DI AGNOCSTIC KIT. WTH A MEMORY STORI NG TEST STRI P CALI BRATI ON CODES AND
RELATED METHODS | NVENTORS: Paul G Hayter, Manoj Sharma, Tinothy J. Onhara,
Darwi n Poul os, and Maria Aqui no BACKGROUND OF THE | NVENTI ON [ 0001] 1.
Field of the Invention j0002] The present invention relates, in general, to
di agnostic kits for the neasurenent of a fluid sanple characteristic and,
in particular, to diagnostic kits that include test strip calibration
codes and rel ated nmethods. [0003) 2. Description of the Related Art Typi cal
di agnostic kits for the nmeasurenent of a fluid sanple characteristic
I nclude a device, such as a hand-held neter, and a test strip (e.g., a
di sposabl e bl ood glucose test strip) to which a fluid sanple is applied.
The device and test strip are used in tangen1to neasure an anau{ie
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Nornmalization Ratio [I NR]) é%ﬁgﬂﬁ%%ﬁ%%ﬂw ce typically
nmeasures a property or properties of the test strip (e.g., an optical
refl ectance, optical transmttance or an el ectrochem cal property) and

t hen enpl oys an ajgorltggé ﬁ to calculate the characteristic, based on_the
measured p b ayer, Manoy Shamas dimethy J- @hagns Seryin Boules, and
descri bed MZ% lg . exarrpl e, US. Patents Nos. 6,084,660, issued on July 4,
2000 and 6, 267F B1Y"?i ssued July 17, 2001 and U.S. Patent Application
Serial No. 10/100,531, filed March 14, 2002, each 1 of which is hereby
fully incorporated by reference, as well as PCT patent applications WO
0248707 A2 and WD 0157510 A2. 100041 In order to account for lot-to-Iot
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[0001) 1. Field 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.

10003} 2. Description of l‘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 Intemational 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




calibration typically includes the determ nation of calibration paraneters
and the assignnent of a test strip calibration code, associated with those
calibration paraneters, to each of the test strip lots. For exanple, in
order to assign a test strip calibration code to a |ot of prothrombin test
strips, coagulation and PT calibration paraneters can be experinentally

det erm ned usi ng orthogonal regression routines. In such orthogonal
regression routines, the bias between experinental test results and
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adjusting various calibration paraneters. The result of such an orthogonal

regr essi on Woui248807 A2nameW®m018636rA2rent al cal i brati on paraneters. |f
these calibration coefficients were assigned as calibration codes, there
woul d be infinite nunber of calibration codes. In order to nake a finite
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which 1s not necessaril){hcqrrect. Due to these drawbacks, the accuracy of
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parameters. If these calibration coefficients were assigned as calibration codes, there
would be infinite number of calibration codes. In order to make 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 strip calibration codes that have been associated with
calibration parameters (and therefore associated with test strip Jots) using conventional

techniques may not be optimal.



calibrate a test strip lot to verify the previous assignnent of a test
strip calibration code thereto. However, if individual test strip
calibration codes are associated with calirbration paranmeters that are too
cl osely spaced (i.e., calibration paraneters separated by a smal

I ncrement of resolution), it is possible that a test strip lot wll be
assigned a test strip calibration code upon recalibration that is
different fromthe test strip calibration code previously assigned. This
can occur since, even though the recalibration was perfornmed correctly, a
finite calibration error is associated with the recalibration. The possible
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general, the sinplest and nost inexpensive technique is for a user to
convey a t esnmplicatgs veaifichtien otthe assignment#f ddest stipisplibimpon sedatp atest strip lot.
calibration code button on the device. However, in order for this
technique to be practical, it is desirable that the device enploys a
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' 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 (€.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 1s cumbersome for the

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



3 sufficient nunber of test strip calibration codes to nmaintain the overall
accuracy of the diagnostic kit. [00081 Still needed in the field,
therefore, is diagnostic kit that enables the use of a mniml nunber of
test strip calibration codes and that enploys test strip calibration codes
that are optimally associated with calibration paranmeters and, thus, also
optimally associated with test strip lots. Al so needed, therefore, is a
met hod for optinmally associating test strip calibration codes to
calibration paraneters. MVARY OF.. THE | NVENTI ON 100Q9) The, present

i nvention pﬁlﬁlictf@é namipaéﬁssgtsm salibration Codee o RS R e ogicrﬁlpaccwaw pfthei on
codes t hat ﬁ{ag ?ﬂ}c"{]ﬁl | y associated with calibration paraneters and that,

t herefore, en BYEeS Yhe use of a minimal nunber of test strip calibration
codes. Since the test strip calibration codes are optinmally associ ated
with the calibration paraneters, the test strip calibration codes wll

al so be opt [0088]y assi ¢Stdlin¢ecded int tetfiedd,therefone, isidiagmoptic dst thatstnables the use
calibration. [0Q101 In arr'iéﬁ/i ng at t pr esent i(g ention, it was recogni zed
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non- over | appi ng geonetric regi ons each associated with a unique calibration
code. It wassocihing testsirjpicakibtatibratodelsits calitpatiorbparametessf cal i brati on codes
associated with each geonetric region and the calibration code assi gnnent

i ntroduces a "quantization error” that should be optimally reduced. Such a
guanti zation error can also be viewed as the error that 1is introduced into
a diagnostic kit's performance by assigning a test strip calibration code
to a test strip that is not SIMMARWVWOFRWTHE INVENTAON ed cal i bration
coefficients. It was 4

[0009] The present invention provides a diagnostic kit that includes test strip
calibration codes that are optimally associated with calibration parameters and that,
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

stnip 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 péramcter 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 quantization error 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. 1t was



additionally recogni zed that quantization error should not add consi derabl e
anpunt to the testing error associated with neasuring the calibration
coefficients. 100111 It was al so recogni zed that distributing the test
strip calibration paraneters and geonetric regions across the

mul ti-di mensional calibration paranmeter space such that the quantization
error is optimally reduced to the extent of testing error in neasuring the
calibration coefficients provides the nost efficient arrangenent. Such an

efficient arrangenent enabl the use. of a mnjmal nunber of test strip
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t hrough understandi ng the uncertainty i n neasuring e Calibration
paranmeters due to testing error, the possibility of assigning a different
test strip_calibration code to a particular test strip ot during
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I nvention include test strip calibration codes and geonetric regions that
have been 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




optimally distributed across a multi-dinmensiondl calibration paraneter
space. Such 5 optim zation involves properly dgfining an increnent of
resolution for the test strip calibration codgs and the shape (e.g.,
boundary) oft the geonetric region represented |by each test strip

mnimzing the nunber of test strip calibration code . Exanples of suitable
geonetric regions are hexagons, parallelograng, rectangles, an other |ike
pol ygonal structures, 100141 A di ostic kit flor_nmeasyring a char .
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100151 The device includes a r’iem)ry with a lurdlity of test strip

cal i br at i onfegiopaats hexgeens, paaflelograms, ssctagleshanthetherdike golygonakstructires. p
calibration codes stored in the nenory represgnts a geonetric region of a
ul ti-dinmensional calibration paraneter space. | In addition, the plurality
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across the multi-dimensional calibration arametler space such that a
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the menory whit nmintaining predeterm ned quant|i zation error limts. The
pr edet er ni rrsapeytLeRprepertiehobthedest i t s enpl oydd during optinization can,
for exanple, be based on overall diagnostic kit| accuracy requirenents

[0015]) 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 garameter 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 cogles 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 whil¢ maintaining predetermined
quantization error limits. The predetermined quantization error limits employed during
optimization can, for example, be based on overali 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.




and an assessnent of testing error in measuring the calibration
coefficients. For exanple, the quantization error limts can be based on a
fraction (e.g., one fifth or one twentieth) of the overall diagnostic kit
accuracy requirenments. 6 [0017] Since the test strip calibration codes and
geonetric regions are distributed based on optinmally reducing the

quanti zation error and in a manner directly related to accuracy

requi renents, calibration paranmeters are not necessarily associated with
their closest test strip calibration code. This is beneficial since,
dependi ng on the diagnostic kit, diagnostic kit perfornance accuracy can
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di agnostic kit according to an exenplary enbodi ment of the present

i nvent i on: thatincludes 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

[0019] 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:

106020} 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 a2 boundary of maximum permissible error

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



100211 FIG 2 is a sinplified block diagram of a diagnostic kit according
to another exenplary enbodi nent of the present invention; 100221 FIG 3 is

a sketch illustrating a boundary of naxi mum perm ssible error enclosing a
geonetric region ofp and Z values in a p-Z calibration paraneter space; 7
[0023] FIG 4 is a graph illustrating the manner in which constant error

equations can be plotted to define a bounded geonetric region for
representation by a test strip calibration code; 10024] FIG 5 is a
sinmplified bl ock diagram of a diagnostic kit according to yet another
exenpl ary €23 nent b1Gihis qagresleﬂtusmmmmmnngomludrmxxst@t|esroaeq;mphs

depi cting Car eS| an coo | nat es erturbat on matri x echnl ue used
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depi cting on matrix for an I\/AB obj ective function associated
with a tes{%a@ﬁf'a§1§hl%§8%’n exanpl e of the present invention; [0027] FIG 8 is
an illustration depicting a distribution of test strip cal | brati on codes,
and geonetric regions represented thereby, across an p-Z calibration
paraneter [8p2d]le i n aFl@xeisp smplibedbblockdiugranh of hdiagneseritit accorting tnyet
(0028] FIG 9 |s a sinmplifjed block, diagram of a diagnostic kit according
to yet andnpthe é’i&!ﬁb‘?@f‘;’mbﬁ’ﬁj@&f‘ rﬂ"eBTCSFWénW\é@Bnt i nvention; 100291 FI G

10 is an il ratlo t| t
codes, and [bbl%%ped po ygoné %% eg"a;nr ‘gﬂé{%ﬁg c%érdg'gazéesnﬁ%géb?ﬁgr etgl{ ﬁia%' 0SS
an M\PT- | QicHnfjuelised h&@orgﬁﬁcﬂimt\ﬁih ﬂﬁ%ﬁ@senﬂnamﬁmerml ary enbodi ment of the
present i nvent| on; and 100301 FI G is a flowdiagramillustrating a

sequence of{082&ps in H@r@@gﬁpﬁdﬁp@tmgmﬂbﬁi@neﬂ@nplfmap MdButijentive of
the present, | ivent ] on, DESCRI PTIN OF BXENFL ARY, EVBODI NENTS, OF THE
[0027) FIG. 8 is an illustration depicting a distribution of test strip calibration
codes, and geometric regions represented thereby, across an p-Z calibration 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-
151 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



10031] To be consistent throughout the present specification and for clear
under st andi ng of the present invention, the followng definition is hereby
provided for a termused 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 neasured calibration 9
coefficients. Such a quantization error is asymetrically dependent upon
the distribution of test strip calibration codes, and the geonetric

regions represented B?ithet st .strig.calibr tlﬁn co%‘%s, across . a .. .
mul t i - di menSYeSRFTiEaPIER 4 ARgTIZALPn REPREs asyyumetrioa{(y depydeit yage the,disirihusiani on
error can %ﬁgﬁ%ﬂbﬁi’tﬁﬁicﬁ?e&dﬁﬁ and 't %&Wﬁé ?@es‘gﬂ:;(&)xjr%ség;?éﬁaﬁ}gm% st ShipSt "1 P

calibration-code represent an €ntire geonetri

nul ti - di mengilibfionGatied) aofds® A mEdafBstinat Paitratiddepefdbepspide! TRerefiib Akt -
the quantization error can also be referred to as the calibration error.
100321 FI G quantigationgsirrgsican zlsd big|vieweddisahe emor dssomated withcharing agstottip c ki t
100 (enco sed within the dashed |lines) faqr asur i, ﬁg a characteristic
of a fluid CHRFNEN Coff HEPERER] &5 gt gepmetric reaien ofa puly-dipensional celibrafion

device 120 Nh ) . r f des
strip 110 dspietpr el DehEidind'Bh Bieleohi@ha, (RN Aokl YR blsh p stk fiEl o
sanpl e. (0Q33he EXltdratidd érest. in the art will recognize that diagnostic kits
according to the present invention can be adapted for use with a variety

of sanples, fluid or otherw se, including biological sanples such as

ti ssues an es. | ition, J.L | ont enpl gt ed .t hat. enbodi nents of the
i nventi on 32{&;& adagf @gd]tléaé‘ma%é @f’ccl&gléﬁ ﬁtugt,ratmg(ﬂ é’@gﬁ%ﬁm’&ﬂt 160

ot herw se, sy | 1 . i . LS. knel ude

t hose enpl og%%m}?a%&dDNA sgéﬁéﬂ%%hﬁg ,hh% g{)}grfl%{sgﬂg 55? ?@%ﬁ?ﬂ?@%ﬁ%@%ﬂf}g gehd
phar maceut i Biagnabtic &itof0eint ludesSutelt sttip 1 i hed adevive K20 @.g.)whatdichel€ aped) {o7)

(e.g., liquid reagents and | ypholized reagents) _and an anal ytical device
enpl oyed i AMEASHEIRE B PrapsTwyiof fest sigip, A ged cpleylating.dherefrom, thecharacteristic of the
fluid sample. '
[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 outa
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.



predeterm ned anal ysis of a sanple. Once apprised of the present invention,
it wll be recognized that the accuracy of results obtained with such
assay kits can be inproved through the use of reagent calibration codes.
Moreover, a nenory included in the analytical device can have a plurality
of reagent calibration codes stored therein with each of the reagent

cali bration codes representing a geonetric region of a calibration
parameter space. Furthernore, such reagent calibration codes and geonetric
regions can be distributed across the calibration paraneter space such
that a quantization error of assigning one of the reagent calibration
codes to the reagent is optimally reduced. 9 [00341 Di agnostic kits in
accordance with the present invention can be enployed to neasure any
characteristic of a fluid sanple known to one skilled in the art,
including, but not limted to, the concentration of certain analytes in
fluid sanpl #934ppl i ed Diagnoste kitshraqgoﬂiaﬁcm'ﬂh the prosemit ondenpowpar bé anploged). |
pH or alkallnlty) of a fluid sa pl i d to test strip 110. d ucose,
chol est er ol OTB?%W chpgactsristic ggﬁm keowm tp engy inrthe art, including,

narytes. vt Huieldd ﬂPé‘ﬁ%M?Q‘*Oﬂ%&E‘M@s B RS eiRicdan i e o

such a Che@tﬁﬁ'll@’éﬁcﬂ}’%f &Nemlkﬁ%ﬁﬂexﬁey(ecge PHGr smahﬂ%%fraeﬂma%nsreaaﬁh@d 1N

optical property and/or electrochem cal property of test strip 0 and
cal cul ate, testsstrip dH0.t Ghucoss sholesternl opreteing, ketane:shahemﬂlzdamne mmd edzymeklinad
sanpl e appl i ed, Iculatlon C acconpl.i shed,

0.t st st ri p Such a
for exanpl &b Yﬁ@ﬁ?&jcaggl“é‘f thheed, uriRg or FGVSE"B‘F% % e‘“ﬁb&%@])"@& whilegher t v
thisrogamiol E%’%‘“’“?i"gf {iod Simplit By BOmAPE Hidl'd GBI PIRGE . "

strip 110 and conveyed to deV|ce 120 serves to identify appropriate
calibration paraneters for use in the algorithn(s). One skilled in the art
will r ecogr{D 35k hat t Revige 429 rammeagwe.der em@mpmﬁaﬂlgrom andort ed by

S0l het e L HALLURIS BB Y150 bR B ki,
a characteristic of a fluid sample applied to the test strip. Such a calculation can be
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

conyentionally 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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calibration codes stored therein. Each of the test strip calibration codes
stored in nenory 130 represents a geonetric region of a nulti-dinensional
calibration paraneter space. Furthernore, each calibration code is
associated with a set of calibration paraneters that can be enployed in an
algorithn(s) for calculating the fluid sanple characteristic. Menory 130
can be any type of nenory known to one skilled in the art, including, but
not limted, to mnenories based on integrated circuits (e.g., Dynanm c
Random Access Menories [DRAM, Static Random Access Menories [ SRAM,
programmabl e read-only nmenory or hard-wired 1ogic) and disk-based

les. 10—~ [ 0037 di tic Kit. ding.to t.h L i tion,
The.pl ural i B ¢ est 1 GeRRE RS fosbrdinRbupesaineption ALy PEiFons
: _ BUEkIs Bt 418w oty L

1< o ren B e et fodeh ahf URFLeoRleRA; Aiont EneRleR ) LSS RARELAGR 1N

error of asgidedirRdigribeel abioss theGahltitdigichsiond @dibration ParahRr spidel sich that a
optimally reduced. Such an optimal reduction can be acconplished, for

exanpl e, t hpuantatmnsrariof pésighing atest swipsabbration oedet tedhategbstiiphhgptimalied by
the device tg calcul ate the f|§l d. saggge char,aﬁféef#éstlc, an obgbectl,ve
function t HagugedpSash ar spumalredvation can beipccoyplishad. 105 exapplsrthropghstatistical
measurenment_of cal | brati } G : ' r associ at ed
wih the. vaRbsiReted G e MR Fb Ry bl BEURR e MuRiBpIY PR
quant i zat i Qhafiiclepistic, 24 eBjedlivefuntiisd thatrlep@Beity @itStriratcuep thé Varidiion apfhemum
shape and size of the geonetric regions represented by the test strip

cal i br at i ormeasurementbfcalibmtioncpefficegtsoand hatansingdlkserrdriasspciated withthe be

associated with, for exanple,.a.single test str.jp.calibration co nd
i st 1 but ecraaBPREERRAE bf SRR GPaRetPeient i iE SrerpiRSHPe Ssba.
Thereaf t ef . AcdiGhal9lis bPidefitify tiSoptithid sRigeahi SBE bAlHe YRR Eflons
calibration paranetefs that aré within a given geonetric region can be
assi gned t hepresentedbyt the tessstrip palilaration aides Theogtenetsoemns thusiddntifindican
geonetric region. EXAMPLES ) . . L
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,-Z) (M
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Exanple 1: Diagnostic Kit for Blood ducose Measurenent [00381 An exenpl ary
~diagnostic kit 200 for blood glucose neasurenment according to the present

i nvention includes a disposable blood glucose test strip 210 and a neter
220 (i.e., device) for neasuring a property of the disposable blood glucose
test strip, as illustrated in FIG 2. The neter 220 is adapted to

cal cul ate the bl ood glucose concentration of a blood sanple applied to the
di sposabl e bl ood gl ucose test strip 210 wusing an algorithmof the
following sinplified form G=1(Co-Z) (1) Il where: G = blood glucose
concentratiwhere:l and Co are properties of disposable blood glucose test

strip 210 (to fluid E%F}aqp(lne has been applied) neasured by neter

220; and p an@—; Il% é%fcé’ﬁcog‘frl pcalibration paraneters. 100391 Meter 220
| ncl udes a ”Emayq@,g pg(;p@mggctgrogspelweadn o}%hﬂgsett@sﬂtrigﬁfd ® wﬁi@ﬂéﬁﬁigts!gﬂﬂeﬁﬁdes'

Each of the plur p calibration codes represent
hexagonal d’QWﬁF@’?e@&F yd?‘“&’#\%"’- i mensi onal p-Z calibration paramneter

space. In ”‘?@{d&a@@ms&{i}kﬁcaﬂbﬁﬁéﬁﬁaﬁvﬂn&&s.t est strip calibration codes and
e n

hexagonal ge tric regions are distributed across a two-di nmensional p-Z
calibration paraneter space such that a quantization error of assigning

one of the ality : ' ' ' : 4 stripis
opt i mal 1y IO o PesaGTO R Ry H o RRER Py O st S 7
cal i br at i onzalio@€ion @0des) Bath @f dhe ploeditedf test stép calitvatbar e@les fdpeesents a

t wo- di mensi onal p-Z calibration parangeter space, and the benefits that are
derived fr dwxaginal geasnetrisaegion of atweo-dysensinngl pri calibratios pararmstercspage.tlle art

based on the foll.ow escription.of the mat tical apalysis_ techni que

taed to ooyl Bk MRS Stkth R RS ki BhraBOR SEbRehr e ot

geonetri c Le04RAbutdd Ac¢bss AWAJin¥Asional p-Z 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 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 skilled 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)=17{C, - Z) 2)

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)~6(p.Z) =,
|6(p.2)~6(p.Z) 3)
2

[0041]) These constant error equations represent absolute and relative errors,

respectively, due to test strip calibration code assignment. For diagnostic kit 200, the first
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(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 assignnment of a test strip calibration code to a |lot of tests
strips), the followwng two "constant error” equations (i.e., objective
functions) were created: 13 p,2)--G-,2Z =Ep .Ip,z)_,Z2) (3) G,Z -E, [00411
These constant error equations represent absolute and relative errors,
respectively, due to test strip calibration code assignnent, For diagnostic
kit 200, thg first 12 "ca" _.equatjqn applies for blgod gl ucose

concentrati gﬁafs egpatiom; appligs i cﬂ(i“%ﬂ‘?a coprsntraions of hetveen2lmg il ands00
equation applies for blood glucose conc,en%rat ions from100 ngldL to 600
mgl dL. The gL anfl theiseernds er sAuatipnanphies far blpaduglugase sgpepntrationsyfrem 100
exenpl ary enbodi ment) and the " cr" equation is for a relative error (2%in
this exenplmeidl @ﬁ%zmﬂln-)'[hwhe eqiatpfs for an absplytg errgr (wgddleimuthisi on for a
fixed value of p and Z which are values taken froma calibration code

tabl e. The eyemplany emthodinent prdide “clsequation ip ferrorelative soon6dn irthinexenzplaryt he
greater the difference (or error) between a reported blood glucose
concent r at i anbodilnent). Gheperm G p, At thh ghwosaieduakibn dat afixeclosdue afopaadt r at i on
value, p,Z). [0042] The constant error equations above were based on two
pr edet er m nZdvhidh arggnvaltésctalknt fram awabbgation qode mbientThe greated the diffdreridee

di agnostic kit has an error of +/- 1Q ng/dL for blood gl ucose

concent r at i etnweaf p bad pe end Bétwegh dland Zd, the greater dhe diffdreane (@raror) edtwedn a 10%
for bl ood glucose concentrations of greater _than 100 ng/dL up to 600

mg/ dL. Howgopertedsblped glucesecansenirationiaivg, FEFL hand the actuglibleodiglugssn| e

error for the diagnqQstic ki only a portion was allocated to the
ol {br at 1 orfeBPERRAGRLE GlaRy .

[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 calibration error budget, namely:

g,=2mg/dL; - (C))
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.




Ep = 2 ng/dL; (4) and e, = 2% (5) 10043] In practice, thep and Z val ues
determ ned during calibration of a test strip l|ot can be used to assign a
test strip calibration code (p , Z) to the lot of test strips. This
assignnment is based on the proximty of the nmeasured p and Z to the test
strip calibration code. The nmeasure of proximty is the difference between
t he bl ood gl ucose concentration using the test strip calibration code and

t he bl ood gl ucose concentration glucose using the neasured p, Z. That
proximty is represented by the constant error equations above. 13 100441
The set ofp and Z val ues, which satisfy the two constant error equati ons

above, defi e boun S or ed by s and
c,. This r ulrs in aﬂﬂéﬁ?ﬁ)ofr%ﬁg%gﬁngg ch} %F%)ﬁ tg‘f %ﬁ‘&ln §F8’ééqu s
and Z val ueghobe! Béfthe!the soﬂmbfmsxfnﬁghgamlaﬁskg:%?a&ﬁﬁ WA el OFjL L S '
an error less than c. [absolute error] "and less than c, [T€l at|0e error].
FIG 3 ill usbulad m&nrmddsbtbgmmnamegxm ofp and|BatluesnsFoie) and Z valied within this
boundary. In Figure 3, the closed curve "A" is the set of points that
satisfy thegeonwns¢ ragiorsmssignmentao ipasl ZThsuks ovan ertdrdesschat s, [abdohite cirbg
closed curve have errors |less than the defined relative and absolute
errors. 10048 lessthan F,a[gﬂi@is\tﬁi erar)-t FE® 3, illusteateshan thewensiast ¢roordguatiorisdefinéde

h f th i d d.. » h d _Co
o roet on t 1och SiRTRGn 18 Fie's e e PoRie & She 18 N tfhoiis tine SBRANDR « hese
geonetric regiQffertdrlequlEiiish ahefBoleN e dﬁm@%mﬁmefc]o@eécm%)i h\£@+ ..%g" d be

generated as test strlp cal I bration codes covering t |bra ion
par anet er ghart the defiidd telativemdabsélatenmtors.t he constant error equati ons nore
tractable, Qp,2Z2) was expanded in a Tayl or expansi on and approxi mated by
di scarding ternms higher than |inear

[0045] For diagnostic kit 200, the objective was to determine the shape of the
geometric region around p and Z and how p, Z, / and C, effected that shape. From
this, a determination was then made on how these geometric regions fit together so that a

series of (, 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(E,E)+9—G-—(_,(§-’—Z—)-(p-5)+9%’;—z)-(2—f) ©

where the partial derivatives are:

aG(p Glp.2) =G, =G(p,Z)~In(l)

aG(p z)

Combining these back into the constant error equations resulted in:



order, resulting in: Qp,2) =Qp,2 +~ " Z}' (p- pp+ o '2) (Z - 2
(6) ap where the partial derivatives are: a (p,2) & =Ep,2In(l) ap OFp,
Z) 8Z GZ=-1R Conbining these back into the constant error equations
resulted in: 14 so =JHp,Z)-Hp,Z1= and & = a&@ ,2).(P)+aGazz).(z-z P
-JQp, ). In{l). (" -P)-1;,"Z-Z) 1&p,z)(1).(P_p)_1" .(Z-Z] Ap,2) (7) (8)
These constant error equations (i.e., equations 7 and 8) were plotted on p,
Z axes in a geonetric region near j5, Z The result is illustrated in FIG
4 where, for ease of graphi ng, the P Z have been chosen as (0,0). In
order to defin he_ca pre&pi hese equations
nmust be con§bd’gpiﬂ gbL? p‘erm ted @’aﬁig T sarﬁo&g nditions. Certain
values wthin the range of sanpl'e conditions WI Il Iimt perforlfance and

thus define the ge z)p]nﬁg ) For o fiLg|exanple, the linmits occur at |
10, and gl ucose | evel§ of df 600 my/ dL,

and

]G(p,Z) «in(t)s (p-p)-17 +(z-Z]
G(p.Z)

®

These constant error equations (i.e., equations 7 and 8) were plotted on p, Z axes in a
geometric region near p, Z . 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 geometric region, these
equations must be considered for all permitted ranges of sample conditions. Certain values
within the range of sample conditions will limit performance and thus define the geometric -
region. For this example, tite limits occur at /= 10, and glucose levels of 20 mg/dL, 600 mg/dL,
and 100 mg/dL, which respectively correspond to the lowest glucose level, the highest giucose
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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and 100 ng/dL, which respectively correspond to the | owest glucose |evel,

t he hi ghest glucose |level, and the glucose |evel of transition between the
two constant error equations. Due to absolute value signs (which give rise
to two equations) and the three glucose level limts, the result was a '
series of six lines 410 which bound a hexagonal geonetric region 420. These
lines and the hexagonal geonetric region 420 that the |lines bound are
illustrated in FIG 4. 10047] Based on the above description, one skilled

in the art || recognize that the invention of Exanple 1 provides the

opt i mum shaSECFhenis EP' thecelqctrgrhemical tesk strigeiOeas iHystmtedds FIG St iDkvice

l'i brati I I i th t] 1), dth
crror equat Tons 1 eaa SRl B HOSF oL BR conRoaer obs lcagsemelesrpiied o

per f or manceelet®ochemicd Gest 8630 71008k BREMSRHthiP A TRbRion (1P agnostic Kit for
Bl ood G ucose Measurenent that Inclgudes an El eg?ééglcoﬁe(rl‘fcal Test Strip and

Meter Device A diagnostic kit 700 (within the dashed lines) for bl ood

gl ucose nea br nt ii}c?ldudes .an el ectrochemcal test strip 710 and a
devi ce 720 f" .48. , 196¢128 Relides a memone 230 storing thirtg Shrek et swipheni cal

property of C ' test,.strip, 710, I.Ilustrated in FIG 5.
Devi ce 72003}1@?%?&3%?5%%%@5@& Bﬁ" alftp{élff,f{)sbﬁ}gpétpﬁgrag%n ERfFEABRIESANISON of a
bl ood sanpl kexapohdl @dotnetri I ' R 710. US| t he al gorithm
of eduat i bn e o A Mokl bl B} viggfimienslona
t hi rty-t hr ee-Ztcalibragionipprameadr space. | As iscopizined5adhore HefalldeRIwiTaé o, Of test

strip calibratian odz‘sg {iepr,esent s a hexagonal geonetric region or a
partial he %H%ﬁ’"ééﬁ alibration, grrametsr spage g this flioreait coyerg “Zatalibratidnon

par amet er SpRGHet ASrdr 08044 i e .det ai | _below, .the two- dinmensional
p-Z calibrati onc gar grret eri%s(g)}%’iugfe?&I | §§é° SRR f’%’&@gr@ tlﬁ’f\{\éjqcal I bration
paraneters from0.0 to 0.8 and "p" calibration paraneters fromO0.50 to

0. 80. [0049]’%11'ﬂe thirty-three test strip calibration codes (stored in
memory 730) hexagiiirty-girepiest steip caliraiomeddes (woned tin nmeniory i700)ardr €

di stri but e%eﬁﬁéo%ﬁf(otrrﬂﬁr&ay\ﬂéxagonal) geometric regions are distributed across the two-
dimensional p-Z calibration parameter space such that a quantization error of assigning
one 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 €ITOr, a mean
absolute bias (M4B) objective function was utilized. The MAB objective function was

defined as follows:

D"\ Bias| +) | %Bias |
WB = ix] j=] (9)

m+n

where



di mensi onal p-Z calibration paranmeter space such that a quantization error
of assigning one of the test strip calibration codes to the

el ectrochem cal test strip 710 is optimally reduced. [0050] The follow ng
techni que was enployed to determne the distribution of test strip
calibration codes and geonetric regions across thep-Z calibration paraneter
space. First, it was recogni zed that the assignnent of test strip
calibration codes to calibration coefficients (i.e., p and Z) nust be
optim zed in order to obtain an accurate blood glucose neasurenment with

di agnostic kit 700. IQ.other rds, the quanti il on,. error nmust be
E’Sf)t—i ﬁﬁﬁy@ NSt

optimal ly reduced. To reduce the qua ror, a nmean
absol ute bias (MAB) ofapest= ve -MYBIgt iygn) waeo ut i I\'rged].oo'ﬁiydleAB obj ective
function was defined as follows: MBias | +t | %Bias 111AB =r=i ;.|
where mtn (9) 16 Bias= G YSI YSI S 100 ng/dL %Bias = [(G - YSI) YSI ] X

100 YSI > 100 rngldL ' ' ' ation (1) above; inis
t he nunber of strips a?@g%e w%%r@%ﬂg%qh%}%gé”\}a ué <= 100ng/dL; nis the

nunber of strips testmds the hbim¥Slof gripcested with ¥SPglhOdde najbelk= 1600mlg/dIY'S| =

pl asma gl ucose val ue neasured usi.ng a stan Yel | ow Springs ef erence
instrument. 100511 | nnése‘ﬁF Fﬁ"ﬂ'@ert"h&gm@tﬁgfg@&g(/@“?%ﬁﬁ'}“gﬁ,18‘???6/‘#13%%’ of both
absol ute bias YSI = plasma glucose value measured using a standard Yellow Springs

reference instrument.

[0051}) In defining the MAB objective function, the mean of both absolute bias
and percent (%) bias were combined together in a mixed unit fashion, This combination
of biases was implemented to account for the heteroscedastic nature of the glucose

response in diagnostic kit 700.

[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 MA4B 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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and percent (% bias were conbined together in a mxed unit fashion. This
conbi nation of biases was inplenented to account for the heteroscedastic
nature of the glucose response in diagnostic kit 700. 10052] Twenty

el ectrochem cal test strip lots were then prepared that included

pur posel y-i ntroduced process variation. This purposely-introduced process
variation was designed to mmc the process-induced variation that woul d
be encountered throughout the manufacturing tine period of the

el ectrochem cal test strips. For each electrochemcal test strip lot, the
optimal p and Z calibration paraneters were experinentally determ ned by

mnimzing B obj tian ed on, the., ranges of ob ervedp
and Z val ue@i}galltvA é@g ]Pﬁ%igni%ﬁgtmfoﬁé)?m %ﬁéf%‘é‘i’ RRIIMEIEIS Y510t i on
par amet er SIHBS&dM' deviBdhd’ lﬂood’?iu‘é@& Jdneént&n%n%red&eﬁﬂﬁedﬁr e4ghues fromoO
to 0.8. [0053] Once’ apprised of the present invention, one 0 I nary

ski |l in thdeardchemical testestogivtz Fot bedmplecthe vatitration ex@bx&ﬂidtﬁ(ﬂhﬁm dodor vast

strip lots enployed in evaluating the objective function can vary
dependi ng dl¢termanaddynsystematisally rranesing detadonneddeed dendrat p time anddet he

I bract| CPUMIHERG A 1om PR EemEResaErd \hf MIEYbaRRy s gl FPesPaboUt
20 to 60 tqgt caawraﬁbn[érp&r%véreaeeanhﬁgtﬂé? aflP gy éahﬂ@om@of%f]ﬁfoﬂt(i.gnbl?od

pararret er space ation error o

cal i br at i ordoper, deeice asd Hloediglucobt omsteremion) peeslectochsshidal &Qﬁstﬁbll@tqae
concentration were_determ ned for each electrochem cal test strip lot. For
exanpl e, t Ketesminathe pvemll vprahility cThe9D) Reseentilsefithearror rages for padd Bywere

t t b
opti i z 'ng"**én"der o AR 0 "0 B B R ot Rl i i
range of toi@sGrbrieht 6t dalibratioh QbefMRichtsIRhes nfl?E [pm}@d%sfaﬁﬁn&aﬁ&t%?urce
uco

of variation (i.e., blood donor, device and blood g se concentration)
per el ectr jondfbr gmmmgrthpcald‘.[rat@tm parameter space. Based on the collected data, it

was determined that the 95" percentile of p = 0.03 and that the 95 percentile of Z = 0.10.
These 95" percentile values were chosen as an increment of resolution for distributing

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

[0055] A perturbation matrix technique was then employed to evaluate the MAB
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=optimzedp+ 0.03; and Z= optimized Z.
s (-0.03,0): p=optimized p—0.03; and Z= optimized Z.

s (0,0.0): 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
s (0.03,-0.1): p=optimized p+ 0.03; and Z= optimized Z- 0.1
o (-0.03,-0.1): p=optimized p- 0.03; and Z= optimized Z- 0.1



determ ne the overall variability. The 95th percentile of the error ranges
forp and Z were then determned for a fixed test schene over all the lots.
This 95 percentile for error in neasurenent of calibration coefficients
was subsequently enployed as an increnent of resolution for exam ning the
calibration paraneter space. Based on the collected data, it was

determ ned that the 950" percentile ofp = 0.03 and that the 95" percentile
of Z = 0.10. These 95th percentile values were chosen as an increnment of

resol ution di strihyti test strip calibration codes across the p-Z
cal i brati or{f’%r]arret er b@l‘?a%B Wg‘%@fe%fb‘é@tbﬁﬁwmmwsmﬂﬁm was kutiseguentins
then enpl o | lective function, FIG 6 is a.

Cart esi an %%%P&??ﬁ%@ Mp%{a ‘%‘ﬂ%{’ Q@ﬁg\?\g% H?‘r%ﬁﬁfﬂ ?féﬁc B‘F@Wa}?atf%s}@m%mﬁ on
par anet er ¥@ipies. eNPiheyé&@niple, theal ' : [ I r t he
MAB was recal%ﬁl ated for tr?ébfolfménmgé a%:dé |l%¢%9&§ﬂf@$%§§og?ﬂ%3:‘q
opti mi zed peview of ghe pamirbationopatrivesindicated thitthe Hidjory extfibifedPhixspdssl P -
0.03; and Z opti,m zed Z. (0, 0.1): = optimzed p; and Z= optim zed Z+
0.1. (0, P@ftgmin &@S&gm%%&ﬁ&ﬁmgzmmnmme@rl'z;ai:Qseb_nqa.vﬂach 0.1): p=
optimzed Rpt.. : moptimozed Z+.0. 1 -0.03, 0.,1): p= optim zed p-
0 0s! and BerifisiaBaf st SR ARt b fueas eiashemiica) esbsiog fotaincote |
optim zed gyat thelitali . : Ll - 1 Z=,0ptimzed Z-
01 {'s Tooma) Menialicized olber Beléw cabf 1008 \ihe Roriinl shaieneF o RS gl

“subsequent from thelociginal 3£ Batcdhe bripive Enclosel ipeedtaidubiriboreSRethe Ml@s gach of
the twenty.electrochem cal test. _strip lots. In this exanple, the allowable

quant i zat i HHEE OBt tippzed 2,a0d £5Y0<50 SVBES hexagoaali(boneyicomby pattert wakat i on

matri ces ifdi e aj ALLL xhi bited.a hexagonal attern in
terns of n@gﬁ%’ﬁe%% %&@Egﬁgg g’é? Iacgngegmeg—fc ﬁeglrﬁ“trg??éeé“‘ffr@“?smEh
depicts a ¢alibkaionfcollBoved inamerhory 7512 of the twenty el ectrochenical test
strip lots). Note

[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-ic
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 assi gnedtop=
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.c., thirty-three) required for diagnostic kit 700. Each respective test

19



that the italicized nunber bel ow each MAB val ue represents the difference
of new MAB fromthe original MAB at the origin. Enclosed in rectangular
boxes are the MAB's that differ fromthe optimzed p and Z by <= 0.5. This
hexagonal (honeyconb) pattern was, therefore, chosen as the basic shape
for each geonetric region represented by a test strip calibration code
stored in nenory 730. 100571 The resulting p-Z calibration paraneter space
800 is illustrated in FIG 8. Using the increnments of resolution of 0.03

and 0.10 a i riv-1hree. test
trip oal i DR CARAERE SR EeRRRERThE nigndi RO pbahL bt Ehigh oL,
hexagonal gaelirhexdgonalegionissrid meds:q)atmrheﬁagﬁhm gUohREr AFdesiD. tTheRocation of
calibration paraneter space 800, as shown in FIG 8. Partial hexagonal
geonet ri ¢ rthgophmisdp mr%foréh@t:@}’letf the tvenitpeslectfochbmiqal #ststripbotatareomarked
par amet er ce, 80 e full hexagonal geonetric regions would have
ext ended bi?'cﬂ‘?dxtlﬂgléhgé 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

geonet ri ¢ HGnMeds Dig@fsitic 30it witlda PhofuifetficT &t SAip hod 'MeRs by
di stribution of the ProfhrodilibPringé (PR PINR M&Esn %mgexagonal geonetric
regions across the caftpratlon pararm@e‘r_S‘p‘EC‘e_argt&ﬁ efined increnments

of resolution. The calibration paraneters assigned to each test strip
calibration code are shown in parenthesis above each the filled circles

t hat depic t est SRORR .
hexagonal g%%artl aIA%‘;;I a o&a*ﬂ gg%lir-rder?jr;lt c regl g%%&?%%%gﬁcm&%}e{es s&urép BIOZ
calibrati onand)ardamteeaomgge hmsdmaehltmstet)tfer neisaking optied] ppbpereés ofIhé tept

calibration codes (i, % three) required for diagnostic kit 700.
Each respeé&dipdlG; é%tuufga@f'rlﬁl 51 al- |BF‘§F¢8¥pl§cﬂ§éP‘P@“d@ﬁ1¢lﬂé@ the Intermationdboi nt

o parti o NeERAT R R0 B9 Bihod spfnl pBREL T BROREP 51 HERETRA o, "

and Z for uherigaah of the twenty eI ectrochem cal test strip |lots are nmarked

(10)

s
R = (57

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

IS! 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




by an X in FIG 10. Exanple 3: D agnostic Kit with a Photonetric Test Strip
and Meter for Prothronmbin-Tine (PT) and | NR Measurenents 100591 A

di agnostic kit 900 for PT and I NR neasurenent includes a test strip 910

and a device 920 (e.g., a hand-held neter) for neasuring optical properties
of the test strip 910, as illustrated in FIG 9. Device 920 is adapted to
calculate the International Normalization Ratio (INR) of a bl ood sanple
applied to test strip 910 using the following algorithm INR PT '~ MPT

(10) where: i r ' ' . r device.920. and PT. and
ISl are calf %%—IQF %5%%%%%‘?‘%?%&“%%%6&@%oggsgéﬁngr?@f: 35@?‘5“&8??0?%%@"
storing fou&d&g&,ﬂgs&stggﬂﬂmgzgldpgh;a&m#quuc@g{de.s, each representing a

pol ygonal geonetric region of an MNPT-I1SI calibration paranmeter space. As

is explained in nore detail below, the MNPT-ISI calibration paraneter

space of Exanple 3 covers MNPT calibration paraneters from7.04 to 9.07 and
1 Sl cal i br al008# par antit diegnestisiodY) tespstripH0 hag beamassigned atesysteipo, t he

i St 1 but ot B E ReAE PPk oA R BT SRR aF §rm s 18P S NSOt or
ol br at | o SnelBrs TABh KT MR R eRling o SR I h e WA ARHISTSNAP
di agnost i ¢ MNPTO&{librdtieat pasdmetprsO Bich dixet) ¢SIrandMINPTechlbritioftpafdnidtérs enable a
user to convey a test strip calibration code to device 920 so that device 920 can employ
the ISI and MNPT calibration parameters that correspond to the test strip calibration code

in computation of INR.

[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 spa;:',e (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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calibration code based upon its experinentally-determned I SI and MNPT
calibration paraneters. Each test strip 910 requires a test strip
calibration code with fixed ISI and M\PT calibration paraneters. Such
fixed 'Sl and MNPT calibration paraneters enable a user to convey a test
strip calibration code to device 920 so that device 920 can enploy the ISl
and MNPT cal i bration paraneters that correspond to the test strip
calibration code in conputation of INR 100631 Based on experinental -data,
the MNPT-1Sl calibration paranmeter space for diagnostic kit 900 was

initially d¥MNived aBasedoacheabpyeanabsisethefpuneendest yaipradibratiegicades weteween
0.99 and 1.32 VNPT i ng_ b 07. Ho . thi
ot angul aragRbiP R e RSt AF Fichac S e s callotafion Pt |
MNPT- | S| ik Aty ' Hés,;,- '

descri bed r({eﬁré? ‘ggﬁggv@?m%iaﬁgé?ﬁgﬁpg%?g%& arlﬂg%%?:lgo&gg)iln? %ﬁ%%mt%gfl on was

based on arefiiagh®ai a Cstéppedd ootlinac FIGE U d¢moe thie rebulthg taABracasparaneef space
results within the entire MNPT-1SI calibration paranmeter space shoul'd not
di ffer by H9¢eacrosnwhixdofountenystedt siip editiratianecades (o 34) andfoundeencstepped

iated wth the |Sl.and. MNP | j brat.i t , Jthei 5%
Gont | dence PPIYESRYHeOTRA CrgiRis oS0 PSB! e siopped pelbeam] v
cal Lbrat i Opefifediet Sibfis 693 LAbEvidhedR a bibiabbh bP{H'aJeBF%&BﬂéIS rahf€
confidence I ntervals were conputed directly by app )’)I ng ararre%rl C

statistics. The half- width of the 95% confidence interval for ISl and M\PT

had nean wi dth of 0.045 and  0.38 respectively. This result indicated that
an 1Sl wi di®P68] 0. 09 Bhecfollawingrvclyignewas then employrd te deteraing thei distsibutionr

di ic Kj f . ' k hat, .t he. f f
e ar agnogt ik TREe AR G-I sqdst R AVl adetilins BrioBeteme < noe
these cal i MNPTASI @émxﬁsﬁmhewsmemn@&o}mwems{nﬁﬁammdh&ﬁhe

measurenment. 21 [0065] Based on the above anal ysis, e fourteen test strip
cal i br at i oguantidagomenrer, bathsibgolute differrakcs gnrheelatiye diff¢renae abgestive funitichs n t he

MNPT- 1Sl c g Al o9 0d. PR AT HiStions took the following forms:

L AbsoluteDifference = IPatiem _INR —Re ference _INR’

IParient _INR —Re ference _ INR| | 100
Re ference INR

IL. Absolute Re lativeDifference = [

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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space that were essentially diagonal in overall shape with each pol ygona
geonetric region have a "stepped” outline. FIG 10 depicts the resulting
calibration paraneter space 950 across which fourteen test strip
calibration codes (1-14) and fourteen stepped polygonal geonetric regions
955 have been distributed. The stepped pol ygonal geonetric regions 955 can
be viewed as a conbi nation of adjacent parallelograns. [0066] The foll ow ng
techni que was then enployed to determne the distribution of the fourteen

test stri lib ' d I | . tric. ' th

VPT- 151 Gal 1 br 28] SR BAPONGRALY TelsHon SRPIRh 5GPt 9B RieR ALy o bl  he
tizati 4. . ] : A1G i - _

bj et ve oo Rormis RalrBRER cih be dslorBhiiaifo 3 Perk it o ApRolbiedhiHRihees i

forms: 1. Absahad eDfBIRRNce = | Patient - INR- Re ference INR 11.

Absolute Re lativeDifference (Patient - INR- Re ference - INRI = * 100 Re
ference _ INR where: Patient INRis the INR response obtained by the

di agnosti c kpdsy and réper}g%ﬂ ' : | a
r ef gr ence rlrg%isdr errentﬂgéggt em | 0%@%%@?%&?6%@%%’%%&%&?%
accuracy r egiplsysdestthe pgmanensnic dnhé d6% Percemile bﬁPﬁi}élﬂDIﬁE}eﬁ&Q:nﬁlgﬂ%edsisr i p

calibration codes and pol ygonal geonetric regions across the M\PT-19]

cal i br at i othgigcandary meipie dedeterminingdheredantaifdhe [R1MNR Tacalbeatibapasdricier
(MARD), i.e.,  negn of. absolute relative difference acrpss patient

popul at i on *P¥E af’a{béef Sigf affhhapr of g3 %Wé‘bvgé@rrﬁwsqqﬁ@?%éé‘iﬁt siPnge shal |

be | ess t haidafbybsdt. [T &8t 8F the ISEIMRPT A1t @.Iah,g' ' &Fand
22 (b) For alst atistically rel evar?t saone cglllze,lblgém 0 &6§P$§0dn\§asr%eogu§%al I
be within gedmétrichBgiolhinvas detgrninedasing thepriraaysnetticand &drifibd 95th theseesnd i |
of Absol ute Di_ff_ﬁr]ences is less than 1.0 INR.

metric. The MARD and 95" Percentile of Paired Differences with optimat 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 ISI

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

Test Stnp Calibration Code | MNPT Calibration Parameter | ISI Calibration Parameter
1 A, B,
2 A, B,
3 A, B,
4 A, B,
5 A B,

23



[ 00681 There are two performance netrics in this exanple, with MARD bei ng
enpl oyed as the primary netric and the 95th Percentile of Paired Difference

enpl oyed as
cal i bration paraneter
region represented by a test strip
| SI - MNPT cal i bration parameter space and size of the

the secondary netric in determning the extent of the |IS]-MPT
space and the size and shape of each geonetric
calibration code. The extent of the
geonetric regions was

det erm ned u5|ng t he prlnary netrlc and verified with the second netric.

The MARD gtre—95+

MNPT wer e
experi nment
fourteen t
geonetric
par amet er
t hat menoy

D ff oy o~ oo

o
Patred—brfferences—wh

7.5 and Oﬂb to 0.45 r
ElG 10 illustrates t

codes ald fourteen
ri buted across the |
D30. One siy,lled in th
a dlstrlbutlon u3|ng

I'CI CIILI I C UI
in the range of 4 to
al data _set [0069)
est strip kalibratio
regi ons 955 were di st
space 950 § n nenory
y 930 can store such

espectivgﬁy for an

he manper in which
st epped P& ygonal

Sl - MNPT cal i bration
e art wlp, recognijze
conventi onal met hods.

t he

n

For exanpl
associ atif
par amet er s
B14). Test
Par anet er

e I | 4 Lol Ahel.
dS> 1duT T DT O,

4) to MNPP cali brat

1raneter|§m Cal i br at

\/ B,

€, MENDTy @30 Tout djnctude a abte,—such
g test strip calibration codes”(e.g., 1-1

Stkib,caFQbration Code VNPT g;thration P4

1A B, 2A2B2 3A3B3 4A4B4 SASBS 23 6AGB6 7/

i on

i on

11

12

13

14

TABLE 1

[0070}

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

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

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

strip and a device with a memory.

[0071)

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

Method 970 includes distributing a plurality of test strip calibration codes

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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8AsBs 9A9B9 10A10B10 11AlIB1l! 12A12B12 13A13B13 14A14B14 TABLE 1 [00701
FIG 11 is a flow diagramillustrating a sequence of steps in an exenplary
met hod 970 according to the-present invention for optimally 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
calibratio es acr ‘ n_paramet er space, as,set forth in
step og0 EFATS, F LIRS esiortiftn s R BEL R b i %a‘aﬁlgrfeﬁ%?mar@mv of
assigni ng gpR <GlncftoRlnkisRitichin fe & FordhiainRl Md QBN pERARSed Bacd Oy { €5t
strip of the diagnostic kit is optimally reduced. The distri ut| n t he
plurality ot a rheisitdigiensipnaladalibration paramdespacesughasithe p-C calibfation pﬁﬁh‘)l:@& to
associ ate each of the ?Iurallt of test strip calibration codes with

cal i br at i oanpan MAPEISI salibration-parpmeter spacepdesanbedaboveinHiagmpatiaRiv72) The
calibratlaﬁ garﬁgy pace can be any suitable calibration paraneter
space kno BP Ied in the art. For exanple, the calibration
paranmeter space can be a multi-dinensional calibration paraneter space
such as the p-Z calibration paraneter and an MNPT-1SI calibration

paranet er §{#36$s descCFheapantikaion error Chmbe optimallkrddubadugihesny’mathdmatical,

statistical (e.g., constant error equation techniques) or experimental technique (such a

perturbation matrix techniques employing MAB objective functions) known to one skilled
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.

10075] Since methods and diagnoétic 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 AJ4B) could then

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

by one skilted 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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[ 00731 The quantization error can be optimally reduced using any

mat hematical, statistical (e.g., constant error equation techni ques) or
experinmental technique (such a perturbation matrix techni ques enpl oyi ng
AMB obj ective functions) known to one skilled in the art. As described
with regard to Exanples 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)). 100741 Method 970 al so

i ncludes t p.of storing the plurality of test ri cal i bration codes
thus distr P‘ﬁet??éerg i rgS%CM%‘f‘gnsé?nth@eJF%'&h‘és‘PF@ogi“fo,"?%@cg@ﬁ diiribinga st ep
990. This phRalpg®feedpehPélibtftfon’ an&ll. Leehid e

i npl enent a?i on Enomﬁgteo one g)fn dg’rE"lggl %Ldré" sKi fre%?}ox}%rﬁgﬁgsre?. eg;l\ﬁf%gﬁea&gnt
acconpl i shealitustiocaiey actaiss ablibration pgremetes §pte Qi ﬂﬁ@&%ﬁ%ﬁtﬁ%ﬁ@&fods
and di agnostic kits according to the present invention "provide for a

i ni mal  nuASiENieg oneat the reagsntealibmtion codesodbe reagendyis aptihhidy redpeat; tincal

eval uation,of a test strjp,Lot. usi each of the plurality of test strip
calibrati Oﬂ,Olgg&gs'igﬁ%ageg{( mcgﬂgﬂ‘a?aﬁémsmaé Wihicplabratien paramefers of .

The test siheichlitRtib Mol Vw I Qi r based, for exanple,
on an obj ecti vé&?ulng? ?{)n su@%gges' e‘é’%ﬂﬁ*ﬁ%@%" ﬁﬁtieu%éqlﬂﬁetgéfe@gfﬂe t est
strip | ot.calibgativh dodes thus distdbitdies mchitiry b e naiyatadevizet hod descri bed
above can be adapted by one skilled in the art to optinmally associate
reagent calibration codes to calibration paranmeters for use in assay kits
that includes a reagent and an anal ytical device with a 25 nenory. In such
a circunstance, the resulting nethod would include distributing a
plurality ph77eagent 1CGRbllarG irderstaaRatVi o8s MEhid ' HERLESEpsed by
t he reagen.I;D c]_zl i bration codes arcsr 0SS gt caolgﬁr ﬁék&%gfgfﬁ%@dggﬁﬁog@fh
that a quanvéntiom describeddrereih mayshsi gnplogedinepradticinpethe ¢ra@ation CRlid aideg@n
codes to the re nt. is. optinplly reduced. In doing so, the reagent

cal i brat i dnicha felloning glabs deling thaseopesiithe ewertanaTiohat msveesand of

methods within the scope of these claims and their equivalents be covered thereby.
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the calibration paraneter space. The nethod would al so include storing the
reagent calibration codes thus distributed in a nenory of the anal yti cal
device. 100771 It should be understood that various alternatives to the
enbodi nents of the invention described herein nmay be enpl oyed in
practicing the invention. It-is intended that the follow ng clains define
the scope of the invention and that structures and nethods within the
scope of these clains and their equival ents be covered thereby. 26 WHAT IS

CLAI MED | S: i agnast.i it for neasuring a characteristic of a fluid
sanpl e, the“}%ﬁqﬁgﬁo@g‘f‘w 2 Iéorrpri sing: a test strip; and a device for
nmeasuring 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 incl uding: A@iagﬁm&ydwo}haeas@i rPdHat bt stik ' lpbration
codes stored therein, each of the test stdréi p ca%ei rsa{t ﬁg%\f@%%ée%nﬁrlg’ﬁbgsenti ng
a geonet ri cdipgnpstin kitfcomprisirigor at i on  par anet er space, wherein the test
strip calibration codes and geonetric regions are distributed across the
calibration parafifSbFinBpade such that a quantization error of assigning
one of the test I.p_galibration codes to the test strip is optimlly
reduced. 2. The %?éaxag%gqrin&eaﬁ??n%gt Igast o E’,"p\ﬁﬁél"gﬁ’r‘? test SipAnd qadcwlating, st ri p
cal i brat i OnherefdRS a'cHRFBRARES ofa AR BIIE 25 RH 90 u I g ensional
calibration parangter space. 3. The di gn%‘;sﬁtifggqﬁlﬂ%tgﬁsg}ﬂa}tﬁrﬁ%ﬂ%@?l@pw& he
test strip and devi ceameeamyapthedplutaityrefitesr grip chliletoriéodes s@rédPiReRN r at i on
of a bl ood sg]?rrpﬂ*,&eand wherein the device enploys an algorithm of t hé
sinplified®® test stripy qglibration, gedesrepresenting agromgiricrsgionof acalibmtion on;

pararneter space, wherein the test strip calibration codes and geometric regions are

distributed across the calibration parameter space such that a quantization error of

assigning one of the test strip calibration codes to the test strip is optimally reduced.

2. The diagnostic kit of claim 1, wherein each of the test strip calibration

codes represents a geometric region of a multi-dimensional calibration parameter space.

3 The diagnostic kit of claim 1, wherein the test strip and device are adapted
to measure a blood glucose concentration of a blood sample and wherein the device

employs an algorithm of the simplified form:

G=1°(C,-2)
where:
G = blood glucose concentration;
Iand 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.
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| and Co are neasured properties of the test strip; and p and Z are
calibration paraneters; to cal cul ate bl ood gl ucose concentration and
wherein the test strip calibration codes represent hexagonal geonetric
regions of a two-dinensional p-Z calibration paraneter - space. 27 4. The
di agnostic kit of claim3, wherein the test strip calibration codes are
di stributed across the two-di nensional p-Z calibration paraneter space
based on optim zation using constant error equations. 5. The diagnostic

kit of claim 3, erejn the test _st{i p. calibration codes represent one of
hexagonal geomet?ic rig'i’ girgnesti¢ kibok claim poxbegendhe tesbytep calibration oodesafe t he

t wo- di nensi - Lr.ati v apet ace. 6. The diagnosfic kit of
claims, Wh&e?ér.{gi|E“r11&f:l é‘e:&{%é‘g{% tgofﬁﬁleﬁgﬂopglfpéﬁcgﬁg@ﬁ%BarﬁP’@terc?chFaﬁaB ¥H using an
i ncr ement alpptigfioatitn YhdenRthnPerdiQualonger centiles of a calibration
parameter calibration error. 7. The diagnostic kit of claiml, wherein the

test strip and device are adapted to neasure INR a bl ood sanple and

wherein the device en%lmogis an algorithmof the form INR = where: ( PT ~
M\PT) PT is a prdthro agneptic kitafinlaim Hywvherein the testetriporl ibratid@iTcodesl | S|

are calibration para ltgers to calculate I NR and .wherein 1ihe test strip
cal i br at | ok RIBtEL opE BT hakenal sr et rezigus ef pirial heypesnal grometric regiond of
two- di mens iggho-Miitisional 52 dalibfiktioR haRfdEEpaEe. SPace.

6. The diagnostic kit of claim 5, wherein the test strip calibration codes are
distributed using an incremental resolution based on the 95™ percentiles of a calibration

parameter calibration error.

7. The diagnostic kit of claim 1, wherein the test strip and device are adapted
to measure INR a blood sample and wherein the device employs an algorithm of the

form:

5
INR=[ PT )

MNPT

where:

PT is a prothrombin time measured by the device; and
MNPT and IS are calibration parameters

to calculate INR and wherein the test strip calibration codes represent polygonal

geometric regions of a two-dimensional MNPT-ISI calibration parameter space.
8. The diagnostic kit of claim 7, wherein the test strip calibration codes

represent stepped polygonal geometric regions of the two-dimensional ISI-MNPT

calibration parameter space.
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8. The diagnostic kit of claim7, wherein the test strip calibration codes
represent stepped pol ygonal geonetric regions of the two-dinensional

| SI-MNPT calibration paraneter space. 28 9. The diagnostic kit of claim7,
wherein the stepped pol ygonal geonetric regions are conprised of a
plurality of adjacent parallelograns. 10. The diagnostic kit of claim1,
wherein the nenory stores a plurality of test strip calibration codes that
optimally reduce the quantization error by naintaining predeterm ned
quantization error limts wth a mninmmnunber of test strip calibration
codes. 11. The diagnostic kit of claim 10, wherein the predeterm ned

quanti zation ergor | T bfagAbdtichaBSELIRin ARG EH i of ndihe

di agnostic kit. 12. The di ggnolgt ic kit o?’ c?%?%tﬁg%mdﬁ@%g%qmﬁtﬂﬁ t est
strip cali begibnsare contterized ofa pheality offad)jaeéntpahdeigenad. geonetric region or
a partial hexagonal geonetric region of a two-dinensional calibration

paraneter space. 13. The diagnostic kit of claiml, wherein the nenory
stores a plurali of fest stri li.bration codes distributed such that
each of the testf@s/t ri Eﬂ%éﬂag'b(?sbf ikgtrf)ctﬁ%"ﬂ%ﬁ whezsin dhe memoppstores anlurghiprefitest c
regi on of @il \esifbratisdddeathat 8btaRy | : . The.di agnostic
kit of clai mﬁi\% wherei n the g%tF yg@*\gﬁggg{ﬁe n@iaruég?%(ﬁr Péﬁlaémg'lné'}?ped

pol ygonal ~gemlesdrmined @gintgativoranror dieitsolvith aphivirabmh nimber 8£1e3CRAD calibration
paral | el ograns. 15. The diagnostic kit of claim1l, wherein the test strip
is a di spo§a#iSe bl ood glucose test strip and the device is a hand-held
nmeter for nmeasuring an optical property of the disposable bl ood glucose
test strip. 16. The diagnostic kit of claim1, wherein the test stripis a

di sposabl e bl ood . gl upRsHagRstic Rit'ofR1aAAA of AReLEYVIhe Srd e@mE)}Fe'a SheiTet er
for measuring an el ectrochée%%cal property o? ﬁge ?lrsf%tosa e 1{3%4(1) tié’f'lucose
t est stri perror 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 pararmeter 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.
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29 17. The diagnostic kit of claim1l, wherein the test stripis a
prothronbin test strip and the device is a device for neasuring optical
properties of the prothronbin test strip. 18. The diagnostic kit of claim
1, wherein the predeterm ned test strip calibration codes are distributed
across the calibration paraneter space further using a geonetric pattern
that i s dependent on an objective function that defines overall test strip
calibration error. 19. The diagnostic kit of claim1l, wherein the device is
a hand-held neter. 20. The diagnostic kit of claim1, wherein the fluid
sanple is a physiological fluid sanple. 21. The diagnostic kit of claiml1,

wherein the testgtri ' iLbration code. 22 A nethod
for optimally associ aF Pﬁgﬁlgggit@@?:c;{)@!%ﬁﬂilbﬁg%rf éﬁbﬁgﬁ?dsaeaqtmnablmﬁt

par anet er s dtop and ehel deviveds adeoivt ifer tkdsubifiat i'@éﬂp%]ﬁ:ﬁg dres LRpaNd. 2
device wth_a nenory, the nethod conpri signlgjzl distri %tl ngé%'%%}%ﬁ‘gﬂgﬁt of
test strip ®@Pibration codes and geometric regions represented by the test

strip calibration codes across a calibration paraneter space such that a
guanti zation error of assigning one of the test strip calibration codes to

the test strip ig optyJEl equc . reby .associating the test strip
cal i bration codefsévm' ﬂ;h éggﬂak%orszqilfe' ?%Hn&%p])aébgﬁe‘?el%¥?ngﬁevﬁaﬂ ’F’B‘Féﬂsi YAPpar anet er
space; and calibmtiog coded dredistributédaciadsithe adliteai L alidepUked in a
menory of the diagnostic kit. 30 '23.S The net ho o%néc']@g%r%gég‘mﬁgglggﬁ t he

di stri but i ggoRess pitem thetisgleperdent e an objective fuatfidir dbi &Tine® 60Eral 69 $8ipa

mul ti -di nengy ogal cal i bration paraneter space.
¢alibrauon error.

19.  The diagnostic kit of claim 1, wherein the device is a hand-held meter.

20. The diagnostic kit of claim 1, wherein the fluid sample is a physiological

fluid sample.

21.  The diagnostic kit of claim 1, wherein the test strip has an associated

calibration code.

22. A method for optimally associating test strip calibration codes to
cgiibration parameters for use in a diagnostic kit that includes a test strip and a device
with a memory, the method comprising:

distributing a plurality of test strip calibration codes and geometric regions
represented by the test strip calibration codes across a calibration parameter space such
that a quantization error of assigning one of the test strip calibration codes to the test strip
1s optimally reduced, thereby associating the test strip calibration codes with calibration
parameters of the calibration parameter space; and

storing the test strip calibration codes thus distributed in a memory of the

diagnostic kit.
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24. The nmethod of claim 22, wherein the distributing step distributes a
plurality of test strip calibration codes that represent one of a hexagonal
geonetric region or a partial hexagonal geonetric region of a

t wo- di nensi onal calibration paraneter space. 25. The nethod of claim 22,
wherein the distributing step distributes a plurality of test strip

cali bration codes that represent pol ygonal geonetric regions of a

t wo- di nensi onal calibration paraneter space. 26. The nmethod of claim 25,

wherein the distrqqbuti kstributes a. pluraljty of test, stri
calibration codesj % hatﬂ%réaglgggg?%f@%w?’ﬁw& @‘5?&“%‘8&% istribuisadhe fest
regions of &rb%i@i‘diﬁﬂ%b@%cr@é!dﬁﬁﬁf-ﬂﬁ‘ﬁh&ﬁﬁhﬂ i%fatﬁﬂ%meﬁéisﬁ%? met hod of

claim 22, wherein the distributing step distributes a of test
strip calibration codes by optimally reducing the quantization error based

on an objective fuynct a%n related to performance of the diagnostic kit. 28.
The method of cl #fm 22henethed af elaim d2swherpint the distritapingistaprdistribetes a
plurality o | p..cal j-bration,cogdes by optimlly reducing the
quant i zat i o&luéaﬁ&g ° ?E)‘{ftgﬂp %‘rﬁg’?a%gﬂd%gﬁtl fﬁf%seﬁ?age PJ&ﬁBSaEB’Eﬁle&??W@C region
nct on. 26 o el zcbh 2 Bon S R Gl A S e
distributes a iFpl ural i ??/hofget est st PB@%"?B@&%’?@%&@%@% ‘éfbg%'f“ﬂﬁ{%rfzpm-
reduci ng the quantization error based ofi constant error objective

functions related_to performance of the diagnostic kit. 30. The method of
clai m 22, wherei A2t he #hemethadioficlain 23 whiesain thedistsibatingbtep distribmea t est

strip calib | es. . l.mal |y reducin he quanti zati.on error_based
on a Mean Aé)]g{) lﬁ]‘é’fﬁgﬁ sg?ﬁé%m%é(#gf?%ﬁ “?ﬁﬂn&ﬁﬂ}&aﬁ@zﬂ?%8?%%‘{%?&10@10@1. An
assay kit fwo-ﬁh%m%hﬁl&aﬁbm|ma@rﬁﬁ§@y kit conmprising: a reagent; and
an anal ytical device enployed in conjunction with the reagents to carry out
a predeterm ned analysis of the sanple, the analytical device including:
26. The method of claim 25, 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.

27.  The method of claim 22, 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.

28.  The method of claim 22, 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.

29.  The method of claim 22, 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.
30.  The method of claim 22, wherein the distributing step distributes a
plurality of test strip calibration codes by optimally reducing the quantization error based

on a Mean Absolute Relative Deviation (MARD) objective function.
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a nenory with a plurality of reagent calibration codes stored therein, each
of the reagent calibration codes representing a geonetric region of a
calibration paraneter space, wherein the reagent calibration codes and
geonetric regions are distributed across the calibration paraneter space
such that a quantization error of assigning one of the reagent calibration
codes to the reagent is optimally reduced. 32. A nethod for optimally
associ ating reagent calibration codes to calibration paraneters for use in
an assay kit that includes a reagent and an analytical device with a
menory, the nethod conprising: distributing a plurality of reagent

cal i bration codeg]andAgeaa®! il j sgat - .eagent
calibration codes across ﬁgfﬁgg%ﬁlﬁﬁ%gﬁgﬁng?éﬁgs%g@gﬂ%Eé’ﬁp{;ﬁgg. a

guanti zati on errareagkntaand gni ng one of the reagent calibration codes to the
reagent is optinmally reduced, thereby associating the reagent calibration
codes with cali b’f“&?‘?"iﬂ'c devipgemployed in eenjanstion vwith tha reagentsed earrg pace; and

o N0 L AR Rhe S AAPSEL B EAHRS e i e deb 5ol ? T OF the
a memory with a plurality of reagent calibration codes stored therein, each
of the reagent calibration codes representing a geometric region of a calibration parameter
space, wherein the reagent calibration codes and geometric regions are distributed across

the calibration parameter space such that a quantization error of assi gning one of the

reagent calibration codes to the reagent is optimally reduced.

32. 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:

distributing a plurality of reagent calibration codes and geometric regions
represented by the reagent calibration codes across a calibration parameter space such that
a quantization error of assigning one of the reagent calibration codes 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 a memory of the analytical

device.
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