METHOD AND SYSTEM FOR DETERM NI NG THE ACCEPTABI LI TY OF Sl GNAL DATA
CCOLLECTED FROM A PROTHROMBI N TI ME TEST STRI P BACKGROUND OF THE | NVENTI ON
[0001] 1. Field of the Invention 100021 The present invention relates, in
general, to nethods and systens for determning the acceptability of
signal data and, in particular, to nethods and systens for determ ning the
acceptability of signal data collected fromprothronbin tinme test strips.

[ 0003] 2. Description of the Related Art [00041 Typical nonitoring systens
for the neasurenent of a fluid sanple characteristic include a device,

such as a por r ot hr ombi n
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anal yte concentration (e.g., blood glucose concentration) or other
characteristic (e.g., prothronbin tinme and/or International Normalization
Ratio [INR]) of the fluid sanple. The device typically neasures a property
or properties of the test strip (e.g., an optical reflectance, optical
transm ttance, optical abs chem cal property) and then
enpl oys an al gorithn(s) toﬁ#@iﬁﬁmggaﬁﬁ NdON based on the
nmeasured property or properties. [0005] A variety of conventional

pr ot hr onbi [@0@1i]ne ( PT) Hi&imbftheilmnﬁmstens that can be enpl oyed to neasure

t he bl ood- ting ronpin tine) of a user's whole bl ood
sanpl e ar elﬁ h%wn toLlllhﬁé’Eegcrglyf‘feFE p?t"tsih‘@ ghearal, tg mpetheds and systesmsior pT

moni toring systdetbmiiry tHeseveptakitity oF sighQf dafeaPinSartlé 1,519
and U. S. Patent ﬂ@\éo rig 084, 6%0 te)‘ack?lgfnf ve\l/hl CEPI S he?gtr) tgﬂ{ﬁ[&j lncaép(%lrgat ed

by reference, toEminingthis apsepahilityphnignakdatoeolierted @’Pmthrﬂ'hmseme test
conventional PEyjgnitoring systems are typically used by |aypersons using
prescription anticoagul ants, such as Warfarin, to nonitor their oral

anti coagul ati on status.

[0003] 2. Description of the Related Art

[0004] Typical monitoring systems for the measurement of a fluid sample

characteristic include a device, such as a portable hand-held meter, and a test strip (e.g.,
a prothrombin time [PT] test strip) to which a fluid sample (e.g.,a whole blood sample)
is applied. The device and test strip are used in tandem to measure an analyte
concentration (e.g., blood glucose concentration) 6r other characteristic (e.g.,
prothrombin time and/or International Normalization Ratio [INR]) of the fluid sample.
The device typically measures a property or properties of the test strip (e.g., an optical
reflectance, optical transmittance, optical absorption or an electrochemical property)
and then employs an algorithm(s) to calculate the characteristic based on the measured
property or properties.

[0005] A variety of conventional prothrombin time (PT) monitoring systems that can
be employed to measure the blood-clotting time (i.e., prothrombin time) of a user’s
whole blood sample are known to those skilled in the art. Such conventional PT
monitoring systems are described in, for example, U.S. Patent No. 6,261,519 and U.S.
Patent No. 6,084,660, each of which is hereby fully incorporated by reference, and
European Patent Application EP 0974840. These conventional PT monitoring systems
are typically used by Jaypersons using prescription anticoagulants, such as Warfarin, to

monitor their oral anticoagulation status.



[ 0006] Conventional PT nonitoring systenms can require the use of external
control solutions to validate prothronbin tinme and/or INR test results
generated by the system Such validation is necessary to avoid erroneous
results due to, for exanple, the use of PT test strips that have been
exposed to del eterious environnmental conditions (e.g., elevated
tenperatures and/or humdity). In this regard, PT test strips that have
been exposed to extrene, although not necessarily del eterious,
environmental conditions are referred to as "stressed" PT test strips.
[0007] Resggoosyal i datbmRntidrial PT nitkitsrdgSsyS@ins e Yehiike thelubd bOREMAP cARDED ON

| aboratory quality control nethodol ogy,” wherein results obtained with the
ext ernal cont r ofolutinss tq yalidate prethrpmbiminte arsl/ori INRctesthresujte géreratahiyetho Sysem.
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results generated by a conventional PT nonftoring System Furthernore,
many users per ciéfopigd to ssc strgssed AT tesosttipsol  sol uti ons, which require multiple

preparatio eps a ' .11 alni i f.ficult to | oy. [0008]
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t enper at ure and/ or. humﬁhé\é% The nmethod and system should also be capabl e
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systens for determni ng% the acceptabilitly of prothronmbin tine signhal data
col | ected from® "H¥iBe ket SHEbRrS; impsoRepyiprage or improper use conditions. Such

misunderstandings and oversight can complicate attempts to validate the results

generated by a conventional PT monitoring system. Furthermore, many users perceive
the external control solutions, which require multiple preparation steps and- complicated
training, as difficult to employ.

[0008) Still needed in the field, therefore, are an accurate method and system for
determining the acceptability of signal data obtained from a prothrombin time (PT) test
strip. The method and system should be able to determine if the signal dataare
unacceptable due to, for example, exposure of the PT test strip to deleterious
environmental conditions (e.g., elevated temperature and/or humidity). The method
and system should also be capable of being integrated into a portable hand-held meter

in a simple fashion.

SUMMARY OF THE INVENTION

[0009] The present invention provide methods and systems for determining the
acceptability of prothrombin time signal data collected from a prothrombin time (PT)

test strip. These methods and systems are relatively accurate since the determination is



test strip. These nmethods and systens are relatively accurate since the
determnation is 2 based on an ascertained rel ationship between PT signal
data collected froman assay area of the PT test strip and PT signal data
collected fromat |east one control area of the PT test strip. Such an
ascertained relationship is conparative in nature and thus provides for a
nore accurate determ nation of acceptability of signal data than absol ute
(i.e., non-conparative) characteristics of the PT signal data. [0010]

Furt hernore, since enbodinents of the present invention-enploy
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control area. Suitable PT teSt str n assay area,
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characteristic méthbdﬂfacEBFdﬁg Ynthle egkislary eabba:ﬁbheofrrﬁé @Eseﬁﬂﬁlbbrﬂﬁmld%ﬁ belgk®, but

are not |imt edsutltable E’? test smpamclwgn troeclmaets 1?!23 tgg ax% ltJhCat mc]udcs both an assay area and
at least one control area. Suitable PT test strips encompass those with an assay area, a
first control area and a second control area, such as those described in U.S. Patent
6,261,519, 1.S. Patent 6,084,660 and U.S. Patent Application Serial No. 10/100,254
(filed on March 14, 2002), each of which is hereby fully incorporated by reference.

[0012) Following collection of the above-mentioned PT signal data, at least one

reiationship between PT signal data collected from the assay area and PTsignal data
collected from the at least one control area is ascertained. The relationship which is
ascertained is comparative in nature and, therefore, a more accurate determinate of the
acceptability of the PT signal data than an absolute characteristic of the PT signal data.
Suitabie relationships include, but are not limited to, ratio-metric relationships such as
the ratio of post-peak pseudo-slopes of PT signal data collected from the assay area and
the at least one control area, the ratio of PT signd data peak widths collected from the
assay area and the at least one control area, and the ratio of the areas underneath PT

signal data collected from the assay area and the at least one control area.



the ratio of post-peak pseudo-slopes of PT signal data collected fromthe
assay area and the at |east one control area, the ratio of PT signal data
peak wi dths collected fromthe assay area and the at |east one control
area, and the ratio of the areas underneath PT signal data collected from
the assay area and the at |east one control area. 3 [0013] Next, a

determ nation is nade, based on the relationship, as to whether the PT
signal data collected fromthe assay area is acceptabl e or not acceptable.
Acceptable PT signal data can then be enpl oyed, for exanple, in

cal cul ati prot hronbin tine _and/or, an I NR The determ nation can
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sequence of st etﬁatlolngh:g bgtrwoegn PT signal data collected from the assay area and PT signal data
collected from the at least one control area; and (iii) determine, based on the at least

one relationship, whether the PT signal data collected from the assay area is acceptable,

BRIEF DESCRIPTION OF THE DRAWINGS

[0015) A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the
accompanying drawings of which:

{0016] FIG. 1 is a is a flow diagram illustrating a sequence of steps in a process
according to an exemplary embodiment of the present invention;

[0017] FIG. 2 is a simplified depiction of a prothrombin time test strip that can be
employed in conjunction with the exemplary process of FIG. 1;

[0018]) FIG. 3 is a graph depicting a PT signal data, including expanded views of the
trigger and peak point areas, as can be collected in a process according to the present

invention;



according to an exenpl ary enbodi nent of the present invention; 10017] FIG .
2 is asinplified depiction of a prothronbin tinme test strip that can be
enpl oyed in conjunction with the exenplary process of FIG 1; [0018) FIG 3
is a graph depicting a PT signal data, including expanded views of the
trigger and peak point areas, as can be collected in a process according to
the present invention; 4 100191 FIG 4 is a graph depicting PT signal data
froman assay area, a first control area and a second control area as can
be collected in a process according to an exenplary enbodi ment of the
present i nlf94% on; [KIG28is a:gr@h @‘ﬁpﬁcsmgPQ“rsagnhl dhepirah iangssap ere]a fiisgoaitrotiat a of

Fig. 4 after tr | d nment to their.respective ni mum poi nts;

[0021] FIG 6 |és}g%§%ir A xSrongs °|8P6?' ﬁafﬁa"%f@ieéﬁiw SPIDER pecprdine to A ong with
PT signal dat aexemplaggémbbdinemmobihe prem etbeition; est strip; [0022] FIG 7 is a
graph depi data of FIG 5 and a_post-peak w ndow of the

| t he PT |
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PREFERRED @RZ0DI NENTFIG. qw@%aphmpbans:dnfirsn@atdatmowgwdmor@hmmagmn
specification ?aéo%ct&i a5 24ng s%eﬂ’f‘? sdsq'fq%of the present .invention, the

followi ng definrtionis ereb provi termused therein: 100251
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a PT test strip.b |ce oses of calculating a prothronbin time
and/or an INR O teyP]ﬁ; ﬁﬂf&“’ﬁ%%ﬁ%’m adr test strip. Such PT
signal dat{ao23]cl ude FIGt8 @ralsummfﬁud blek WiagraafofRIBE M6ARDriY g@@}n #36rdinglhn al SO
signal data that are the results of manipulation, tran mati on and/ or

conversion of rFAFPRIARfbodipent plthepeesrnt pvesiondnar e and/ or  software. Such

PT signal data can include, for exanple, signal anplitude data, e.g.,

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0024) To be consistent throughout the present specification and for clear
understanding of the present invention, the following definition is hereby provided for a
term used therein:

[0025} The term “prothrombin time (PT) signal data” refers to data collected from a PT
test strip by a device for purposes of calculating a prothrombin time and/or an INR of a
fluid sample applied to the PT test strip. Such PT signal data include not only raw
(e.g., as-observed) signal data, but also signal data that are the results of manipulation,
transformation and/or conversion of raw signal data by means of hardware and/or
software. Such PT signal data can include, for example, signal amplitude data, e.g.,
electrical current, electrical voltage or ADC count data, as a function of time.

[0026) FIG. | is a flow chart illustrating a sequence of steps in a process 100 for
determining the acceptability of prothrombin time signal data collected from a
prothrombin time test strip according to one exemplary embodiment of the present
invention. For the purpose of explanation only, process 100 will be described in terms

of PT signal data collected from a PT test strip 200 (illustrated in FIG. 2) that includes

an assay area 202, a first control area 204 and a second control area 206. As depicted



el ectrical current, electrical voltage or ADC count data, as a function of
time. [0026] FIG | is a flowchart illustrating a sequence of steps in a
process 100 for determning the acceptability of prothronmbin tine signal
data collected froma prothronbin tinme test strip according to one

exenpl ary enbodi nent of the present invention. For the purpose of

expl anation only, process 100 will be described in ternms of PT signal data
collected froma PT test strip 200 (illustrated in FIG 2) that includes

an assay area 202, a first control area 204 and a second control area 206.
As depicted 5 i'ﬁﬁiﬁd FA tesrptripe20 alsa ingudBQ sanple ponczosddﬁnﬁelszaom% BAktion 208,
channel 210, st annel 214 and bl adder 216. 100271
Assay area 202 %(?h%%séhgﬂ?ce[g}émcp%g&%f,Zi:a t hronbopl astin reagent) that is
enpl oyed in the neasurenent of PT and/or INR First control area 204

cont ai ns [rog ents th suf ci ent coagul ation factors to counteract any
effects of antic é@ﬂa&?ﬁ Q?ecogtamwpapgm ($)€. #rtbroarhoplastinreapenit)sthatlin od

sanpl e applied Efnibl@%m e R¥abureraBf O?E’T%Edﬁ)? Sﬁrét Pgt?& ar%%gggwgg%] ;[ :)(rjll

area 206 contains a different conposition an guan
factors such tﬁﬁgeﬁsﬁéﬁtspﬁimmﬁmmmm faotmrscib coimiclacltangaﬂ@ulsaﬂin present in

and "oper ati on "oy eARELER, Wi Sty RS il sBhal PG gamels por
enpl oyed in théoégﬁﬁ'ijtcsastﬂa200| Sennndomﬂmbhrealzwccamiﬁaeamﬁnﬁé\ﬂﬁﬁd@huoﬁ&ﬁ@ are
ent No. 6,261,519, U S

described in

Patent No. 6, oéﬁ"ﬁ E‘H%“’"Ffé‘ft&ﬁts’“ﬂbgﬁ ‘agia) qornaglizalign qshe anfjcoagylant 4
(filed on Mar clpresdnt niﬂﬁ&)holeelﬂﬁditl SimpMitadibeiathibaide Dedild/r Mied td SR sROLEE Sy PY
reference. 10028 tPro té | u es first collecting prothronbin tine
(PT) signal dat8FY¥R%an e s‘éf&gi@raé* the.comppsition ghicagantsgrepioyaddn shesswaynd

control area ohreamxtmhusldre@anack@corﬁ%oﬁt%l ab@latddestbedlif ) éjﬂté?ﬁ N'S' £23 vﬁr The
PT signal data Ajgg‘% t e assay area are referred t | e
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referred to asSeial Nod162200,2S5(&E dn/Plkdth 19008 K lehdbESF vitllch el

recogni ze that, Erocesi&s according to the preésent |nvent|onb&an be adapted
to PT test str /58P {etegsnce.

[0028] Process 100 includes first collecting prothrombin time (PT) signal data from an
assay area, a first control area and a second control area of PT test strip 200, as set forth
in step 110 of FIG. 1. The PT signal data collected from the assay area are referred to
as A, while the PT signal data collected from the first and second control areas are
referred to as C1 and C2, respectively. One skilled in the art will recognize that

processes according to the present invention can be adapted to PT test strips with one or

more control areas.

[0029]) In process 100, the collected PT signal data represent sequential measurements
of light scattering and/or absorption through portions of a whole blood sample that have
been drawn into the assay area 202, first control area 204 and second control area 206
of the PT test strip 200 through channe] 210. These sequential measurements are made
at a predetermined time interval (i.e., index) of, for example, every 0.15 seconds. A
device, such as a portable hand-held meter with an optical measurement means (e.g., an

LED/photo-detector pair), can be used to measure the light (optical) scattering and/or



nore control areas. [0029] In process 100, the collected PT signal data
represent sequential neasurenents of |light scattering and/ or absorption

t hrough portions of a whole blood sanple that have been drawn into the
assay area 202, first control area 204 and second control area 206 of the
PT test strip 200 through channel 210. These sequential neasurenents are
made at a predetermned tine interval (i.e., index) of, -for exanple, every
0.15 seconds. A device, such as a portable hand-held neter with an opti cal
measur enent neans (e.g., an LED/ photo-detector pair), can be used to

nmeasure the |i gitisofptiph arebdo)coHem tliec T signahosid. OHowerBIP6dRbdco Becdrding B! | ect
the PT signal data. However, pr _cﬁgtseaes according to . the present invention
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trol o ' I [ : ' fluidi d optical
o oper i es. - 100U EoHaRhertes SE Sl maBT T ecOnde e Rbineiing
i ncl udi ng an exglentdent] nvdgaetic) flulic dndiopeal ppetie310 and an expanded view of a

peak poi nt a 320,.as.,can b | | ect.ed_i.n a_ process, according to an
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nmade up of_sequﬁg%éra}eagqowan aBAEd View B [RbR pbint &kF320R3s cdrl BeUDHIEQLER 2 N
expanded views 310 and 320. [0031) The PT signal data have four major

phases. The i niRrPEFs pnsamlingtp ap exerpplary embpdimeny of she present inyentionaJdhe
pre.trigger poi K o ' ,ﬂ@ﬁﬁ q ay or
control area of_l nﬁgﬁgéréﬁlggfBgﬁﬁ?%ﬁ&ﬁseégﬁﬁgn#éggﬁ?gﬁ#ugﬁy f f}‘."g’r“’ég% e. During
Phase 0, the Pllustiatedan expandedayiews}10end 33t ant val ue and this constant

val ue can be considered a baseline for conparing other portions of the PT
signal data. In a second phase (i.e., Phase |), a rapid drop in the

anpl i t ude [063%]he val ThePDisighbledalBThave @ majdd plases: CTHeSinitikpHase (iRRPHasdro)p i s

caused by the filli f the assay or control area of the PT test strip
With 10 d SamoaetemeLio s A e iregh Rt Rbast Qe MoRde o Hae priedaveniag assay

referred to as orbéntrd] kie§@Lthe PT test strip does not contain any fluid sample. During Phase 0,
the PT signal data are of a constant value and this constant value can be considered a
baseline for comparing other portions of the PT signal data. In a second phase (i.c.,
Phase I}, a rapid drop in the amplitude of the values of the PT signal data occurs. This
rapid drop is caused by the filling of the assay or control area of the PT test strip with
fluid sample. The transition point from Phase 0 to Phase 1 is referred to as the “trigger
point.”

[0032] After the assay or control area is full and the fluid sample stops flowing in the
PT test strip, the amplitude of the PT signal data will rise (see Phase II of FIG. 3) and
thereafter start to decline (see Phase III of FIG. 3). The rise and fall during phase 11
and phase III create a peak point in the PT signal data. The prothrombin time is
defined as the time elapsed between the trigger point and the peak point. Ths elapsed
time is labeled “PT time” in FIG. 3.

[0033] FIG. 4 is a graph depicting PT signal data from an assay area (A4 ), a first

control area (C1) and a second control area (C2) of a standard (reference) PT test



point." [0032) After the assay or control area is full and the fluid sanple
stops flowing in the PT test strip, the anplitude of the PT signal data
will rise (see Phase Il of FIG 3) and thereafter start to decline (see
Phase 11l of FIG 3). The rise and fall during phase Il and phase |11
create a peak point in the PT signal data. The prothronbin tine is defined
as the tine el apsed between the trigger point and the peak point. Ths

el apsed tinme is labeled "PT time" in FIG 3. [00331 FIG 4 is a graph
depicting PT signal data froman assay area (A), a first control area (d)
and a second cositip,ais can glso béddllecttd in spraoaatctotding @ranrgempRfy émbddimegiof i p,

as can also be gollected in a proce according to an ex | ary enbodi nent
of the presentt?'F RURSHY fygntics aﬁﬂ%&’f*{fﬁ%’r tef'éé’fpsﬁ?%écsh’itﬂpﬁg{)@é’ﬁ gt beeps t hat
have not been @(?B_Qﬁl&@dél&cﬂ&is@oﬁﬁiki@@an@%ﬁﬁb&rb@iﬁ RAGefc@NFREI YR aa%?[ﬁ'l

reference. FIG s a gi)raph depicting the PT signal data of FlI 4 after

truncati on and PicgnatietPT; gnahdate of BKh d@fier/tsuncation andmligninautdo theinmspattiven
and al i gnnment tgo.t o ULRAL | . i er visualization of
the rel ati onshilgmgﬁe]t&r\'/\ﬁeon t he @%#‘%%%@%%Ké‘?g‘ﬁéﬁ{e ara. 'ﬁﬁ)&ﬁ“%pﬁog%ﬁ ﬁgré’Paph
depi cting t he Rasist gislizatzmaf tfe relatonshipcheonapn the varils BT gipakl dhat F1Goé isact ed

froma stressed PT.test strip. T PT.signal dat, |l ected fromfhe assay
~area, first corﬁr?qhdep&ﬁﬂ%ﬁ’irﬁapﬁ%gﬁﬂaEgﬁftcgglalk}i‘lgéﬂﬁbﬁof'ﬁﬁa]ﬂafaé?iléﬁe P 8st
strip are | abelstdsstd PT@st swipd T PT sighal®std donedtyd frbMQARddsshy Sea firsoH@S t O
visually illustrate that the relationship between the PT signal data

col l ected from¥teandsecond spmEpl areg of thestresspd PE dasbsteip arshabelad 41.cGE apd G2he
stressed PT tagdpedfivelyp is different fromthe relationship between PT

signal data collécted fromthe standard (reference) PT test strip. For
exanpl e, tIA®4ost - p&FAR- &sesyrsdo vispally illaytragartbiat tigorelationship bétwietr) the FArsignhle| |

whil e the post ReakshaPEem R asés and3¢t afid secBfd ESfirol IRBEEF Y sidsRldpT

parallel. Such differences are elﬁﬁr%yeg I n €ltg:ﬁe present | nve‘?l{ | oné% 0

det ermi ne t he 4estsipipapdiffierent fomphe xlatjnnshipderween[RI0GH]al Nata collecidd frg the

relationship ang,g,5ReaachcE PP lesPRSR PordkSnfRGRE pAResk 51855368 4 24 Ll
C2 appear visibly paraliel, while the post-peak slopes for 4’, C1' and C2'do not
appear visibly parallel. Such differences are employed in the present invention to
determine the acceptability of PT signal data.

{0035] Next, a first relationship and a second relationship are ascertained, as set forth
in step 120. The first relationship is established between PT signal data collected from
the assay area and those collected from the first area, while the second relationship is
established between PT signal data collected from the assay area and those collected
from the second control area. In process 100, the first relationship is the ratio of a post-
peak pseudo-slope of A4 and that of C1, while the second relationship is the ratio of a
post-peak pseudo-slope of 4 and that of C2. However, the relationships ascertained
in processes according to the present invention are not limited to the aforementioned
post-peak pseudo-slopes. Once apprised of the present disclosure, one of ordinary skill
in the art can ascertain other suitable relationships including, but not limited to, ratios
of peak widths and ratios of areas undemeath the PT signals.

[0036] The first and second relationships of process 100 can be ascertained using, for

example, the following technique. First, the peak points for C1, C2 and A4 are



in step 120. The first relationship is established between PT signal data
collected from the assay area and those collected fromthe first area,
while the seccnd relationship is established between PT signal data
collected fromthe assay area and those collected fromthe second control
area. In process 100, the first relationship is the ratio of a post- peak
pseudo-sl ope of A and that of G, while the second relationship is the
ratio of a post-peak pseudo-slope of A and that of C2. However, the

rel ati onshi ps ascertained in processes according to the present invention
are not |im t edresavechellesopakpointare teferpigo apEillol o 22} sicot(ps), vawee
apprised of the Eresent di scl osure, one of ordinary skill in the art can

ascertain ot her PSubt aBf @2 the peakdndises PRl uaP mgd buespresively. i thigragard,
ratios of peakoj s% 5] u?fh@ 'l?%oogﬂ Szﬁfh‘?i?‘ﬁn @Qe ﬁ%ﬁ&%&g@ lf-ll;d Qn%l S

[0036] The first an second I'pPS O cess can ascertal ned
usi ng, for exawmqbleyedtthee]ircﬁehmmmgom 2 theiagisef CE;G’Ban,dA h'&qq&akpmotsmhn:bé or

2(p2) and A(peFoMERPEAR SR R .8 PhB B oF el b Seimed b

A, respectivel yio, faRing theS]t RERtFe of @16 (Pad! 2k ﬁ*esbnﬁ]gaﬁﬁerawhleée fiscogni ze
that "indices"” %;uch as the peak i ndi ces) are enployed to represent points

on a time axis GRVANVESCIOSHAYOA The peak points can be resol ved u5| ng any

met hods knfggr)t o O”Wé&vdeﬂo‘?ﬁodérck ofthd Ct NEL UG NP sighkil ld&\QA%%LzhéP

taking the | derivati’ and A and resolvin ret eseflrst

derivatives cr asspeztivepeak PORELI. dpatter GI(Nr C2(p2) aﬁd,e(@aﬂl) iafseltedsted CHachoCZ and A
signals located after their respective peak points (i.e., after (pl),
C2(p2) and A( pahgseiportians tefegred losp cPPS"ReﬁIé‘é’é’dBB’ @%h%sq‘gmfl@w%dww as a

" post - peak W nda'te@ACTIRS (BWMahE oMY Wrélhiddd | t(W'efer tJ{ﬁopBﬁfﬁgﬁk Qn\%w%f’%@'@ﬁ AW

are used to refer to the post-peak w ndows of

respectively. FE&and 4 gewpetively. Hlgnflis o Pl S@“&kﬂﬂt&ﬁfam &t F165. ‘melf)’ffga ng a

post - peak wi nd t?;%%l: Fa Itm
(610) of the %W B gﬁ%‘?&g%@a&Tlf%éggﬁL]Fﬁﬁg%ﬁgﬁg He} ggfut'}é Sl ghﬁﬁ)eﬁ-a{? g
within the post4gtakigmldalews can be represented

[0038] In general, the PT signal data within the postpeak windows can be represented

by the following three equations:

CIW = {C1(p1 + 51),Cl{(p1 + s1+1),...,C1(pl + 51+ wl — 1)} (1)

C2w ={C2(p2+52),C2p2+ 52 +1)....,C2(p2 + s2+ w2 - 1)} )

AW={A(pa+sa),A(pa+sa+l),...,A(pa+sa+wa—l)} 3)
where:

wl is the width of CIW¥ ;

w2 is the width of C2W ;

wa is the width of AW ;

s} is the starting index of the window CI1W ;
52 is the starting index of window C2W ; and

sais the starting index of window AW .



by the follow ng three equations: CIW= (c](Pi + S11 d(Pi + S1 + 1J...,
A(Pi +S1 +W - 1) CW=][C2(p2 + s2jC2(p2 + s2 + C2(p2 + s2 + w2 - 1))
A W= JA(pa + sal A(pa +so+ 1 ~..,,4pa +sa+wa- 1)) where: W is
the width of CIW w2 is the width of C2W wa is the width of AW Ais
the starting index of the window CIW s2 is the starting index of w ndow
C2W and sa is the starting index of window AW 9 100391 The widths (w,
w2 and wa) and starting indices (sl, s2 and sa) can be predeterm ned based
on an analysis of standard PT test strips and PT test strips that have
been exposi¥83?o del dhemidths (ehviv? andemt)ahd stertidp indices (sIThe amdl sudzanbesl , S2

and sa can be an sunt Ie val ue, far exanpl val ues | he range of 5 to
40. In process P968 %oﬁﬁl}% H %F#?"ngai’it‘e% s{rigs e g&'te%sg@p ively,
the starting mﬁws@n%kposeas?o dederehiGia eﬁﬁfbnﬁ@nt@ﬂ&ﬂﬁh}bﬁk YTHEVALJFGH Dagfd on
the peak points andtrlgger ‘points of O, and A using the fol’l'ow ng

sets equati ons:sasagRe amy suiable vplue, fiopgyample, ValBCSKB@E)Takmﬂfetp\mOselnsJZMess* (p2
- 12 - k2) i fs1%0 wf<3‘(f§)an& Wik H%ﬂt%@aﬁlgﬂkilwmgﬁ\%ly, the startmg }r{dflcegs 536

k3ot herw se( )
and sa can be adaptively determined based on the peak points and trigger points of Cl,

C2 and 4 using the following sets equations:

k1*(pl—11-k2 if s1<k3
a={ Al ) 7o . @)
k3 otherwise
K1*(p2—-12-k2 f s2<k3
52 = e ) ¥ . &)
k3 otherwise
k1*(pa—ta—k2 ; <k3
oo (pa—ta ) if sa ‘ ©)
k3 otherwise
‘where: )
k1, k2 and k3 are predetermined constants;
11 is the trigger point index of C1;
12 is the trigger point index of C2 ; and
ta is the trigger point index of 4.
[0040] The value of k1, £2 and k3 can be any value that provides for a suitable

adaptive calculation of s1, s2 and sa. Typical values are a k1 0f 0.15; a k3 of 40;
and a k2 of zero. Since X2, in effect, serves to determine a minimum time at which an
adaptive window is started, when 42 is set equal to zero there is essentially no
predetermined minimum time limit for the start of an adaptive window. If desired, the
window widths can also be adaptively determined. However, to implement the

processes according to the present invention using a limited microprocessor module, it

10



where: k1, k2 and k3 are predeterm ned constants; 11 is the trigger point
index of C; 12 is the trigger point index of C2; and to is the trigger
poi nt index of A. 10040] The value of k), k2 and k3 can be any val ue that
provides for a suitable adaptive calculation of A s2 and sa. Typical
values are a kl of 0.15; a k3 of 40; and a k2 of zero. Since k2, in
effect, serves to determne a mninumtine at which an adaptive wi ndow is
started, when k2 is set equal to zero there is essentially no
predetermned m time mt f the start of an adaptive w ndow. If
desired, the Ms%g%m Ié?ﬂ%c H“éH‘ H@ﬂ%@d’aﬂ’t‘f‘VélP)y"HE't‘@?%hﬁé?ﬂ“"%wever

i npl enent the m@ﬁﬁﬁmﬂ,@gﬁ, i ted
m croprocessor ule, it 10(‘;‘;?:‘;;| Egrrtlﬁec?llngt:agtlhptg&%?giua l| xﬂg} wﬁd”@? B&eﬁhhlhg]n

t her eby,  mini mﬁ’ésmgﬂe@}mm@a be@@??ﬁm@thcomraﬂuasmsrdds sighal ddtswaras, t he
set of equation term tarting indices c an be
based on ot her lzlﬁgl‘r?lgcterl S%ﬁ’t@é&g Qt {? slhﬂgr%grﬁ 5& qﬂgﬁcrg’g 25 e 5’(5‘? nts
of the signal d@.tfaandlﬂnheverhas thecbenéfi ttolﬁbe:hgte@gﬁélyﬁﬁeﬂinﬁv:{@&dnsa iSthd3ighgins 4,
5 and 6 above) %5 the benefit of being relatively insensitive to noise in
t he signal dat%\ [ 0041] The use of the adaptive al gorithm described above

reduces t hpodgpendernmie wsé of the Sllapiea klghSMHORs &b 8b&e rb&ﬂ%e§m@<aepénaelf% JoF'St S
the |l ocation of the agost peak wi ndow based on the peak points of

col l ected PT siRfifhPeagasey WWW"M%'Wi‘ﬁ‘SWﬂpcatm@iﬂrmﬁkamwl ng
the post-peak Vgelpiné pedk poirttd ¥ thE2UHM PRYgnol ddifwilEUIRSUBPREG! e

portions of the PT signal data within each o e post-pea i's
cal cul at edl®®Hese p &elegtingdbe Mhpﬁvéi vondavs (eI T HY, anlodWaxthapl e, a

| east squares Iﬂsg@dotgl%qutﬁeop(g‘.h @%aﬁﬁ@w%&@a&?o%e%s agkd 4W as

follows: P S|
wmdows is calculated. Thesc pseudo-s!opes can be calculated, using, for example, a

least squares line fitted to the PT signal data withinC1W , C2W and AW as follows:

PS1 = i:: ( (“’12* U)CIW( )] 0
ps2= Ifljr(: - (—w%z”—l)chwa)} ®
PSa= ‘z“:j[[: - (“’—‘;’—’—)JA W(i)] ©)

where:

i represents indices of the PT signal data within the post-peak window;
FS§1 is the post-peak pseudo-slope of PT signal data within C1¥ ;

P52 is the post-peak pseudo-slope of PT signal data within C2W ; and
PSa is the post-peak pseudo-slope of PT signal data within AW .



~[(, (W2 + 1)} PS2 = - 2 JCW (i) i (8) , Psa =K (wa + 1) AWi) r-, 2
(9) where: i represents indices of the PT signal data within the post-peak
wi ndow, PSI is the post-peak pseudo-slope of PT signal data within CIW
PS2 is the post-peak pseudo-slope of PT signal data within CW and PSa is
t he post-peak pseudo-slope of PT signal data within AW It 100431
Equations (7) through (9) are derived froma nornal regression slope
equation that has been sinplified under the assunption that all of the PT
signal data are collected wusing a uniformsanpling rate. Under this
assunpt i o0043bnst anEquativas{ Trahrovgh (Ohaneiderivedofrorak norpl eesessivonslappequeatioat | ons

are elimnated 1

appri sed of théﬁag h%ﬂ%(e?régs *ﬁ%&hh#%?ﬁ{ aais Jﬁ%’t glfat Sggﬁﬂlﬁgﬂlsf&%mga%ﬁg’e&ﬁ@?féed
one skilled i nusilng aaniform sdmpliag egei Uaddriias assimption, constéht aeribnyiBatérs n oed
nunbers, the "weights" (i.e., the term_represented by one half of the sum

of the window RPTR regrassionsippe equagionsyayg QHH‘“AWF%S”&ﬁE%EPPWF@WmFMQ)ugh (9)
are integers apgdotfdad, therefore, these calculations can be done in
integer format to further reduce processing tine. In addition, a simlar
advant age [0044] be acHnesanprissd ofitha ¢quetionsdon dab:umng post-phak prelidueslope abbve, wo.

pscudo- ol opes. o57 et FWARRHRina et Bl Soog v ol SRRt o

the ratio of t hwenghns’f Cipgabe tpmm;bﬁeseméd)bpmaj&lﬂm ltieet sh dftxhe Airdsodh widih A1E

;2' Cglsgt ed. Th?o %q%t&'ﬁpséné %%ﬁ%{%gtig S E’/{‘ rough (8)I aarg Imcétr:]gse?sl g'n% tﬁz«?tnthgr%fovr\g 'tten
these calculations can be done in integer format to further reduce processing time. In
addition, a similar advantage can be achieved by multiplying the weights by a factor of

two.

[0045] Next, the first relationship (i.e., ratio of the postpeak pseudo-slopes calculated
for 4 and C1) and the second relationship (i.e., the ratio of the postpeak pseudo-
slopes calculated for 4 and C2) are calculated. The equations representing these

relationships can be written as:

First relationship =f1 = 252 (10)
PSt
Second relationship= 2 = £sa (11
PS2
[0046] Ratio-metric relationships, such as the post-peak pseudo-slopes described

above, are especially beneficial in determining the acceptability of PT signal data since
they are comparative in nature and, therefore, relatively independent of blood type, PT
test strip lot and INR. Once apprised of the present disclosure, one skilled in the art
will recognize that other conventional mathematical, numerical or modeling techniques
can be used to ascertain the first and/or second relationships and that the present
invention is not limited to the equations detailed above.

[0047] After having ascertained the first and second relationships, a determination is

made, based on these relationships, as to the acceptability of thePT signal data



(10) First relationship =fi = PSI Second relationship = f2 = PSa(11) PS2
[0046] Ratio-netric relationships, such as the post-peak pseudo-sl opes
descri bed above, are especially beneficial in determning the
acceptability of PT signal data since they are conparative in nature and,
therefore, relatively independent of blood type, PT test strip |ot and

I NR. Once apprised of the present disclosure, one skilled in the art wll
recogni ze that other conventional mathematical, nunerical or nodeling
techni ques can used to ascertain the first and/or second rel ationships
and that the pré%@??fe d flony tistasss) areg. #scet forthiin step 130 effRIGe fuZhis datsmiieatixinl canl
above. 10047] A 0, rel ati I ps,
2 det er i nat 1 on’y o Aaled, A7 Gk e Sohiiile ¥ o RRKIRARR" R Rubiae
acceptability ofrommmtlmsgﬁhalandlallaa&@ed@bﬂe&ﬁé@dnédtﬁfﬁsh&eI:ﬂﬁtseeyg area, as set
forth in step n%%daf 1% Thi s defterm ation can be acconplished, for
exanpl e, by conPari Ry PHEAcsERcsspecitisa -sl opes calculated from
equations (10) and (11) above to predeterm ned threshold Limts (e.qg.,

pr edet er m g ﬁccept ance specifications) 0048] Alternatively, the
det er mi nat {98bf st ep @?“@%ﬂlﬁéiem@aﬁ*?ﬂ‘t tstepf 130 Icambemadarinrthrefollowingst |
steps 110 and 1g@nmh CFFaNEbist .1 PS
(i.e., PT test stri %s Wﬁ? cle"gS lggeaﬂﬂ(l)?o @Egﬁﬂ&%@gépﬁﬁaﬂg%%ﬂr&ﬁf CSFMI';SD
condi ti ons, al sé-en&fdest sipsmhichdanenotdreanaxpendd m’delesmotstconcm()ns Alserefasd| t
Is a set of pos |ur of, sta rd RT
stripe This serie anRRENPPEILaTnDD Td (6 Rl poliefek REBEFTER AT
of the standar dplPmlityeafistaptand . tesuistripse ABis setriethien usedtth ealtdlatamiet fhean ahéat ur e

-SPaK/pe l, S t hen r%rvgl%ucg ﬂ%}rﬁfﬁ%g %%l%lareaol’lt L]ast str?;lsl R\}IVI g%asugem tnlt Pnnt?le ﬂI and_f2 E20f

feature space is then normalized according to the following equations:

fn=2“§f(f—M) ; fn=[ﬁ”) ; f=(ﬂ] (12)

fn2 2

where:
f, is the nomalized feature space of f .

M is the mean vector of the non-stressed PT test strips; and

2. is the covariance matrix of the non-stressed PT test strips.

[0049] In this altemative process, step 130 would then involve a determination of
whether
fml<k OR m2<k (13)
where k is an error detection threshold . The error detection threshold is selected based on
maximum allowable faise positives for lots of non-stressed PT test strips. To limit the
percentage of false positives in the standard non-stressed PT test strips to 0.7%, the k& value

was determined to be 2.45 using a one-tailed normal distribution.



f" is the normalized feature space off Mis the mean vector of the
non-stressed PT test strips; and E is the covariance matrix of the
non-stressed PT test strips. [0049] In this alternative process, step 130
woul d then involve a determination of whether fn 1:k OR fn25k (13) where k
Is an error detection threshold . The error detection threshold is selected
based on maxi mum all owabl e fal se positives for lots of non-stressed PT
test strips. To limt the percentage of false positives in the standard
non-stressed PT test strips to 0.7% the k value was determned to be 2.45

using a ond08¥]I ed nByrmhsfdirsing tdatt al@matitSsga0d@0 HeRyibbd Mpvh WithirBGedtQq an

| t ti ace (as I bed above with respect to_ equation set (12)),
The' 1 nt er depond ST SSTO)ABF MFSRRFECif <, Remsifian okte e aohgkcond

rel ati onshi ps cadlatRinsiibaédnatimifdi&l, %Yeb%ﬁ?d(ﬁicﬁhé‘ﬂ)rfn%ﬁsfﬁﬁ@ég:fiﬁ dedchy st and

n

second relationships to be conpared to'i ndepéndent pr erm neé’ hr eshol d
limits. 10051] Rdationships e compangd lendcmmmmeqamntm;mSMﬂaﬁsL s .

di spl ayed yhgsyja de ] ' : e in_step. e

Si gﬁal ydat A From t hengilt’n%sre%% f‘Os r‘?%‘gﬁ’gg‘f@‘ﬁg”% %’stéﬁgee’.sglspgéi%ivﬁ%ﬁ di fferent
error nessages deternijpativndips bseadnate e stelp 13D thae thePE AL dabfrrh st PRREY sthp is

' | t basi s_for determning that the PT signal data
vas unaccent abl Seql 1f et erBe B B eRencar ke duplaitd Apendieson b
above are conputatthenhd fitst alidrisetonttrelatichship Wab el AR %F%Eieﬁqiﬁiﬂ'g Hh :
(e.g., portable .hang- held neters) with |imted mcroprocessor capability.

Studi es on st ant&P3) 9+ Wagupaccenisble and stressed PT test strips (PT test

tri t hafooisapd been aEchdi&l B8 1BE &l i L1 ans,
Te st 1825%5. et 18 s (SR b INER Y cchliibh 3

(i ncluding the entgind ca bt ingtiementad inidevieasi(c 1 ppriattioband hokiodetemswith ver y
| ow rate of fal ﬁrﬁitaﬁﬂ&HpY&%ssfoPEapaﬁ?irtﬁSﬁﬁ(ﬂcf dn gtﬁ'ﬁi%rdsl;’f t&Eﬁsu?nsgaﬁggﬁ%sgﬁf’T est
produce an unacceptable rate of false positives tor e’s ™
strips. test strips (PT test strips that had been exposed to deleterious environmental conditions,
i.e., 38 °C/ 85% R.H., for up to 48 hours) indicated that process 100 (including the use
of equations [1] through [13] above) produces a very low rate of false negatives for
stressed PT test strips and does not produce an unacceptable rate of false positives for
the standard PT test strips.

[0053] FIG. 8 is a simplified block diagram depicting a prothrombin time (PT)
monitoring system 800 (within the dashed lines) according to one exemplary
embodiment of the present invention. PT monitoring system 800 includes a PT test
strip 810 and a device 820. PT test strip 810 includes an assay area and at least one
control area (neither of which are shown in FIG. 8). PT test strip 810 can include, for
example, an assay area, a first control area and a second control area. Therefore, PT
test strip 200 of FIG. 2 serves as an example of a PT test strip that can be included i
PT monitoring system 800.

[0054] Device 820 includes an optical measurement means 822 (e.g., an LED/photo-
detector pair), an analog-to-digital converter module 823, a microprocessor module
824, a memory module 826 and a display module 828. Modules 823, 824and 826 can
be implemented using available commercial parts or can be implemented as a part of an
ASIC (Application Specific Integrated Circuit). Device 820 can take the form, for

example, of a portable hand-held meter.



10053] FIG 8 is a sinplified block diagramdepicting a prothronbin tine
(PT) nonitoring system 800 (within the dashed |ines) according to one
exenplary enbodi ment of the present invention. PT nonitoring system 800
includes a PT test strip 810 and a device 820. PT test strip 810 includes
an assay area and at |east one control area (neither of which are shown in
FIG 8). PT test strip 810 can include, for exanple, an assay area, a
first control area and a second control area. Therefore, PT test strip 200
of FIG 2 ﬁﬁ ijs asm%g,eﬁarrple of a PT test strip that can be included n
PT noni tori @/ yst enBHea! neggementamaeedRipadanted foomeasnringan opticalmeepsmy efrent
means 822 (e.g. th ; k), nho-digital. .
converter nodul e e?%%#%ﬁ#@?%p?ﬂ%éﬁ%%%ﬁ&f% ofﬁ‘ﬁ%?rﬁ%&%? ﬁ'ﬁ%ﬁ'&?'&'%G and
a di spl ay nodul €cszger vodiug 823 826nfigeet fancbn8@€ing amandiey dwjnitefitistoptedlsi ng

avai |l abl e commercl| r n _be.iple ed as a part of an ASIC
(Application Spér% %’{le% %Hn(‘:éar?sai%zégo 6%%{3[7%".3@ '78@0%'32??"6%‘?#‘4%43@* PEBORor m
for exanple, omodulp@2é aid displaythobiele 828einaike 2hd shiibrSlorknbia o SRARHTEEENT
means 822 is adgpted for nmeasuring an optical property of the assay area

and the at |east™3fe control area of PT test strip 8 10. Anal og-to-digital
conver ter (o086] e 823 T filfdrii's9tlch G00 CHUMR bichliclly HBhOBLUAYLO! L he
. ess

optical neasurement nmeans 822 to a digital signa croproé nodul e
824, nenory noti8ie! cgpErishmodyls SR ymistemtrcesseaBoddnS24aind memory middalel 826 fuzr m
known to one skidapdt:n the art. 100561 In PT nonitoring system 800,
optical neasurenent nmeans 822, anal og-to- digital converter nodul e 823,

m croprocessor (thdul lgaF Tsighahdate frpmrtheiassay 86 anwell as fpmatle ttdeas{ onge col | ect

PT si gnal mly&:ﬁﬁ&@@ﬁéﬁ@%i area, as well as fromthe at |east one
control area of the PT test stp?ip; (i1i1) ascertain at |east one relationship

bet ween PT si gn@l deaseertai dtdeaseahefrelationship bemaenPTalgaal dutsedlieasefiemlthect ed
fromthe a&ssé}eﬁéﬁ aﬁlﬁos%%mléc%d é&g ?ﬁe a? ?c%st one control area; and

(iii}  determine, based on the at least one relationship, whether the PT signal data

collected from the assay area is acceptable.

[0057] In essence, device 820 is adapted to perform the inventive processe described
above, including process 100. Once apprised of the present disclosure, one of ordinary
skill in the art can implement such an adaptation of optical measurement means 822,
analog-to-digital converter module 823, microprocessor module 824 and memory
module 826 through conventional use of software, firmware and/or hardware.
Furthermore, the microprocessor module, memory module and display can be adapted
to display an error message to a user when a determination has been made that the PT

signal data collected from the assay area is unacceptable.

[0058]) It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is intended
that the following claims define the scope of the invention and that methods and

structures within the scope of these claims and their equivalents be covered thereby.

15



(iii) determ ne, based on the at |east one relationship, whether the PT
signal data collected fromthe assay area is acceptable. [00571 In
essence, device 820 is adapted to performthe inventive described above,
i ncl udi ng process 100. Once apprised of the present disclosure, one of
ordinary skill in the art can inplenent such an adaptation of opti cal
nmeasur enment neans 822, analog-to-digital converter nodule 823,

m croprocessor nodul e 824 and nmenory nodul e 826 through conventional use
of software, fir re and/or _hardware. Furthernore, the m croprocessor
nodul e, nmenory TdSLANINMED ISy can be adapted to display an error
nmessage to a user when a determ nation has been nade that the PT signal
data collected fromthe assay area is unacceptable. [00581 It should be
under st ood t hat lvari dusethod for datlim/inmgtln: dcbaptabilivg of signd] Sa@fcolléted frdiygnt i on

descri bed o) In practicing the invention. It is
i nt ended ?ﬁﬁﬁljoh?w 7&3@@?&) tgi”a‘ih'l:n?'e I“ABPRHEE scope of the invention and
that nethods andollestingiothi@sbinitide (FT) & ﬁﬁﬂ@ﬁo&fantalaﬁ'ageared &'af‘isr R0 d;]
equi val ent g,l.b g{xa&%d t hereby. 15 WHAT [ S CLAI MED | A et ho
5SS

determnin P 3 ]ef’%t;Q“BFo"&T%H‘&POEI@FgTéQﬂ‘ pEpted froma prot hronbl n'
time (PT) test aicthdiningBEIcARbAORIABAIN Briin mlgmhw%ﬁ R IegsstF)I/ i

(PT) signal data froman assay area of a PT test-stri
from at | e@%p aphET signalidata catledtedfromitee rieastcane cgqulpreaasuiertal ni ng at | east

one rel ationshi @et&ﬁﬁl‘ﬁﬁfg) %D AR Qtjlem{ﬂ?e r(é@u)r%ﬁ e@h%ti%rn}] P’g g?g%% ta Colicted" nd

PT signal data coll ecte rom-t e at l'east onerecon

det er ni ni n§omihe asgayarea isacemptablsast one rel ati onshi p, whether the PT si gnal

data collected fromthe assay area is acceptable. 2. The nethod of claim

1, wherein the at |least one relationship is a ratio-nmetric relationship.

3. The nmethod o} cl aihenisthadhefickim 1 Mberzin theadéasoore: reRtiohshipis RirRtid-Meicr at i 0
of a post- .paakgRseudo-slope of the PT signal data collected fromthe assay
area and a post-peak pseudo-

3. The method of claim 1, wherein the at least one relationship is a ratio of a post-
peak pseudo-slope of the PT signal data collected from the assay area and a post-peak pseudo-

slope of the PT signal data col]ected from the at least one control area.

4. The method of claim 3, wherein the ascertaining step ascertains the at least one
relationship using a technique that includes:
resolving a peak point of the PT signal data collected from the assay area and a
peak point of the PT signal data collected from the at least one control area;
selecting a first post-peak window of the PT signal data collected from the assay
area and a second post-peak window of the PT signal data collected from the at least one

control area;

calculating the post-peak pseudo-slopes for the first and second post-peak
windows; and
calculating a ratio of the post-peak pseudo-slope of the first window and the

post-peak pseudo slope of the second window, thereby ascertaining the ratio as the at least one

relationship.
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sl'ope of the PT signal data collected fromthe at |east one control area.

4. The nmethod of claim 3, wherein the ascertaining step ascertains the at

| east one relationship using a technique that includes: resolving a peak
poi nt of the PT signal data collected fromthe assay area and a peak point
of the PT signal data collected fromthe at | east one control area,;
selecting a first post-peak wi ndow of the PT signal data collected fromthe
assay area and a second post-peak w ndow of the PT signal data collected
fromthe at Ieat on tr alc | at i ng e post-p

pseudo- sl opes for thgtheghOdam&% go\’{ ’E)'Bé Rﬁ?é%\kca\iﬂﬁl’?ﬁifé%l@%@fﬁﬁlfﬂﬁlaa@l ng a
rati o of tsecandpostpmak wisddwdQrsdaiutatéd usinpe lf:ééi@c}ua%'ﬁﬂ@&yhﬁﬂficﬁnﬂ e POSt - peak
pseudo sl ope of the second wi ndow, thereby ascertaining the ratio as the at
| east one relationship. 16 5. The nethod of claim4, wherein the post-peak

pseudo-s| opes f@r thepng He%d%@g]anﬁQcﬂﬁgeiﬂﬂﬁtse%‘éﬁﬁ%n%‘épﬁgf B Bl ayed

using a least-squares fitted-line te

wher ei n t h@ogge Wﬂﬂd@%mpgé‘&b@m@owhﬂdmam fizewindowe sert uvdisés- peak wi ndows

using fixed wi ndow wi dths and fi xed wi ndow start indices. 7. The nethod of

claim4, wherein the selecting step selects the first and second post-peak

wi ndows using ai. adafhé methad gbtlain4nvilieadin bﬁ%él‘écﬁd&%te%%kﬂ@tk'tm&f anid8cond
post - peak od of claim1, wherein the

“det erni ni nBX\éttpg%) WW@PW&@?“EBﬁﬁ%ﬁpf'ﬁbgg‘i’fén’&tﬁ‘a‘ Ibésﬁfheéﬁ'éc‘l'@l ththmt"@qgkt o at

| east one pimidet @ apeakGoidy eshold linmit. 9. The nethod of claim1, wherein
the determning step includes utilizing a space transformation techni que.
10. The method of claim| further including the step of: di spl ayi ng an

error nessage tg a @Wm%ﬂ@@o&lﬂﬁiﬁ%@ﬂh@'ﬂet‘cﬁm te! li'ﬁdl
determ ning step that the PT signal data collect gg]g? e assg\armgrﬂé%atl
unaccept ab%@st one relanonshlp to at least one predetermined threshold limit.

9. The method of claim 1, wherein the determining step includes utilizing a space
transformation technique.

16.  The method of claim 1 further including the step of:
displaying an error message to a user when a determination is made during the

determining step that the PT signal data collected from the assay area is unacceptable.

11. The methed of claim 1, wherein:

the collecting step includes collecting PT signal data from the assay area, a first control

area and a second control area of the PT test strip;

the ascertaining step includes ascertaining a first relationship between PT signal data
collected from the assay area and PT signal data collected from the first control area and
ascertaining a second relationship between PT signal data collected from the assay area and PT
signal data collected from the second control area, and

the determining step includes determining whether the PT signal data collected from

the assay area is acceptable based on the first relationship and the second relationship.
12. The method of claim 11 further including the step of:
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11. The method of claim1l, wherein: the collecting step includes collecting
PT signal data fromthe assay area, a first control area and a second
control area of the PT test strip; the ascertaining step includes
ascertaining a first relationship between PT signal data collected from
the assay area and PT signal data collected fromthe first control area.and
ascertaining a second rel ati onship between PT signal data collected from
the assay area and PT signal data collected fromthe second control area,
and the determ ning step includes determ ning whether the PT signal data
col l ected from the #ispayingaremordnessage tn abice whers @ detorminitéonfis nmtle during the

rel ati onshijy ; ' ' he et hod of claim 11l
further incﬁtﬁgﬁﬂgkg Eeg?@a?g%%’f; Sg‘g’ﬁgﬁggﬁ‘:&ﬁ"'ﬁg‘%&‘n&%? ?Sgraﬁés}%wécetpgﬂbgg'user when
a determnation is nmade during the determ ning step that the PT signal
data col | ected om t.he S r.ea i s, unacceptable. 13. The nethod of claim
12, wherein thei%i spW%°§¥%%a’ ia]';pl’vaifgméh? 'F@?’”% step dispRysaslifst GiFEn a

det er mi nat messapswheledéleri ingioh Rem el dFing MHeletethfing Hia) thﬁﬂﬁe PT sﬁg'tngnﬁlta dat a

collected frlomtgre assay area_is unacceptable based on the firs
rel at i onshfgieci ﬁP’a‘ES aggay ared ikinaghepigple hassd o5 dhafishrelatignshin, displays anedosd made

during t hee@irfdssagaivien 3 iR rmhid@fior i frale. dlﬁ'il%r{ﬂé detgr?ﬁiﬁinggichﬁ% ad ]{;I‘sq 4 he
assay area_is unacceptable based on the second relatidnship, an I'sSpl ays
a third er%%? collssicd fromphe assay awa ésumaersptiabln based madbe stoondwglatibeshifeaad ni ni ng
step that g4; PTS) oToIEC fromth ssay, area is.unacceptabl e
based on b‘g%ﬂg}fshaeth?? rg'g‘t?]l rg%sng?es ecor?da% ﬁeg'ﬁlg? 'g;cg"n'ss fags duge the detcrninipess that

det er mi ni nifje Phsignetdata ediietted frowfths asymedreaiauaacepthie begtd fondothathe fFsdthd obi n

tine (PT) tE&iq Pyt he method conprising: collecting prothronbin tine

(PT) si gnaﬁ[e @at%ﬁ'?@smp%h assay area of a PT test strip, PT signal data

froma first control area of the PT test strip and PT signal data froma
n

segond ConL oo B el B SRS S8t s
si gnal datmotboinhtés time (PT)owesttship, thermdthalaninpsibingr ea and ascertai ning a second
rel ationship collecting prothrombin time (PT) signal data from an assay area of a PT test strip, PT
signal data from a first control area of the PT test strip and PT signal data from a second
control area of the PT test strip;

ascertaining a first reiationship between PT signal data collected from the assay area
and PT signal data collected from the first control area and ascertaining a second relationship
between PT signal data collected from the assay area and PT signal data collected from the
second contro! area; and

determining, based on the first and second relationships, whether the PT signal data

collected from the assay area is acceptable for use in accurately determining prothrombin time.

15.  The method of claim 14, wherein the first relationship is a ratio of a post-peak
pseudo-slope of PT signal data from the assay area and a post-peak pseudo-slope of PT signal
data from the first control area and the second relationship is a ratio of postpeak pseudo-slope
of PT signal data from the assay area and a postpeak pseudo-slope of PT signal data from the

second control area
16. A prothrombin time (PT) monitoring system comprising:
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bet ween PT signal data collected fromthe assay area and PT signal data
collected fromthe second control area; and determ ning, based on the
first and second rel ationshi ps, whether the PT signal data collected from
the assay area is acceptable for use in accurately determ ning prothronbin
time. 15. The method of claim 14, wherein the first relationship is a ratio
of a post-peak pseudo-slope of PT signal data fromthe assay area and a
post - peak pseudo-sl ope of PT signal data fromthe first control area and

t he second rel ationﬁhi s a ratio of Eos_t-peak pseudo- sl ope of PT signal
data fromthe addi$f éﬂ"g’dn%‘ﬂ (BT et stripshat ipduddesio- sl ope of PT signal data
fromthe second contp@la®hfRd kG- A prothronbin tinme (PT) nonitoring system
conprising: Is a prothronbin tinme (PT) test strip that includes: an assay
area; and at |east oftlegsbane aintrataea; anhd a devi ce that includes: an

optical measurement:. pi?nclfuﬁé .measuring an optical property of the assay
area and the at I 6ast one Control ar ea; an anal og-to-digital converter

modul e; & mi cr opr ocesepticahmeashementuleans farTdayuriipchnl hticARERID of IHe a8} | cal
measur emantarerrea‘rpn ,?33%' 0g-t o di 'gi tal converter nodule, mcroprocessor
modul e and *fFéf8 @1"' plPngcantl Aaey to: col l ect prothronbin tine (PT)

signal data from t heamafafig-ldig1abbchvEler ddaal data fromthe at |east one
control area; ascertain at |east one relationship between PT signal data

collected from the &B4gQPrapessoranpduierand gnal data col |l ected fromthe at
lleast one control arggemdRfmd@fier M ne, based on the at |east one

rel ati onshi p, whether the "PT signal data collected fromthe assay area is
accept abl ewherein the optical measurement means, analog-to-digital converter module, microprocessor

module and memory module are adapted to:

collect prothrombin time (PT) signal data from the assay area and PT
signal data from the at least one control area;
| ascertain at least one relationship between PT signal data collected from
the assay area and PT signal data collected from the at least one control area: and

determine, based on the at least one relationship, whether the PT signal

data collected from the assay area is acceptable.

17.  The PT monitoring system of claim 16, wherein the device further includes a
display module and wherein the microprocessor module, memory module and display module
are adapted to display an error message to a user when a determination has been made that the

PT signal data collected from the assay area is unacceptable.

18.  The PT monitoring system of claim 16, wherein the PT test strip includes the
assay area, a first control area and a second control area and wherein the optical measurement
means, analog-to-digital converter module, microprocessor module and memory module are

adapted to:

collect PT signal data from the assay area, the first control area and the
second control area;
ascertain a first relationship between PT signal data collected from the

assay area and PT signal data collected from the first control area and a second relationship



17. The PT nonitoring systemof claim 16, wherein the device further

i ncludes a display nodul e and wherein the m croprocessor nodul e, nenory
nodul e and di splay nodule are adapted to display an error nessage to a
user when a determ nation has been nmade that the PT signal data collected
fromthe assay area is unacceptable. 18. The PT nonitoring system of claim
16, wherein the PT test strip includes the assay area, a first control
area and a second control area and wherein the optical measurenent neans,
anal og-to-digital converter nodul e, mcroprocessor nodul e and nmenory nodul e
are adapt detween PT sighalatatablisdtethfdm dhet Bsalyraed® anld @ TasEay dad esllecteld Srobi the t
control area amnd the second control- area; ascertain a first relationship
bet ween PTsﬁPﬁﬂﬁ@“ﬁg?ﬁaﬁwalected fromthe assay area and PT signal data

collected fromthe first Gephif! baBéceh AP ArRast&ond &ﬁki@ﬁéh@?ﬂhah&%ﬁ) ween
PT signal data collected fromt he assay area and PT signal” data coll ected

fromthe &godldatacelected frem the:assy@redds aoceptatde. based on the first and second
rel ati onshi ps, whether the PT signal data collected fromthe assay area is
acceptable. 19. The PT nonitoring systemof claim16, wherein the device is
a portabl e hand}9.hel TherR monitctihg sfétem Biiclaien] € ovhierein thy deeice 3fa pktablehifd-

wher ei n th%ﬂﬁe%gtionship is aratio- metric relationship. 21. The PT

noni toring sygl T of claim 20, wherein the relationship is a ratio of a
post - peak pseudo-sl ope of PT signal data fromthe assay area and a

post - peak pseudo-slﬁﬂg %f PT signal data fromthe at |east one control
area. 22. The PP nonfitedrli menitariag &ystesm okglaim 6; whesgindpe refationship i 3 catip-
neasurenenﬁlemaastiorjsﬁipan LED phot o-detector pair. 20

21, The PT monitoring system of claim 20, wherein the relationship is a ratio of a
post-peak pseudo-slope of PT signal data from the assay area and a postpeak pseudo-slope of
PT signal data from the at least one control area.

22.  The PT monitoring system of claim 16, wherein the optical measurement means

is an LED/photo-detector pair.
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