21 February 2007 DI AGNCSTIC KIT WTH A MEMORY STORI NG TEST STRI P

CALI BRATI ON CODES AND RELATED METHODS | NVENTORS: Paul G Ha@t Eebrubtyrj07
Sharma, Tinmothy J. Chara, Darwin Poul os, and Maria Aqui no BACKGROUND OF THE
| NVENTION [0001] 1. Field of the Invention [0002] The present invention
relates, in general, to diagnostic kits for the neasurenent of a fluid
sanpl e characteristic and, in particular, to diagnostic kits that include
test strip calibration codes and rel ated net hods. [0003] 2. Description of
the Related Art Typical diagnostic kits for the neasurenent of a fluid
sanpl e characteristic include a device, such as a hand-held neter, and a
test strip (e.g., a disposable blood glucose test strip) to which a fluid
sanple is applied. The device and test strip are used in tandemto neasure
an anal yte Cﬁlﬁq}#(?m@m?)wim% MIEUECY SITOTONG TRRTNTRA CANIBRATION ST
characteristic(s e.g., prothronbin time [PT] and/or Internationa
Normalization Ratio [INR]) GODE®ANDRELKIEDMETHOD®VI ce typically
nmeasures a property or properties of the test strip (e.g., an optical

refl ectance, optical transmttance or an electrochem cal property) and then
enpl oys an algorithn(s) to calculate the characteristic based on the
measur ed PINNENTORS: Pa@P6! Hapter, Makd] Shaitia Mimesl J. @agd Cdrivin Roulss, ahe
described in, for exanple, US. Patents Nos. 6,084,660, issued on July 4,
2000 and 6Mia Ad@inoi ssued July 17, 2001 and U.S. Patent Application Seria
No. 10/100,531, filed March 14, 2002, each 21 February 2007 of which is
hereby fully incorporated by reference, as well as PCT patent applications
WD 0248707 A2 and WO 0157510 A2. 100041 In order to account for |ot-to-I| ot
varirgtion in the test strips of such diagnostic kits, it is conmonplace for
test/strip lots to be cal i BACKGROUND ONhFHE INVENTIONe. Such calibration
typically includes the determ nation of calibration paraneters and the
assignment of a test strip calibration code, associated with those

calibrati Ofbo‘ﬂi‘f anet enS i@ of the Invention

[0002] The present invention relates, in general, to diagnostic kits for the
measurement of a fluid sample characteristic and, in particular, to diagnostic kits that

include test strip calibration codes and related methods.

[0003] 2. Description of the Related Art
Typical diagnostic kits for the measurement of a fluid sample characteristic
include a device, such as a hand-held meter, and a test strip (e.g., a disposable blood
glucose test strip) to which a fluid sample is applied. The device and test strip are used in
_ tandem to measure an analyte concentration(s) (e.g., blood glucose concentration) or
other characteristic(s) (e.g., prothrombin time [PT] 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 or an electrochemical
property) and then employs an algorithm(s) to calculate the characteristic based on the
measured property or properties. Such conventional diagnostic kits are described in, for
example, U.S. Patents Nos. 6,084,660, issued on July 4, 2000 and 6,261,519, issued July
17,2001 and U.S. Patent Application Serial No. 10/100,531, filed March 14, 2002, each



each of the test strip lots. For exanple, in order to assign a test strip
calibration code to a lot of prothronbin test strips, coaguthFetsHaryx?§0PT
calibration paraneters can be experinentally determ ned using orthogonal
regression routines. In such orthogonal regression routines, the bias

bet ween experinental test results and reference test results is mnimzed
using a sum of squares function by adjusting various calibration paraneters.
The result of such an orthogonal regression routine is a set of experinental
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calibration'co e I nfinite nunber of cal n codes. In
order to maye 4870742 MOWRORIEADIA2. nunber of calibration codes, the
experinental calibration paraneters are then shifted to coincide with the
cl osest calibration paraneters contained in a pre-defined calibration

paraneter table. A calibration code associated with the closest calibration
par anet er s [0004]sypJBqudefte peequnt &fgat-%k’f panatipn ‘thepﬁeﬁtt%‘i‘i‘?ﬁﬂ? ch égatgngg}cl ps.
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enpl oyi ng a sum of 'squares function, which is unduly sensitive to extrene
exper i nent aksigmaenttof atest strip Jalibsation cogle dsaocisted withathoder aiibratiop paramdtensstof r om
the predefined calibration paraneter table that are closest to . the

exper i ment &ashyoftbe destswpdotsa hiop £XMBlS, IRArdertoRssien p dest FEIDF3Libraignicade to awhi ch

IS not negessari correct . . . of results
obt ai ned usfif péotlt%qrgglﬁn&g{iisgn}%] ?oa?ﬁgaﬁlggzag?wg&%%glp%eca%%fg%i on codes
that, have Reg&im&RaRy abwefmiNed Rsing Vrihbgenal edprestichehehds. (A86cH SrgicpbRak

asscDm ated with test  strip lots) using conventional techniques nmay not be

optinmal . 2 régresSihr woatipes? tifk7biag DEOSEN Expesigeiintal dest resnlie and referemnge test results is
circunstances, it.can be desirable_to re- cglibhrate.a te triplot to
Ver i Tyt he TREZEA S & PR ICHES Sttion by ARIUSRRE MHifn PObran AR et o
However, i fryb peliYd SH4@kh b pHhSEdraPrepaéssidhdbhit i A4eSofixPeimena] Slitratin
calibration paraneters that are too closely spaced (1.e., calibration
par anmet er s parpdters.elf thyseacatibrtion coefficemtwerefassigsel astdalibjation codes, thessi bl e

that a test strip lot wll be_asgigned a test stri
would bep infinite number of ca ﬁyrgtglon co es.?n order to glake a finite and manageable

number of calibration codes, the experimental calibration parameters are then shifted to
coincide with the closest calibration parameters contained in a pre-defined calibration
parameter table. A calibration code associated with the closest calibration parameters is

subsequently assigned to the lot of prothrombin test strips.

,) [0005] Conventional techniques of assigning test strip calibration codes to a lot
of test strips, such as the calibration technique described above with respect to
prothrombin test strips, have the drawbacks of (i) employing a sum of squares function,
which is unduly sensitive to extreme experimental results and (ii) assuming that the
calibration parameters from the predefined calibration parameter table that are closest to
the experimentally determined calibration parameters are the most optimal, which is not
necessarily correct. Due to these drawbacks, the accuracy of results obtained using a
diagnostic kit that employs test étrip calibration codes that have been associated with

~ calibration parameters (and therefore associated with test strip lots) using conventional

techniques may not be optimal.



calibration code upon recalibration that is different fromthe test strip
calibration code previously assigned. This can occur since, 2bVebruaty@9§h t he
recal i bration was perforned correctly, a finite calibration error -is
associated with the recalibration. The possible inconsistency of assigning
a different test strip calibration code upon recalibration conplicates
verification of the assignnent of a test strip calibration code to a test
strip lot. [0007) Wien a diagnostic kit is used to neasure a characteristic
of a fluid sanple, the test strip calibration code assigned to the test
strip enables the device to obtain calibration paraneters for use in

cal cul ati ng characterist.i.c. There are several t.echni ques that can be
enpl oyed tplmey t he Eé_ﬁé@f’ﬁ Lgltagéﬁrgaﬂré{;ﬁr%\fp%%r&gs,dggqtghegcgespaglg%tr%-S,[ strip
Lo the devi eRipries@st G M W Geridyhl PitRiots!adilefmbhildrate Ui CalteMidiFodd
select a nuneric test strip calirbration code; Insertion 1nto the device of
an integr at grétor Hovwevet,tiNindivites tess stiipatibtation @bdesrare asteciatedseith calibratiém
the device of a strip with a test stri(p calibration code that enploys

passi ve el eparametars tatpreten chosely spacedr(@si, salthration parametiers sepatatedhy § smakd t he
use of a bar code or. Read. Onl.y. Memo I nt egr at. Ci r.cui see,. for
exanpl e, U. Bcrgment of r ?utgﬂggfsﬁgl{%_tgaﬁ%ﬁmp .“”ﬁ%@és,lg'@%f%l &t #Popean
Patent 088 lﬂzcg : | | ke

techni que i gé\%g?&a&%%dgr toqgﬁi%taévhgﬁ%tzgtaﬁise?%g@g [ b?%tslt'{c}ﬁe%gg@agi%ocogedevi ce
by depressi pvibush! dssigakd OThizads obetirisiiitepéventthcughatie eezaliblavion &fas perfofhéter

for this technique to be é_)rac_t ical, it is desirable that the device enploys
a mini mal neemestlyoa finitecakibratipn emen i pasdciated: with ¢he(rgca)ibratinne Fheppssiblor | ess
test, strip calihration.codes, and.nor referably 50 or |ess st,.strip

cal i br at i onCBRUSIFNCY of §iSieRjrigA &%ﬁfw&fﬁsﬁﬂ"?ﬁél r@ﬁ?“ §?‘fe1 ‘B’%‘afﬁ%ﬁé?tf% code to
the device i oHaher i6H of 1M asdigGhedtt 2t slrigkaliibhers ol ot S
undul y hi gh#‘ﬁ.&ﬁlﬂ(%sﬁ%"ose? er?{lﬁﬁagd, taﬁe?‘ghﬁust abe ; 21l I};hg%r lfgr§@§ge??&hg lof
sufficient nunber of test strip calibration codes to nmaintain the overall
accuracy of di agnogin ke I: ldth phesded J ey .

t herefore, I@le agnostic eﬁté(#lh%qugggﬁll%géétdﬁé use %fahgr atﬁﬁ?llsﬁ%?{‘%lt}%der of

test strip saplo/tat e seipdatibmtidn cbdd assipnedys theasst saip dnablesthddeticertd codes

that are optinmally associated with calibration paranmeters and, thus, also
optimal |y obtain calibration parameters for use in calculating the characteristic. There are several

techniques that can be employed to convey the test strip calibration code assigned to a
test strip to the device. These techniques include using a button on the device to select a
numeric test strip calibration code; insertion into the device of an integrated circuit with a
test strip calibration code; insertion into the device of a strip with a test strip calibration
code that employs passive electronic components (e.g., resistors); proximal telemetry;

) and the use of a bar code or Read Only Memory (ROM) integrated circuit (see, for
example, U.S. Patent No. 5,489,414, U.S. Patent No. 5,366,609 and European Patent -
0880407 B1). In general, the simplest and most inexpensive technique is for a user to
convey a test strip calibration code to a device by depressing a calibration code button on
the device. However, in order for this technique to be practical, it is desirable that the
device employs a minimal number of test strip calibration codes (e.g., one hundred or less
test strip calibration codes, and more preferably 50 or less test strip calibration codes)..
Otherwise, conveying the test strip calibration code to the device is cumbersome for the

user and the likelihood of user error is unduly high. On the other hand, there must be a

[¥3 )



associated wth test strip lots. Al so needed, therefore, is a nethod for
optimal |y associating test strip calibration codes to cali brakFewuary 2007
paranmeters. SUMVARY OF THE | NVENTI ON 10009] The present invention provides
a diagnostic kit that includes test strip «calibration codes that are
optimally associated with calibration paranmeters and that, therefore,
enabl es the use of a m ninmal nunber of test strip calibration codes. Since
the test strip calibration codes are optimally associated with the
calibration paraneters the test strip calibration codes will also be

opti mal |y asuffipien number ptest stHp Fﬂlbra@orumdeﬁgo maiitain $he o yeralhagoyrasyiof the
(0010] In arr|V|§? the present invention, it was recogni zed that each
test strip Sfon code represents a geonetric region of a

mul ti-di mensional calibration paraneter space (e.g., a two-dinensiona
calibration paraneter space). It was further recognized that the

nul ti-di mengdopsyl cal i bgall neededdn avecfield, therefsre Ois divgabsticdit tav &xables the use
non-over | appi ng geonetric regi ons each associated with a uni que cal i bration
code. It wafa ansnnalew@w pétest $tep cahbrgthm sedesiand that emplayaltesb stzipi calibratide s

i at ed h t th | i brati .
nt roduces Va“ea&ﬁ%fqrsa il prsgpaledhygth COihoRin BEBEET ARt PobceRRin e o
Quant | 2at | og BEioRla G} SpEisy AIHEHe B! HERTE 98 a lBlod 13 opfibafifuced | nto

a di agnostic orrra ce by assigning a tést strip ca on code to
a test stri Bssbbiatmmesne&lpccahafahdﬁmbdw tolealibratio® padinettral i bration
coefficients. It was 4 21 February 2007 additionally recognized that
guanti zation error should not add considerable anount to the testing error
associated with nmeasuring the calibration coefficients. [0011] It was al so
recogni zed that distributing the test strip calibration paraneters and
geonetric regions across the guMmMARYOR TIRINVENDPIGN On parameter space
such that the quantization error Is optimally reduced to the extent of
testing error in neasuring the calibration coefficients provides the nost
efficient arran enent._Such an efficient ., arran t?lnabl es the use of a
Qﬁgxcgﬂt

m ni mal nunif909b¢ t estTherpressntinvension prgyidesadia gneIvgdes SR at i on
of test strifiealiddEetet Mt GRAGRirk My AEOAEES WAR BBEANEA Phrimeldls ARFihb 0N

therefore, enables the use of a minimal number of test strip calibration codes. Since the

test strip calibration codes are optimally associated with the calibration parameters, the
test strip calibration codes will also be optimally assigned to a test strip lot during test

strip calibration.

[0010] In arriving at the present invention, it was recognized that each test strip
calibration code represents a geometric region of a multi-dimensional calibration
parameter space (e.g., a two-dimensional calibration parameter space). It was further
recognized that the multi-dimensional calibration parameter space consists of several
non-overlapping geometric regions each associated with a unique calibration code. It
was also recognized that this distribution of calibration codes associated with each
geometric region and the calibration code assignment introduces a ““quantization error” that
should be optimally reduced. Such a quantizationerror can also be viewed as the error that
is introduced into a diagnostic kit’s performance by assigning a test strip calibration code to

a test strip that is not coincident with the measured calibration coefficients. It was
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by m nim zing overlap through understanding the uncertainty in nmeasuring the
calibration paraneters due to testing error, the possibilityldfebassyg0dhg a
different test strip calibration code to a particular test strip lot during
re-calibration is also mnimzed. This can occur since the geonetric region
associated wth each calibration code can represent an area equivalent to
that covered by the uncertainty in neasuring the «calibration codes. [0012]
It was further recognized that the increnment of resolution between test
strip calibration codes and the boundary of the geonetric region represented
by a test gsdditiBnflR redUghidedhat qciﬁlt%fxbﬂ&rérﬁﬁoﬁlu@f@?ﬁdd?éodsﬁﬁ}ab?éa[rhd%nt to the
calibration codes within the multi- dinensional calibration paraneter space.
Thi s i ncr enestingérrorassdcidtedwith amastinmg the ealfiration doeffidienits.ed at t he upper end
by a diagnostic kit's overall accuracy requirenments. If the increnent of
resolution is too | arge, the quantization error attributed to the assignment

of test st alibration.codes t.0 ne S _undesira
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calibr at i on | r
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i nconsi st enthy quantizatiotiferrot 3iptimdily retireedrte diseosxsentiof eassing drrob vmeasiiriag st i C
kits according to the present _invention jnclude test strqugl cal i bration
codes and tidnccoeHifients pravidesiibe moplefficientarrangementdj Suohiapaffieientcr oss a

mul ti-di mensi onal cali n anet.er F .bruar

optim zati O?FWB’F%%“"‘B[F’BB% \’Vpogré’f'f’mlwg %"ﬁ%ﬁ?‘ﬁ&f fﬁ;ﬁ ﬁtt“poclaiip f%sha"%d’r“ t he
test strip g éﬁﬁhélbis?écié?ﬁn(&(i@s? sl aes 8- &lxbralﬁg ?Q@&ﬂe)telgf 14 Bfition
geonetric region represented by each test strip calibfation code in order
to optimal Ibymmiunangmaﬂa;zﬁntmrghmdemtandingtheuntertamtynmgadahmrrgmhber of test
strip calibration codes. npl es .of suitable eorretrl C regions are

hexagons, peiRrationqarameters rdé‘E A tRSHRg errah dhepasaivility o€ afo%grygs Asntierent testur es.
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accordi ng an exenpil ar nt o |nven ncludes a

test strip B¢l caiewecue since u@g&mm@m@bﬂa&&lm ovith dadh cﬂlﬂﬁﬁﬂéﬂ &gdeacaﬁr operty
or properties (e.g., an optical or
represent an area equivalent to that covered by the uncertainty in measuring the

calibration codes.

[0012] It was further recognized that the increment of resolution between test
strip calibration codes and the boundary of the geometric region represented by a test
strip calibration code define the number of test strip calibration codes within the multi-
dimensional calibration parameter space. This increment of resolution can, for example,
) : be limited at» the upper end by a diagnostic kit’s overall accuracy requirements. If the
increment of resolution is too large, the quantization error attributed to the assignment of
test strip calibration codes to calibration parameters is undesirably large. However, when
the increment of resolution is too small (e.g., when calibration error is larger than the
increment of resolution), an unnecessarily large number of calibration codes results and

recalibration inconsistency can occur.

[0013] For the reasons discussed above, diagnostic kits according to the present
invention include test strip calibration codes and geometric regions that have been

optimally distributed across a multi-dimensional calibration parameter space. Such



el ectrochem cal property) of the test strip. The device also _calculates a
characteristic (e.g., PT and INR) of a fluid sanple applied2} Eehmearyt2067
strip, based on the nmeasured property or properties of the test strip.
10015] The device includes a nenory with a plurality of test strip
calibration codes stored therein. Each of the plurality of test strip
calibration codes stored in the nenory represents a geonetric region of a
mul ti-di mensional calibration paranmeter space. |In addition, the plurality
of test strip calibration codes and geonetric regions are distributed
across the Aptimjzatippim@lvasaropsly dritmingen insremant of resplition dorcthe teshstrip
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optimzing t utiron of test strip calir'bratio es and t é shape of
t he geomet r inininfigigg ehe nepbasanest dirp/calibehionestess t Exampled ofsuithble geomegicsuch
that a mni mum nunber of test strip calibration codes are stored in the
nenory whi | eginisarahenaggny patdlelogiams dectangles, rodiothenlike pelygonalistructurehe
predeterm ned quantization error limts enployed during optimzation can
for exanple, be based on overall diagnostic kit accuracy requirenents and
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For exanpl e, the quanti zdtl on error can ased on a Tractl

(e.g., one {o dntdxeRiplai@nibodithérttofthepresdnt énverborinchilies s ness birip dadidediesur acy
requi rements. 6 21 February 2007 [0017] Since the test strip calibration

codes and geueheasa band=hgld meten) dorgmeasuripg aaiopesyrPreperies (eigalanyoptiedari ng t he
gquanti zation error _and in er direc elated t ccur.ac .

requi rement ?c%%ﬁ%F'BF Pfﬂ?eg‘gfgﬁ’g‘f’é?sg s@ﬁpe%tdreﬁggélgs a#ﬁ%ﬂ?ﬁs%%%fwlw th
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dependi ng oh the diagnostic kit, diagnostic kit performance accuracy can be
opti m zed bpropety esprogerties of the testotrgst  nei ghboring test strip calibration

paranmeter as particular conbinations of calibration paranmeters can have a
sel f-conpensating effect. [0018] Al so provided by the present invention is a

met hod for 1%551”3' 'Y The device includes a memory with a plurality of test strip calibration
codes stored therein. Each of the plurality of test strip calibration codes stored in the
memory represents a geometric region of a multi-dimensional calibration parameter space.
In addition, the plurality of test strip calibration codes and geometric regions are
distributed across the multi-dimensional calibration parameter space such that a
quantization error of assigning one of the plurality of test strip calibration codes to the

test strip is optimally reduced.

[0016]) The optimal reduction of the quantization error can include, for example,
optimizing the distribution of test strip calibration codes and the shape of the geometric
region represented by each test strip calibration code such that a minimum number of test
strip calibration codes are stored in the memory while maintaining predetermined
quantization error limits. The predetermined quantization error limits employed during
optimization can, for example, be based on overall diagnostic kit accuracy requirements
and an assessment of testing error in measuring the calibration coefficients. For example,
the quantization error limits can be based on a fraction (e.g., one fifth or one twentieth) of

the overall diagnostic kit accuracy requirements.



associating test strip calibration codes to calibration parapeters faor use
In a diagnostic kit that includes a test strip and a device2hf€m“§Yﬁ@ﬂﬁry.
The nethod includes optimally distributing a plurality of test strip
calibration codes, and geonetric regions represented thereby, across a
calibration paraneter space such that a quantization error of assigning one
of the plurality of test strip calibration codes to the test strip is
optimally reduced. The plurality of test strip calibration codes that have
been thus distributed are then stored in a nenory of the diagnostic kit.

BRI EF DESCRI PTI ON OF THE DRAW NGS [0019] A better understandi ng of the

features an ant ag f . af ] i ' .ne obtajned b
reference t@oiﬂt foll %C%éh%{&s%ﬁlggglgﬁersa%@%?#%n @ﬁé4$éte? §?g‘$‘65r %Iﬁ dcijsmgmed

i |1 ustrat i vigacearBa SpHRIG reduingthe Qubkttzalibh BEbPARSInG mhkRr ARG febie i
utilized, and the accofrpanyi ng draw ngs, of which: (0020] FI | is a
sinmplified dcorky dequirearentd, calitdathgnparameteks dre aotmacdssarlyt assadiated »athpihairy
enbodi nent of the present inventjon, ;100211 FIG, 2 is a sinplified bl ock

di agr am of closeistigsbsrip caltbration eadedi ks isdeneficialrincecdenendingpondhe disgnestic of

t he present,.invention:. (0022] FIG 3 is a.sket.ch illustratin bgqundary of
nmaxi num per]?#’gﬁ%\oétl%kng%m'Bé?%a%' o8 PR zed by ot a8§1§m§gghech\9§qs es in
a p-Z cali hratiom & pafareter R HaHiNar 20hbi b ich i S a
graph ill uﬁ%ﬁ%&@ﬁ%%ﬂ%@p‘?ﬁ \Bni ch econg{ ant aeIr ?g’}l%ag%gtglgo%@bﬁgéon be

pl otted to phedmerersacandiane edelffeonmpensating effean for representation by a test
strip calibration code; [0024] FIG 5 is a sinplified. block diagramof a
di agnostic kit according to yet another exenplary enbodi nrent of the present

i nvention; 5] FI G,6 . h | Ct i .Cartesian.coordi nates for a
perturbati olhgﬁét rix {*é%"rﬁ{?&@sg égghaﬂ éjrgpéeg?ﬂvgﬁtéﬁl § éfﬁﬂd ? ! eOPS aglté' nt
i nvention; JsQi&inghkst strip tditRatitnbddes &Pédlibratidnpaitericters Fer isein FRidgndstidkit an
MAB obj ective function associated with a test strip in an exanple of the
present i nubattincindes a test strip and a device with a memory. The method includes optimally
distributing a plurality of test strip calibration codes, and geometric regions represented
thereby, across a calibration parameter space such that a quantization error of assigning
one of the plurality of test strip calibration codes to the test strip is optimally reduced.

The plurality of test strip calibration codes that have been thus distributed are then stored

in a memory of the diagnostic kit.
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:

[0020] FIG. 1 is a simplified block diagram of a diagnostic kit according to an
exemplary embodiment of the present invention;

[0021] FIG. 2 is a simplified block diagram of a diagnostic kit according to
another exemplary embodiment of the present invention;

[0022] FIG. 3 is a sketch illustrating a boundary of maximum permissible error

- enclosing a geometric region of p and Z values in a p-Z calibration parameter space;



[0027] FIG 8 is an illustration depicting a distribution of test stri
calibration codes, and geonetric regions represented thereb%!F§@P€§§0§ﬁ p-Z
calibration paraneter space in an exenplary enbodi nent of the present

i nvention; [0028] FIG 9 is a sinplified block diagram of a diagnostic kit
according to yet another exenplary enbodi ment of the present invention;
[0029] FIG 10 is an illustration depicting a distribution of test strip
calibration codes, and stepped pol ygonal geonetric regions represented

t hereby, across an M\PT- |SI caljbration paraneter space in an exenplary
embodi ment 9023Ihe pr eEGt4 isaaraph Blustratipg theanamer m which consiand ernop fAvAtions am

illustratin S ence, of steps,iN a process ccording.to,on X | ary
enbodi nent G BERIOTELEARnE ABRRMG s<ptsir o lon A EPriscRiipARY SEREEBINENTS oF
THE | NVENTI QibrakiBRedlde:T0 be consi stent throughout the present specification
and for clear understianding of the present invention, the follow ng
definition is hereby provided for a termused therein: The term
"quantization error" refers to the error associated with assigning a test
strip cali H0824Jon codElG.& is asimplified block diagran ofiadiagopstis kitaacordingta yas
measured calihration a 21 February,2007 coefficients. Such a quantization

error is adPAHer pxemplery epabediment ofthe RTesFRt IBYSOPhut i on  of test strip
calibratio es, a . e ' : G : LS i p
cal i brati on@8iee, 2chid Fis R Sighed R ANSIRRLRARNE o RockBbaliG sl
Theref ore, tedhiquaussd iz edrijorctidhrwith the'présentinientionrgwed as the error
associated with having a test strip calibration code represent an entire

geonetric r@R@n of 't is-airaptndepigiing acpariusbatiangnatrig deraneMdB ehieative
Dependi ng the context. .the quantization err can also he referred to as
the cal i br 3{1?%}?“&5?%’56‘% 8‘6@‘21 teI%I P %ewﬁﬁﬂf{hﬁpé%f%{ ’BX?J‘Q{?Pagr am

I Tustrati gamgd' agnopfid. @ #iah ilratibR AEHIERAS £ At Bh B e s hRBralibRies) for
measuri ng characteristic of a fluid sanple. Diagnostic kit 100 1 ncludes a
t est strip chdés, amdigeormetvicaegid@Oreprsented thenehygl a¢rebshmeZana)ibfation parameter

space in an exemplary embodiment of the present invention;

[0028] FIG. 9 is a simplified block diagram of a diagnostic kit according 'to yet
another exemplary embodiment of the present invention;

[0029] FIG. 10 is an illustration depicting a distribution of test strip calibration
codes, and stepped polygonal geometric regions represented thereby, across an MNPT-
1S1 calibration parameter space in an exemplary embodiment of the present invention;

and
[0030]) FIG. 11 is a flow diagram illustrating a sequence of steps in a process

according to one exemplary embodiment of the present invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION

[0031] 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:

The term “quantization error” refers to the error associated with assigning a test

strip calibration code to a test strip that is not coincident with the measured calibration



measuring a property of test strip 110 and cal cul ati ng, therefron] th
characteristic of the fluid sanple. [0033] One skilled in theF @?FMVFPQ7
recogni ze that diagnostic kits according to the present invention can be
adapted for use with a variety of sanples, fluid or otherw se, including

bi ol ogi cal sanpl es such as tissues and feces. In addition, it is

contenpl ated that enbodi nents of the invention can be adapted to a range of
assay kits, biological or otherwi se, known to those skilled in the art.

Sui tabl e assay _kits include those enpl oyed in DNA sequencing, protein

anal ysi s, dfeesfieienisopael a giantzstipRngraisiasymmetrically dependent uppimthe distrabtion

Ki I d
Feagent s) | SHERUATR RARARY fodst e e pbctite RO BreRBiled K ik 6 Sfio
reagent (s) &é?,b?awnvcdau; a%ros%%ﬂﬁhf‘diﬁbﬁk‘?&uai‘@ﬁﬁbfﬁhén rafefR JPAce: 1@@&%@%@ sed

of the present Invention, It recogni zed tgét t he ‘accuracy o

resul ts obt quaneidativr &reruah a:mslayvkaed;ama ehrer agapeiated avith havingh tdsharigse  of
reagent calibration codes. Myreover, a nenory included in the analytical
devi ce can ¢alibeationsiode a¢presenban m@agsn@metancurmlan oba muticimensioral calilrrédm wi t h
each of the rea ent caly brat.ion es.r esentin eonet of a
calibrati onp‘B%'Pﬁ fRace- bﬁ l%ﬂ?@?&%"g%%ﬂw ﬁzatgcbrbﬁ?orccgplaﬁﬁogﬁ rsﬁa gd

and geonet r}Gpl egkiGo s o€ distributed across the calibration paraneter
space such that a quantization error of assigning one of the reagent
calibration codes to the reagent is optlnally reduced. 9 21 February 2007

[ 0034] Diagnostic kits in accordance with the present invention can be
enpl oyed t[903asure EI@ kisar smplified blogk diaggam nllnsgagmld@gmsmklt Wbne

skilled in fhe art ne rrtedt entration of
certain ana{ Peuap ?Sﬁe4 ‘?8%“&5*%8%%&‘&‘“ yrng & ¢ h?f:{]em{: g ﬁﬁﬁfﬁnp&ﬁem cal
properties Heofostidkit PH0 Mchiks atésvhnafl 10 ahdl H'd@vi‘éé'md) . gpamhﬁaih & métazgmst rip
110. ducose, cholesterol, proteins, ketones, phenylalanine an enzyfres in a
physi ol ogi cmhashhugqunmtyazf tedtstrth lwrande:alnulasmg; tharedirom, dhaclpirageristic of die
anal yt es, \r/]\ﬁlle a prothronbln time (PT) of a blood sanple is an exanpl e of
such” a cheril¥dsam@plnerty. [0035] Device 120 can neasure, for exanple, an
optical property and/or electrochem cal property of test strip 110 and
cal cul ate, based on the neasured property,

[0033] One skilled in the art will recognize that diagnostic kits according to the

present invention can be adapted for use with a variety of samples, fluid or otherwise,
including biological samples such as tissues and feces. In addition, it is contemplated
that embodiments of the invention can be adapted to a range of aSsay kits, biological or
otherwise, known to those skilled in the art. Suitable assay kits include those employed
in DNA sequencing, protein analysis, drug discovery and pharmaceutical development.
Such suitable assay kits include reagent(s) (e.g., liquid reagents and lypholized reagents)
and an analytical device employed in conjunction with the reagent(s) to carry out a
predetermined analysis of a sample. Once apprised of the present invention, it will be
recognized that the accuracy of results obtained with such assay kits can be improved
through the use of reagent calibration codes. Moreover, a memory included in the
analytical device can have a plurality of reagent calibration codes stored therein with each
of the reagent calibration codes representing a geometric region of a calibration parameter
space. Furthermore, such reagent calibration codes and geometric regions can be
distributed across the calibration parameter space such that a quantization error of

assigning one of the reagent calibration codes to the reagent is optimally reduced.
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a characteristic of a fluid sanple applied to the test strip. Such a

cal cul ation can be acconplished, for exanple, using an al gozi FésHiary 200t
enpl oys both the nmeasured property (or neasured properties) of the test
strip and calibration paraneters. In this regard, a test strip calibration
code previously assigned to test strip 110 and conveyed to device 120
serves to identify appropriate calibration paraneters for use in the
algorithnm(s). One skilled in the art will recognize that the al gorithm can
be conventionally inplenmented by software and hardware included in device
120. [0036) Device 120 also includes a nmenory 130 with a plurality of test
strip <calibration codes stored therein. Each of the test strip calibration
codes stored in nenory 130 represents a geonetric region of a

mul ti-di mensional calibration paraneter space. Furthernore, each
calibration code is associated with a set of calibration paraneters that can

be enpl i | gogi thigs). f | culating the fluid |
char act of | JOD34T ermor Prags ki BlacRabismich o ey Weaiian Fen b emeloved e

in the art,,.i udi nQ, - i | : Lt
circuits (é?éﬁ%sﬁngﬁicg tCtr‘l3 g{rlnc ,L&ggz@gdjsf\z}b{ﬁr%?l es g&ﬁ%@f@?ﬁ%%ﬁg@rﬁgcess
Menori es [ SidMbt lipiied iéthabdengatbroof oertaibramalytes in fhridl savhplesl appliedi t6 kestnd

di sk-based nenories. to 21 February 2007 10037) In diagnostic kits

accor di ng tstrip A&0 pnd/orchemigalapropesties (eg, Pl gr alk nytadfoftaetg\ud samplempplied tr at i on
codes and the geo rLc regi represented by the test .strip calibration
codes are dF%ItS?’i’Fbgf(idbgf%‘g §8{’]‘%§teﬁﬁ1 I?rf)?e Swgﬁgff%?naﬁe‘wiﬁﬁ?lﬂPsPP@ﬁn?a&?%?d&aer
space such icA YRR bfchldsHlodd. ufihe Of apnd &5duch bhd p i ation
code to theﬁ estl(?gsl(t;ér]i p |s&§pti maﬁ’y ?edfjce ) Suc%‘ﬁé%st opt Fn%‘r’élptg%ﬁ%‘?l?{)% can
be acconpl ipgrbggombiaktigs {PP) f a blovdsghple is imexsnple af suchnathesisalasgstyon t he
al gorithm(s) used by the device to calculate the fluid sanple
characteristic, an objective function that represents test strip accuracy,
the variati L.n the ] | coefficien d bal anci ng
the error E{QQ%%II at ed ]\?mgﬁggltf %g%?/g]relg%{"?’?ﬂ} gnag%é)ts%ﬁ rogﬁgéltpgéﬁe@ﬂcg&at I on

coeffi ci entefectdotcherhital %upmy éPlek0drip 10 bnd &l6llae, b&kdohthd MRhsiREBpNPEfy,CaAN
identify the optimum shape and size of the geonetric regions represented by

the test stardharastarisbie of a flwidsagople appliedjedhetest strip.e§ueing calpuletipmiean bé i ed can

accomplished, for example, using an algorithm(s) that employs both the measured

property (or measured properties) of the test strip and calibration parameters. In this
regard, a test strip calibration code previously assigned to test strip 110 and conveyed to
device 120 serves to identify appropriate calibration parameters for use in the
algorithm(s). One skilled in the art will recognize that the algorithm can be

conventionally implemented by software and hardware included in device 120.

|0036] Device 120 also includes a memory 130 with a plurality of test strip
calibration codes stored therein. Each of the test strip calibration codes stored in memory
130 represents a geometric region of a multi-dimensionalcalibration parameter space.
Furthermore, each calibration code is associated with a set of calibration parameters that can
be employed in an algorithm(s) for calculating the fluid sample characteristic. Memory 130
can be any type of memory known to one skilled in the art, including, but not limited, to
memories based on integrated circuits (e.g., Dynamic Random Access Memories [DRAM),
Static Random Access Memories [SRAM], programmable read-only memory or hard-wired

. logic) and disk-based memories.
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then be associated with, for exanple, a single test strip calibration code
and distributed across the multi-dinensional calibration parafsbaersiiie.
Thereafter, any lot of test strips wth experinmentally measured calibration
paraneters that are within a given geonetric region can be assigned the
single test strip calibration code associated with that geonetric region.
EXAMPLES Exanple 1. Diagnostic Kit for Blood d ucose Measurenent 100381 An
exenpl ary diagnostic kit 200 for bl ood glucose neasurenent according to the
present invention includes a disposable blood glucose test strip 210 and a
meter 220 (i.e., device) for neasuring a property of the disposable blood

e
9 sposanl o o BdiERSBk ek i Bhaydif plShiaoARkOBE YRk} Bl "o

gl ucose conggdesasd disftibutededtfossahafmltpdiraisionabealibraionpasahtter §lacesudhl tHsas e
test strip 210 (to which a fluid sanple has been applied) neasured by neter

220; and p quahtiZatioreerrersef assighingaatestisinp caibrastonanede to the tRaGB1Y isldptivrallp20
I ncl udes a nenor 30 storin pl.urality of test strip al i bration codes.
Each of thereﬁpwﬁl chg aproptignal @PFW o el SAmRished dexexample duAheh astatistica
hexagonal g - [ | . - oy ' - el ) ranet er
epace n BB b RN Gori Al BPAE UPAB, afeuli ety BB 272 0
hexagonal geRstéristicl RO0HIERive Rlirkctidh SHat rdprésents 3t AHH accurdsy; theVanaticialthd - Z

cal i bration paraneter space such that a quantization error of assigning one
of the pl urmeasuyernéntiof salibrationrcosHfidientsahd halenningthe errohassociated vithithg i s

ggf : g?;lt ?/ 0 nmv%n’i?&n@zg ?rgquqrggrgg@-#ggal%%{xgg czoee 1c?¢|m é\utﬁ H}el q%gnt?;atitoxem%}'rogt g{JB‘I a
statistical analysis can identify the optimum shape and size of the geometric regions
represented by the test strip calibration codes. The geometric regions thus identified can
then be associated with, for example, a single test strip calibration code and distributed
across the multi-dimensional calibration parameter space. Thereafter, any lot of test strips
with experimentally measured calibration parameters that are within a given geometric

region can be assigned the single test strip calibration code associated with that geometric

region.

EXAMPLES

Example 1: Diagnostic Kit for Blood Glucose Measurement

[0038] An exemplary diagnostic kit 200 for blood glucose measurement
according to the present invention includes a disposable blood glucose test strip 210 and a
meter 220 (i.e., device) for measuring a property of the disposable blood glucose test
strip, as illustrated in FIG. 2. The meter 220 is adapted to calculate the blood glucose
concentration of a blood sample applied to the disposable blood glucose test strip 210

using an algorithm of the following simplified form:

G=1"(C, -2) ()

1t



N
geonetric regions across the two-di nensional p-Z calibration paraneter
space, and the benefits that are derived fromthis distributjjombnpk bode
apparent to one skilled in the art based on the follow ng description of
the mat hemati cal anal ysis technique used to obtain the optim zed
di stribution and hexagonal shape of the geonetric regions. First, equation
(1) above was re-witten as: gp, 2 =1 (Co - Z) (2 Next, to facilitate
the optimal reduction of the quantization error (i.e., tolimt the error
due to the assignment of a test strip calibration code to a |lot of tests
strips), thgptRllowing two "constant error" equations (i.e., objective
functions) were created: 13 p,2)-Gp,21 =co 1Hp,2-gp,21  (3) GZ-FEr
[ 0041] These c€bnbioadgluepsesencenfradion,ons represent absol ute and rel ative
errors, respectively, due to test strip calibration code assignnent. For
di agnosti ¢ ki #and6, arepropertiesof dispospble blopd glygqse teoirip 218 4to whigha fiuichsampie has s
for blood gbemapplial)messatadbly nwens 200; abét ween 20 ng/ dL and 100 ng/dL and the
second "Cr" equation applies. for blood glucose concentrations from 100
nmg/ dL to 600 RENHE aretad stripsaliRIghiphPRetess. f or an absolute error (2 ng/dL in
this exenplary enbodinent) and the "Cr" equation is for a relative error
(2% in this exenplary _ enbodi ment The term is.the_glucgse equation

[ : . Z ]
for a fixedl@®Ple of  Matsn220 i S&WWL@Q%Q&K@\QP]P&#\%OE@FQWBH on code

table. The greater_ the diff.er e nd.R_.. and.between.Z and .Z ,
the o eat or et ffeen EacitbEOE BATDAT Hth B Brish e oSy F a0 e
concentrati Héka‘é%hkl?zeoﬁe@ﬁic felzici6F 4 Ro-aimiensionBl SOTalibi6eR BarafRRG 8Phceatthon
val ue, G p,Z). (0042) The constant error equations above were based on two
pr edet er m nestmaty 2300the iplurklity cfdest stipycatibrtionendes and heaagdngl gémettibeegions

di agnostic kit, has an error of +/- 10 for blood glucose

concentrat i Brﬁsdlﬁf’%li@a\ﬁé@ﬁs EWW@EH%WI%C @Lo“al?ﬂim&?fgr e suckrthata 1004
for blood o} 4gR5ei6PBGENSf RibARY dNe FHHEADIGFality BltedORrif A Hrattth {8 Ethe

test strip is optimally minimized.

[0040] The optimized distribution of test strip calibration codes and hexagonal
geometric regions across the two-dimensional p-Z calibration parameter space, and the
benefits that are derived from this distribution, will be apparent to one skiiied in the art
based on the following description of the mathematical analysis technique used to obtain
the optimized distribution and hexagonal shape of the geometric regions. First, equation

(1) above was re-written as:
) G(p,2)=1*(C,-2Z) )

Next, to facilitate the optimal reduction of the quantization error (i.e., to limit the error due
to the assignment of a test strip calibration code to a lot of tests strips), the following two

“constant error” equations (i.e., objective functions) were created:

6(p.2)-G{p.Z] =<,

6(p.2)-G(p.Z) 3)
! P— L er
Glp.Z)
[0041] These constant error equations represent absolute and relative errors,

respectively, due to test strip calibration code assignment. For diagnostic kit 200, the first

12



ng/ dL. However, since these requirenents represent the total allowable error
for the diagnostic kit, only a portion was allocated to the 2ddlebmarst 2A7
error budget, nanely: e. = 2 ng/dL; (4) and c,=2%(5) (0043] In practice,
thep and Zval ues determ ned during calibration of a test strip |ot can be
used to assign a test strip-calibration code (j3, 7) to the lot of test
strips. This assignnent is based on the proximty of the neasured p and Z
to the test strip calibration code. The neasure of proximty is the
difference between the blood gl ucose concentration using the test strip

cal i brat i on “6prquatien eperlissifebiopd ghisese cangentrations pHhetwgem 20 see/dk iand 106e
nmeasuredp, Z. That proximty is represented bly the constant error equations
above. 13 2mgdbrapndithe sgord “¢,0equatiorappliastfonblood glicase/eingestratioms dtons 200 sf y
the two constant error equations above, define the boundary of maxi num

per ni ssi bl e mg/dbrto 660 mgidL b¥he & AequationTin fer anrabsaluteserrar (Amg/dL lim thesl
geonetric region ofp and Zvalues. Forp and Z values within this geonetric
regi on, assiegemplary empodinéng) andshe ts” ¢quation & fooa réletiee ¢rnam(2% inathisadxemplary
error] and less than c, [relative error]. FIG 3 illustrates how the"

const ant er efiboéiikitit). Olbe @ahiG(Ep, ZS)\s thesglucuss @gnation for kifiged @alde of [Eaid 0sed
curve "A" is the set of points that satisfy the constant error equations.

Therefore, tDAQhRM dib Yalide$ tiken ot £ LaRRatidciidode tihy eTRE prRhter LRSEiffetdndd t he
defined relative and absolute errors. [0045] For diagnostic kit 200, the

obj ecti ve Wastvieen eindP)] 4 bebResnRined D, tHelBeateehaWifféréndeq@t 8o betdn and Z
and how p, Z, | and Co effected that shape. From this, a determ nation was

then made oreponted bhesiglyemsaeonientraeon walse,(G(p 1 oyendthe astmal bltodalussei es of
(] 5,1,2) values could be generated as test strip calibration codes covering
the p- Z caFonsentraion YalePed)- space. (0046] In order to make the constant
error equations nore tractable, Qp,Z) was expanded in a Tayl or expansion
and approxi mated by di scarding terns higher than |inear

[0042]) The constant error equations above were based on two predetermined
diagnostic kit accuracy requirements, namely that the diagnostic kit has an error of +/- 10
mg/dL for blood glucose concentrations of between 20 mg/dL and 100 mg/dL and an
error of -+/- 10% for blood glucose concentrations of greater than 100 mg/dL up to 600
mg/dL. However, since these requirements represent the total allowable error for the

diagnostic kit, only a portion was allocated to the cal‘ibration error budget, namely:

g, =2mg/dL; 4
and
) | £,=2% (5)
[0043] In practice, the p and Z values determined during calibration of a test strip

lot can be used to assign a test strip calibration code (5, Z ) to the lot of test strips. This
assignment is based on the proximity of the measured p and Z to the test strip calibration
code. The measure of proximity is the difference between the blood glucose
concentration using the test strip calibration code and the blood glucoée concentration
glucose using the measured p, Z. That proximity is represented by the constant error

equations above.
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order, resulting in: Gp,2)=Fp,2)+C p' 2)tp-p)+~ 'Z~' (Z-2) (26) where t he
partial derivatives are: | aGp,2)=CGo = G p2)In(l) ap ag p,22)February200y7 _
& - -1 Conbiningthese back into the constant error equations resulted in:
14 21 February 2007 +(p,2)-Gl ,21-1aG p, 2)P)+a@BZzZ2)0(Z-2Z~ (7)

=l P, 2)In(l1)(p-p)-1 (Z-Z1 and -_ 1GEp,2In(l)(p-p)-1 (Z-Z1 Er (P,2) (8)
These constant error equations (i.e., equations 7 and 8) were plotted on p,
Z axes in a geonetric region near T, 7. The result is illustrated in FIG 4

where, for ease of graphing, the P, Z have been chosen as (0,0). In order
to define the calibration code geonetric region, these equations nust be

consi der ed [BB‘i‘gal I perﬁlﬁtgee?ggéglﬂg%a%ess?ﬁgbs%?wgle%%n&m%f Eﬁ{nfnqq\é%ég%:fi ne

wi thin the ‘range of sanp ions W rrance an

the geonet rahgve,[dRHnE the btindhryl of rxaiRhEperi@ible BirbSddifed by, ahde10mignd
gl ucose | evels of 20 ng/dL, 600 ng/dL, and 100. ng/dL, which respectively

cor r espond resultshie ah enelesedggeommtric tegia of ot d1el Zivalbes tFaylpuarakZ valuey oithinathis t he
gl ucose |l evel of transition between the two constant error equations. Due to
absol ut e vagkometiauegiopyassignmgintto P 8d Z aresults ipquatrootes$ theanct, {tsolute ereor]
glucose level limts, the result_was a series of six |lines 410 which bound
a hexagonaland dessitkar & [relagivesmopl . FI1fh ddBustiatashowathe comssantcexeoy sauatioge defing i ¢

i 420 that . the, |i b il t ed jin Fl 4. 10047) .B d
the above duds pptinise. BrEEdiE T Bt Sored SIRVE A *lihe st pgfies el ety Be.
invention Qf,EXAM T ehudtion¥! Fhsrctdie, BE by WiRtiRRRe EBleLARe B G fesk €91 ON

than the defined relative and absolute errors.

[0045] For diagnostic kit 200, the objective was to determine the shape of the
geometric region around 7 and Z and how p, Z, I and C, effected that shape. From
this, a determination was then made on how these geometric regions fit together so that a
series of (7, Z ) values could be generated as test strip calibration codes covering the p-

Z calibration parameter space.

{0046] In order to make the constant error equations more tractable, G(p,Z) was
expanded in a Taylor expansion and approximated by discarding terms higher than linear

order, resulting in:

G(p,Z)=G<Z,2)+—a-9(3’;;’z—)-(p—5)+9%(§’-z—)~(2-?) )

where the partial derivatives are:

g_c;%z_) =G, = G(p,Z)»n(J)

aG(p,Z) _ G, =1’
74

Combining these back into the constant error equations resulted in:



represented by a test strip calibration code based on the glucose al gorithm
equation (1), and the error equations (7) and (8), which ar @l §ebrupg2007ve
to diagnostic kit performance (e.g., accuracy) requirenents. Exanple 2

D agnostic Kit for Blood ducose Measurenent that |ncludes an

El ectrochem cal Test Strip and Meter Device A diagnostic kit 700 (wthin the
dashed lines) for blood glucose neasurenent includes an electrochem cal

test strip 710 and a device 720 (e.g., a hand-held neter) for measuring an
15 21 February 2007 el ectroc 3%Lf%5 propert ofzbhe el ectrochem cal test
strip 710, as i stk a A1 ,8. Vi POL| dapred to calculate the
bl ood gl ucode %ﬁ@eﬁ[’?ﬁﬁa aa}bl o5$sf I e gppl ?gj‘ ? el ect@gchen‘i cal
test strip 710 using the al gofjthm of equation (1). [0048] Devi 720

i ncl udes a nenory= @@j?om(m ztﬂu;b.yﬂhizez st strip calibration codes.
Each of the pluraltty of test Strip calibrathion codes represents a

hexagonal g%%’retri c region or a partial hexagonal geonetric region of a

t wo- di nensi ohal p-Z calibration paranmeter space. As is explained in nore
detail bel ow, tphe—two-,diygnsiohal; | i bration paraneter space of this
enbodi ment covepgpigg'k’g? at P 'ﬁ}p ggéﬁt ers from0.0 to 0.8 a(gg “p"

cal i bration®draneters 1r 790 to 0.80. [0049] The thirty-thr test strip
calibration codes (stored 1h’menory 730) and hexagonal (or parti al
hexagonal ) geonetric regions are distributed across the two- di nmensional p-Z
calibration paraneter space such that a quantization error of assigning one
of the test stThess constaremorn egnationd fise- tequations Tand®) weedplottesladn o, Eoxessnpip 710 i s
optimally reduced. [0050] The follow ng technique was enpl oyed to determ ne
the di stri bgeametriofegion@sar Bi % pTheatesst iailusmatebisdIGahwhereurease of grepiingnthe
across the p-Z_calibration paranmeter space. First, it was recogni zed that

t he assi gnneht Zohave®sén chbsenpas (BO). [in atdeoto defitkathe tadibratiah cbdegiebmetric oedidn, theeent s
(i.e.,p and Z) nust be optimzed in order to obtain an .accurate. bl ood

Ol Ucose. moa SRR TRuSPE FHRGEEH 6 e Pemiicd gpges OF Al rordioas  Corip values

quant i zat i ORithfth®fanpd 8itsakple @BAditiSH s will i e formahBe £t thibdeliyie the gusiRetiibie

quanti zation error, a mean o
region. For this example, the limits occur at 7= 10, and glucose levels of 20 mg/dL, 600 mg/dL,

and 100 mg/dL, which respectively correspond to the lowest glucose leve), the highest glucose
level, and the glucose level of transition between the two constant error equations. Due to
absolute value signs (which give rise to two equations) and the three glucose level limits, the
result was a series of six lines 410 which bound a hexagonal geometric region 420. These lines

and the hexagonal geometric region 420 that the lines bound are illustrated in FIG. 4.

[0047] Based on the above description, one skilled in the art will recognize that
the invention of Example 1 provides the optimum shape for each geometric region

represented by a test strip calibration code based on the glucose algorithm equation (1),
and the error equations (7) and (8), which are set relative to diagnostic kit performance

(e.g., accuracy) requirements.

Example 2: Diagnostic Kit for Blood Glucose Measurement that Includes an

_Electrochemical Test Strip and Meter Device

A diagnostic kit 700 (within the dashed lines) for blood glucose measurement includes

an electrochemical test strip 710 and a device 720 (e.g., a hand-held meter) for measuring an
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absol ut e bi

functi on was

as (MB) objective function was utilized. The MAB objective

defined as follows: wnt i Bias J +ti 9B as MABFebruaygP07

where 16 21 February 2007 Bias= GYSI YSI < 100 ng/dL %Bias = [(G - YSI)

YSI ] x 100 YSI

> 100 ng/dL and where Gis defined in Equation (1) above;

in is the nunber of strips tested wwth YSI glucose value <= 100ng/dL; n is

t he nunber

pl asma gl ucose val ue neasured using a standard Yell ow Spri ngs

10051] In definin tre MAB ob'tectiye function, _t_he nmean of b_oth
§fheislessoshemiral isHsinRcH O i bestated SmF 161 Rleicgn

fashi on. Thi ' i ' ' d for ..t

o ocual BHbRAS Beyle Bt 8585 05 RIS 2L REHULd Bbp it

het er oscedas

i nstrunment.
absol ut e bi

of strips tested with YSI glucose value > 100 ng/dL; and YSI
reference

glectroghemisalAEeRstty 0

I ¢ na sponse I n di agnos

[ 0052] Twengcebdeldion iarkep! 7 l0asingiheiaRdrithf ofegeatioRgn).pr epar ed t hat

I ncluded purposely-introduced process variation.

process variation was designed to mmc the process-induced variation that

woul d be encountered throughout = the manufacturing time period of the

el ect rochenl0948] t est Revigss/20mnsludesnmerogy. V3 G stRERR Hurty+
timal Wz | ty t . ' tally det i ned b

o nt m2i ho iEr dotrech PR RRRES LR unp R tralSh itaste P iNR ved b
HRLEAR . _ o ) s . :

and Z va ueﬁexagsn&%é%ﬁl@&&rr@gigﬁ%ﬁa%hlél m%x%?@%agﬁglgﬁgwg% u{/&l{ﬂn% han

par anet er spac

to O. 8.

Wo span val'ues fro
p-Z calibration parameter space. As is explained in more detail below, the two-

dimensional p-Z calibration parameter space of this embodiment covers “Z” calibration

parameters from 0.0 to 0.8 and “p” calibration parameters from 0.50 to 0.80.

[0049] The thirty-three test strip calibration codes (stored in memory 730) and
hexagonal (or partial hexagonal) geometric regions are distributed across the two-

dimensional p-Z calibration parameter space such that a quantization error of assigning
ohe of the test strip calibration codes to the electrochemical test strip 710 is optimally

reduced.

[0050] The following technique was employed to determine the distribution of
test strip calibration codes and geometric regions across the p-Z calibration parameter
space. First, it was recognized that the assignment of test strip calibration codes to
calibration coefficients (i.e., p and Z) must be optimized in order to obtain an accurate
blood glucose measurement with diagnostic kit 700. In other words, the quantization
error must be optimally reduced. To optimally reduce the quantization error, a mean
absolute bias (MAB) objective function was utilized. The M4B objective function was

defined as follows:

| Bias |+ | %Bias |
MAB — _i=l i=]

®

m+n
where
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[ 0053] Once apprised of the present invention, one of ordinary skill in the
art will recognize that the number of el ectrochenical test <trepruagt 2007
enpl oyed in evaluating the objective function can vary dependi ng on the
magni tude of the expected process variation and the degree of confidence
needed when defining the calibration paraneter space. In practice, the
nunber of test strip lots wll typically range from about 20 to 60 test
strip lots for an initial definition the calibration paraneter space. 17 21
February 2007 [0054] Next, the calibration error of the p and Z calibration

paranmeters due to bl qod _donc device and bl o ose .concentration were
determ ned for each 1Bct g(;gﬁglm cal test stri BQF% %I’—"Sgldgxarrpl e, the

calibration error dueBiad* qod- ¥snerysigs 10det erv‘smmd}yg@ust ematically
renovi ng data for one blood donor at a tinme and re- optimzing p and Z from

the remaining data set. The m ni mrum maxi num and range of the calibration

error were determ ned ?ﬁig f variation (i.e., blood
donor, device and bl ngtdd)\é/ ‘Hg%ﬁégﬁ%‘%én aPl o@é g%grg’ el ectrochem cal test
strip lot to determ peisthemueber of strips agsted withi YSI.gluEbe vahie gzcli00migldlt e of t he
error ran ges forp and Z were, then, determ, for a fixed test schenme over
all the lots. This 958 thedmbereo fsfﬂps&sﬁﬂﬁ'gyglﬁg‘ﬁgﬁfr"éh‘ﬁﬁt1081‘“%%"@_5 ation
coefficients was subseguenilsha giRRbRWaRe Ataffed inE 8 ¥RAdar@Y 1§ Spiigsi on for
exam ning the calibration paraneter space. Based on the collected data, it
was det erm ned t hatrefereacedipstrymantentile of p = 0.03 and that the 95'
percentile of Z = 0.10. These 95" percentile values were chosen as an

i ncrement o ol utio digtribyting.test strip calibgatio odes across
t he F-Z cal {OB$§[SI on paﬂ"a rape :M‘gg okﬁgg_%ﬁﬁ’ _cﬁ%'?’ttﬁer‘ﬁ'gﬁ 8&%?3?93"&6 i que
was then enpliyednt eafuRs %@cérﬁsm%\%%gﬁm BE4 inteed HACAABN. Thid coftimitdn
Cartesian coordinate plot ‘that shows the conbination ofp and Z calibration
par anet er veflhigses evap implethented toacpmmt foridhe heteroseedastic. nature of theer glucosds, t he
MAB was recalculated for the follow ng 8 conmbinations. (0.03, 0): p =
optimized prespamsein diggpesickitfih; i zed z.  (-0.03, 0): p = optimized p -
0.03; and Z= optim zed Z (0, 0.1): p = optimzed p; and Z= optim zed Z+
0. 1.

[0052] Twenty electrochemical test strip lots were then prepared that included

purposely-introduced process variation. This purposely-introduced process variation was
designed to mimic the process-induced variation that would be encountered throughout
the manufacturing time period of the electrochemical test strips. For each
electrochemical test strip lot, the optimal p and Z calibration parameters were
experimentally determined by minimizing the MAB objective function. Based on the

) ranges of observed p and Z values, it was determined that the two-dimensional p-Z

” calibration parameter space would span “p” values from 0.5 to 0.8 and “Z” values from 0

to 0.8.

[0053}) Once apprised of the present invention, one of ordinary skill in the art will
recognize that the number of electrochemical test strip lots employed in evaluating the
objective function can vary depending on the magnitude of the expected process variation
and the degree of confidence needed when defining the calibration parameter space. In
practice, the number of test strip lots will typically range from about 20 to 60 test strip

lots for an initial definition the calibration parameter space.
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(0, -0.1): p = optimzed p; and Z= optimzed Z- 0.1. (0.03, 0.1%: p=
optimized p+ 0.03; and Z= optimized Z+ 0.1 (-0.03, 0.1): p2l &periuaiy2087p-
0.03; and Z= optimzed Z+ 0.1 (0.03, -0.1): p= optimzed p+ 0.03; and Z=
optimzed Z- 0.1 (-0.03, -0.1): p= optimzed p- 0.03; and Z= optim zed Z-
0.1 21 February 2007 (0056] The MAB val ue for each of the coordinates in
FIG 6 was subsequently calculated and plotted on a perturbation matrix for
each of the twenty electrochem cal test strip lots. In this exanple, the

al l owabl e quantization error was then set to 0.50 MAB. A review of the
perturbation matrices indicated that the majority exhibited a hexagonal

pattern in r of t] the 0.5 MAB quantization error limt (see FIG 7
whi ch  depi B54E, ¥ Dot WaselPratinhenias ot e ad giceliongfiog paramgiers é%@m cal
test strip . \ | Cl e val ue

repr esent & Ped fopdbluicd SRt bibhE shichd Cirk Bty R ke oBlenRATEY MEF V0 G
Encl osed i nele@fdchBidaitesbaip JotaForeh@mMeBthe chlibdatiofl efrbdud foBTbéd@ormiptwaRi zed
p and Z by <= 0.5. This hexagonal (honeyconb) pattern was, therefore,
chosen as t deterndpédby yspamdtivally aethoyeg detarforonebliood dopgrat sdimesndoe- a t est

strip calibration code g_tor din penory 730, ]10057] The resulting p-Z

cal i br at i onCRiERIZIEIEANdS from WgFemaining data sets dye minisu, Paximup agd fange of

i ncrenents Ut | I ri,c
rogi oner ¢ e RGN bt Fhre 2ot 0 pRnd ZdoD EEAIGARE oF SAREOHTR Bldonr

circles in dder, #Viceand blydadadat copcibhtion) pep gieefischiRificaBéR sirlifldt to
distributed across the p-Z calibration paraneter space 800, as shown in

FIG 8. Pardetermimethagoezal]l vpciabidity.i The 851 percersid® ofibe erroe mylgoy at pandetiyers of
the p-Z cal {bration ranet er. space 800 wher ul . he onal .geonetri.c
regi ons vvptfi"ﬁ“ a%fs’émégc?gﬁée‘f?wgﬁgﬁﬁﬁ"t’ﬂ%%ﬂ .‘E%IPéS'dTgF?SEBFWSW‘ Qr §THRTIR at ed
by assi gni ngea,asdnt 8F Ldlbraftnl effidiOfts G4 Enifiéd a(.isfelin ih%%ﬁ@htzof

Bie |

calibration paraneter space the test str??) ciillieln?)?atl on” co an xagonal
geonetri c rregilatiorefos egarmihingthe (Calibratiof parafitter 3pacé. Baled! On theaddllevted db, it
distribution of the test strip calibration codes and hexagonal geonetric

regi ons acrasdetergined that the ﬁé‘ﬁpﬁf&%ﬁﬁ@ép SHa2 andthat e Wetnerreatily ofcf R s of
resol ution.yIhe ol L BL A 9NubAH AR LS eh A58 iHOEthehPofi388ubi&s for HidthiButing

test strip calibration codes across the p-Z calibration parameter space.

[0055] A perturbation matrix technique was then employed to evaluate the MA4B
objective function. FIG. 6 is.a Cartesian coordinate plot that shows the combination of p
and Z calibration parameter values employed in the perturbation matrix. In other words,

the MAB was recalculated for the following 8 combinations.

e (0.03,0): p=optimized p +0.03; and Z= optimized Z.

e (-0.03,0): p=optimized p —0.03; and Z=optimized Z.

e (0,0.1): p = optimized p; and Z= optimized Z+ 0.1.

e (0,-0.1): p = optimized p; and Z= optimized Z- 0.1.

e (0.03,0.1): p=optimized p+ 0.03; and Z= optimized Z+ 0.1
e (-0.03,0.1): p= optimized p- 0.03; and Z= optimized Z+ 0.1
e (0.03,-0.1): p=optimized p+ 0.03; and Z= optimized Z- 0.1
e (-0.03,-0.1): p=optimized p- 0.03; and Z= optimized Z- 0.1
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calibration code are shown in parenthesis above each the filled circles that
depict the test strip calibration codes. 10058] The nunber 24¢F eh&@é}@%‘?@i and
partial hexagonal geonetric regions formed wthin the p-Z calibration

par anmet er space indicates the total nunber of test strip calibration codes
(i.e., thirty-three) required for diagnostic kit 700. Each respective test
19 21 February 2007 strip cali bration code is defined as the m dpoi nt of

each pol ygonal geonetric region (i , each hexagonal geonetric region or
parti al hexagonal geonetric re The | ocation of _the optimzed p and Z
for the ea t he tdstMABva rfét:h@ih%féhe eqosdingtep ipFl1G+ & was subsequestly by an

@LEF#% e B‘Ex@d oted i Pk roafhits B pe By oE s RO R LY o
it 900 &gﬂ@
9IZE) (e.g 0 hlgﬁg H‘Ityg nmet ‘% oé“orr‘*é%s}% mg%%%‘feé{ rs‘%érgc}ggr?%g 2 B’gﬁ A?ﬁg'e‘fé‘ece

strip 910 réiﬁiew lolf tie! pepfustshtion nirdtficesdindioaied algat Wdmaforityl adiibiled #healgondlat e t he
International Normalization Ratio (INR) of a blood sanple applied to test

strip 910 paitery lmmmtsmfhwnlmgthaaﬂ @dMqumntlznmmlhm(t:(&)eF%é’nduc}PT is a
pr ot hr onbi n t.inme K\@gﬂ devi ce 92 and ? are, cal i bration
par anet er s CIPG'G@G? 1&93 es fer onrfeef the Rkenty gle 9‘3@&’5"%?4 ﬁﬁstﬁ'élﬁ’rlP'é)enNP@st
strip cali 4 ! 11c§299%ﬁmbgﬁﬁé]o§vge§éﬁmé b&gsﬁep‘?(?égx&%é‘hxf%‘?%to%&w MBO“ of

an MNPT-1S ar ane |al ne ai l

-bel ow, the frUNHEe Io'ﬁlglmhmx at the Brigha EaeRised 1nsaaaﬁgm£: BosREAlethe MAP'S Hsat VNPT
calibration paraneters from7.04 to 9.07 and ISl calibration paraneters from

0.99 to 1. 8iffer fonsthe dptimizerdy ;m@Z(b,y **E=h@ 5 Ehmsthezeagomels(ﬂloscyqoplh)@bttmamson

codes and pol eonetrigc re distributed acrosg

t wo- di nens Bﬁfégm\l % aﬁpasﬁmp or eac geometric region represente by a test strip
calibration code stored in memory 730.

\J

[0057] The resulting p-Z calibration parameter space 800 is illustrated in FIG. 8.
Using the increments of resolution of 0.03 and 0.10 and hexagonal shaped geomeﬁ-ie
regions, the thirty-three test strip calibration codes (depicted by filled circles in FIG. 8)
and hexagonal geometric regions 810 were then distributed across the p-Z calibration
parameter space 800, as shown in FIG. 8. Partial hexagonal geometric regions 820 were
employed at edges of the p-Z calibration parameter space 800 where full hexagonal
geometric regions would have extended beyond the edge. The distribution was initiated
by assigning a test strip calibration code near the center of the p-Z calibration parameter
space (i.e., the test strip calibration code and hexagonal geometric region assigned to p =
0.62 and Z = 0.40) followed by distribution of the test strip calibration codes and
hexagonal geometric regions across the calibration parameter space at the defined
increments of resolution. The calibration parameters assigned to each test strip
calibration code are shown in parenthesis above each the filled circles that depict the test

strip calibration codes.
[0058] The number of hexagonal and partial hexagonal geometric regions formed
within the p-Z calibration parameter space indicates the total number of test strip

calibration codes (i.e., thirty-three) required for diagnostic kit 700. Each respective test

19



20 21 February 2007 paraneter space such that a quantization error of
assigning one of the test strip calibration codes to the tes! Febriyapy 2005 i s
optimally reduced. [0062] In diagnostic kit 900, test strip 910 has been
assigned a test strip «calibration code based upon its
experinmental |l y-determ ned 1Sl and MNPT calibration paranmeters. Each test
strip 910 requires a test strip calibration code with fixed ISI and MPT
calibration paraneters Such fixed ISl and NNPT calibration par anmet ers

enable a us t Q..conve a |bra devi ce 920 so that
dovi ce. 920" P EATiFFRRPR dade 1§ &tingd s e HRpar B eBihic el ef P giion T,
correspond r 63]
Based on oxsech el gEbineficRbioh ot ol 53’*%8?%{%3% B SRI], Theldgion "9*"

di agnosti c Khd oftifizedp andiZ foakheyeachmnf dieodniselectroehéraivgliesr stipasts aw xhﬂrkchI
val ues rangi ng between 0.99 and 1.32 and MN\PT val ues rangi ng between 7.04
and 9.07. HbwaneX in FHisl0.r ect angul ar cal i bration paranmeter space was then
limted to a diagonal MNPT-1SI calibration paraneter space (as illustrated
in FIG 10 and described further below) within the rectangular space. This

limtation mn@ggdn%% sHt RGP Wfn & PhblonRG R IRSYSErfibhd MIERL fof Nl | NR
measur enent SSTes LNE6..E VYR L5 cal rTTon pararret er space
shoul d not differ by—#&h”. .?&'.'.'Eg L Mhe calibration error

associated with the I'SI and MNPT calibration paraneters, their 95%
confidence intervals were conputed. In this exanple, the ISl and VNPT
Ther.ef or e,

cont | dence. 10BSTval o' vhfeaciis b aodfar 2 s Y medperme rsaqlaﬂwaeet strip 910
isti NPT
ﬁ;gt n);;nc\?\n t(ﬂggg Wﬁégig’kg%aaﬂgncgg@lrd 2‘2%% ?ﬁ/’g?ﬁlﬁ%b@ ?(%p e';'f?édd cat egtd t hat

an ISl wi dt bripf91@, @9ilasdated nivRRT sw Bmcwzo 3. aaﬁptsdhmjd:alcdlmuhé Iritérnaticrial ar
di agnostic kit performance, nown that the perfor rrance of
the di agnosNoenmatmr%atwéw&e@bbmdéamlqﬁnpm @a@?trﬁé‘lp 810 ypiag thgtrllowing e

t hese cali bl’%BI an,paraneters have opposing influence on the I NR neasurenent.
21 :

(10)

s
INR=( PT )

MNPT

where:
PT is a prothrombin time measured by device 920; and
) MNPT and ISI are calibration parameters.
[0060] Device 920 includes a memory 930 storing fourteen test strip calibration

codes, each representing a polygonal geometric region of an MNPT-ISI calibration
parameter space. As is explained in more detail below, the MNPT-ISI calibration
parameter space of Example 3 covers MNPT calibration parameters from 7.04 to 9.07 and

ISI calibration parameters from 0.99 to 1.32.

[0061) In memory 930, the fourteen test strip calibration codes and polygonal

geometric regions are distributed across the two-dimensional MNPT-ISI calibration

20



21 February 2007 [0065] Based on the above analysis, the fourteen test
strip calibration codes were assigned to polygonal geonetri?2l Feypran2007t hin
the MNPT-1SI calibration paraneter space that were essentially diagonal in
overall shape with each pol ygonal geonetric region have a "stepped”
outline. FIG 10 depicts the resulting calibration paranmeter space 950
across which fourteen test strip calibration codes (1-14) and fourteen

st epped pol ygonal geonetric regions 955 have been distributed. The stepped
pol ygonal geonetric regions 955 can be viewed as, a conmbj nati on of adjacent
par al | el ogr Ba8MeleneRASE SYEibthab qYaRtgtPR ERRR Qi AsS\gRINg ons T dhg leshslidp egfibration

determ ne the, di st,ribytion f the fourteen test strip calibration codes and
pol ygonal g&%q?étt? le tF%{gg’lkrngl(gbsro ggn?lﬁ'eredmaﬁ | SI calibration paranmeter space
in menory 930. To optimally reduce the quantization error, both absolute

difference and rel ative difference objective functions were enployed. These
functions t [o#e2} he f olln didgngsticokinB00,est Alvipd) 1t ledSibicer assigned-a tdstBaip ent - | NR

- Re ference _INRI H_Absolute Re lativeDi fference (JPatient: INR - Re
f erence _| Nralibratign coge basedupareiteexpsamentatly-detesmaneddsd pah MINRRcalibratien | NR

response obtai ned by_the diagn ic kit; and. Ref.erence INR s t I N
response obP%{PWEWrsoyEaeftP‘rtggéfrg?]QE(s FaRyes %H"éﬂ‘%ng ﬁ{‘@ﬁﬁon fﬂi%‘ﬂd‘ %ﬁgg f%‘l ﬁﬂg\m ng
two di agnosiy4 hi1: [ ' |
i st i bat | me N HIARRY BAmER SRR ISP BPT ARG P Elmtlrs ensble
regi ons acuRsfo édive)bitdstlsthip ealibrition dode tpae\ace9 20 sehacdevides)201dan enmAsy
absolute rel ative deviation (MARD), i.e., mean of absolute relative
di ff erence thedSkandMINEcalgupliomparametess thainosrespongyiodhe test ®rip calibratiencgode
across the assg%o tranq)g.(ﬁﬁgll be |l ess than 15% when the correct test strip
cal i brat i on"¢SFPHAYG N nd 22 21 February 2007 (b) For a statistically
rel evant sanple size, 95%of paired values shall be within 1.0 INR This
requi renent can be ascertained if 95 percentile of Absolute Differences is
[0063] . Based on experimental data, the MNPT-ISI calibration parameter space for

diagnostic kit 900 was initially conceived as a rectangular space with ISI values ranging
between 0.99 and 1.32 and MNPT values ranging between 7.04 and 9.07. However, this
rectangular calibration parameter space was then limited to a diagonal MNPT-ISI
calibration parameter spaée (as illustrated in FIG. 10 and described further below) within
the rectangular space. This limitation was based on a diagnostic kit accuracy requirement
that INR measurements results within the entire MNPT-ISI calibration parameter space

should not differ by more than 25%.

) [0064] To estimate the calibration error associated with the ISI and MNPT
calibration parameters, their 95% confidence intervals were computed. In this example,
the ISI and MNPT calibration parameters follow a normal distribution. Therefore, the
confidence intervals were computed directly by applying parametric statistics. The half-
width of the 95% confidence interval for ISI and MNPT had mean width of 0.045 and
0.38 respectively. This result indicated that an ISI width of 0.09 and an MNPT width of
0.76 should result in similar diagnostic kit performance. However, it was known that the
performance of the diagnostic kit remained acceptable with increasing ISI and MNPT

since these calibration parameters have opposing influence on the INR measurement.
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|l ess than 1.0 INR 100681 There are two performance netrics in this exanple,
with MARD being enployed as the primary netric and the 95" Pét Eebrupiye067
Paired Difference enployed as the secondary netric in determning the
extent of the ISI-M\PT calibration paraneter space and the size and shape
of each geonetric region represented by a test strip calibration code. The
extent of the |SI-MNPT calibration paraneter space and size of the
geonetric regions was deternmned using the primary netric and verified with

t he second ric. The RD.and 95th Percentile of Paired.D fferences with
optimal ISl 053 et i thea %Vermlsoﬁ’efoyaeeﬂ testSHip 65%&%90 s were

tively. ' . da: - a0 il th
rmnner 1 n G gcd b Rotal gesthaticdaions afhin GONAPTIS ol nld o @EES 11
st epped polgpaayihht FeRekdritally Aiigonsl ilvvertlrshapk withiebeH ssly goriadgéorhéreic

| SI - MNPT calibration paraneter space 950 in nenory 930. One skilled in the
art will rregioghayea stapped® oitined IUGe A0 depiotsehe rashlting ¢akbnation parametesispace

ti | t hods.. | e, .y 93 | d includ tabl e, h
s Tabl e 1 90126058 S foRrefR b P SR PRHoR 98 Il fbpnd ey Sepped 1 12) to
MNPT lib ' . . < - g | ' ' t
(oo, S5 PR RRENE Feliods Shsohae beefiistiofil, Bhg nfbedtihasian 1o 8 &1 °
Cal i brati Ogggﬁ%fgi’@e{egfons bs5hcabe V}%v\/Aésa a%% coglb’ﬁi)atgg of 4djaberBparadleddrdins. 23 21

February 2 A6 B6 7 A7 B, 8 A,
[0066] The following technique was then employed to determine the distribution
) of the fourteen test strip calibration codes and polygonal geometric regions across the

MNPT-ISI calibration parameter space in memory 930. To optimally reduce the
quantization error, both absolute difference and relative difference objective functions

were employed. These functions took the following forms:

L AbsoluteDifference = IPatient _INR —Re ference _INRI

IPatiem _INR —Re ference _ INRl +100
Re ference _ INR

IL. Absolute Re lative Difference =(

where:

) Patient INR is the INR response obtained by the diagnostic kit; and

Reference_INR is the INR response obtained by a reference measurement system.

[0067] The following two diagnostic kit accuracy requirements were also
considered in distributing the test strip calibration codes and polygonal geometric regions
across the MNPT-ISI calibration parameter space:

(a) The mean absolute relative deviation (MARD), i.e., mean of absolute relative
difference across patient population for total diagnostic kit accuracy across the assay

range shall be less than 15% when the correct test strip calibration code is used; and
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10 A10 B10 11 Al BI7 12 Al2 B12 13 Al3 B1J 14 Al4 B14 TABLE I 100701
FIG 11 is a flow diagramillustrating a sequence of steps i%lgﬂxé%¥¥895ry
nmet hod 970 according to the -present invention for optinmally associating
test strip calibration codes to calibration paraneters for use in a

di agnostic kit that includes a test strip and a device with a nenory.
10071] Method 970 includes distributing a plurality of test strip
calibration codes and geonetric regions represented by the plurality of

librati d a. | i ti . , t thi
tep 980 The d: ) FopeRgRtsAl B Rya PR AP DOTR BRI Es SORILPE BHWE £ o
Mt N : bt - . . ¢
Stri o of ¢ RS TR, s RdfPinehicd e deSinaindd o3 irBERite OF ABROAR: Dltrerbites i0°
plurality Okss th@st.0SINR.p cal i brati on codes and geonetric regions serves to

associ ate each of the plurality of test strip calibration codes with
cali bration paraneters of the calibration paraneter space. 24 21 February

2007 (007 e cali [ . =an, . ' . bration
parametor WO Kol e aREpAREheS RRRRS 10hiPBe i STARDERLY
cal i brat i orenpRbPéipisahe pHAREy Attric 4R the 99 Percditile b Paired mﬁéﬂehé@émrﬂa ed as
paraneter space such as thep-Z calibration paraneter and an MNP -I%I

cal i br at i orthpsecandarymetpadedetamsiningihd exteot/ef the I3k MNRE talibrition paramptees 2
and 3. [0073] The ﬂuantiz tion error can he optimally rgg?uced using any

mat hermat i caPace adthie syze ang shapept each geqmgiric gaion regFrssRted OY adest#tiues) or

experi ment al_,. i [PW?TO' Bty | | ﬁga oy4 MAB
obj ective ?Cl ﬁlr%éﬁﬁgﬁsc §;a|§ ngﬁm%&{lgﬁoor{gﬁ és*« I'Te %}]1%18}1??{@%1%‘ %ég‘?:r | e(%e év/\;tp%
regard to kpesfRtriSregions vaRdefermbdasirig the primagy @eiCirdl Vexified with the second
metric. The MARD and 95" Percentile of Paired Differences with optimal ISI and
MNPT were in the range of 4 to 7.5 and 0.2 to 0.45 respectively for an experimental data

set.

[0069] FIG. 10 illustrates the manner in which the fourteen test strip calibration
codes and fourteen stepped polygonal geometric regions 955 were distributed across the
ISI-MNPT calibration parameter space 950 in memory 930. One skilled in the art will
recognize that memory 930 can store such a distribution using conventional methods.

For example, memory 930 could include a table, such as Table 1 below, associating test
strip calibration codes (e.g., 1-14) to MNPT calibration parameters (e.g., A, - A,,) and IS]

) calibration parameters (e.g., B, - B;,).

Test Strip Calibration Code | MNPT Calibration Parameter | ISI Calibration Parameter
1 A, B,
2 A, B,
3 A, B,
4 A, B,
5 A B;
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benefi ci al
function (

to optimally reduce the quantization error
MAB, MARD or constant error equation(s)).
al so includes the step of storing the plurality of test strip
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[0070]

TABLE 1

FIG. 11 is a flow diagram illustrating a sequence of steps in an exemplary

method 970 according to the present invention for optimally associating test strip

calibration codes to calibration parameters for use in a diagnostic kit that includes a test

strip and a device with a memory.

[0071]

Method 970 includes distributing a plurality of test strip calibration codes

and geometric regions represented by the plurality of calibration codes across a

calibration parameter space, as set forth in step 980. The distribution is conducted such

that a quantization error of assigning one of the plurality of test strip calibration codes to

the test strip of the diagnostic kit is optimally reduced. The distribution of the plurality of

test strip calibration codes and geometric regions serves to associate each of the plurality

of test strip calibration codes with calibration parameters of the calibration parameter

space.
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26 21 February 2007 What is claimed is: 1. A diragnostic kit for neasuri ng a
characteristic of a fluid sanple, the diagnostic kit conpri s gy Qr\})t

strip with a test strip calibration code assigned thereto; and a ice for
measuring at | east one property of the test strip and cal cul ati ng,
therefrom a characteristic of a fluid sanple applied to the test strip, the
device including: a nenory with a plurality of test strip calibration
codes, including the test strip calibration code assigned to the test

strip, stored therein, wherein each of the test strip calibration codes in
the nenory [#0%2)at hendhe calibrgtiompanarrietdr spadercan fbe any svitabde talibratjoremeateter
geonetric regi on of a calibration paraneter space, wherein the geonetric
regi ons ar eSPRes kiewmio an%%kéulrlﬁfhw ®Artg F@éﬁxaélﬂplﬁdhﬁP%ht?fémféB@ﬂmieWg spaggicags of

calibratio ters of erm ssi bl e error rein the test
Str o cal i A TaaihEsonal e R P ng T Srre SHACH wEP A B Rt ameteE
calibratio

aasi gned ¢ REt FOURI1SRARGARN peldbiie gt B e i BRI DB BERICT 1y
reduced. 2.Exbnepled 2gpdstic kit of claiml, wherein each of the test strip
calibration codes represents a geonetric region of a nulti-dinmensional
cali bration paraneter space. 3. The diagnostic kit of claim1, wherein the

test strip | di sposabl e b] ood Iucos test str nd. wherei n, t he device
enpl oys an PG i t nm She avRntzfion frpeanttsqpfim Ff?%@ngmmemat hemajicab

gl ucose congaRKEAlE Y cohu@Rttridt cFAIdIPROH pppaﬁghhﬁ Blochiifut Bkn sl 11 P

and p and are cal”i’bra | on par ters
concent r at i eRutbMionirdteik fedhhijues einpldying MAH (ijécEtivleCfOndtmﬁQ)SkndVﬁplfo&ﬁﬁ%lulled
hexagonal deonetric regions of a two-dinensional p-Z calibration
) in the art. As described with regard to Examples 1, 2 and 3 above, it can be especially
beneficial to optimally reduce the quantization error using an objective function (e.g.,

MAB, MARD or constant error equation(s)).

[0074] Method 970 also includes the step of storing the plurality of test strip
calibration codes thus distributed in a memory of the diagnostic kit, as set forth in step
990. This storage can take the form of a table or other software implementation known to
one of ordinary skill in the art and can be accomplished using any suitable storage

technique.

[0075] Since methods and diagnoStic kits according to the present invention
provide for a minimal number of test strip calibration codes, they enable a practical
evaluation of a test strip lot using each of the plurality of test strip calibration codes and
experimental data collected on the test strip lot. The test strip calibration code which
minimizes error (based, for example, on an objective function such as MA4B) could then

be assigned to the test strip lot.
[0076] It is contemplated that the exemplary method described above can be adapted

by one skilled in the art to optimally associate reagent calibration codes to calibration

parameters for use in assay kits that includes a reagent and an analytical device with a
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paraneter space. 4. The diagnostic kit of claim3, wherein the test strip
calibration codes are distributed across the two-di mensi onakl Bcguary 2007
calibration paraneter space based on optim zation using constant error
equations. 5. The diagnostic kit of claim3, wherein the test strip
calibration codes represent one of hexagonal geonetric regions and partial
hexagonal geonetric regions of the two- dinensional p-Z calibration

par anmet er space. 6. The diagnostic kit of claimb5, wherein the test strip

cal ihB? 2t 1 o ERPRIRShel p STEISPGF: U fePHERE FEAI VoW NI SHBE B < he
ca . CEUSS s ou n
erubry. 2obrensy StysBedf ey aboR R ATk GherE dih R FREBY bl |

an | nt er natdaghki oNeba& dcgstsiataliBaition pataidterispade shich itliat arfandatieh BrbPef devi ce
enpl oys an algorithmof the form rsi !NR PT =(M\PT) where: PT is a

pr ot hr onbi ras¢igming one ©f thedrebgent kaliloratio egdea taithelvbiigEntiscptisiallyreducadi b at i on
paranmeters to calculate INR . and wherein the test, stri &cal i bration codes

represent [S9INgywn he regesntsalibrationeodss vapd be aspacigtederith ealibratignmpranagters of

lib i . 8, di i Ki. f, cl ai 7, Wh i h
Cast erri o PRl peRBEEL spabe, TBE nieRE{\IuG IS0 ot SoRnElkredt TLr e
of the tm-cgiimﬂ§ﬁ S?‘f;s thed dim-ﬁte%hia%é’rhb%ftﬂé‘&?dl]'ﬁﬁl dénéce. 9. The

di agnostic kit o m 8, wherein the stépped polygonal geonetric regions
are conprised of a plurality of adjacent parall el ograns.

[0077] 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 structures and

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

26



10. The diagnostic kit of claim1l, wherein the nenory stores @g{:uralzbb
test strip calibration codes that optimally reduce the quan% [l

by mai ntaining predeterm ned quantization error limts with a m ninum
nunber of test strip calibration codes. 11. The diagnostic kit of claim 10,
wherein the predeterm ned quantization error |limts are based on an
accuracy r &Gut isetmemed 5f t he di agnostic kit. 12. The diagnostic kit of claim
1, wherein each of the test strip calibration codes represents one of a
hexagonal geonetrdisgnoatip kitfop measupiag bichdradtenistig ofiafluigesample; the diapgostio katf a

t wo- di menscemipdisiggal i brati on paraneter space. 13. The diagnostic kit of claim
1, wherein the nenory stores a plurality of test strip calibration codes

di stributed siked sirfpaitieacdst wfip tdidrdts codd dshigneiahérbophndn codes represent a
pol ygonal ~geon@ivideFor B&HsOingddt |éhst oM prd peR SF B #dst #hﬁuaetlman@ar amet er space.

14. The di agn@skfrbmka shabdctétsB OF alfBuid WRRHIE bpblicB o Beletganp] thegon®i ri c region
Is a steppeqPPg{h}{ onal geonetric region conprised of a plurality of
a

adj acent par ograms 15. The d| agnostic kit of claim1, vvherel n the

t est strlplsa S | eis a
hand- hel d net er npgi%%h%pl?ur ?t t nialli)t%?li(’)ntgs{-dfesgni’ glné (II'IE e bl ood
gl ucose test stf at %ss {e(sﬁ ) F{?S & elﬁ1 “f ‘E &% est
stripis a di sp tS’Ia Bﬁ’ Phepd ’f’t’} @emf”é'satre 'g’té‘f? Y {8 Ry %}?dclg
hand- hel d et er FBfe RESRIETR gegmc&vceig&%g IO PaRamel<y SPase. VSl sposabl e
bl 0cod gl ucose t 8§tEcempiny regions ar, Prged By ey arlYlofaé?t PN, n;preWEEP in the
test strip is avpreydfcahypion pagameters ohmaggum pramissipiesarorand whetaiR Bef o
measuring opti cést b palibration codesiand spomenttie Bl atedliirilited gerosshe The
di agnostic kit e#liksationpatamejgispasesuehbatiaggyantizatio mrqubmﬂg avignedihs are
di stri but ed acr@@ésmheahbaatiobrcatﬂ?@rthi)mtaﬁﬁmlépp@pd efligedher using a geometric
pattern that is dependent on an objective function that defines overall
test strip2cal i Mhatdiaghosicriat of 28in2 11, dlereiraeach2df0e tésd striphealibratign @sdésc kit of
claiml, wher&kis hligeomiame egidnsofa rdtidimalsibnaedatibratiddpardietetlipaghiost i ¢ kit of
claim1l1, wherein the fluid sanple is a physiological fluid

3. The diagnostic kit of claim 1, wherein the test strip is a disposable blood glucose

test strip and wherein the device employs an algorithm of the simplified form:

A

G=Ip(C0-Z)
where:
G=blood glucose concentration;
I and C,, are measured properties of the test strip; and
p and Z are calibration parameters;
to calculate blood glucose concentration and wherein the test strip calibration codes
represent hexagonal geometric regions of a two-dimensional p-Z calibration
parameter space.

4, The diagnostic kit of claim 3, wherein the test strip calibration codes are
distributed across the two-dimensional p-Z calibration parameter space based on
optimization using constant error equations.

5. The diagnostic kit of claim 3, wherein the test strip calibration codes represent
one of hexagonal geometric regions and partial hexagonal geometric regions of the two-
dimensional p-Z calibration parameter space.

6. The diagnostic kit of claim 5, wherein the test strip calibration codes are
distributed across the two-dimensional conceptual p-Z calibration parameter space using
an incremental resolution based on the 95 percentiles of a calibration parameter
calibration error.
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sanple. 21. A nethod for optimally associating test strip calibration_ codes
to calibration parameters for use in a diagnostic kit that iZhdichdesy dWest
strip, with a test strip calibration code assigned thereto, and a device
with a nmenory, the method conprising: mathematically mani pulating a
plurality of test strip calibration codes, including the test strip

cal i brati or-codel hesdiagnoster kibof dlaim b athersiny the test §{rip fsandaiernasiond) repr esent
geomet ri c reymsfization Reatio ATNR) tastistip and meheteincthe dprisecmpjouy & glgembmddhtet ri ¢
regi ons arferthor med by a boundary of a set of points representing val ues of
cal i bration parangt ef serof maxi mum:-perm ssible error, distributing said
plurality of ted¥R=xtmFf calibration codes and geonetric regions represented
by the test strip calibration codes across said calibration paraneter space
such that awxkpt&nti zation error of having assigned the test strip calibration
code to the testis §bfitiRombinditht fRhduyed BAHE@Vicet RT eby associ ating the test
strip calibraiPnaaPRe areMalibratish pithmbieAn parameters of the calibration
parame. el 386 1aet@nﬁl:§§a%'ofﬂaieieﬁet Cfbt Ship E’alﬁ%;iecﬁ?l;{%ﬁ%re‘ﬁféﬁ'&ﬁ ;Scﬂ#%zal
wherein th eéllqls?trri 6%%936& ep &?gltrﬁ%grtqags t gltestC strip ?’cfaa |egérrg;5| o?f codes
across a ti-dLnensional, . l,bration a [. ce. 23. T hod of
claim 21, er e'dtuhetﬂ%g" ?té“tlflfgt‘il?lﬂ"a}’%]e@&ngﬁ%% % ﬁﬂ %Bﬂ%{?&@ﬁ%gﬁ {é.reo ttt est
strip cali F%BOIX%(H‘@ BTG re?ﬁ}og% tﬁ 5 ‘8?6“5{0%%3%@ I ?gaé% '®Pi ¢ region
or a parti HTARARLHB?Fal geonetric region of a two-di mensional calibration
par anet er space. 24. The nethod of claim 21, wherein the distributing step
di stributed-a pl Thedipgnpsti kit glglaims§, wherein,ihe steppedgolysonaleepmatricregiPis ent

pol ygonal cE®femprised obgphyality of adiscrptrarabslegtasital  cal i bration parameter
space. 25. The nmethod of claim 24, wherein the distributing step distributes
a pluralitylOof tBesdiagnostiqkitef ¢laimat. mdwreiode memesy stares apluralaty of tegt SR h

st epped poloaljbratibn getsstitat pptimallyi educediie quantizgtion errerky waiatainiag i br at i on

par anet er Spedaterm@d qihmtizatioh eglordfmits withna inimwhermiber pfiestditsp ealibrationg st ep

di stributesodeplurality of test

11. The diagnostic kit of claim 10, wherein the predetermined quantization error
limits are based on an accuracy requirement of the diagnostic kit.

12. The diagnostic kit of claim 1, wherein each of the test strip calibration codes
represents one of a hexagonal geometric region or a partial hexagonal geometric region of
a two-dimensional calibration parameter space.

13. The diagnostic kit of claim 1, wherein the memory stores a plurality of test strip
calibration codes distributed such that each of the test strip calibration codes represent a
polygonal geometric region of a two-dimensional calibration parameter space.

14. The diagnostic kit of claim 13, wherein the polygonal geometric region is a
stepped polygonal geometric region comprised of a plurality of adjacent parallelograms.

15. The diagnostic kit of claim 1, wherein the test strip is a disposable blood glucose
test strip and the device is a hand-held meter for measuring an optical property of the
disposable blood glucose test strip.

16. The diagnostic kit of claim 1, wherein the test strip is a disposable blood glucose
test strip and the device is a hand-held meter for measuring an electrochemical property
of the disposable blood glucose test strip.

17. The diagnostic kit of claim 1, wherein the test strip is a prothrombin test strip and
the device is a device for measuring optical properties of the prothrombin test strip.

18. The diagnostic kit of claim 1, wherein the test strip calibration codes are

distributed across the calibration parameter space further using a geometric pattern that is
~ dependent on an objective function that defines overall test strip calibration error.
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strip calibration codes by optimally reducing the quantizati rror ed
on an objective function related to performance of the di agg{;g? rearmztﬁa?
The nethod of claim 21, wherein the distributing step distributes a
plurality of test strip calibration codes by optinmally reducing the

quanti zation error based on a Mean Absolute Bias (MAB) objective function.
28. The nmethod of claim 21, wherein the distributing step distributes a
plurality of test strip calibration codes by optinmally reducing the

quant i zat i de. er fTae diagsestic &it of clasn &ywherein therdewiof ect hand-heldmoeteons rel ated to
performance of the diagnostic kit. 29 21 February 2007 29. The nethod of
claim 21, wber eimhe dhagnabiis kitioh tiainn ¢, Whicegin diesluid bmipdsisa ghiysiokicalflod t est
strip caliksmpleon codes by optinally reducing the quantization error based
on a Mean Absolute Relative Deviation (MARD) objective function. 30. An

assay kit for aa@Jn%éb@%r%pﬁﬁm Bss0dikihgasst sbip hlibreIAYodsd BGalibratisreagent ;  and
an anal yti §11 e HEu&R aQ]Ya%qodti@ Mﬂt%de?@téﬂétﬂptvhﬁl d’émﬁcaﬂlﬁra‘ﬁﬁﬁry out a
predeterm F&gu qsthérefa Eﬁa ANAE ettt coflp¥iting: 1 ncluding: a
menory W|th a pltrality o reagent c at'i on codes stored therein, wherein
each of the rea | e IIy
mani pul ated in eéi'ﬂe'a@ilc%l:] Bﬂl Egc%da gegtt};tggg %'&ﬁ{ EEMlb%tf‘On%ﬁ% ﬁ%fudrﬁ%br 2t on

par anet er spacetthW S cali 3t

to tep

ary of
a set of poi ntsgf’%‘p?telg '@g\g g %‘Tpaa %Ce ?;ﬁ Xlea%(fk} %Brgsl nmum
permissible errdf’ ARy 9ka ﬁ@@?ﬂ‘ Sé?ﬂr?sﬁptgf 'R 8 % i Shd geomet ri c
regi ons are di sth‘TaHl‘ffeéﬁo ?’B@E“&H’?Emé%{ bi on ane er ace such that a
quant i zati on er [SERIngG sud pRrality phte BFF‘“‘P‘th G898 on codes
to the reagent r?@e%btteiiﬁﬁlﬂ!efeﬁtéw&éhbmmn Coﬂesr%'f‘??éaalflﬁi“ ?)th“rPéFaI“?Ft%TSSOC| ating
reagent cal i br atspass seddbal a qraptgatipn aireren haying agviened Gefest sty alibsation assay kit
that includes acpdaigdhe testrstiimi optimp tededed dharelywasppaiating thewsptsip, t he net hod

conpri si ng: calibration codes with calibration parameters of the calibration parameter space;
and
storing the test strip calibration codes thus distributed in the memory of the
device.

22, The method of claim 21, wherein the distributing step distributes the test strip
calibration codes across a multi-dimensional calibration parameter space.

23, The method of claim 21, wherein the distributing step distributes a plurality of test
strip calibration codes that represent one of a hexagonal geometric region or a partial
hexagonal geometric region of a two-dimensional calibration parameter space.

24. The method of claim 21, wherein the distributing step distributes a plurality of test
strip calibration codes that represent polygonal geometric regions of a two-dimensional
calibration parameter space.

25. The method of claim 24, wherein the distributing step distributes a plurality of test
strip calibration codes that are associated with stepped polygonal geometric regions of a
two-dimensional calibration parameter space.

26. The method of claim 21, wherein the distributing step distributes a plurality of test
strip calibration codes by optimally reducing the quantization error based on an objective
function related to performance of the diagnostic kit.

27. The method of claim 21, wherein the distributing step distributes a plurality of test
strip calibration codes by optimally reducing the quantization error based on a Mean
Absolute Bias (MAB) objective function.

28.  The method of claim 21, wherein the distributing step distributes a plurality of test

strip calibration codes by optimally reducing the quantization error based on constant
error objective functions related to performance of the diagnostic kit.
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mat hematically mani pulating a plurality of reagent calibratign_codes jn_the

device to represent geonetric regions of a calibration par ané% ng@ﬁE‘(&QW

wherein the geonetric regions are forned by a boundary of a set of points

representing values of calibration paraneters of nmaxi num perm ssible error,

distributing said plurality of reagent calibration codes and geonetric

regi ons r@pr esdht ectthod of hlsim @ hgeherein thieidintritiutiog step distribates @ phurality df test

cal i br at i onstripaabbreti@r codspliceptanatly redvaingghcantizatian ewor tesedon oMehlavi ng

assi gned ombsaifitetRetative Egeiation (dARDY) abjectivedfambgiono t he reagent is optinmally

reduced, thereby associating the reagent calibration codes with calibration

par anet er s 30f t Ag assdyilirfai armatyzingarsanplecthe agsay Rit canprisig®ri ng t he reagent

cal i bration cpgegent;hug distributed in the nenory of the analytical device.

30 an analytical device employed in conjunction with the reagent to carry out a
predetermined analysis of the sample, the analytical device including:

a memory with a plurality of reagent calibration codes stored therein, wherein
each of the reagent calibration codes in the memory are mathematically
manipulated in the device to represent a geometric region of a calibration
parameter space, wherein the geometric regions are formed by a boundary of
a set of points representing values of calibration parameters of maximum
permissible error, and wherein the reagent calibration codes and geometric
regions are distributed across the calibration parameter space such that a
quantization error of having assigned one of the reagent calibration codes to
the reagent is optimally reduced.

31. A method for optimally associating reagent calibration codes to calibration
parameters for use in an assay kit that includes a reagent and an analytical device with a
memory, the method comprising:

mathematically manipulating a plurality of reagent calibration codes in the
device to represent geometric regions of a calibration parameter space,
wherein the geometric regions are formed by a boundary of a set of points
representing values of calibration parameters of maximum permissible error,
distributing said plurality of reagent calibration codes and geometric regions
represented by the reagent calibration codes across said calibration parameter
space such that a quantization error of having assigned one of the reagent
calibration code to the reagent is optimally reduced, thereby associating the
reagent calibration codes with calibration parameters of the calibration
parameter space; and

storing the reagent calibration codes thus distributed in the memory of the
analytical device.
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