METHOD OF REDUCI NG ANALYSI S TI ME OF ENDPO NT- TYPE REACTI ON PROFI LES
BACKGROUND OF THE | NVENTI ON 100011 In the field of clinical chem stry,

di agnosti c anal yses often consist of chem cal reactions in which an
analyte is reacted to forman observable product at a rate proportional to

t he amount of analyte still present in the reaction. This is referred to as
a first order reaction, wherein the rate of product formation is
proportional to the first order of the reactant, i.e., the analyte. First

order kinetic reactions produce an exponential concentration vs. tine
profile that is nodeled mathematically by an exponential equation wherein
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product is related to reaction tinme and a reaction rate constant. The
observabl e response may be, for exanple, a colorinetric determ nation of
the concentration of a reactant or a reaction product. The rate constant
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response nayis kegpeil terehctivg thiielped Nteattioemte (dHSAZ]. Tgbsemdbleatspdhsgnasbe,
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order, but are close enough to be approximated by a first order kinetics exponential

through much of the reaction’s time course. This is often the case with enzymatically
catalyzed reactions where the reaction rate (at a given temperature) is a function of both
enzyme and analyte (reactant) concentration. Characterization of the reaction end point
usually requires that the reaction be carried to completion. The reaction may in some
instances be speeded up by increasing either temperature or enzyme or other catalyst
concentration. However, in many cases a reaction must be carried out at ambient
temperature, and even with increasing the enzyme or catalyst concentration, the time
needed to reach a limiting observable response may require long endpoint times.

[0003) Many medical diagnostic tests for reactions of first order or pseudo-first order
kinetics are based on end point assays that are carried out under ambient temperature
conditions. Most such assays require that the amount of time allowed for reaction be

sufficient to obtain a reproducible value for an observable response associated with the



response or value that is indicative of the reaction end point. [0004] The
wait tinme required to obtain a reaction end-point for many clinical and

bi ochem cal assays can reduce the productivity of medical |aboratories and
may have unacceptably |Iong endpoint tinmes in enmergency situations.
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SUMMARY OF THE INVENTION
[0006] The invention provides methods for facilitating medical diagnostic assays and

reducing the time required for taking of such assays. More specifically, the invention
provides methods for determining solutions to a first order reaction kinetics exponential
from measurements taken at different time intervals that allow a computational estimate
of a reaction end point to be made. The invention also provides methods for
approximating a first order reaction from measurements taken at different time intervals.
The methods comprise, in general terms, initiating a reaction, obtaining at least three
measurements, at three different time points, of a value or level associated with
observable species indicative of the reaction, and estimating an end point value for the
observable species from the measurements. The end point value may be estimated
according to the difference of an intermediate measured value, less a number equal

approximately to the square of the difference between a later measured and an earlier



| at er measured value less twice the internedi ate neasured val ue plus the
initial nmeasured value. [00071 By way of exanple, and not of limtation,
the reaction may conprise any chem cal, biological, physiological or other
reaction having first order or pseudo-first order behavior or
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measurements. The taking of measurements may occur early or late in the reaction, or
both. The methods may further comprise determining an end point time for the reaction
from the measurements.
[0008] The subject methods may, in certain embodiments, comprise initiating a reaction
in which an observable species A is indicative of the extent of reaction is present,
measuring first, second and third values 4,, 4>, and 4; for the observable species, and
determining a final or endpoint value 4., for the observable species according to

according to the relationship

A =4 — (AB—AI)2
T 44,24, +4,)

The measurements of values A, 42, and 4; may be taken at equal or substantially equal
time intervals At in many embodiments, while in certain embodiments the measurements
of values 4;, 4,, and 4; may be made at intervals of unequal duration, and measurements

may be specifically made after selected durations. The measurements of values 4;, A3,



and/or A3 may be made or initiated generally at any tine after initiation
of the reaction, and determ nation of the end point val ue does not require
characterization or noting of the reaction initiation tinme. In sone

enbodi ments, neasurenment of values Al, A2, and/or A3 nmay be carried out
after a sele t tlrreh el a after initi.ation t he .
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second end point value Aa,, and determning a difference in end point
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any given reaction constant k. The error as a a;)ercenta ge of the desired
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A, , thus is peeabuivgt vadiesof;, A, hﬁdeﬂSEtheﬁib@d‘rVﬂile é}iecbet ween nmeasur enent of
val ues Al, A2, and A3, the de ree of conpletion of the reaction, and the
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considered as an "observation window” on the reaction of interest, during which the three
measurements of values 4;, 4, and 4; are made. The observation window is movable in
time with respect to the reaction initiation, and is repeatable to provide successive
estimates of the endpoint value 4., The inherent systematic error in the estimate of the
endpoint value A is a constant percentage of A - Ay for any given time interval At
between individual measurements, and for any given reaction constant k. The error as a
percentage of the desired result A, becomes smaller as the “three observation window”
progresses in time, leading to more accurate estimates of A at later times during the
reaction.

[0011] The percent error in the estimation of the endpoint value A thus is a function of
the time interval At between measurement of values 4, 4, and 43, the degree of
completion of the reaction, and the reaction constant k. To insure that the error of the

estimate of A is within an acceptable amount of the true or actual value, these



estimate of A, is within an acceptable anount of the true or actual val ue,
these 4 paraneters may be adjusted by ensuring that the reaction has
proceeded beyond a certain degree of conpletion, prior to taking
nmeasurenents, by conparing measured values At to the estimate of the end
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to examne nultiple, succéssive estimates of the endpoint value A,
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corrpletlona esu t|o resent

measur ement so° dé%legtgt 5“{ M&Sgﬂ!éolfj Sa«% al’r%?a oS %Eeoaﬁ&gé‘ﬁetu ORI on of
an exponent i @nstahtie willange dhstiditrs @F tHeMb®abMiettor hi the desirddtfi@ihumlegree of
exponential for whi ‘ch and estimate of the endpoi nt val ue could also be
proj ect ed t ocomAeY reduce systematic error. [00131 The subject nethods
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estimation can easi be carried out w | ow- power m croprocessors such

as those avaidngidttéon az weabk :fsrthelggml to @ade ratbepreeasdaig measdrenednt. dalsa, since

processors sych as “personal digital assistant® or POA devices The
with time is itself an exponential for which and estimate of the endpoint value could also
be projected to further reduce systematic error.

[0013] The subject methods reduce the overall assay time necessary for endpoint
determination in medical, biological and other assays. The reduced time requirement for
assays leads to greater convenience for users and more efficient use of medical laboratory
personnel and resources. The invention also allows for the estimation of an endpoint of
an exponential reaction without using logs or exponentials, such that the calculation
required for endpoint estimation can easily be carried out with low-power
microprocessors such as those available in metering or reader devices and hand held data
processors such as "personal digital assistant” or PDA devices. The invention further

allows for end point estimation without knowing the precise starting time of an assay

reaction.




allows for end point estimation w thout knowi ng the precise starting tine
of an assay reaction. 5 [00141 The invention is usable w th numerous

di agnostic tests '"including, for exanple, determning patient exposure to
and uptake of therapeutic drugs, determning the | evel of intoxicants

pr esent @{1 i ndi vidual s, .and detect.] ng t he possi bl e presence of hazardous
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the foll ow ng raw ngs, which are for illustrative purposes o [00161
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Ki netics, wt meacﬂjred or serve&j tﬁnaqu%tcﬁ | evel shown foﬂ t he vertj%al
axis, and wPPHSTRAME PERSEPHE TRRBART Bt PracHDHIASRRRe e G dhe rysatnn wige o
is a graphi c&gbar@m&ﬁﬁg@gtﬁga defcrptivhbe®wPoi Nt observation w ndow in a
reaction with first order kinetics, with nmeasured or observed anal yte | evel

shown on the vertical axis, and with reaction time shown on the horizontal
axis. [0018] FIG 3 is a Ma system usabl e for
reaction end point deter SCRIRNS 2 t he present invention.
DETAI LEGDI3ESCRI PTitteN rédent btz dt iy NI bvh dr@ Gl B luddesstd B trefi@ e fiento aliccfoIB ihgds
for reducing assay tines necessary for endpoint determ nation in nedical
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reaction with first order kinetics, with measured or observed analyte level shown on the
vertical axis, and with reaction time shown on the horizontal axis.
[0018] FIG. 3 is a schematic representation of a system usable for reaction end point

determination in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Disclosed herein are methods for reducing assay times necessary for endpoint
determination in medical biological assays. Particularly, that invention provides methods
for estimation of the end point value of an observable feature or features of the reaction
from three measured values of the observable that are obtained prior to the reaction end
point. The invention is described primarily in terms of use with clinical or medical
diagnostic assays, and blood glucose level assays in particular. Before the subject
invention is described further, it should be understood that the invention is not limited to
the particular embodiments described below, as variations of the particular embodiments

may be made and still fall within the scope of the appended claims. It is also to be



the particul ar enbodi nents described bel ow, as variations of the particular
enbodi nents nmay be nade and still fall within the scope of the appended
claims. It is also to be 6 understood that the term nol ogy enpl oyed is for
t he purpose of describing particular enbodinments, and is not intended to

be limting. l.nste the scope of the present invention w.ll be
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The technical and scientific ternms used herein are intended tg have the
same meani ndegntion vl bk gstablabed by the appensted dfimsr di nary skill in the art to
whi ch t hnventipn tains. [0021] The. term"first.order reaction” as
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Kinetics, or which can otherw se be reasonably characterized by
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equi val ent s elesEpelsmigal, bigehemiesldr pthepgspgdomhayimgeieexhiiives fint okler oppsepderber s

used for st | ® : ofl I ' ' nd/ or
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t her eof as uppbxheatainrtofesrnsderbbartidn firesosn, i.e., the acellular fluid in
whi ch cells.are syspended. [0025]..The term"host", "patient",
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that may utilize or be in need of usi ng the subject nethods for estinmation
of end poi ntindinidugls whorare biseskvafiskeesiza blaod slatfing @hronibesis).[ 0026] 1t shoul d

be not hat, as.used i.n.thi.s speci fi,cation.and t.h end clajnse,. the
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control mxture" includes one or nore such control m xtures, and "a

coagul at i on diaggpstiq 3583y3@ed/op pemperestidbereel i on tests,
[0024] The term “plasma” and grammatical equivalents thereof as used herein means

blood plasma, i.e., the acellular fluid in which blood cells are suspended.

[0025] The term “host”, “patient”, “individual” and “subject” and grammatical
equivalents thereof as used herein means a member or members of any mammalian or
non-mammalian species that may utilize or be in need of using the subject methods for
estimation of end point values for observable features of reaction.

[0026] It should be noted that, as used in this specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents unless the content clearly
dictates otherwise. Thus, for example, reference to “a control mixture” includes one or
more such control mixtures, and “a coagulation test” includes one or coagulation tests,
and the like.

[0027] In chemical and biological assays or like reaction events, an analyte is typically
reacted in a manner that changes the level or value of an observable species that is

proportional to the amount of analyte still present in a reaction vessel. The observable



and the like. [0027] In chem cal and biol ogical assays or |ike reaction
events, an analyte is typically reacted in a nmanner that changes the | evel
or value of an observable species that is proportional to the anmount of
anal yte still present in a reaction vessel. The observable 7 species may
conprise the analyte itself, which decreases in concentration during the
reaction, a P&t 3K cpmBULRcthe apalytejiiselloukiel deareasppingoarenteation dyspg theed, or

anot her SPeckision! kcdeolok ARSUBLIL BALL LELRBIEA LR LAARL gRpbut 1S

. . . 3 1ES
i ndi cative reacti on pr I ess. aFyt e

reacts in arthathies uatbiceiaiipparicipate ia thateactidrbui is inddc20ive of refidn pRgide
anount of aﬂqal yte remaining in the reaction. In monitoring the responses
of such cherhi®dirstasderirpastions, theanalyte, rracls Ipan phssgrablesmenner gba rasaithet isn over

tinme may bﬁ%ﬁ%ﬁ?&ﬁﬂ% eianﬁﬁri;lgt Q{)aglqgﬁ@re%a%ﬂﬂ%%%?%dﬁﬁgn( o m891?(?ﬁ(¥gaﬂ£ e

speci es) ve Ime tha y epr esent e exponenti al® equati on

At =A, , , (1- e-retponfdsa)f shidr clehsea r¢aoBons) rhel raspalnbecdr rogreappfihe seactoOdve time

reaction product is bei naﬂ rrgnit red, or At = 6A0-A~) "k + AW (Il b) for

the situati dReY PF GIPCRFRLARSDEIPEAINSE A CaRReatatio Onf@B%?E‘é’rﬁ‘Ee IRSCIS8) YRESWSHIG BRled,

where AAis : L t, A, being the observable
EEA s LA Rt

response at r conpletio el ng the observabl e response
before initiation of the reactiond, = Andt hei"ypossi bl e situation invol fiang
t he di sappearance of reactant would be: At =AO e_kt (1 C) Equation 1 a
generally pertains to situations where none of the observable reaction

product exi . Mgl I I:f Baifl :
Concent rati o PGl SaaT Sl 69 ofijcalaie bERFAR prAlc i Beiby Bnitored,or
(starting material) being quantitated in the diagnostic nethod. Equation
| b pertains to situations where a det ctabIAe starting material reacts wth
the anal yte to form an undetectabl e p‘ﬁoﬂ@‘@tﬁ’?heﬂf@t ectable starti

material is fB{ﬁé%ﬂﬁaﬂo’ﬁ in W rthe g%@gpﬁt&fﬁc?lg % gelra(élﬂﬁ S{B%ﬁl ShitP& %Jh@#et}sﬂg and

fi nal detectabl’'e responses ate he anount of anal yte

present. Equatobedrvible re2podsaiantmee, Al beiag tigsbseeble rédponsigirentiahl e response
is the analyte itself, and the response goes to zero when the reaction is
conpl et e. THPEPigpantidoty being dreobagivatle respensebefese initiatioa afishe atiosar anet er

K is the ratg iher possible situation involving the disappearance of reactant would be:
A=Ad, e* (c)

Equation la generally pertains to situations where none of the observable reaction
product exists at the beginning of the reaction, and its final concentration, detected as A,
is related to the amount of analyte (starting material) being quantitated in the diagnostic
method. Equation 1b pertains to situations where a detectable starting material reacts with
the analyte to form an undetectable product. The detectable starting material is present in
excess, and the difference between the starting and final detectable responses (Ag and AL)
is related to the amount of analyte present. Equation 1c pertains to situations where the
detectable response is the analyte itself, and the response goes to zero when the reaction
is complete. This invention is relevant to equations ta and 1b. The parameter k is the rate
constant of the reaction and is typically variable with temperature, usually increasing

with increasing temperature. The observable response may comprise, for example, a



constant of the reaction and is typically variable with tenperature,
usual ly increasing wth increasing tenperature. The observabl e response
may conprise, for exanple, a 8 detectable color associated with a reagent,
a reaction end product, or other conpound or species present in the

reaction. [0028] .Many inportant .assays, such as those used in blood gl ucose
noni t ori ng a‘%ae&%%?‘%i% fir‘gg%mi‘?é]f”ﬁgraarﬁéﬁqé IPRCHen &nd Progvet, OpakeT %&mnﬂ\mg or
ther apeut i CSypefieflifciént GeterBicaahi on of the end point value A.. In many
instances it is inconvenient to actually wait until the reaction is

essent i[8028] conplMery impatanhissawsnsuebtas theise ustdein blondsglowose imanitweihganks t he
reaction curve .predi ¢t abl beys the first order kinetic expaonenti al
et hemat | calmPHHIHASO t@fﬁﬂ%‘#ﬁs f%ve]@f? a %%R?&?la%faﬁﬁf?@%%% Egpie deigmipgon of
paramet ers qghe AEpSAVHNOA.,( fn ARAY ﬁs?an@éstiﬁirs indBRISHEANT abtudly Fall %RFtFle of

T e conpletion

time points, without having to wait for t reaction to reach

to obtain a rsasanatdsentesdlyiconiptetdio obtinay @stimaany, 18 a6he eftSuh§iy@eya® in

i nportant nedi cal and bi ol ogi cal assays do not follow first order reaction
behavi or, arf@acticgsypeapedictablyjobgysetdie ffst qrder kinetio expraecatial mythematidahfgm aft | s
al so possi bl t I val uations f t he par anet and
2150 DOSST Bl R 1ot ani TR L YA AL R05 ind D5 B30 ATELLES) o

i ntensive aﬁﬂed@ﬁﬁlég\ﬂ' dt asihibedlof e FOIRKE WithOutdHavinFRa kit 38 HEG¥AEBE tdVdabh
limted nmenmory and | ong mcroprocessor cycle times. [0029] This invention
provi des quiceriplesipsyio shtiime taasenablerpstimaigs!  dlowemer, maanyoieagtions evolvgdser vabl e

d [ I A, Ll . be. d with bi ol ogi cal d. nedi cal
osays, as. ampp gl ml P sl o Bl Bl dugAieg o Bl oRb el e

The net hods reg:@ARM1E SQirhdted 6341 REhdt b&aGIY @Bditkd Vi BRIRPRABRIY R osPeC] es
A is present that indicative of the extent or progress of the reaction,

nmeasuri ng f inustericslenehedtiamsdot terpdransdtere & aAd 4.A%,a daivdtid8pfoaessorThishe

observabl e species .at first, second and third tine points t1, t2 and, t3,
and  det er m3RPIRES HowexEr, &rcom&éwﬁ%l?x/@m?élvwé g e e e Geraiafdkci es

L rom 2 hi3v?|d§'%,§u@ﬂgAlde\/(?%s WA ARERALH) £ 1bRg MG op&lcalsbPBRM fmés. _A A3 -A 1
[0029] This invention provides quick, easy and accurate methods for estimation of the
observable end point value 4, that may be used with numerous biological and medical
assays, as well as devices and kits for carrying out the subject methods. The methods
comprise initiating a reaction in which an observable species A is present that indicative
of the extent or progress of the reaction, measuring first, second and third values A;, 45,
and A; for or the observable species at first, second and third time points ty, t; and t3, and

determining a final or endpoint value 4., for the observable species from the values 4;,

A, and A4; according to the relationship

(4,-4) (2)

The measurements of values 4, 42, and 43 are, in many embodiments, taken at equal or
substantially equal time intervals At, wherein At is the interval between the time points of
successive measurements, i.e., At ~ t3-tp ~ tp-t,. The measurement of 4 1, and hence 4,

and 4;, may be made or initiated generally at any time after initiation of the reaction,



The measurements of values Al, A2, and A3 are, in many enbodi nents, taken
at equal or substantially equal tine intervals At, wherein At is the
i nterval between the tinme points of successive neasurenents, i.e., At
t3-t2 t2-ti. The neasurenent of Ali and hence A3, and A3, may be made or

initiated geqgibakh heasuredynttdf ﬂ’@lu@gﬂ}?rA 5l ﬂidVdr@éh'nﬁ’ag! Egcaﬁ'lt"@d 5830kt 28eleded
al t hough neasurenent of val ues Al, A be carried out after a

sel ected anasueunt of timerhas nlaaseéwéips@dw&mn@rf themeacrtm wdastrllnddefurthad:teilmm as

descri urther beI be sel ect ed a or dj
tot heb@93 i cul ar [RRYS %1%) ?)JO?Q/%EEEC}/% acg?@ %\rc‘ie?ﬁf?“df“"? %st
at differ entstﬁ@%ﬁh@?é&[‘ﬁ@n bentrhepcardiehi ﬁ: @f‘atﬁ?eé’ %H%ﬁn&sdlﬁgﬂeﬁf:k'sv'&l?gs as
below). In this manner, when the reaction carri at a speci

t enperat ure dwcwetdr’netove) slpelms mannftrewbal dieuca:tuoarmg@,rnedwomdmalspéo&:ﬁcarmunt of
reductlonlr} reaction h 9 é.e. earlier end mgeg% whil e
mai nt ai ni ng ‘SCRE/UBPEWY E’tf’r%?(??/‘ 16 t?fn?ff{%tu SdOE iR Al gHa RO By can

be degraded dyctibavinisAbtdiRd (.81 881iEdndbbBis) am%aﬁ{alﬁﬁg !@Se?fa‘ﬁlé dtchiigy
reaction profile. Study of the reaction of interest at ffefent

t enper at ur esnthe ehsl print vadief4 At Thiaihaesacyican he degadxpt byntedvifeAt @addrge for the
t enperature or

I t bl th | at ,
Lhat when ¢ s BF i EREE s eRdioiekle. Adpt hereasiaebperal aghaesLi ng
the data st rt@ﬁ?&r‘dﬁﬁ@k toUetcFfthel Nt Vapde WAl dH Habh@fal foﬁ@igﬂ%éxﬁh&?&r&@& RSy

nmeasured (via tenperature sensor, thernoneter or

al t er nat i velemplontehtidn et iabite otiat réatomshipesomhdiewhon the ireu@tien isaub) the dest| y
smal | At, to process early data and approxi mate k val ues using equation
(20) as di schisan@eselpoad fqrguacessimg thealgtrastieam usedior onf epiat deteemingtien.

PLOTLI NG 1 N Al 15 60T RNAR i VPl hen s P Bl e,

reacti on const p0| n e and 1nterce

respectivel mlte{i{atlbﬁ?sffnltldl\@stﬂ@ﬁ%mtb% Bdde/by @ingt aaparsitﬁahw §hall At #® poi nts,
woul d be required for this type of analysis. For At = Ac (1- e-k

however, detREpefisheariyodatoand ma@tlm@w kevleasaningleqaritore@8) podisusses tu:éowx is
e SO ARG e ARLR G SRR g
foll ows. Firg)vs. aarsjields telreadtioh tenseit: kaind @84 pbin0Pali8 XM . k4 stope a.nrﬂnlﬂé}cé@t, dt
respectively; At least two measurements of A, at two different time points, would be
required for this type of analysis. Ford, = A, (/- e™), however, determination of
reaction constant k and end point value A is more complex. The effectiveness of the
algorithm of equation (2) for accurate estimation of an end point observable value 4., can
be seen as follows. First, consider the differential equation (3}
dA
- ~A ke ™ (3)

For slopes of A versus t measured at two time points, t; and t; the relationship

10



For slopes of A versus t neasured at two tinme points, t1 and t2, the
relationship (3) 10 dA dt tl Ake -- kt, e k(tl-t2 dA A, ke - kt 2 dt
i2 (4) of equation (4) is achieved. The rel ationship of equation (4) can be
shown nore sinply by In (dA dt J ri dAdt)t2 = -k(t2 - tt ) Equation (5)
can then be shown, in solving for the rate constant k, as In k= (t2 -t1)
Substituting equation (6) into e @tion (1) then gives A At, m(5) (6) (7)
In order to determine A ,, accor(digp “toA%qyatg&lon (7), ? m ni nrum of three
measurenents of values for At bre+zgui—hed.e‘é0fﬁ | ogarithmc @nd
exponential conputations would [pg?%i nvolv&4; #nd the sol uti on woul d
Edﬂi

conputationally intensive, requi ,ore tine and

of equation (4) is achieved. The relationship of equation (4) can be shown more simply

by

%),
&),

Equation (5) can then be shown, in solving for the rate constant k, as

),

ln| —=4

%),

R ©)

(tz _tl)

In :_k(tz _tl) (5)

Substituting equation (6) into equation (1) then gives

A= . (7)

In order to determine 4., according to equation (7), a minimum of three measurements of
values for A, would be required. Both logarithmic and exponential comphtations would
be involved, and the solution would computationally intensive, requiring more time and
computer overhead than is convenient for the low-power microprocessors commonly

used in clinical assays.
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"conputer overhead than is convenient for the | ow power m croprocessors

comonly wused in clinical assays. Il 100321 However, if one goes one step
further, and cal cul ates the second derivative showmn in equation (8), the
situation becones sinpler. d2Adt = _AmT 2 e -kt (8) D viding the second

derivati shown j.n equat.ion (8) by the first, derjvative dA/ dt, one

arri vesll['é?z]dZA d‘ioﬂ?‘%{ﬁzpﬂe gé‘i—‘\ Oﬂﬁét%{hl@&ﬂf(gd Cugﬁ‘iﬁarpFé‘i’FoPé)de%\%at’é’e%‘P‘M@i on
for the rat enegasic\(8) Khe RQAASH bddoeneds@mfleof FIG 1 illustrates an
exponential reaction curve of neasured value A versus tine. FIG 1 is
illustrative of the situation wherein the starting tine of a reaction of
interest is not known, i.e., to is unknown, as is frequently the case in
hone-use di agnostic assays usedfﬁnggi,gg{ks. The first measuremant(sgf t he
observabl e quantity Ad is taken &t tint?’d, which occurs after the‘unknown
reaction starting tinme to. The relationship of equation (1) can then be
expressed as A=A,. (1l-e-kt)=(A -AdXl-e-k(t-td))+Ad(10) The derivative of

equati on (1) Ii¥g B sSOMIUEBS R shEnKE equatibn (8) by the first derivative dd/d, one

arrives at

d*A

dr _Afe™

ad T Ake™ =k ©)
dt

equation (9) as a solution for the rate constant k.

[0033] The graph of FIG. 1 illustrates an exponential reaction curve of measured value 4
versus time, FIG. 1 1s illustrative of the situation wherein the starting time of a reaction
of interest is not known, i.e., f; is unknown, as 1s frequently the case in home-use
diagnostic assays used by patients. The first measurement of the observable quantity 4,
is taken at time #; which occurs after the unknown reaction starting time f5. The

relationship of equation (1) can then be expressed as
A=A [-e®)=(4, -4, N1-e* )4 4, (10)

The derivative of equation (10) may be shown as

% = A ke™ = (A4, — A, Yee™ ) an

and equation (11) can be expressed as



(11) _ Ad )]ee-k(t-ta dA=A. . dt and equation (11) can be expressed
as 12 dA ke dt t, +Ad . For t =1td, equation (12) can be sinplified to dA
d. A=t +A (12) (13) Fromequation (13), it can be seen that all that is
needed to cal cul ate the endpoint value A.,, are the first and second
derivatives of a single point along thgqreaction curve of A versus tine.
100341 Referring nowto FIG 2, there 17,5 shown graphically a reaction curve
with three points P1, P2 and PSzhn=§h%;gprg, correspondi ng respeciidjel y
to neasured values Al, A2, and A3 at?tine points 11, t3 and t3, with t3-t2
=t2" t1 = At. Assune, for exenplary purposes here, that the first and
second derivative are assigned to point P2. The slope S, of the curve of
FIG 2, whi choi&=theqfating(1Jenn basimpdift ta poi nt (not shown) | ocated ni dway
on the curve between points P, and P2, can be shown as S, =A2-A At

dA

4= 4, (13)

From equation (13), it can be seen that all that is needed to calculate the endpoint value
A are the first and second derivatives of a single point along the reaction curve of A
versus time.

[0034] Referring now to FIG. 2, there is shown graphically a reaction curve with three
points P;, P, and P;on the curve, corresponding respectively to measured values 4;, 43,
and A; at time points #, £> and #;, with £3-t; = 1,-t, = At. Assume, for exemplary purposes
here, that the first and second derivative are assigned to point P,. The slope §; of the
curve of FIG. 2, which is the first derivative at a point (not shown) located midway on the

curve between points P; and P, can be shown as

544 (14)

The slope S of the curve of FIG. 2, taken as the first derivative at a point (not shown)

located midway on the curve between points P; and P;, can similarly be shown as

5, =44 (15)

-, (16)

13



(14) The slope S2 of the curve of FIG 2, taken as the first derivative at
a point (not shown) |ocated nmidway on the curve between points P2 and P3,
can simlarly be showmn as S =A3-A., 2 At S3, the average of the first
derivatives assigned to P2, can then be related as S +S 2 ' (15) (16) 13
and S, the second derivatives assigned to P2, can be shown as S =S2-S' .

At [0035] Estimating the reaction constant k from equation (9) above

provi des (17104 4 8)thespgord derivativespsaigned togtn eapr shown(as3) above yiel ds A, ,
S3+ A2 . S S3 (19) Solving for Amin ternms of the neasured val ues Al,
A2 and A3 gives equation (2), which is wusable for characterization of
reaction end points in accordance Wsthghe invention. (A3 -A 1~2 A- = A2 _
4 A3 - 2A2 + Al In a sinilar fasﬁi%n@m-approxi mation of k can be déived:
k=A3- 2A2+A, 2At(A3 -A, ) (20)

[0035] Estimating the reaction constant £ from equation (9) above provides
-5
k= , 18
3 (18)
and estimating A, from equation (13) above yields
A, =~ 5, +4,. (19)

Solving for A in terms of the measured values A4, 4, and A; gives equation (2), which is

usable for characterization of reaction end points in accordance with the invention.

A4 =4 - (AS_Al)z (2)
* T 44,24, +4)

In a similar fashion, an approximation of k can be derived:

p= =24 4 4 (20)
2A1(4, - Al)
[0036] It should be noted that there is some error inherent in the approximation of

equation (2) due to the finite nature of aforementioned the slope calculations.
[0037] Estimation of an end point value A, of an observable quantity 4 that is indicative

of reaction progress or completion, thus may comprise initiating a reaction involving the
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(2) [0036] It should be noted that there is sone error inherent in the
approxi mation of equation (2) due to the finite nature of aforenentioned
the sl ope cal cul ations. [0037] Estimation of an end point value Am of an
observabl e quantity A that is indicative reaction progress or

| eti t
obsbrvable sontrubrslEY. Heanfig Bt n9°$88 R AT s, <7 Ao ani i s
AL, A2, and @& dbeérvalilbepeiseintedt&nsiigs hemal Mdﬁ&h@{}ﬂw}qn%ﬁhé gﬂs%!rva%[e

endpoi nt value A for the observabl e species according to according to
rel ati onshi psgscsyiagendding t@q&mtdlngltcr(m): relativenshiproeevidsdincees siiore(20e Thel tleek

Wi oh con’ ot kel SRRk hnt i eaf b et e cvsf}eégg%e%@gow'
i nherent  sygARI8B whiSk Ezﬁf mb@ecf LIﬂQm?c'é l‘mlﬁ% §§cc@ss%{1ﬁﬂ£es Q)‘?Ace%@ﬂﬁle%

A2 for any given val ues of nd k, so the é€rror

per cent age ofystdmeatitesior édithe emmats 1s°é eonstue pereentagoti A £1 A4 Afor hﬁ?gwéﬂ%ﬁ@es of
observati on wi ndow' progresses in tine (towards the reaction end point,
| eadi ng to n®f & ‘abCtriat @dds 59 Fmteé@rmaaercem 4 efttbe d@alnfrésesumm;gbetcnmes

reaction. p n I.s,a . function.of At ree

conpl eti on o#ﬁ%lherta?glaecﬂ‘;rgﬁ Bse Ikm VTIB%] pr?greﬁﬁgmgmgﬁgwa{tﬁsetﬂ ?‘?aﬁPorb?ndt he
estinmate of peint, leadfnglte%fork h@i&r@e Gﬁﬁﬁa&@ﬁofﬂ{@&%t@ﬂuﬁ@s dltng the Weictid@l Tigus, One
can fix these paraneters by mak |n?Asure that the reactlon has progressed

beyond a certhalpﬁrqgem@;lmﬁmhmg bthenlegrsmiapinplytion af theedactmhy@sl 4l t 0

eoti ma LIRS accor B iRt RRhaFraor B altpt ho by POEeR & Hrret arbEPaPtie and
appl ying a kpeiRake! dd AATHRI tRed Qaliitdters BYREIH LuSe &Qﬂh@?@aﬁﬁlbﬁ’ﬂascﬁﬂ {8 K-

For typical chenmical reactions, at highef terrperatures |ncreas so At
shoul d be snegycad atcgrt@mﬁlpgrnsaf eompiletlgr b)ac@npwungvmaamed valnies Metoethe Iesmmte

t enperatures n ence r..val ues of fferences between
Sucbeser ve vefidmerBRtfe AU euld e SusBet s Gt s ghrimatal AStrdBe i Sqbton
presence of J@N&RM: HME&%@beﬁfﬁ@Wipﬂlﬁgﬁ knwﬁelatféusﬁtrb%&ae&fferab' y
be as | arge as possi ble at a given Kk, I n"the constrain e

al | owabl e eriempeesture aad d@suxwm@mimt huﬁ@rct&glcde:holﬁucabmapﬂmtsl arhighid0391 Si nce

iliz
background nt%}n%gratur s, l1)( 1ncreases sgr&t%ﬂ uld %g tSI‘?lEHBI‘QO comgensate } Igr%gtsér Elpr%tuyet €

while at lower temperatures, and hence lower values of &, small differences between
successive values of A may lead to poor signal to noise ratios in the presence of random
instrumental or other error. Thus, Af should preferably be as large as possible at a given
k, within the constraints of the allowable error at the desired minimum degree of
completion.

[0039] Since background noise may be an important factor in many situations that utilize
the invention, it may also be desirable to examine successive estimates of 4. to check for
convergence, giving both an indication of degree of completion and signal to noise. In
this regard, the methods of the invention provide for such successive estimates, by
measuring a first set of values of 4;, Az, and A4; for the observable species during a first
observation window and determining a first end point value A, according to the
relationship of eqﬁation (2), measuring a second set of values of 4,, A», and A4; of the
observable species during a second, subsequent observation window and determining a

second end point value 4., and determining a difference in end point value Ad.. from the
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the invention, it may al so be desirable to exam ne successive estimtes of
A to check for convergence, giving both an indication of degree of
conpletion and signal to noise. In this regard, the methods of the
invention provide for such successive estinmates, by neasuring a first set
of val ues ofgi¥k arf¥secaiifertBoinPialtifle THRSBEMAN fa P RE(HeLE ideeaRuflind £third
observati on wi ndow and determning a first end point value Amaccording to
the rel ati o%spl yrleds cdquad i, end 4 23uringa thindi abgeraatsmcwindoweind dletevminivessa tiicdl1,

A2, and A3 of the .k observable species durin second, supsequent

obser vat i on SRS V2 8%@?%4 MefUAgean @biﬁéﬂg%@w “Baiqma“aéﬁt‘i’é‘”ﬁg aB Ath
determnin i j I Jat . 0

second endgo‘?or?tgﬂv%% u\ggf.a %#hgetﬁg{?&ﬁg%lsﬁn%}é%ﬁﬁ?@e@%%g ;anggﬁ trf%gus%ir‘é ﬁ%ugsrk&hi rd

set of val uesd pfromlthe A2, saeshdAthidilindngh gets bf valuRb Tee walei @iy ¥ NERimandime
determning a third end point value Am and neasuring an nth set of val ues
Al, A2, and pBTHbrorg oRRMYENLEH derval RBer iRpeipevinitidden tor an ehyeevation window

i I . i nj I . f. he first, d,
pol, value i b SR UShBLT N 8L USR8 s Aol LS rBRene,

thirdandnt_ﬁ _ l"'ecting of "a \
an optinum tdubEessiné edtiddies i A Lind EReHaBn bNEddvarlse At offtRE mARUPRS SIS or AN,
wi ndow for neasuring values Ali A2, and A3, can thus be determ ned by
conpari son dfom e differcabehspeaten Misdarss. okdditionalipcsindsshe swtsnomicatror is a

conver gence of t asured val ue.fo . framthe different observation
W ndove. addceranareR BF fE e atial dhe Shnes LR ERRE s SRR | on
of an exponenbbmdntial fo€ whith3@ edfimbiteofesd ddipbRit VAILE ALIBRId dsd §SsibfecRB to
exponential for which and estimte of the endpoint value A ,, could also be
proj ect ed t durtherrredine sygematec gfyert emati ¢ error. GENERAL METHODOLOG ES 100401
The invention provides nethods for facilitating nedical diagnostic assays
and reducing the tine required for such assays, from neasurenents taken at
different tine intervals thatGakkoyw Met@sButicaigisonal estimate of a reaction
end point to be nade. The nethods conprise, in general ternms, initiating a
react i dA%4Wbt ai niHg iaventioa providasaecthedssior Ggdinating mediedh deagndsticfassayaend | me
poi nt S, of ara&u%ix’{éethg%&%cﬁetgji?e% fﬁ'} E&h%??a E,Vt?cg)x{'l&ea?l.p’er%lens tzllkrégla ?fffe}'/e%t 91Inet he
reacti on, and estdi nmating an end poi nt val ue for e observable ~Species
from t he nedstsrvanehitsaloRecanshtpionat estiadaseofmicaftnesidipoitit @6l baarae diThg to

the difference of an jnternedi ate neasured val ue, |ess a nunber equal
appr oxi mat e|r9et{1@;istq§)g1pnse, in general terms, Initiating a reaction, obtaining at least three

measurements, at three different time points, of a value associated with observable
species indicative of the reaction, and estimating an end point value for the observable
species from the measurements. The end point value may be estimated according to the
difference of an intermediate measured value, less a number equal approximately to the
square of the difference between a later measured and an earlier measured value divided
by a number equal approximately to an integer multiple of the later measured value less
twice the intermediate measured value plus the initial measured value.

[0041] More specifically, subject methods may comprise initiating a reaction in which an
observable species A is indicative of the extent of reaction, measuring first, second and
third values 4,, Az, and 4; for the observable species, and determining a final or endpoint
value 4., for the observable species according to according to the relationship of equation

(2) as described above
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square of the difference between a | ater neasured and an earlier neasured
val ue divided by a nunber equal approximately to an integer nultiple of

the later neasured value less tw ce the internedi ate neasured val ue pl us
the initial measured value. [00411 More specifically, subject nethods may
conprise initiating a reaction in which an observable species Ais

i ndi cative of the extent of reaction, neasuring first, second and third

values Al, A2, and A3 for the observghle gpecies, and determ ning achinal
or endpoint value A for thd, chder S accor ding to according to
the rel ationship of equation (2) deddr el above 16 A =A2 - (A3 -AY

4(A, - 2A, +A] (2) The neasurenents of values Al, A2, and A3 nmay be taken
at equal or substantially equal time intervals At in many enbodi ments as

shown in therfohlawtertneXFVRl u%§241,meancf@9§19§ BORIRER ap§ WP UGB stAntialllequand/ Or
A3 may be made or initiated generalTy at” any tine a% initrati of the

reaction, ortunmne;crlwdsémlolnamecmqulmaslasem mj:he\’ioﬂamsgéxa,m[ﬂés T}aend/or A3
may be carrled out a&t(gr @‘ﬁsﬁ ected, a unt gf ti,me has d'Iogepse

initiation JPaSHIReREQR Zafer Pl SRS LAY 2 e
previously teemifiRantifenehcin omas%ﬁfeeaﬁmtdﬁnex{t@%?a;urzﬂﬁnﬁ@ftm A‘?f fhe

invention are usable with any chemical, biol ogical, ysi ol O%fma or ot her
reaction. Tk@dﬁbs%ﬁwﬁlﬁecagpm‘ché@ﬁars%&q%ﬁdeﬁiﬂwm af time hﬂ%@l@psed yﬂtia@l@m@f i se

a nol ecul e mol ecul b associ at.ed .t her ew

are’ det ect dir RGfTH obany ™ wheled¥Rodt of ABE B PERGTRRE N TSPl € 1y,
chem cal |y, méasMtetnentyt her techni que. The net hods of the |nvent| on in
particular are well suited for use with sanple neters, rr@)le readers or

ot her d804dti on dEiA BethodsrfithelaveRsqncare éé@%ﬁf"l‘h@ﬂy plsmeical, ebogdtder vabl e
speci es may g gB[dg?c%llo ?ro%g%rﬁ%&f&he @%'bcér@abb‘i’é s;fe%l%@ta?s%ha{e’& Fitfth Qﬁ%hg{r?#zc:l

det ect abl e r'eact or ete I e 'speci es, oun
t hat does natonpaist a aigledude ormoleeules ac b ilabel mabMMassbcm&dltMewahltha aé the

AT RTINS N SRR g F R
other technique. The methods of the invention in particular are well suited for use with
sample meters, sample readers or other detection devices having limited computing
power. The observable species may comprise a detectable analyte or reactant in the
reaction, a detectable reaction product, or a detectable species, compound or chemical
that does not participate in the reaction but which is indicative of the concentration or
level of reagent or analyte in the reaction. The specific examples discussed below utilize
optically detectable compounds.

[0043] In many instances, diagnostic assay reactions which are carried out with hand
held devices use a solid support such as a test pad or strip which is impregnated with a
color forming reagent system specific to an analyte of interest. Typical analytes are
glucose, cholesterol, urea, and the like. Many others analytes commonly involved in
such diagnostic assays will readily suggest themselves to those skilled in the art. The
color forming reagent system may include an enzyme or other catalyst, which selectively
catalyzes a primary reaction with the analyte of interest. A product of the primary
reaction may be a dye or other compound that undergoes an optically detectable change,

such as a change in color that is detectable at the reaction zone. In other embodiments,
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100431 In many instances, diagnostic assay reactions which are carried out
with hand held devices use a solid support such as a test pad or strip
which is inpregnated with a color form ng reagent systemspecific to an
anal yt e of |nt erest. Typi cal anal ytes are gI ucose, cholesterol, urea, and

the |ike. nal.ytes_comon invol ved .in nostlc assays
will readily SLPg%ée]uc %{ﬁl avr%geaftéoq rt%gge R ftyhpdiae ‘fvﬁléﬁélf‘ﬁerg or
form ng reaganatticy ah@whigymay'slbs Seyait @RAYR, &d pa&mlsatssa;heal ¥8dnda¥ieabtion
selectively catalyzes a primary reaction with the anal yte of interest. A

product of t Hat siredtty 9r indisegtlyi eavserd/finad dye éyundsreaa phange snptdom avhichais

under goes an e change, such as a change in color that
is detectabl e gt {tmﬁ%e txrﬁggci{clggéﬁ&z)%ne I n ot her enbodi nents, 17 the product of

the pri [may] r eact Aarexsmyplabecalor-fortnigmasent eysvdbh GEublNGRR ﬂﬁQﬁv@ﬂMnh@ﬂw
reaction, and which nray al.so enzynme catal yzed, and &?I’tl cipates in a

secondary r e&StqupHhat tsﬁﬁf’mﬁ@l t¢ Bluedsy 2ad conaing GRICPSE o S,e%P%mﬁiﬁMI aflan t o
undergo a c h@ﬂg aﬂ:l@ g %ﬁuc@é‘@bﬁﬁas’eﬁs a6 ﬁzt?,ﬁ%ea%t%m%& fr%g-‘e ﬁ]ﬂl? EI ege? -
én

[ 0044] An exenp ormng reag system usa i nvention

is the systEmélhaimltﬁatSers \fvitEgMbogal aﬂdQﬁ@ anw prodicsightogbldeiose afkhliRegan 2
peroxi dase, and agn _oxi di zabl e dye. d ucose oxi dase i s an _enzyne, obtal ned

from Asper gi P¢r9§1dm| B@rhygrogep@ﬁwewel aowﬁ?d%q%étcaﬁa&z@@ Y Rerp@qiqfe @gzay%du@kygen
to produce 95 g&e 6L Q:YQ&QQS’H PRt Ring rﬁ%ﬂf ﬁﬁ%a%e)so
yze y izf , Hl ser

pr oduced, cat a peroxi ase enzyme, suc

per oxi dase, extildiszesler typtemayTbeolisesiet tat thg re&monmoﬂm) rE1e(desewabdle diakes irdgueh
exhibits a color, that ma observed at the reaction zgone. The opservabl e
val ues in suBROCEMEBATRMA @%amanierﬁ?émeaﬁﬁﬁ deterpietonsRiths levaldf é‘tﬂ)’ﬁipﬁeé‘ﬁ‘i‘tons
of the levelQhe AMELHM &Nt N the reaction zone. [0045] Many suitable

oxi di zabl e dyes are known in the art for use in glucose assays i ncluding,
for exal®®Hg] thosklagpsuitable pridizaiSe dipet are Koows uBihé aad8r usedo ghmosd asdaytser ei n

b f t i cul | | is the .
S et byt 2 BEHIREn LSRR RIS Rt DR By B o S G SorPrat g hecein by
1- napht hal enmbﬁ&nmﬂca‘@aﬁmtaﬂmusémﬂém@: dJesahé @Qﬁethﬂ 4. S. Patent No.

6,218,571, the disclosure of which is also incorporated herein by
reference. Abrszhditazglironedygrazoes hydrecderided8-gnifiae ilviaphthalegesuifompie dye system

et a- 3- met hy&MgTPI?RﬁgS RLAzRL NATS. BthntaIég%?lel,\gﬁ the%”éélos&%”ozf‘?u%eéﬁls Apte

incorporated herein by reference. Another dye couple of choice is a derivative of MBTH,
meta-3-methyl 2-benzothiazolinone hydrazone, N-sulfonyl benzenesulfonate
monosodium coupled with ANS. This combination is described in detail in U.S. patent
application Ser. No. 08/302,575, filed Sep. 8, 1994 and incorporated herein by reference.
Other suitable dyes and dye systems that allow optical characterization of reactions will
suggest themselves to those skilled in the art.

[0046] The oxidizable dye may be used in a test strip and optical reader system such as
those that are commonly employed for measurement of blood glucose levels. U.S. Patent
No. 6,268,162, for example, discloses a system for measuring analyte concentration in
bedily fluids based on reflectance readings from a porous test strip, and is incorporated
herein by reference. In this system, a bodily fluid sample is applied to the test strip, and
the strip is then inserted into an optical reader or meter. The measured values 4 in this

case are measured reflectance values from the test strip, and a reflectance value that
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nonosodi um coupled with ANS. This conbination is described in detail in

U S. patent application Ser. No. 08/302,575, filed Sep. 8, 1994 and

i ncorporated herein by reference. Qher suitable dyes and dye systens that
al l ow optical characterization of reactions will suggest thenselves to

those skilled in the ant. 100461, The, oxi di zabl e dye be used in a test
strip and op?qnceﬁﬁ’oqﬁéé%é\c r%%fgf)gﬁ{l%ﬂ@ﬂt glgy%? ﬁalg‘éla‘[eﬁéfongﬁé RS Irﬁ‘lleé?P&FByed
for measur engiiesQf ablop@BcOWitGaBSintvemelss. U. S. Patent No. 6, 268, 162, for
exanpl e, discloses a systemfor neasuri;d%anal yte concentration in bodily

fluids [8848d on r’Bid measuremeent ebivilvessfor emhpaintrstimation esiccstdangs, wihthei s

i ncorporated _herein by reference.,|In this stem_.a,bodily fluid sanple is
appl i od to AL A AIgTe Sttt OF pleclostepiod Sngh, L wa At CtliZn 3t i cal
reader or nNedaBiples ihen BREGIEEGIMANIRS A tloled fhein &paRtANS S W fication of
refl ectance values fromthe test strip, and a reflectance value that 18

corresponds @ugrenhacressibe gapmwhitimpaiteringpopetiial didfecance rerdss tho viectiedssedlsws ed
refl ectance lyes. i nce W th the inyention 0047] The

measur ement of va lg%té&'f %ﬁﬁée)%e E?t{%}%)nr n eelg?%s}lr[getdi V&Kueis 'S t%B%B‘II‘rﬂ%rﬁsce]énWs’f'Wdt he

i nvention neot@itabvdleeshanRtl puekias tilocheMnGal pafi pYtentidUaRicdSERY sheTBY
utilize test sanples in an electrical cell having el ectrodes therein

separat ed byelectigdps. Syspla systemdgp described iy iy Palepioe. & K. §Ep thardiscdossemett or i ng
pot enti al diJ/lfli@l'i?s%?org&raf)ﬁ%%&ﬂib?kr?f&tehé’éjes allows characterization of the
reaction. The neasured val ues us conprise neasured potential val ues,
whi ch gne48]sed t dlieaheditdhenayrlenie wiizetd faodndpoimicharattegzation@f $ldode

el ectrodes, Such a systemis described in U S. Patent No. 6,193,873, . the

di scl osure JASHAIRASSRYS;SHERRLIPHIBORHBS A bl 25sa7% rdirhassays ey beagied

nvention By SPoiRAHA bt 4 BG4 sAhoRRY aRAK HripCORGARE LSRRI 1oRuier!
coagul ati on assays such as prothrohbin tinme oOr assays. Such asSays may
be carried i optycahmphitordtg afivoegulatidsl domaabirastuissaont @stflatanicp) wsvag @i ni ng
t hrombopl astin, together wth optical nopitori of coagul ation [

opt 1 cal L1 arki E2Rgn ek pepieladt Rbeeicsd b Buippeat P ARG R 97X o3s e
i's discl osedypipy BUhORBERtdHPM bPPeeledd | Pt ERpOoPrhfs t9F0are cOltintdicihy

i ncorporated herein by reference, Test strips of this'type are comercially

avai | abl e f rayailatil¢ Gomdnfesnen Inc)pMlignitas £ A0 HARMENTWVrtest steips, astwélbas thes wel |

as the correspondlly RbhGEder BAIRE schigl. the strips.

DEVICES

[0049] The invention also provides devices and systems useful in diagnostic assays. The
devices may comprise, for example, a data processing device having an interface capable
of reading, inputting or otherwise allowing entry of measured values 4 of an observable
associated with a reaction, and a logic element or elements that is capable of employing
the entered values with the algorithm shown in equation (2) and discussed above, to
provide an end point value. The devices may additionally comprise a time keeping
element that allows determination of time intervals between the measurements of values
A, so that values may be measured at selected time intervals as described above.

[0050] The interface may comprise a user interface that allows a user to enter, via keypad
or other conventional means, the measured values 4. The interface may additionally, or

alternatively, comprise an interface that is capable of measuring the values of 4 directly.
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DEVI CES [00491 The invention al so provides devices and systens useful in
di agnosti c assays. The devices may conprise, for exanple, a data processing
devi ce having an interface capable of reading, inputting or otherw se
allowing entry of neasured values A of an observable associated with a

reaction, a[ggcg lt%%i‘tgf el enent or eto(zments.1 that 1s capahle of enplo ing t he
entered val ROLFEHRE DRGEITRYSH DN SHRE BLRRICHFTaYes oLmeasyiiag yalleyot 4
above, t0  RioWHH&ridlyeé e Blripy 8} bBer sHtl&leVir GRSy f@h@dé@feﬁ%eﬁ?é‘#ﬁ Yrom

conprise a tine keeping _elenment that allows determ nation o Ime
i nterval s becoedmetthcapastennechanges iptamples @ other ingwrfach atpabld ofssquiaipgbe

d | d time i | described above. [00501 The .
Tntorace A ayres TechEbRh e Ey P B "BRe B Coaelf reedieuns i

keypad _or cghhle[nt@rmwﬂteir@fb'ﬂlab@ans, t he nmeasur ed_ val ues A. The interface
may additionally, or alternatively, conprise an interface that is capable
of mead0#FHg t he Th#ilogis obthesublieptedaviaps mpy bepapodiediin hardvace safiyasonpbatse,
for exanpl e, t] . r-f -] 3 f A _ colorinet.nically
from tost. sttt G RksHERLRp oLorBRRE e KEHES: Rirs Sioe 1B AR
accordi ng t wreapa@ntifiherachRanges dshosa@nidbes andthstthedath ptees apapiahl e of
acquiring neasured values in accordance with the invention. enpl ary
sanpl e r eaddrIuirpPREe subiest depicey Baael, andanapbeembediodin eboxely sTRRle| ogi ¢ of
t he subj ect i y j i.n_har . 0 .

poi nt char acﬁg %ﬁe;rg?ﬂieg% Flﬁeelgggg? aﬁ%eé"?ﬁ@ﬁe’ p%@ﬁiﬁ%ﬁiﬁ%régﬁﬁo h?rgcl:it ire

| ogari t hm ¢ mesues pamestapaly thdalgadther oZajubtion €3 tathieeneasined &aluas) dint bugput he
data processing capabi|ity required for the subject devices is small, and
may be enboditEdr MPTE éql‘JaP‘?‘{}’éffsf}méP%!" uesHHPIceng e df v@uﬂ%@ew&fd&%; Thgr
exanpl e, be 18&1@!‘11&&%%&9&%% croﬁﬁ%ur% 1d Eb‘i’é@i:ivé!gmn‘rg @k 'nﬁeés&ing SERARKS §dny Rl ues,
apply the algorithmof equation (2) to the measured valcues, and output one
or nore end spmple, ambtampere successivgemnd pomd estimaidnovalues vintipednvegteneess ur ed

val ues. The Iglgic may further be configured to selectively tinme the
measuring of %% tes froma sanple, and conpare successive end point

est | rmt[n@snéva! ueRdféink oY FGENCLddvice or 8GR0 usAAS Er (Bakieh ehdghimow to
FIG 3, a device or system 10 usable for reaction _endpoint determ nation
i n accor dancistennitgtiphen deeedsntonith Mewnventioa sbgwn.eihd oy steny 16 argyrdogwprige a

hand held computer such as a personal digital assistant or “PDA”. In other embodiments,

data processing device may comprise a minicomputer, 2 microcomputer, a PC such as an
INTEL® based processing computer or clone thereof, an APPLE® computer or clone
thereof, a SUN® workstation, or other like computer. The system 10 includes a user
interface element, shown in this embodiment as keypad 12, that is operatively coupled to
a central processing unit or CPU 14.

[0053] CPU 14 is operatively coupled to components of system 10 via an address and
data bus 16 and a control/status signal interface 18. These components include, inter alia,
a system memory 20 which may comprise various memory elements (not shown) such as
a DRAM primary or main memory, one or more SRAM buffers, and one or more read
only memory elements in the form of ROM, PROM, EPROM, EEPROM or the like.
System 10 also includes a sample reader 22 that is capable of measuring or detecting
analyte levels in a sample. The system 10 may additionally include a display element 24

such as a CRT, LCD or other type of display, and an interface adapter 26 that allows the
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hand hel d conputer such as a personal digital assistant or "PDA". In other
enbodi nents, data processing device nmay conprise a mniconputer, a

m croconputer, a PC such as an | NTEL' based processing conputer or clone
t hereof, an APPLE(r) conputer or clone thereof, a SUN' workstation, or

other |ike conmpui 24 to thtvefady siittrexiddndl delaypdecessdry) Sinplel rBARES GICRh&! RERAUI,
shown in this enbodi nent as keypad 12, that is og)erativel coupled to a

C p .
central proc@eé’é‘ieﬁéﬂq}ﬁh?wﬁ)f ageadaptry3g)mayry inabg BreymdedePiRe RE-2BUPEd t o
conponent s of,sgygeeyn # PRAPEE OO bndaERENNS. 10, A0d. dhe coy 14,
control /status sirgnal interface : ese conponents i nc uﬁe, I'nter alia,
a syst em memnmeyoR020ambleregtee APPdisHey Yairdinterfreandapt@!28ent Se {s9&diatefiown)

such as a DRAM primary or in menpry, one or nore SRAM buffers, and one
or nore r eadthr%’r%ll?‘j1 ‘H%tﬁﬁﬁb?a'@lr@wg" ) H 3 FRIVERGR2D Mapggy| andrabRco EeREd therEpROM
or the |ike. I ' £ 2 ti 0l S,.C of
nmeasuri ng orbydﬁﬁz%:s'??}ﬁ%ga%r@%?gﬁ (:l g‘\’}gft‘%’@ f%%g%sﬁlr%pﬁ?%ggjr%egggﬁg?el%ﬁﬁ %%@%%
addi ti onal | yvarwah adibtienaliceppayentd @isentot bwrs yoth @ larCBEk dri) fuppetdiskr t ype

of display, and interface adapter 26 that al]ows the 20 system 24 to
interface w rh"ee%?@rﬁ'él ﬁtﬁldgqfdg'é%‘§8{l‘ée,n“§%ﬁla§lwaééﬁléﬂ’§ﬂ@r ot her external
devi cesjgpeet sho itd 3 f | B,
T e e e T S e R
interface. ToEw@RLAobY showrgsoitable Gor thaopdrgionaddier v2Rys Hasiwlass c@vpanents,

interface adapter 26 y be as i at ed ro t her boar d, .( nqt own)
ina convent'fvglﬁglarer%ﬁ?ﬁ%&eg'n upf‘fgg? WW&%Qﬁn‘ijﬁE%ﬂaa&f aéﬁ&‘?sggétai’%ﬁ%ﬁ@
bus 16 and C%Exb%téﬂ%@%ﬁﬁsihﬁﬁabm@rIﬁ@ﬁﬁaryl@o a@mea&oaayp@%miﬁgzs\ml ous
addi ti onal conponents (al so not shown) such as a hard disk drive, floppy

di sk dri ve,is kpm@bleg idputiag onptdienyisadeeptinga st theasaheasarethratseatghesaent s.

[ 0054] Syste .y 20. W | eneral ly caont.aln .a suijtabl.e operating system
and_ sof tvar SE0r ibr grintS obr PR afoshERlt Sy Lo Berible e fdRi ot

har dwar e confeafiint snd stided Plogramdies @ihav e lcypabhiipl dterbrinifE AR eid pointvdludRId 14
via the address/data bus 16 and control/status signal interface. 18.
Mermory 20 alt8® opseeyableliomythe BgapMrBemhag degcrediahaye. i s capabl e of inputting
or otherw se accepting at |east three neasurenents, at three different
time points, of a value associated with an observabl e indicative of
progress of a reaction, and stored prkgsanmm ng 30 that is capable of

determ {(yﬁggj an englsg %Irgx}ide/da z!:g %itg for use in practicing the subject methods. The kits of the

subject invention may comprise, for example, test strips or other sample holders

containing an analyte or analytes, and a sample reader or meter for reading the test strips
that contains logic configured to read or input a plurality of measured values from the test
strips, apply the algorithm of equation (2) to the measured values, and output one or more
end point estimation values according to the inputted measured values. The kits may
further comprise printed instructions for application of a bodily fluid to the test strips, and

use of the reader or meter for measuring values from the test strips.

EXAMPLES
[0056] The following examples are put forth so as to provide those of ordinary skill in
the art with a complete disclosure and description of how to make and use the present

invention, and are not intended to limit the scope of what the inventors regard as their
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t he observable fromthe neasurenents as descri bed above. KITS [00551 Al so
provided are kits for use in practicing the subject nethods. The kits of

t he subject invention may conprise, for exanple, test strips or other
sanpl e holders containing an analyte or anal ytes, and a sanpl e reader or

t f di the test stri t hat t.aj | i fi d t d
or input a plUPIRSPTa enttdsd va ropbeert shibn eeneaienthelay e allgsithe prig
al gori t hm of exggtaien@petfdiméd EffertiBASbeesinmat tehsuRM Rt PHith BPe@'to MON €

end point estinmation values according to the inputted neasured val ues- The
kits may fuP4mRRers peaddit semp eXRericeeEnta stroticanideiesiations shopld eoaccounted for bodi |y

fluid to the - St rjns reader or ter . for nmeasurin

val ues from hg@{ lengfcaiseﬁrolnbeggg@éﬁﬁL%p %%Tg%gla}%gf%me@?&\g%ﬁte@eg%g
put forth somekchlar peight dempdiamee 9fin egearaCeontisldde] addprbdi@reais bt ¥ delir @

conpl ete di scl osure and description of how to nmake and use the present

i nvention, a#dCsPReriSot intended to linit the scope of what the inventors
regard as their 21 invention nor are they intended to represent that the
experinments below are all or the only experinents perfornmed. Efforts have
been nade t oEensple ¢: Ead Boiac Dewvirminaties pecColiopmeninBRiod Gle&sie Didtelsome
experinmental errors and devi ati ons shoul d be accounted for. Unless

i ndi cat ed ot WEAMIYBENtharts are parts by weight, nolecular weight is weight
aver age ecul a naht LS| i S

o csaar OFH ot or TaENERng SRR Hrihralis Y (RERNERSo LR A e Bitpens |
For Col ori nenrénmgioBl foodet@mismgdldoehvmdiicost/bavslsrod e tats pDAZ) cdmparkothk aweral
exanpl e denonstrates, the useful ness of tgg met hod, of .t he Present i nvention

for determ niSHy BRELEYPORDSmeplRrspSaio SRRk rePEodugHh e es it sonygnional

overal |  assgy JdiffRpalysiBthdddyt times) necessary to obtain reproducible
results with conventi dnal end point analysis nethods. 100581 In this
exanpl e[0068le gl uchsbhisremainpler the Bt moaitdr“SwesSter™ |Waseadilized woropare: thae
assay tinme needed using,.the a{){gﬁrittﬂmg{f the present. invention wth a
convent i onal 35hetHEACSId dera i Hearthm of B st grisater Mitbadgoaventionals; ap (1)
I's a blood olk086r H&BEMEINES subjects glucose levels. SureStep® is a blood glucose measuring

system commercially available from Lifescan, Inc. of Milpitas CA. It comprises a
handheld reflectance meter and a reagent strip utilizing an enzymatically catalyzed
colorimetric chemistry (dérivatives of MBTH and ANS, catalyzed by glucose oxidase
and peroxidase). The chemistry is dispersed in a porous polysulfone membrane matrix,
which absorbs the blood sample when the strip is used. The meter illuminates the reaction
matrix with LED’s having peak wavelengths of 660 and 940 nm. The 660 nm LED 1s
used for detecting the product of the colorimetric reaction, which is proportional to the
amount of glucose in the sample.

[0059] The meter takes reflectance measurements at one second intervals of the strip,

then converts the reflectance values to the quantity K/S:

K _(-Ry
Y
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system commercially available fromLifescan, Inc. of MIpitas CA It
conprises a handheld reflectance neter and a reagent strip utilizing an
enzymatically catalyzed <colorinmetric chemstry (derivatives of MBTH and
ANS, catalyzed by glucose oxidase and peroxidase). The chem stry is

di spersed i r i.ch .abs bs he bl ood

sampl e when TRZea iSRRI AR WMol ectachERElheR e 11 x

with LED s hauétivn mesik dvided b!jﬂgieh&ldnﬁt mh@nmnaﬂﬂlﬂym |8 16 wAMnl &L att s
product, of the colorjinmetric reaction, which is

df det ect
g? gpo r ? |r 0 ngl aeﬁ‘&f{n?%é‘”H%Hﬁmﬂpr‘é’FunﬁF% peogortipnplie adighp plsorlyiog speriest{echas ar
t ak fl t | th th
Cakes 1T cogpges PSS TR (RSEEROL HOMALE bbb EATLIA o0,

where R is aseqomh66Q ym K/B parat (Kd$ia]) ahd ptdtessesit irnS sdcoadmindows whicﬂfaﬂvance
scattered fromthe . reacti n g%%rl x divi ded bé_l t he anpunt of ght
L

i 11 umi nat i ngPi&Secqgdgt aémkﬁi’u % fr&ongh windew (ﬂ%’ﬁt(i:liajlgwlﬁ&‘ﬁ P%F unit time)
appr oxi mat eliy g Eﬁ’t@ﬁtlﬁa@&?bn tHe ﬁaﬁée@&w@éﬁs’tﬁé E’L'u?r%t X0 %h@% aﬁﬁ ofSon ‘?1%’ I n

a light scatteri matri x such as’ a porous nenbrane er coI S the
one second se6nds rtat{ies Whaemthelte£660 sloasdo meqmﬂsﬂ&m thei sﬂb;ﬁ is eeothdn WAIslows
whi ch advance 'ng sec nd at a tinme, For each gcond wi ndow, the sI ope

(change in KF¥ thﬁﬁP PQiRtEs fonsideredfoare ee“ﬁﬁ%‘é‘a oflyaese isralrylatesl t he

current WSH&IE@S@@@eEE&r&H@t&%%WnPe §:§E>91“d5 earlier. \Wen the
reaction slows to the point where the slfope is less than 1% 5 seconds, the

endpoint is considered to have been reached. d ucose is calculated fromthe
final K S value according to the follow n quation: glucose = -10 + 70 9 -
K/ S660 -2.86 K&8%# <8860 10 +00P7 K/ K/~ 5 %o‘é/%azro[vdedq/&m this ex@l e,
the K/'S data calculated fromthe 660 nmreflectance were gathered at 1
second intervals for SureStep(r) at a range of tenperatures between 15 and

35C. Stiodey fromIiaenieRxahHdUGk KIS dhlaicnRiR RomRkYVEsh nH¥mlenrd witd h spi ked
(contrived gl ucose |evel) whole blood at <2PPr oxi mately normal hematocrit.

Four bl ood gashmotdeat hiseendiategvalnfor SucabiepSmp e ragerof terMprraturéstbetweendipindy ed
for declar athQa %{nps from seven production lots were employed, developed with spiked
(contrived glucose level) whole blood at approximately normal hematocrit. Four blood
samples were used for each temperature. The criteria employed for declaration of a
projected endpoint were (1) that the reaction be greater than 50% complete and (2) three
successive K/S estimates have a range of not more than 2% of the average K/S. If these
criteria were not satisfied before the normal SureStep® endpoint (1% change in 5
seconds) was achieved, the SureStep® endpoint was used. Glucose was calculated
according to the SureStep® relationship between K/S and glucose. SureStep® endpoint
values were compared with the results of the new algorithm. At each temperature, the
optimum At was determined based on a combination of the root means squared (RMS)
difference between SureStep® and this algorithm, and the observed reduction in average
endpoint tune. The data in Table 1 demonstrates the improvement in endpoint times, and

the small magnitude of the typical disagreement between the results of the two

algorithms.
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changes may be made and equivalents may be substituted without departing from the true

spirit and scope of the invention. In addition, many modifications may be made to adapt

a particular situation, material, composition of matter, process, process step or steps, to

the objective, spirit and scope of the present invention. All such modifications are

intended to be within the scope of the claims appended hereto.
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intended to be within the scope of the clains appended hereto. 24 CLAIM
That which is clainmed is: 1. A nethod for characterizing reaction end
point, conprising: (a) initiating a chem cal reaction; (b) obtaining at

| east three neasurenents, at three different tine points, of a value
associ ated with an observabl e indicativg, Qf progress of said reaction; and
(c) determning an end point value for sard observabl e indicative of
progress from said neasurenents. 2. The nethod of claim1, wherein said
end point value is. determ ned according to the difference of an
internediat2+m%§@ﬁW@ac HPEe!S | ess a number equal approximately to the
square of the difference between a | ater neasured and an earlier neasured
val ue divided by a nunber equal approximately to an integer nultiple of
sai d | ater nkeasurfdetiadier Ckssctendicgrenaiich erdntodmtnedhgisgngreasur ed val ue pl us
said initial ﬂeasured valge..S. The met hod of claim1, wherein said

obt ai ni ng s4p . me L FRsA Shemicais AT RS taking said measurenents at equal
intervals ofipyi Mobifining RE1ABRUIQE nRfasiEbAbRs lat (MRS ARTReR Rinth slzt?,aélf(a:a}tyea.ﬁnlecal

conprises an optically detectable species associated w't
react i gusochtediweh peohgpgvasie widaiativd of pogrees of sal wagbseandbl e conprises an

electrically, det‘%gt abl.e specjies gsaoc at eg githbﬁai .chem cal reagtion. 6.
A syst em f or“tharSeeTBIRI0R AY €00 PUREYAIR 0L jgd sBpetyable 1XE RHPTOEESS P8 ed

pr ogr arggidngefzareatdng of i nputting at | east three nmeasurenents, at three
different tinme points, of a value associated wth an observabl e indicative
of progress of a chemcal reaction; and 25 (c) stored progranm ng capabl e

of determ nijng a i . sal ser l.e i.ndi.catiVv
o Set et mni29 arlead BtV e S8lLos SRS BRF B ALl
st or ed the dififepsnize bfan Bitararbiagimessuta vatled 555k AemBad djuaingpppeiitiatelpdottie
according to the difference of an internediate neasured val ue, .
square of the difference between a later measured and an earlier measured value divided by a
number equal approximately to an integer multiple of said later measured value less twice said

intermediate measured value plus said initial measured value.

3. The method of claim 1, wherein said obtaining said measurements comprises

taking said measurements at equal intervals of time.

4, The method of claim 1, wherein said observable comprises an optically detectable

species associated with said chemical reaction.

5. The method of claim 1, wherein said observable comprises an electrically

detectable species associated with said chemical reaction.

6. A system for characterizing a reaction end point, comprising:
{a) stored programming capable of inputting at least three measurements, at three
different time points, of a value associated with an observable indicative of progress of a

chemical reaction; and
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| ess a nunber equal approximately to the square of the difference between a
| ater neasured and an earlier neasured val ue divided by a nunber equal
approximately to an integer nultiple of said |ater neasured val ue | ess
twice said internedi ate neasured value plus said initial neasured valuei

8. The systemof claim6, wherein id tinme points are separated by equa

i nt erval g of & i meStoryd W%?%Fﬁpﬁggcq?%%f%@%%% ‘H‘?lé?o@éﬁadﬁbl e

i ndi cat bservablephdiBdtReofGPoEEds TR sA nRRkIrcAkAY detectabl e speci es _
associated with said chemcal reaction. 10. The system of claim6, wherein

sai d observabl e indicative of progress conprises an electrically

detectabl e speci efhea%%%?ﬂ & ngv%,tvbhe%gih Csl..ai Q?JP&& Srloglr*a%?rﬁ}nigc}g 'conzt?gured to
determine said end point value according to the difference of an intermediate measured value,
less a number equal approximately to the square of the difference between a later measured and
an earlier measured value divided by a number equal approximately to an integer multiple of said
later measured value less twice said intermediate measured value plus said initial measured

value.

8. The system of claim 6, wherein said time points are separated by equal intervals

of time.

9. The system of claim 6, wherein said observable indicative of progress comprises

an optically detectable species associated with said chemical reaction.

10.  The system of claim 6, wherein said observable indicative of progress comprises

an electrically detectable species associated with said chemical reaction.
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