5 TEST STRI P QUALI FI CATI ON SYSTEM 10 BY HARSHAD PATEL FI ELD OF THE

| NVENTI ON This invention relates to approaches for qualifying results
obtained in using 15 analyte test strips. The invention is particularly
suited for testing the quality of test strips used for neasuring
prothronbin tinme (PT tine) with whole blood in which a nmeasurenent area

i ncludes a conposition that catalyzes the blood clotting cascade. BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1A is a top viewof a test strip as may be
used in connection with the present 20 invention; figure 1 Bis a side view
of the test strip. Figure 2Ais a schematic of hardware el enents for a neter
for that may be used in the present invention; figure 2B shows an
alternative variation of an elenment of the neter of figure 2A. Figure 3 is
a graph of data that used to determine PT time. 25 Figure 4 is a graph
showi ng a qualification zone for an assay second control. BACKGROUND OF THE
| NVENTI ON Eur opean patent application EP 0 974 840 the (840 publication),
publi shed January 26, 2001, T#SEETHIHEYALFIGEUON YW syst em t hat may be used
with the present invention. Fig. | presented herein as adapted fromthe 840
publicsé®ion shows a parallel nulti-chaneel test 1 5 strip 2. Init,
nmeasurenent areas 4, 6 and 8 are provided. Upon introducing a sanple,
usual | y whol e bl ood, at introducti ¢gierzasd PAfkrand depressing a bl adder 12 and
releasing it, a partial vacuumdraws the blood though channel 14 up to
shared stop junction 16. The test

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



strip also includes a bypass channel 18 which draws sanple toward bl adder 12
to alleviate negative pressure at the stop junction order to prevent
overcom ng the surface tension that 10 pins the fluid in the nmeasurenent
areas at the stop junction. For PT neasurenents, it is inportant to stop the
fl ow of sanple as it reaches that point to permt reproducible "roul eaux

formatl red Io cells i rtant step
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doubl e- si ded adhesive tape. Stop junction 16 is preferably fornmed by an
addi ti onal stiptabsgtingledes ayhapase ghannel /18 rwhivh, drawd gmpte twiverd bladdercittoalieviate | ayer
22 and sealed with sealing |ayer 26 and/or 28. 20 Each cutout for stop
junction lGegsivppetaraiitye adp jusaivh oader Wi deveasovelhamingg thd durfabe fendibethat may

optionally be used to cover sanple port 10. The filter separates red bl ood

celI's fipompins t i@ inthe aRasidtitinearancht Gk stByurkdshai n a reagent to interact
with the blood to provide additional information. A suitable filter

conprises an anF@xQ”i"%&ﬁrdmrﬂﬁmp&ﬁz&fﬁs%ﬁﬂieﬁow%@ké@!&ﬁs‘lﬂf&a&ﬂ%ﬂ&r&ﬁne of the
type avail abl e from Spectral Diagnostics, Inc., (Toronto, 25 Canada). An
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above are formed by cutouts in intermediate layer 20, sandwiched between a top layer 22
and bottom Iayer 24. Preferably, layer 22 is double-sided adhesive tape. Stop junction 16 is
preferably formed by an additional cutout in layer 22 and/or 24, aligned with the cutout in
layer 22 and sealed with sealing layer 26 and/or 28.

20 Each cutout for stop junction 16 is preferably at least as wide as channel 14. A filter
may optionally be used to cover sample port 10. The filter separates red 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
polysulfone membrane of the type available from Spectral Diagnostics, Inc., (Toronto,

25  Canada). An optional reflector may be on, or adjacent to, a surface or layer of test strip 2
and positioned over the measurement areas. If a reflector is present, the device becomes a
transflectance device.

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

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



normal i ze the clotting tinme of a blood sanple by counteracting the effect of
an anticoagul ant, such as warfarin. The conposition in area 8 is sel ected
to partially overcone the effect of an anticoagul ent. The bovine el uate
(plasma bariumcitrate bovine eIuate) is available from 10 Haenot ol ogi c

Technol ogi es, (Burlington, reconbi nant Factor Vila from Arreri can

bi agnosti cere %%?%r%rﬁﬁovlﬁ? %OVA?%‘%&?%%F%%%%@ gt R %%r%'ea Sy |
untreated p f|| suc R1235, ai | abl e .from Adhesi ves Research,
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doubl e-si ded tape after rem)V|n the rel ease layer. A die then cuts the stop
junction t AREBYFethclepeBe yableodfanpied ssmwaeﬂngﬂnp gEeqt o ansanticepgulgnt,

si ngl e-si ded adhesive tape such as M5X4841, available from3M (St. Paul,

M\) are apphited watarineTlarogipdsitiof intahe 8 1p@¢19@e1191pamamemser¢0me§ba¢ffetchef &t op
junction. Use of the test strip can be understood with reference to a
schenat i ¢ ahtitdagulehte fhnbsvin@fluné (asmatbarumicome bavideiebpated & aRdilabiedrdB (al so
adapted fromthe 840 publication), which contenplates an autonmated neter.

Al t er nabi velagmottasaTedbaclo gikd, (Burligtah, SONP @& idirant Habtok Walh frogdAerifhadder 12
is manual |y depressed before sanple is applied to port 10, then rel eased.

The first giigmosilQ, USBénvRE, T, nﬁlréﬁbcgﬂ)asﬁl&' 'ffbn® Orthé €lifeAI Shiagnbitfk (RUrRAET 9i Zi ng
strip detector 30, sanple detector 32, nmeasurenent system 34, and optional
heat er 36. I\}Ijlg)u_e second step is to 25 insert the strip. Preferably, the strip
i's not transparent over at least a part of its area, so that an inserted

strip wll bl OCMepﬁ i a?@tl fo@t 9 X}ltligg’i&ga‘te fpoﬂ%&t@rcﬁl&rsyéﬁ) ARPIR

preferably, the ayer non- ransparent mat eri al ,

so that back t .does no nt em 34 t ector 40
t hereby se ﬁgzg%‘%tj Hﬂ?m égg?sfve ﬁﬁsggr c%re(gﬁerﬁ lﬁ%c&n?‘gg étaé* %%dtg%‘ ®act uat or
42 to npre ter dis 44 then directs the user 3 5 to
Spply ISene e e ERHy %%ﬁmetﬂg?bwaﬂgweﬁ cthicrs s 4 S oG R BaRSRocer must

per form t © jljlnrc]:!agrll tallltrgugh 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
polyester layers to seal the stop junction.
Use of the test strip can be understood with reference to a schematic of the elements
20  of ameter shown in figures 2A and 2B (also adapted from the 840 publication), which
contemplates an 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.
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
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 1s formed of 2 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



t he neasurenent sequence. The enpty sanple port is reflective. Wen a sanple
is introduced into the sanple port, it absorbs light from LED 46 and

t hereby reduces the light that is reflected to detector 48. That reduction
inlight, in tam signals actuator 42 to release bladder 12. The resultant
suction in channel 14 draws sanpl e through the neasurenent areas 10 to the
stop junctio For ch rrea ure nt area. 4, .6 and 8, a LED 5Q and.detector
52 pai rrg toﬂ?%l’/ alFEP??BW I‘?éﬂFq‘g‘l‘i‘il 2 a3 P the e RS AGECTHE LA e as
it is cIottlng Anal ysi s of the transmtted Ilght as functlon of time (as
descri bed B@@W}Wﬁg}eﬁi fequggice. (The et seERlegortihEe @?Vﬁl%en%\ﬁﬁ%iss di spl ayed
on the neter display 44 and any nessages regarding test strip fitness or
reliabilityntrqdueddanioithy sanspagpirt ittabseples lghtifrom| [ETh#6 anddherely mduceSthatighit 370 C
by heater 36. Each such function is controlled by a m croprocessor chip 54
control | ed tiny isseflécial 1@ dstectoe4B. Thatpedigticumnmdivhe in tueachgoas yetumporai2yto bffeaseAs

descri bed above, the detector senses a sanple in sanple port 10, sinply by
detecting alfdaeiuct ThdrestltanSaetdt iachannell 14etrbwodamdlie tBrouplgite ntdagiterthert ARhs | S
emtted by 46 and detected by 48. However, that sinple system cannot easily
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bl ood serun) placéd in the sanple port in error even, an object (e.qg.
a finger) %}%deﬁ%‘ ?Hﬁ&f‘g}ﬁﬁ%hﬁﬂ%oué@ @4 éh&sﬁlstcﬁlﬁn SEEMEo .
erroneously conclu at a proper sanpl een applie To avoid this

type of error, iR asuy i r romlghe
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system 32 is th ogramed to require that t e of .signal before causing
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rel easi ng the bl adder does not
controlled by software stored in programmable, read-only memory 56.

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 emitted by 46 and
detected by 48. However, that simple system cannot easily distinguish between a whole

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

To avoid this type of error, another embodiment measures diffuse reflection from the
sample port. This embodiment appears in Fig. 2B, which shows detector 48 positioned

25 normal to the plane of strip 2. With the arrangement shown here, if a whole blood sample
has been applied to sample port 10, the signal detected by 48 increases abruptly, because of

scattering in the blood sample, then decreases, because of rouleaux formation. The detector

system 32 is thus programmed to require that type of signal before causing actuator 42 to



substantially affect the readi ngs described below Fig. 3 depicts a typical
"clot signature” curve in which current fromdetector 50 is plotted as a
function of tinme. Blood is first detected in a neasurenent area at tinme 1.
In the time interval A between points | and 2, the blood fills the
measurenent area The reduction 10 in current during that time interval is

due to Light, scatt.er d cells.,and is_thus. roxi mie neasure of
the ot odrree SR PhedeRl ofSoveiy Mopdsn Lol e BRREERARTOS, ea and 1o
at rest, its nove havi ng. been st opped by the stop junction. The red
cell's begi ﬁ“‘?sg)amlg'ﬁrgé}t“ *S‘eﬁaajélgﬁg?sf‘ébe?r% Meaux formation). The roul eaux
effect allows increasing light transm ssion through the sanple (and |ess
scattering) in Fre3depet 2inigal ploystenguen cgorem whish ferrey from degctopd) Kt 3, cl ot
formation ends roul eaux formation and transm ssion through the sanple
reaches a miotiedusr functiofitimee Bload idfrstodetestedan edhepsumemenhered pittime/hin Bebet ween
points 1 and 3 or between 2 and 3. The result is typically reported in terns
of its "I Nitne ififerval A beteeamabintmiadndN) thegll ¢ wled] sFat medsureditentrazed The redbduenbl ood

changes state fromliquid to a sem-solid gel, with a correspondi ng

reduct ion hmcdrtegbduringahs s Shierval iJ Bee to@ghcdchitdted by @A cERMENd 20hisGn bet ween t he
maxi mum 3 and endpoint 4 correlates with fibrinogen in the sanple.
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t he curves : ] gﬁﬁéyd I - 8 . ual i f
the data f r%%fsta?]g@té ﬁ%@l@%%n?én?he( 1ggsur eme z;j? et%@%ﬁ:;ﬁqgﬂ%n. Tnd¥ed CHE%%’P% a Y

or nme e neasur enent sarrpl e

o e e, ol ) A YRR A TR, g, LRSS0 2,1 ol

results w thrn“a prede rang er or | se control
s e N R L T
C otnt 519 | :!a'.n Ql.‘gtrpoin(t:g,n élcrat(}lormzatitor? glgdss 'rou1e5aw5( foSI%'\24.'1\\{{:?\152 ;{n tan-gn%Essilo%Mglh%
sample reaches a maximum. The PT time can be calculated from the interval B between
_ points 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 to a
semu-solid gel, with a corresponding reduction in light transmission. The reduction in current
20 (C) between the maximum 3 and endpoint 4 correlates with fibrinogen in the sample.
Measurements made on a whole blood sample using the strip yield a curve of the
type shown in Fig. 3 for each of the measurement areas. The data from the curves for the
controls (measurement areas 6 and 8) are used to qualify the data from the curve for
measurement area 4. The measurement of sample from area 4 is validated only when
25  measurements on areas 6 and 8 yield results within a predetermined range. If either or both
of these control measurements are outside the range, then a retest with another test strip is
indicated. Ageing or oxidization of reagents can potentially yield failing Cotntrol 1 an/or

Control 2 tests. -



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 (d) are
qualified if they fall within a sinple nunerical range. Were results are 10
expressed in ternms of INR O rgadings.a bet ween about 0.60 and 1.9 INR
are acceptable. Results fron1tﬁ@w@@g695%5€ O?]C2) are qualified if they

fall within a zqne or region Dpounded by functiopns dependen on assay PT
time. When resuﬁP§°W6‘FHnt‘Wéh ek B e st S%ﬂ’cgé%g%?grg?eg “éﬁ“ﬁlril@g)sed in terms
of INR, the functions are |ine functions, diverging fromone another at

hi gher assdbligalionghe pessenhinveriiop aaplics Certaim ederiaipredyce p Bighlysaceprpteftestyl ts are
15 qualified, or determned to be fit or reliable, upon both d and C2

resul ts falskimgpalification pravess basedmiredudisiobtamedbfom8gelt eontsolo fRepults fipmethe first

i nvention preferably operate in connection with a disposable test strip and
hand hel d retieol (63) aegualified df théyafald wilkht hempleinnaleried! gamige.t Wisreaesultsiaret i ons,
preferably those described in detail below are used to qualify test strip

data inoa hxpfbstd ZOteBfi€ I TIRE CTREHIRIZs atSor®¥ivibam siaslt DY0 exeTP AR Yird R84ptdbse. Such
results are preferably acconplished with a hand-held neter in a rapid

fashion. Thes@tapdrh iHBeddd chitRl] BN EchNed #81) WA GitRA aWBhd ordegibhe
met hodol ogy di scl osed form aspects of "the presént invention. TAI LED
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Systems of the present. invention preferably operate in connection with a disposable
test strip and hand held meter as described above. Mathematical algorithms or functions,
preferé.bly 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



5 scope of the invention. In addition, many nodifications nmaybe nade to
adapt a particular situation, material, conposition of matter, process,
process step or steps, to the objective, spirit and scope of the present
invention. Al such nodifications are intended to be within the scope of
the clains made herein. Furthernore, where a range of values is provided, it

i s understood that .ever. 0..ntervening,.val.ue, hetween.th er. . and | ower
it of ¢ gt PR bR R RO iR b et EB R P,
stated range i.s enconpassed within the invention. The upper, and | ower

Vi ts of CHEEENSRARTEY CPIRGELD ApaiAEpENUBHER SBE of FIEIuBdhE PRETHE snal | er
ranges and |s also enconpassed within the inventjion, subject to any

speci fi cal I9Uided $raegiof thepresephinyendions P sueh madgeationhae anterkled & by wHR ange

i ncludes one or both of the |limts, ranges excluding 15 either both of those
i ncl uded | ithd scepapidhetlsimsimrde beeh i n the invention. Also, it is

contenpl ated that any optional feature of the inventive variations described
herein nmay be set f Butheraon, ehae aeaohge nthehes dgmotiged, oiis undecwobithehtvegn Wi t h
any one or nore of the features described herein. Unless defined otherw se,

al | teqbni e@brvatiflg SALE befwebEthe QP& abld Riveh Bintiof tHatiaBge ad ah ethspsiBed®ANi NG as
commonl y understood by one of ordinary skill in the art to which this

i nvention bekebgag vahd iﬁ%&ﬂ@taﬁﬁh‘m{ﬁ%ﬁﬁ&féhﬁ&%&ﬁ&}ﬁﬁ iRlsvestidt. | Be u‘ﬂ?er%ﬁ&'i val ent

to those described herein can al'so be used in the practice or testing of

b ) ) ' i i bed.
t he present, Qvantsio@thesd Qﬁmepnléaﬁ%&%@gnﬁmﬁﬁy l?gﬂcm@éd%'t@sﬁaaﬁéreraﬂge% Ghd O€

Al existing subject matter I on rein .g., publications, patents,

s ot 1 oty A E0Ep Rl LW RluiiS, SRARE BORR PR Bl A AR SRR U o
Const rued g bR fe et PReR bR oRRR b ORI R R B e 0"
ot ey, el RO 8 LR Y RS ol 5. 10 {
"said" and "the" include plural referents unless the context clear]y
di ct at es contemplated that any Optional feature of the inventive variations described herein may beé
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  herein iﬁ 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 matenal by virtue of prior invention
Also, 1t 1s noted that as used herein and in the appended-claims, the singular
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forms “a,” “and,” *‘said” and “the” include plural referents unless the context clearly dictates



7 5 otherw se. Conversely, it is contenplated that the clainms may be
so-drafted to require singular elenents or exclude any optional el enent
indicated to be so here in the text or drawi ngs. This statenent is intended
to serve as antecedent basis for use of such exclusive termnology as
"solely,” "only" and the like in connection with the recitation of claim

el ementg or ;the us tive' claimlim L on(sS). The .present
i nventi gn i°§heg§‘é 'e?%gpﬁaﬁ’rlggglg %tS‘a‘P Wﬂeﬁ ﬁgatt g C;laémg% %tél{{ rg? %)O'grr?géﬂotﬁrr% uél(%ur ed

di scl osed in connection with the .840 publi.cation. .Accordin 0, the present
Mvent s on, SEETAEFTHRCO AP P BRal g B S S e PR sb iR St e any
effect of anticoagulant - Coumadin in particular, - in the blood sanple to
pr ef er abl y%bar"'é’éﬁﬁcg%ﬁ spferpeg 1s anteped fR e 45 aptecrigntags fof use fcueh HEHIVey t est
strip. C2 differs formC both in the conposition (as 15 indicated above)
and quant i teymgfolagy &g usodaly.onorflncandrike Jjieds eonnestipniwith the gagdattonfob elaimt at i on.
Fewer factors are added to C2 to create a partial normalization of the

ef f ect s of eletnents anthemoagfid ‘@magative” time Iohiwdnéanpl e. Reaction area 6 -
corresponding to O - preferably includes reconbinant tissue factor with
buf f er spand preser vaThewassentiownrion @agferably ipeastiéaotich the teof strigh#dext ri nsi c

pat hway, and reconbi nant factor Vila protein. Reaction area 8 20

cor r espondipfi@ed@ed@sclospd Bf @imadttidn Witk kHed 850 @GO ARtorting Sd/@e pAgéRr W th
buffers and preservatives, bovine coagulation factors of the extrinsic

pat hway. | fhyvastddnl €Y idehde® Siffi & bt icBibulABR BB hSntBh & 2Ry 8ff&E P4nYichRARNON
whol e bl ood sanple at each of the three test strip neasurenent areas,

/121 910 gl f kP Mol ool g RIS 08 LR value

for each wel sanple | Into each o
cach site. InBd32h 9ahedNhuly ol RS CH S Bt EPBRB N iy
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results f Oi“ex}ngr%acgtgrs tarrc]e%dgxl.dgtg rCiZttQ rglrseat%%%%lr‘njai) Ecgjnngl?zla%\clnvn gp e 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 VIIa 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.



reporting results to the user. 8 5 Based on nultiple test strip lots
evaluated at multiple clinical sites, it was determ ned that sufficiently
accurate qualification of test strips results if the PT INR for d has an
upper limt of about 1.9 and a lower Iimt of about 0.60 (instead of the
nore nodest range indicated above). As for C2 qualification results, is has
been observed t hat faollows, a linear or proportignal relationship with
the assay results o%ﬁ%é’&&%?ﬁ?t R 9t5eveitte mrfﬁ‘FlPlr’lEF]émP‘"gé‘cteSs’ttl“iafJ lots and
clinical sites was used to generate qualification criteria._The

qual i fi cat idstereped gt suffigentiyacerggte @eﬂxﬁém@ﬁmswna%rwaﬁﬁéfsthWT BB iRk | y
different slopes and y-intercept values. The slope an upper limt line 58 as
seen in fi dus enyppeslimgrof aboait 1.0tand a idvear liohit of abaui60|(inptead ¢fi theme® medss seen
therein. The lines diverge fromone another at higher PT val ues, thus
creating a raeindeneddpoge)alAsiforoE quatifizzona rédlts, kShakbeentdbecregicba dC2cfoldws|

upper limt 58, when expressed in the formy = nx + b, with m= 0.56 to

0.58 and b azlir@azgﬁpﬁ‘d}ﬁrddnﬂl&elﬁﬁ&ﬁﬂi?&viﬂﬂﬁyhﬂ%&eﬁﬂts%bféﬁﬂeﬂ.eﬁgaiﬁ,i datd Porhest dat a
generated. For the second control lower limt 60, when expressed in the form

y = MK1g b:mulﬂ‘%l& Rest stip FotsPad@ clnical QitdsivdsQusl t%%eﬁé??ce F%ﬂi?ic&ldﬁ%’i@e?iap_r ovides an

excellent fit to test data generated. By use o e "z" sign, it is nmeant

equal s or 1s about oebualfllubh ARk i Debbng LB, digaf | bed

above may been define greater precl i cant °fl'gures are

expressed iy 0 _1ndi a rhation _on,such n.ordercis_,.
cont enpl at gg& Q%gﬁ%pésaaﬁggﬁgﬁgése&t%&é f )(f)?e S&fpec?ﬁélpli) ih(%]z%f’[cllmgn5§ i ?Efegrull g{?m%t‘t i ,
figure 4 is drgwn wt he preci si to ich the invention is preferably
br a0t cod. S5oS BBk oCa oy B S Rsp Septiefin | T ok Eprgf B
contenpl ated as I f 5 the present_invention, For instance, one or nore
pol ynoni al aéﬁg%ftqg%erﬁvaﬁé’%}gﬁﬁ?%‘“% a2 widenngyinihiicatigR genei&dt |y for 2.,
Alternately, tabular data representing results within each qualification
ranges }for Cl and C2Foribgpreend gentipl uppgr/ g S8, phen eapresspd ingthg faaipaiit mxviar i ous

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 form y = mx + b,

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

$e??
Pt

generated. By use of the sign, it 1s meant equals or is about equal.

20 In actuality, the line eqﬁaiions 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 charactenstics of the functions



qualification zones or regions are defined. Further variation may include
nodi fying d and C2 chemicals. Wiile altering the chem stry may affect the
characteristics of the functions 9 5 defining the qualification zones, the
general nature of the present invention should not change. In instances
where C and C2 results are qualified, the test strip neter display 44
shows PT ti for the. a preferably in ternms of an |NR value). |If either
o bot hof upa8 becalfiRaRt ek, Beiehpeiahle 4hEPraitn Aot bR AR e,

anot her sorj of nmessage 10 indicating test reliability or fitness is

di spl ayed 5¥*fie test strip meter. Error nessages specific to they type of
failure may be presented (i. e., nessages indicative of G, C2 or C and C2
failure). Alternat el [pngagcgs where {yl pd Qgéﬁsﬁlé?mﬁ gualifisd. the,tephpirinsmeter Jispiay

i ndi cated. EXAMPLES A series of trials were conducted in connection with

t he presentd4iskoresRT ome &g thel Bsaydpreferatdy ivktermis FGOONR Yhluek If eithet er bathref of an
experinental nature, necessary to determ ne and/or verify the accuracy of

t he test sthespcopal nbisoatments aapqrtsdcthe taapghlefindde areither sdihef messaget s of such
testing gave positive indication of sufficient accuracy in test strip

accur acy agddicaviegtesirebatglity os fimeds 1§ tieplpred e filie eN v@Pirhas, Bidr afesdapd fil i ng
date for this Specification, no product according to the present invention
has yet begpbcifkQo MRl @yRVAITAIRBE Raf Be pro®Rnied Bl d Gnesdddss MaieuiaGY CAf chBect nventi ve
met hods function was first studied in connection with subjects enrolled at
t hree inde Aubd)S Al i i L0 ; hps as
descri bed gﬂl&ggﬁﬁuw‘s%&%&%ﬁeﬁ?éﬁ {ﬁﬁﬁ%bﬁﬂ%@gﬁﬁ?i’%ﬁgﬁﬁimﬁ%&% and tested
on a reference clinical |aboratory dev.)&ﬁwp Epese results were used-for
absol ute reference. By 25 conparison through expanded agreenent anal ysis,

PR RERGI T AT e R T e S
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 to the public.
The accuracy of the inventive methods function was first studied in
connection with subjects enrolled at three independent institutions for evaluation against test
strips as described above. In such clinical trials, venous blood was drawn and tested on a
reference clinical laboratory device. These results were used-for absolute reference. By
25  comparson 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 Maonheim Corp.) that produced a published performance of 87%

10



i nventive system produced a 99%clinical agreenent. This rate of agreenent
evinces significant inprovenent over the approach of the CoaguCheck neter
by Roche Diagnostics (formerly Boebringer Mannhei m Corp.) that produced a
publ i shed performance of 87% 10 5 expanded agreenent vs. |aboratory
reference. Atest strip error frequency of about 0.5% was observed in
connecti.on W t Qi hese cl.i

inical trials for,th rese i.nventi,on person
Criars ver thidst Rend b Sl rdwdacr PLeRR B s T 2L e oY
defined tine intervals in the ho envi ron t wwth the subject test strip
and neter é’i‘ﬁﬂogweé] P {OpRerf f\%?Ste 1?1’“?16{35??%6}?%”63’5?%" BPI‘lbus bl ood for the
reference | aboratory_system 10 The honme_environnent / end user results were
conmpared with the cl LAY Beporrtgaly meee alsprrondycigdgn paiedowhy efad Bemselvesat or
frequency consistent with the first study at about 0.5% A 0.5%error
frequency rfouralefinsd be tervals inrthehomeeanviromment with die sahidctOess Siripiand meRr ad r or s
registered for both CI and C2 occurred at a 0.1% frequency rate. In
runni ng mnulvtdrgthen bithd withimsow Hoors ueigp ivényoun globe &ir tist refepenaclaboratoyy systeimni cal 15
accuracy of |ayperson end-users versus the | aboratory reference device was

det er miped The hbe ehvirdbPént dnducd res@lly ®wE@ROIpAtsd With theRHmds dealis CTRE fal Of
result analysis. Using the cumul ative frequency approach, the accuracy of

t he subj ectysoippdRBsd AerRs fiRRhey @RbivieRAa the Bkt ld¥ Aabhiancy, Of 9% elr@yper son
end-user in conmparison to the 'laboratory reference can be stated such that

94% of th I : j i L4 A, O -unl f th
of the ﬁteg e’cy }ﬁgwgﬁﬁ]sgﬁed %gﬁegﬁoﬂ Qrﬁh'btlsdnggg\% S f2. Eﬁorlsslg%ggijeﬁ forO the

| abor at ory r rence ne OWs a signiticant I Npro nt over a

correspondibgg1 @PQ@N?EE&M@{%% rla)éiﬁjté%c%[ra{eesul ts within 0.5 INR as
on W Y I

published i'n~connec \ Avoce cal products. CLAMS Though the

nventi on has been dgsal e Rl FSFRSE: R RO SEORE Bared v

Himt eqSt ° aml?zgcyioﬁayperson 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 m 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 to 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



described or indicated as contenplated with respect to possible variation.
The breadth of the present inventionis to be limted only by the literal

or equitable scope of the followwng clainms. That being said, we claim 11
That being said, we claim 1. A nethod of test strip qualification, said

met hod conprising providing a test strip conprising an assay reaction area,
a first control reaction area and a second control reaction area, obtaining

prothronbhfhbaﬁgmw \ch reaction area, conparing results fromsaid
first carol area to a first coastal qulification criteria and results from

said second control area to a second control qualification criteria, wherein
said firsy coptral lificati,on criteria,c rises an upper limt and a
| ower |intt, égﬂfaﬂd&’iie%mﬂwm%m@i%%%ut a 1.9 International
Normal i zed Ratiefiaig % il doflpriSf  Bhea} RdHorl drel s £ cRfiroFYaiion

Norarr%gi ze @Efg ang t d:ft.égr’re dred ais

I nt er nati onal € tio; out putting ssage to a user
i ndi cat i napeomsiontolepctionlaresbi [ ity. 2. The nethod of claim 1, wherein said

second control alification cri ia £o ises an upper limt and a | ower
linit, said UMMWM%%&y reaction area

prot hr ombi n 1 epiideting feltls fréiRhid!first conthdl dreddo b Fvdt ewﬂoﬁﬁman'aﬁe&eﬁﬂ' ind
dependent upon assay reaction area prothrombin results. 3. The method of

claim2, mdtsdtom said skcond comirol anse kot second contral qualiSicaticarcritering whedeinsaidfirst ne
rimetion and said.second control. criteria.l.ower |imt comptises i ne

i ot on. ool oSl s orebringe i BT e tpw lif oA B e e
expr essedlimit bein¥ abdut & 179 lildhatiohal NHRRIiSsRitio a8 shilfrErdhirol 1owed RhiTBeing ©d
Ratio results obtained for said second control and x represents an

i nt er nat | hout & K60 IntematsepalNormalized Ratie; apdt ai ned for said assay reaction

outputting a message to a user indicating test strip reliability.

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

3. The method of claim 2, wherein said second control criteria upper limit comprises & line
function and said second control criteria lower limit comprises a line fumction.

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

area,
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area; 12 wherein m::0.56 to 0.58 and b=0.90 for said upper Iimt; and
wherein m=0. 36 and bn~0.37 to 0.38 for said lower imt. 5 A nethod 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 prothronbin results for each
reaction area; conparing results fromthe first control area to first
control qualification criteria and conparing results fromsaid second

control area tQusebR R0 038 44 80 b &Rk4LA T Mrlﬁﬁ'hﬁ’d wherein said second

control ~qualificati-on criteria conprises an per Timt and a lower limt,
each being depdretkinm~0i36z0d 5032 sa.8% for axid dower tintit onbi n results; and
outputting a nmessage to a user indicating test strip reliability. 6. The
met hod of claimb5, wherein said second control criteria upper and | ower
limts cofipri s@mettadd of wcstip fGalifiCatioh) idBeMedcathprisigd: m 6, wherein said |ine
functions are expressed as:, y=nx + b wherein y represents an |International
Nor mal i zed Rat iR5oYidiag piest §Hp sPRpHSIRGAN apsaydresrtion A, finst eaptrobyeactionampapdent s
an | nt er nat.9ngl %gr!_.g&lﬁ' Ratio results obtained for said assay reaction
ar ea; V\/nef%lhn e tgﬁgg% and b=0.90 for said upper limt; and wherein
m z~0. 36 and b-ob&ididg protiffoRBinfresults fordatiremtiohareaf . 8. The net hod of claim5,
wherein said first contrql qualifjcation criteria copprises.an upper limt
and a | ower |i rﬁoﬂpa’é‘%\gﬁs‘ﬁprép% (SO FesR 1@ it @%F&‘&lliﬁ@ﬂﬁnc& iagnd
| nt ernati ofgdpafing ARAINZRSI 5438 5édnd BshtRARkida fd deSdnd CORSIQfualif¥Rbn biitedid, WheteRD
about a 0.60 I nternational Normalized Ratio.

said second control qualification criteria comprises an upper limit and a lower limit, each being

-

—

dependent on assay reaction area prothrombin 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 limits

comprise line functions.

7. The method of claim 6, wherein said line functions are expressed as:
y=mx +b
wherein y represents an International Normalized Ratio results obtained for said second
contro] and x represents an International Normalized Ratio results 6btained for said assay reaction
area;
wherein m~0.56 to 0.58 and b=0.90 for said upper limit; and
wherein m=0.36 and b=0.37 to 0.38 for said lower limit.

8. The method of claim 5, wherein said first control qualification criteria comprises an upper
limit and a lower limit, said first control upper limit being about a 1.9 International Normalized

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

9. A system programmed to operate according to a method selected from a group of methods
consisting of the test strip qualification methods of claims 1-8. ‘

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

13



9. A system progranmed to operate according to a nethod selected froma
group of nethods consisting of the test strip qualification nethods of
claims 1-8. 10. The systemof claim9, further conprising a test strip
conprising an assay reaction area, a 13 first control reaction area and a
second control reaction area. 11. A conputer-readabl e nmedi um enbodying a
programto direct a systemto performa nethod selected froma group of

et hods ¢ Qiticahttd) Jedefion Aa htbd seebiid ddnftblreadtiok afehOn net hods of claims 1-8.
12. A conmput er-readabl e nedi um containing data representing sanple results,

wherein said data is made by a nethod selected froma group of nethods

consisting 19f A Gnipttdr-rSddable medl bhb&Atdg A brogthd 36 Sirdth 2 Sh Al %o ferfbrmh?
method selected from a group of methods consisting of the test strip qualification methods of
claims 1-8.

12. 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 1-8.
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