is reflective. Wen a sapple is jntroduced
into the sa?rpTI@”‘g@P{c,lsia eaghysigrapsdisclaget infhetA0 nEphicetpm3sg L HOmbBYlaft@dRces t he
light that is reflected to detector 48. That reduction in light, in turn,
signals actuator 42 to rel ease bl adder 12. The resultant suction in channel
14 draws sanpl e through the neasurenent 2areas 10 to the stop junction. For
each neasurenent area 4, G and 8, a LED 50 and detector 52 pair is provided
to monitor the light transmtted through the sanple as it is clotting.

Anal ysis of the transmitted light as a function of tinme (as descri bed

bel ow) pemuts a calculation of the PT tine, which is displayed on the neter
di splay 44 and any nessages regarding test strip fitness or reliability.
Preferably, sanple tenperature is nmaintained at 15 about 37 C by heater 3G
Each such function is controlled by a m croprocessor chip 54 )




control led by software stored in programmble, read-only nenory 5G As
descri bed above, the detector senses a sanple in sanple port 10, sinply by
detectilig a reduction in (specular) reflection of a light signal that is
emtted by 4G and detected by 48. However, that sinple system cannot easily
di stingui sh between a whol e 2Q bl ood sanpl e and_so ther liquid (e.q,.

bl ood se¥ unir%f;??ﬁélaomhomfﬁ@n boyeA eéﬂ%@@da FeROTRPREY FWOT}EVé Rareaf aﬁ‘g?bct (e.g.,
a finger) that can approach sanple port 10 and cause the systemto

er r oneous| ythesrhoplagin adovige plugp aloneinmrads. nhs cp@positip it wedld ispelegiodiod t hi s
type of error, another enbodi ment nmeasures diffuse reflection fromthe
sanpl e por t norFalize thertlotingtime ohppleed sanipte 1N punieBctingithedileshaiag antitcagiilant, 48
positioned 25 norrmal to the plane of strip 2. Wth the arrangenent shown
here, if a wkbhewhifood Thacmpesitiasinbea8 iappédeido patidhnperopetie efféct of bre
signal detected by 48 increases abruptly, because of scattering in the

bl ood sanpl sticbdparentl elhedasias clulie (iR bafium oltdameioxiné eluaal ik availablb&ofbet ect or
system 32 is thus programmed to require that type of signal before causing
act uat oro 42Hhdindtologio TeétinoRgRs, IBadiaatn, 12), Toemipb@Faabr Ry REBIAB@RANdS | N
rel easing the bl adder does not substantially affect the readi ngs descri bed
bel ow. Fi g. DRgARBEL (SrednwivPi (CB! Thréh®plastig FfmORho CHiidhE Diadnd¥iitcs (R, ent
fromdetector 50 is pIotted as a function of tine. Blood is first detected
in a neasurgment area at time 1. In the time interval A between points 1
and 2, the bl'ood fills the neasurenent area The reduction 10 in current

during that tiMeARAt SRR aissdlort @ chilif lhuSRRNbEESH b sighs aglipgs and s

t hus an approxi mate ‘nmeasure o e hematocrit. point 2, sanp

filled the g“%ﬁ%{g BUENGHAGEA 1 CE’S@%' I(i: ‘%Fﬁt » A & R SHRAL E:?x\uégﬁﬁlr b&e

stopped by the stop junction. egin to stad ke coi ns
L1 ansm 51 o DS ghs R Rl EPIhSp BRrioeer 1S SERCTRESERR: | nierval
For mati o utoiopARRpLte drediyehleile she B il TR A SUCHERE . or
bet weon 2. aie et 1EMRRASEC IR pRLONIS: Pl UGG et B0 BB

(i.e.,International rmal i zed Ratio). Thereafter, the bl ood changes state
from li qui dpcﬁﬁesgﬂg?gﬁﬁs-osso%?%the %%*?J,unwoflh a correspondi ng reduction in |ight

t ission. T ti [ t 20.(C). bet t he. i 3 d
e or 1 5 ST Ay B RbefVud G RECR B PR Ao o &
whol e b d I ing.th tri ield the.ty : in Fig.
3 for cabn o PHESHENR O B e oD (e el ol B BB GE e
trol t 6 d d t lify the. f th
CorL et o TSR ETEN a0t o il artil -t ¥y bR LEel o 1
| i dat ed I 5 t 6 and ield | t i thi
re e, SEhL AR B TR AR RS Re RaP Pl bl o L
out si de the_rapge, P{}Hen a retest with apother test strip is indicated.
Agei ng or oIf“H IGLYSRIAC BieT PELGaHS 0 g ?E}‘?{ef’é]iqué’yﬁleé&a‘ grpidsseebthe rol 1

an/or Control 2 tests. 5 . _
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



SUMVARY COF THE I NVENTION In connection with such a 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 fromeach control. Results fromthe first
control {C £ | i Il W t.hi Lople nunerical. r.ange.
Wher e reéuﬁosaigsgq%b lg;gép%gn éé;pé)wﬁ fg%r%] r%m?ndp%ﬁ&,tg@e r eeégfuﬁé%er{gfm SIEEE een
about 0.60_®nd 1.91NRtare acqﬁﬁtabge. ﬁesults r§n1§@% second.control (C2)
are qual i fi g P WREY" F4PTCHi CREHPY SIYRE POF STEYIEE BHRASE™BY ¥ unct i ons
dependent upon. assay PT tine. Wep results fromthe second control and
assay are eXpPlLe H‘¥(? the f‘g’i‘ﬂ%% ”Iagﬁi?,rbstlhc’i@t ?Wﬁﬁpcﬂﬁsanéf@r ?%iy redueesiba ighhs,

di verging from one another at higher assay INR values. A's in the

ref er enced it Efectediordetecior #8. Taatupqustion ia light, Huamm; Hgnals acatogd? wrrplessed to be
fit or reliable, upon both Cl and C2 results falling within the prescri bed
ranges. Syskleddsr b}. Thagesplitaattstion inghammelold dsaves semplsithroughetheumeasuremsoiamesst | on
with a disposable test strip and hand held neter as descri bed above.

Mat henmatQ cafo thd shem jun¢tion. Bor efidmeasuersent prea #ef aidiSy a LEDSO adé deteéttyedd pammidet ai |
bel ow, are used to qualify test strip data in a highly 20 accurate nmanner
as evi denceptobiyedtoenmitar the hgy trlansmittithtouglethe kdngpl@asat s ckefténgabl y acconpl i shed
with a hand-held neter in a rapid fashion. The algorithns as inpl enented by
har dwar e as wel |Amdysishd theptahadtéddipht ai sfuhapadf fime tasadsgebédsbeddw)ipeamipraesent

i nvention. DETAILED DESCRI PTI ON OF THE I NVENTION I n descri bing the
invention i clglatiah of the @Tainle, Whistnisflisplayetpeh the meRediSulanay shddby sledges t he

subj ect test strip qualification systemand nmethods for its use are

descri bed i fRgdrgingtdsOftrip GinkisP FetiakhliBNPreRpdbl R UanRelieaipbafite is BRlmdigedtdne present
invention is described in such detail, however, it is to be understood that

this i nyentabeat 378 OBt heatef3d. EFhch SuchFirlctibis @bnticlEd BY 4 BtFopt6desdoP ERipsANd MaY,
of course, vary. Various changes may be nade to the invention described and

equi val ent scdi@ylldderySse R stokédtn WobRaikabRCRAS-bhl) theldopad he true spirit and 6
5 scope of the invention. In addition, many nodifications may be made to
adapt a parti cul & deséritdd@ht 098, thd @Rior BénsesCNARPR it daaiplefor B, bigfply ] OCESS,
process step or steps, to the objective, spirit and scope of the present

I nvention. d’étéctiﬁ%&f‘bdﬁ&%‘nfiﬁ GpécunTefdchod S LNMEHealhRSs YWhitiak By 4 endCOPE Of

the clains made herein. Furthernore, where a range of values is provided,

it is underghond vygt HEVEEY ﬂi‘a@sifnﬂfe%?%nﬁﬁ‘Eﬁﬂo%’éﬁi}j’eﬂistﬁgﬁimwééﬁ% r and

lower Iimt of that range and any other stated or i1ntervening value in that
stated n i JEMet] hey ) i : : r

i ts B CReL b B R sane R ol b M e e MR B 1 v
ranges and | ; Q i Lhi ] i . act y
specificalI?é%%%?ﬁﬁgggfgﬁg?éﬁgm%%%Rgﬁ%%%ﬁSf@%g@%{5&%&2%%h§&g %@g range

i ncl udes O”ﬁédgE?Lfgﬁr]F&naﬁdétﬂﬁ a?&&‘tﬁf‘lgﬁdﬁ%&ﬁﬁﬁle&di ng 15 either both of

those inclu ts are also’inc In the Tnvention. Also, it is

Gescribed her et o gt BPLRB AL eroail b BEL HHE.iRRLR RO e
o e O RSl 5 A S RSB,

def i ned ot her hni ca Pentl erein have 20

5 TR B AR R i SRRl 1% 7
or 20U val ol 1% SHRSRLJSaL b ) SR hi BER ek B S0
d i bed. Al| I Sti bj i d i . .

doscribed ALl oo DTyl oL o L o e O it ac e by

reference 25 hereininits entirety. The referenced itens are provided

sol el'y for DREM32dS LR pogrREmSH (oiedits thal &rpeiof fignyl Befpre caysmanstsioadiot
application. Nothing herein is to be construed as an adm ssion that the
present invention is not entitled to antedate such naterial by virtue of
prior invention. Also, it is noted that as used herein and in the
appended-cl ai ns, the singular forns "a," "and," "said" and "the" include
plural referents unless the context cledrly dictates 7 5 ot herw se.
Conversely, it is contenplated that the clains may be so-drafted to require
si ngul ar el enents or exclude any optional elenent indicated to be so here
in the text or drawings. This statenent is intended to serve as antecedent
basis for use of such exclusive termnology as "solely,"” "only" and the

i ke in connection with the recitation of claimelenents or the use of a
"negative" claimlimtation(s). 10 The present invention is preferably
practiced with the test strip and procedured disclosed in connection with

o, Y o " ~A




15 indi cated above) and quantity of coagul ation factors present in the
reagent formulation. Fewer factors are added to C2 to create a parti al
normal i zati on of the effects of the anticoagulant in the blood sanple.
Reaction area 6 - corresponding to Cl1 - preferably includes reconbi nant

ti ssue fact | f j Lon factors of
t he ext rfnsﬁggea%gaql %\%ﬂ%jﬁ 3%‘*3“?@203 E%ﬁ%ﬁag%%é@édas‘é?ge}ea%%’%@ glrag?ég?jg%ﬁ%act ion area 8
20 correspondi.ng. t.0 - preferably i es reconbi nant tissue factor with
buffers and“%??§8@¥%§%63§f”§8$f§%°%%§gﬁka?ion factors of the extrinsic

pat hway. In quald.fying. test .strips, neasurenents are f er.abl de on
whol e bl ood sarrp}'lll%%ac{g’g léfic?ﬁypd‘fa tﬂ@ SlERPIEE CUF lr%‘f'ﬁflbcwgé Nk qutﬁggra%ag s,

yi el di ng curves of the type sh n Fjg. 3.used to determ ne an | NR val ue
for each weblpttedss P&r}cu%é‘ﬂgn% quvs\?/g l%ﬁﬁﬁ)"’egecleé 343 DGR UL AR aéaE]ﬁe}OIF‘ thehe
reaction areas so that the fluid rehydrates _the dried reagents and reacts
at each sitiéme IniREVal 4 AetyBennoinis! ausk2, dsrloag) fillsde raeagurement aregr Ehegedugtiong
qualify the data fromthe curve from neasurenent area 4 providing PT tine.
The t estO r eisusbrrent diried thafi time inteevel if dpe ohighwhaitares by red eellp ped sittasly convert ed
to INRresults for use in the algorithns described bel ow and reporting
resul ts to #peoxirsge measufs Ealsdmetocnii At peifie2, sarple basfilled theteeagurenentitred at
multiple clinical sites, it was determ ned that sufficiently accurate

qual i fi cat i o ipfit resSts ntveinps hnesgibdes sfoppady tRETstopNRudtion. Te rbdieellabegipioer

limt of about 1.9 and a lower limt of about 0.60 (instead of the nore
nodest rangsadkngilikateds @bdeank fordatidn)rTHEZogjemixieffeat allo wmineressulgtlght i s has been
observed that C2 follows a |inear or proportional relationship with the
assay resul fransmidkiah tecughAlgesampledaddd eds scanedifg) imthe itipleéntéresltbesteaen poihiss and
clinical sites was used to generate qualification criteria. The

qual i fi st i ad 3t peint B clopforaztioiRyddeuleax foseative andatsankission thirdugh tei ght | y
different slopes and y-intercept values. The slope an upper limt line 58
as seen in fanly Rached SmEtiLAINCThd PRImE bat beddalcalaled iwm thé imiterval Brietwadn al so seen
therein. The lines diverge fromone another at higher PT values, thus
creating a fadntéVl ded3 BPbeikehi2flang 3l TBrelig typicallyl Fepbxddd ih hems efiayigNRONt r Ol
upper limt 58, when expressed in the formy = nx + b, with m 0.56 to 0.58

and b 0.90 glagxn{eh&aom NHERiz8 R)MtoY € Theéhfie) @RIt ichingts dfe fromtliqaiattaa
generated. For the second control lower limt 60, when expressed in the

formy = mKsetniRRolidel,With a Q& ondiflg Rduliod Tn fight Garkéhidsion. THeedRtiOTaGaEH OVi des

an excellent fit to test data generated. By use of the sign, ii is nmeant

equal s o | &)3RQNEn B8 wakimAD3 it @apsiAd 4 dorelatdd HithifBANGRH A iheBsnglescr i bed
above may beén defined with greater precision. Two significant figures are

expressed in or dggashRmeftd fadd 6n 4 RRdle YRHA %ﬁpl’é‘usﬂitgtﬁélﬁﬂip Held @Ble of he
contenpl ated. (The sanme holds true for Cl qualification criteria.) Still,
figure 4 i S?ﬁ_@ AR Flp. & R cRheR iRl RsiromWiafels. trhe diemithdtiries faaf er abl y
practi ced. IS being said, substantial variability in approach is

cont enpl at g, A31sRALIsuRinetirdal § aRi §5£hsell 1Y §RlifyIhe ddrPfioth ARl AREFer ONE Or r1ore

pol ynom al equations may be used t'o set thée bounds, especially for C2.

At er nat el Yook BRIR arPk 2 SLERARE BEkab BRI with § RIVAIEAC brflihen! | caLT ON
ranges for %f and , respectively, may De enployed. In any ‘event, various
Uificati . . . ot bar L nel ud
o yi £ CBRAESe 3p otk A (R rERR] P BT AR P e

characteri sfj ' : ' | f | Q) Zzones,

t he general &lntg%ﬁ gént%)? g}e%g&géeg{sgg?\etc’%fshd\? 3}#16?%%&?%}{%06?%&%%#9%%%5 ggs{ 5%%’ 1|§nst ances
where C1 and ,C2 results are.qualifie t ¥ {0, HE r. displ 44
shows BT 11 fderist  PibeE ol GoaiPapLicaisry'f hEHLY bl dtafiig EbultpfE Y,

either or bgth of these control neasurenents are outside the ranges
defined, anbfH 2351t of message 10 indicating test reliability or fitness
is displayed by the test strip neter. Error nessages specific to they type
of failure may be presented (i. e. , nmessages indicative of C1, C or C1
and C2 failure). Alternately, a retest with another test strip may sinply
be indicated. EXAMPLES A series of trials were conducted in connection with
the present invention as 15 early as Marth 2000. These trials were of an
experinmental nature, necessary to determ ne and/or verify the accuracy of
the test strip qualification approach taught herein. The results of such
testing gave positive indication of sufficient accuracy in test strip
accuracy achi eved through use of the present invention. As of the filing
date for this Specification, no product according to the present invention
has yet been 20 made available to the public. The accuracy of the inventive
met hods function was first studied in connection with subjects enrolled at

e - r o - L, b o,




clinical interpretation of test results versus the ultinmate |aboratory

ref erence system inventive system produced a 99%clinical agreenent. This
rate of agreenent evinces significant inprovenent over the approach of the
CoaguCheck nmeter try Roche Diagnostics (fornmerly Boehringer Mannhei m Corp.)
that praduced a published perf%mgx,d%fn%ﬁ(g%m expanded agreenent vs.

| aboratory reference. A test strip error Trequency of about 0,5% was
observed in conpection W th these clini,cal trialks for the pre t

Covent ton. Lay BErbSCtolt IR Sob BB e Sl s HIERRE T ¢ et e

t hensel ves at.four defined time intervals i.n the hone environment with the
Subj ect |t esELERpR B RreTta By R A e 6 LERTOM ALV SHETRBUFS usi ng
venous bl ood . for the reference | aboratory system 10 The hone enyironment /
end user reSER uli lenembé%&dquﬁulfsr@w&eﬁrﬁoewach %@E{PP sResylfsi feom the fifst 5 50
produced an error frequency consistent wsh the first study at about 0.5%
A 0.5% erroqonF?]éﬁébﬁéﬂu%llgﬁélfM fgbwihip e gimme pwpmicalrangs. Where reults a8 0, 5%
with C2. Errors registered for both C1 and C2 occurred at a 0.1 %
frequendy rexpeessedin lerpmidRaGl rdadings & rhbstweaasnbautiOn0 apd A iSrIiRAge scseptabde rj p
accuracy, clinical 15 accuracy of |ayperson end-users versus the | aboratory
ref erence dieshlitrom thegeqond nomest(G2) atsajuplifiedsdihey faivithin aazpne emagaion usi ng
expanded agreenent of result analysis. Using the cumul ative frequency

appr oach, ttremdaddyrfancyions dep bralestiippreassayi Bilveme.i Bhemeesgisdfom thbkscopd eqtrplced i n
t he hands of the | ayperson end-user in conparison to the |aboratory

ref erence cand skmay ateckpreisssdi mhemisaf TR thofunttivas tiedipe fingorsndivaigieg fbinaneas
results 20 within 0.5 INR units of the | aboratory reference nethod. This
shows a si ganofhecathighengssay\bRevatueO VAT inahetrefer easgaigystemgte@@dppesuftoareance rati ng
for results within 0.5 INR as published in connection with Avocet Medi cal
products GhAlifdl, dhddighmideB & bafitentdliable ipsn benIC1das Ceirdsalis faling efithinghce to a
singl e exanple, 25 optionally incorporating various features, the invention
i's not to bgredcibédafkes.0 What is described or indicated as contenplated with
respect to possible variation. The breadth of the present invention is to
be limted only Syytember the prbdt in@éntiofl Yicfabitl L oseapm cdfndctien With & Gispdrgble

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



clains. That being said, we claim 11 5 1. A nmethod of test strip
qualification, said nmethod conprising: providing a test strip conprising an
assay reaction area, a first control reaction area and a second control
reaction area; obtaining PT results for each reaction area; conparing

results g r O?&o?}@bﬂhé fn(lfnttiogOﬂltd’dﬁinoﬁ‘rrgﬁﬁgonq[d ﬁaflgnignagr%relﬁﬂa% toaald?]é}l f 'aﬁ%{lllaio n

criteria 10 a sul rom secon aréa‘to'a Sseco

qualificatig r|te irst control a on criteria
Jompri ses aﬂp%ﬁ%lewa i eoty ot pateniriets SORh pn PLfent oh R bt er 11 m
bei ng about ILNR and said first, co limt. bein bout. 0. 60
TRR and ouTitER HGPACHEE BB FEHohe Al PP OB S O OF S |1 1y
15 2. The net hod of claim1, wherein said second control qualification
criteria cofssrepest e clapperadeibsieln and a lower linmit, said upper limt being
dependent upon assay reaction area PT results, said lower |imt having
first and second sectFpahpsme@péfh@emrmemﬁvaé@w;prm@@adwtsnmmrétaomatreégw ts. 3.
The nethod of claim 2, wherein said second control criteria upper limt
conpri ség ainggvaninge alugrhetwasn thengperaind losvse bmit o tiat tande aod anseothe stateder | i i t
conprises a line function. 4. The nethod of claim3, wherein said |line
functi ons ameerenmgeskedh that: stapedminds,is edeempissedywithépthe swatton! MR npeeobrtds

obtai ned for said second control and x represents INR results obtained for
sai d assay lsachmnonofaheeasm@ter vdagesahay independefitlyt e i6clbded amthe bmaller dhgésomdsai d
upper limt; and wherein m 0.36 and b 0.37 to 0.38 for said lower limt.
12 is also encompassed within the invention, subject to any specifically excluded limit in the

stated range. Where the stated range includes one or both of the limits, ranges excluding
15 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.
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  hereinin 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

£11 ” <6

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



5 5. Anethod of test strip qualification, said nethod conprising:

providing a test strip conprising an assay reaction area, a first control
reaction area and a second control reaction area; obtaining PT results for
each reaction area; conparing results fromthe first control area to first

control qualy ficats Lt.eri | t I ond control
ar ea to53e%gﬂﬁgdvggn?é}gfﬁélg’éﬁsfc ?Hggrg?%tr%géh%ﬂggr%{aia \A{*?gfeelohﬁ%éaefigﬂse@glgend control
qualification crijteri.a conprises an er lLim nd a lower, linit, each
fei g depertEnEr BRERUSoCaPRAE B SnhL BBt ndierd0 So R p St e tetliny o “ecsage
to a user indicati test stri liability. §. The thod of claimb5,
wher ei n sai G880 nd NSt lsd‘i‘tF’i‘{?ﬁit%seﬁ‘ﬁﬁéf‘}‘/tﬁ‘i?ge’}%@%srg}a}lsﬁ?i S‘Tg X JRLYE ons
conprise line functignsg. 7, The nethod of claim@g, wherein said |ine
functi ons é?rgn@lwéésﬁﬁelés: ony _anghtheiliks in gonaeqhien Mathihg resitipneldaim | NR
results obtained for said second control and x represents INR results
obt ai ned f clemeaisPr heqie of e Heedtigp” deiedimiptionfierein m 0.56 to 0.58 and b
0.90 for said upper limt; and wherein m0.36 and b 0.37 to 0.38 for said
| ower 1l0nmit. 8. The ke presgnichvention impBeferable pricticed avith the teg stripand r ol
qualification criteria conprises an upper limt and a lower Iimt, said
first cont roodcedppddis¢losed in dwanevtjombabithel 84D puliicatinn. dadoddifg toshe presetir ol | ower
limt being about 0.60 INR 25 9. A system programed to operate accordi ng
t o a met hodnwetier Cddndludesswfi gjeraupagoiatiorefabioessto consérsdt bmgeffett dffastidoagtlarst ri p
qualification nmethods of clainms 1-8. | 0. The systemof claim9, further
conpri si ng -aCéwesddirsih pagicalanpinitisd blgodsamplesaprefeedtly producaaéd, foleCT baiwtencont r ol
reaction area and a second control reaction area, 13

0.8 and 1.9 in a good-quality test strip. C2 differs form C1 both in the composition (as

15  indicated above) and quantity of coagulation factors present in the reagent formulation.
Fewer factors are added to C2 to create a partial normalization of the effects of the
anticoagulant in the blood sample. Reaction area 6 — corresponding to C1 — preferably
includes recombinant tissue factor with buffers and preservatives, bovine coagulation factors
of the extrinsic pathway, and recombinant factor VIla protein. Reaction area 8 —

20  corresponding to C2 — preferably includes recombinant 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, is preferably converted to INR results for use in the algorithms described below and

reporting results to the user.



5 11. A conputer-readabl e nmedi um enbodying a programto direct a systemto
performa nethod sel ected froma group of methods consisting of the test
strip qualification nethods of clains 1-8. 14 . AFl.A(f.AY . Ay. AS. Af . Af . Ay
.Ay. Af. Ay. Af. ANF. Ay *x2y*| Ir<F
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U VWWVW WINVIRRE O Rsat e,@fhovs) o C2 qualification results, is has been observed that C2 follows

[ }xsni d_Z] c] ca] ca] ca] ca] cal ca] ca] ca ca] ca] ca] ca] cal ca] ca] ca] ca] ca] cal ca] ca]
ca] ca] ca] ca} brpr el RanerkqnekiFlatignship owih thy gshayvesujty/poipingdypagaim data from
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glo%&' ()- 109&' ()-910%& () -

%0%&' () - $1di%Rlefif) slopkO sl y(-IntekcpOfiRief.) ThdcRypt [an Kpper iRt QB SE hs se&bih@BgRite(4)is |
"ml0%& ()-, 109%& ()-&MLO%& ()- 109& ()- !'109%& ()-|!r<iK-Y4 109& () -

@10%&' () - Lir@di&0fRan( thatdf 3 O9er (init line 60 QI8&Eseen tHFel) Yiie(hes diferddfdmope < f EY4
10%& @f"10%& ()-sf"10% n& ()-s 63f"10% 1 & ()-s1010109L10%& () - 6109%& ()-
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"10%c&{) - m D8" 10%&' Kok tH¥ séédnd Ehirol upper limit 58, when expressed in the form y = mx +

b, with m = 0.56 to 0.58 and b = 0.90 the line produce provides an excellent fit to test data
generated. For the second control lower 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

(1% 1
~

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

20 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. (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 used 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, various

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

C2 chemicals. While altering the chemistry may affect the characteristics of the functions
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10  indicating test reliability or fitness is displayed by the test strip meter. Error messages
specific to they type of failure may be presented (i.e., messages indicative of C1, C2 or Cl
and C2 failure). Altemnately, a retest with another test strip may simply be indicated.
EXAMPLES
A series of trials were conducted in connection with the present invention as
15 early as March 2000. These trials were of an experimental nature, necessary to
determine and/or verify the accuracy of the test strip qualification approach taught
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 for this Specification, no product according to the present invention has yet been
20 made available 10 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 results 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
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four defined time intervals in the home environment with the subject test strip and meter and

were than listed within four hours using venous blood for the reference laboratory system.

10 The home environment / end user results were compared with the clinical results. This trial
also produced an error frequency consistent with the first study at about 0.5%. A 0.5% error
frequency rate was observed in connection with C1 and 0.5% with C2. Errors registered for
both C1 and C2 occurred at a 0.1% frequency rate.

In running multiple other tests for verifying test strip accuracy, clinical

15 accuracy of layperson end-users versus the laboratory reference device was determined to be
in 95% clinical agreement using expanded agreement of result analysis.

Using the cumulative frequency approach, the accuracy of the subject
invention as preferably practiced in the hands of the layperson end-user in comparison to the
laboratory reference can be stated such that 94% of the time, the end-use obtains results

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.

CLAMS

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 1o possible variation. 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
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and a second control reaction area;
obtaining PT results for each reaction area;
comparing results from said first control area to a first control qualification criteria
10  and results from second control area to a second control qualification criteria, wherein said
first control qualification criteria comprises an upper limit and a lower limit, said first
control upper limit being about 1.9 INR and said first control lower limit being about 0.60
INR; and
outputting a message to a user indicating test strip reliability.
15 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
PT results, said lower limit having first and second sections dependent upon assay reaction
area PT results,
3. The method of claim 2, wherein said second control criteria upper limit comprises a
20  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 INR results obtained for said second control and x represents
INR results oblained for said assay reaction area;
25 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.

12
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and a second control reaction area;
obtaining PT results for each reaction area,
comparing results from the first control area to first control qualification criteria and
10  comparing results from second control area to second control qualification criteria, wherein
said second control qualification criteria comprises an upper limit and a lower limit, each
being dependent on assay reaction area PT results; and
outputting a message to a user indicating test strip reliability.
6. The method of claim 5, wherein said second control criteria upper and lower limit
15 functions comprise line functions.
7. The method of claim 6, wherein said line functions are expressed as:
y=mx + b; and
wherein y represents INR results obtained for said second control and x represents
INR results obtained for said assay reaction area;
20 wherein m = 0.56 to 0.58 and b = 0.90 for said upper limit; and
whereinm = 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 1.9 INR and said first
control lower limit being about 0.60 INR.
25 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 first control reaction area and a second control reaction area.

13
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