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1. Title of Invention

' APPARATUSES AND METHODS

FOR ANALYTE CONCENTRATION DETERMINATION

2. Claims

1. An apparatus configured for receiving a test strip and for determining the concentration
of at least one analyte in a physiological sample applied to the test strip, said apparatus

comprising:

(a) at least one light source for irradiating a plurality of different areas of said test strip
that has been operatively associated with said apparatus;

(b) a detector array for detecting reflected light from each of said plurality of different
areas, respectively;

{c) means for determining whether each of said plurality of different areas has a
sufficient amount of sample based on said detected reflected light; and

(d) means for determining the concentration of at least one analyte based on said
reflected light detected from those areas determined to have a sufficient amount of sample,

wherein areas determined not to have a sufficient amount of sample are not used in said analyte
concentration determination.
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2. A method for determining the concentration of at least one analyte in a physiological
sample applied to a test strip, said method comprising:
(a) illuminating a plurality of different areas of said test strip having physiological
sample applied thereto; '
(b) obtaining a respective reflectance value from each area of said plurality of
different areas;
(c) determining whether each of said plurality of different areas has a sufficient
amount of sample baséd on said obtained reflectance value;
(d) deriving the concentration of said at least one analyte in said physiological
sample from each of said plurality of different areas determined to have a
sufficient amount of sample, wherein areas determined not to have a sufficient

amount of sample are not used in said derivation.

3. A kit for determining the concentration of an analyte in a physiological sample, said kit
comprising:

(@)  an apparatus according to any of claims 1 to 2; and
(b}  atleast one test strp.

4., Akitfor determining the concentration of an analyte in a physiological sample, said kit
comprising:
(a) an apparatus according to any of claims 1 to 2 and

(b)  atleast one of an element for obtaining sample and control solution.
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3. Detailed Description of Invention

FIELD OF THE INVENTION

[0801] The field of this invention is analyte concentration determination.

BACKGROUND OF THE INVENTION

[0002) Analyte concentration determination in physiological samples is of ever
increasing importance to today’s society. Such assays find use in a va.riety of application
settings, including clinical laboratory testing, home testing, etc., where the results of such
testing play a promipent role in the diagnosis and management of a variety of disease -
conditions. Analytes of interest include glucose for diabetes management, cholesterol
for monitoring cardiovascular conditions, and the like.

[0003] In response to this growing importance of analyte concentration, deferrm'nation, a
variety of analyte concentration determination protocols and devices for both clinical and
home testing have been developed and, specifically, a variety of analyte measurement
devices and methods for enabling patients to test their own blood for the presence and
concentration determination of a variety of different analytes are well known in the art.
Of great interest and use in this area are optical based measuremnent devices and methods
in which a sample is illuminated and reflected light therefrom is detected to obtain an
analyte concentration. Of increasing interest in such optical based measurement
protocols is the use of assay systems that employ test strips or cards and meters for
reading these test strips. Typically, a physiological sample such as blood, blood
derivatives, interstitial fluid, urine, etc. is introduced to a test strip to wet a particular

testing or measurement area of the test strip. The sample reacts with certain reagents or
components associated with the testing area to produce a color change in those areas
where the test strip has been wetted by the sample. Reflected light detected from this
testing area is what is used to obtain an analyte concentration, as mentioned above, by
relating the amount of reflected light to analyte concentration.

[0004] A characteristic of devices and methods that provide for analyte concentration
determination using a measured reflectance value is that sample size and the uniform or

even distribution thereof can have an impact on the final measurement, where a sample

L W |
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mall or a sample that is not uniformiy applied can cause erronecus ot

size that is too s
if an insufficient volume of sample is applie

inaccurate results. Specifically, d to the test

strip and/or sample is not uniformly applied, only a portion of the testing area is wetted
by the sample while other portions of th

optical based measurement devices and methods, light

g testing area are not wetted. In conventional
is detected from the entire testing

area, including those portions that are not wetted by sample. However, the use of light
detected from non-wetted portions of the testing area can cause the determination of

o be erroneous or inaccurate.

analyte concentration t
bove described problems of insufficient and/or non-

[00405] Attermipts at solving the a

uniformly applied sample have not been wholly adequate. In the simplest process, 1t 1s
incumbent upon the user o visually monitor whether sufficient sample has been applied

owever, such visual

hether the testing area has been uniformly wetted. H
s who typically have

and w

monitoring is not very reliable, especially for persons with diabete

jmpaired vision.
olve the problems described above, EPB0O0B7466 describes

[0006] 1n another attempt 10 8

an apparatus that estimates whether the amount of sarple is sufficient on the basis of

absorption of water in the infrared region of the lectromagnetic spectrum. However,

such an apparatus requires a means for quantitative analysis and an infrared transducer
and receiver and is therefore disadvantageous for use as a portable system such as for
g by diabetics. Furthermore, in using the apparatus disclosed in

home ghicose testin
_uniformly applied can not be easily

EPB0087466, instances where sample is non

identified.

U.S. Patent Nos. 5,889,585 and 6,055,060 also attempt to solve the problcrﬁ

{0007]

des

cribed above by comparing values obtained from two different test strip sites to each

indicates that the measuring field is not
rompted to apply more

and a new test

e a certain magnitude of deviation

other, wher
uniformity is indicated, the user 5 p

uniformly wetted. When non-
ances, prompted that (00 much time has elapsed

her the ‘585 patent nort the ‘060 patent provides for

he small sample provided and/or the unevenly

sample or, in certain inst
must be commenced. That is, neit
analyte conceniration determination using t
d measurement area and instead requires the user 10 apply more sample to the test

in a new test. Neither of these options is wholly

wette
satisfactory.

strip or beg
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pted to apply more sample, the user either
stick in order to try to “milk” or

their skin once again ai

In the instance where the user is prom

[
[L{)OOS]
t to squeeze the initial site of the needle

has to attemp
blood out of that site or the user must pierce
by the time the user is prompted to apply more

he piercing

massage more

another site. Because blood clots quickly,

bicod, it is not uncommon that another site must be pierced with 2 needle. T
procedure for obtaining sample can be painful, where it will be obvious that the pain is

pounded when the skin needs be pierced multiple times in order to obtain the

com
requisite sample volume to conduct the test. Due to this pain, it is not uncommon for
individuals who require frequent monitoring of an analyte to simply avoid monitoring
t all together. With diabetics, for example, the failure to measure

the analyte of interes
cribed basis results in a lack of information necessary 0

their glucose level on a pres
e. Uncontrolled glucose levels can be very dangerous

property control the level of glucos

and even life threatening.

In the instance where a new, second test must be commenced, a new test strip 15

10009]
for the first, uncompleted test is

required for the second test. As such, the test strip used
f a new test strip for use with the second test, resulting in the use of

discarded in place 0
n one, for a single analyte concentration determination. This

f test strip-based analyte concentration de

rest in the development of new devices and

w0 test strips, rather tha
increases the already high cost o

As such, there 18 continued inte

termination.

(0010}

metho

ds for analyte concentration determination that provide accurate analyte

concentrations in the cases where small sample volumes are applied to a test strip
measurement area and/or the measurement area of the test strip is not evenly of
e development of such

sample. -Of particular interest would be th

uniformly wetted by
are easy to use, particularly for visually i

devices and methods which mpaired

individuals, involve minimal pain and are portable.

SUMMARY OF THE INVENTION

tuces and methods for determining the concentration of an analyte ina

e are provided. The subject apparatuses i
ality of different areas of a test strip tha
for detecting reflected light from each

(0011] Appara
physiological sampl

nclude at least one light
t has been inserted

source for irradiating a plur
of the plurality

into the apparatus, a detector array

C —
—
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of different areas respectively, means for determining whether a sufficient amount of

le is present on each of the plurality of differen

and means for determining the concentration o

{ areas by determining reflected light

samp
f the analyte based on the

therefrom,

reflected ligh

t detected from those areas determined to have sufficient sample, where

areas determined not to have sufficient sample are not used in the analyte concentration

determination.
s for determining the concentration of an analyte in a

a test strip, a plurality of different areas of the test sirip

physiological sample applied to
hereto are illuminated, a respective reflecta

nce

having physiological sample applied t
value is obtained from each of the plurality of different areas, the obtained reflectance

data from each of the plurality different area

nt amount of sample or not, and the conce

5 is determined to be indicative of a

sufficie atration of the analyte in the
physiological sample is derived from the areas determined to have sufficient sample,
where areas determined not to have sufficient sample are not used in the derivation. Also

provided are kits for use in practicing the subject methods.

BRIEF DESCRIPTION OF THE DRAWINGS

representative colorimetric test strip suitable for use with

[0013] Figure | an exemplary,

the subject inventon.
paratus

[0014] Figure 2 is 2 schematic view of an exemplary embodiment of a subject ap

having a test strip associated therewith.
iews of various exemnplary embodiments of

Figures 3A-3H show enlarged, plan v
the individual detectors in & variety of

[0015]

the detector amay of the subject invention having

configurations.
o016} Figures 4A-4C show exemplary embodiments of 1

invention.

maging optics of the subject

{0017} Figure 5 shows an exemplary embodiment of an exemplary measurement area of

a test strip with 2 Jetector array of the subject invention.
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[
[
[
DETAILED DESCRIPTION OF THE INVENTION
[
[ ining the concentration of an analyte ina

(0018] Apparatuses and methods for determ

physiological sample are provided. The subject apparatuses include at least one light

hat has been inserted

r irradiating a plurality of different areas of a test strip t
f the plurality

5, a detector array for detecting reflected light from each o

source fo

into the apparatu

means for determining whether a sufficient amount of

of different areas respectively,

sample is present on each of the plurality of different arcas by determining reflected light

therefrom, and means for determining the concentration of the analyte based on the

reflected light detected from those areas determined to have sufficient sample, where

n the analyte concentration

areas determined not to have sufficient sample are not used 1

determination.
methods for determining the concentration of an analyte in a

[0019] In the subject
a plurality of different areas of the test strip

physiological sample applied to a test strip,

having physiological samnple applied thereto are {lluminated, a respective reflectance

value is obtained from each of the plurality of different areas, the obtained reflectance

data from each of the plurality different areas is determined to be indicative ofa
sufficient amount of sample or not, and the concentration of the analyte in the
physiological sample is derived from the areas determined to have sufficient sample,
where areas determined not to have sufficient sample are not used in the derivation. Also

g the subject methods.

ribed, it is to be understood that this invention

[0020] Before the present invention is desc

15 not

limited to particular embodiments described, as such may, of course, vary. Itis

also to be understood that the terminology used herein 15 for the purpose of describing
particular emibodiments only, and is not intended to be limiting, since the scope of the

imited only by the appended claims.

present invention will be |
provided, it is understood that each intervenin

[0021] ‘Where a range of values s g value,

to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,

between the upper and lower limit of that range and any other stated or intervening value

in that stated range is encompassed within the invention. The upper and lower limits of
these smaller ranges may independently be included in the smaller ranges is also
nventioa, subject tc any specifically excluded limit in the stated

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[ . . . ..
. provided are kits for use in practicin
[

[

[

[

[

[

[

[

[

[

[

[

[ ericompassed within the 1
[
[
[
[
L
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range. Where the stated range includes one of both of the limits, ranges excluding either

n the invention.

both of those included limits are also included i
ntific terms used herein have the

Unless defined otherwise, all technical and scie

[0022]
s commonly understood by one of ordinary skill

in the art to which this

same meaning 2
invention belongs. Although any methods and materials similar or equivalent to those
in the practice or testing of the present invention, the

described herein can also be used
described. All publications mentioned herein

preferred methods and materials are now
ncorporated herein by reference to disclose and describe the methods and/or

are 1
n connection with which the publications are cited.

materials 1

10023} Tt must
forms “a”, “and”, an

be noted that as used herein and in the appended claims, the singular

d “the” include plural referents unless the context clearly dictates

“3 reagent” includes a plurality of such

otherwise. Thus, for example, reference to
arafuses

reagents and reference to “the apparatus’ includes reference to one or more app

d in the art, and 30 forth.

and equivalents thereof known to those skille
The publications discussed herein are provided solely for their disclosure prior to

[0024]
s to be construed as an

the filing date of the present application. Nothing herein i
admission that the present invention is not entitled to antedate such publication by virtue
of pror invention. Further, the dates of publication provided may be different from the

y need to be independently confirmed.

actual publication dates which ma
nvention, the subject devices are described

first.

[0025] In further describing the subject i
ovided, followed by 2 review of kats

Next, a description of the subject methods is pr

which include the subject devices.

DEVICES
10026) As mentioned above, t

determining the

he subject devices includes apparatuses for

concentration of at least on¢ analyte in a physiological sample applied to a test strip that

ecifically, the apparatuses of the subject

serted into a subject apparatus. More sp
ation of at least one analyte in &

1s in
invention enable the determination of the concentr
physiclogical sample, even in those instances where the measurement area of the test

wetted, for example because an insufficien

sample applied thereto is not evenly distr

t amount of sample is

strip 15 not uniformly
ibuted over the

applied thereto and/or because

—/ /o
—/ /o
e
—/ o/
—/ o/
—/ /o
— =/

L B e T |
—/ /o
e
—/ o/
—/ o/
—/ /o
—/
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Generally, the subject apparatuses can be characterized as

figured for receiving a test stoip,
atuses read the test strip or determin

¥ illumninating a phirality of different

entire measurement arez.
optically-based meters and are con such as the type of
rip described pelow. The optical appar

n of a sample applied to the test strip b

test st e analylie

concentratio
p and measuring detecting reflected light from each area separately

areas of the test stri
ments from those

r each different area. Only the measure

using at least one detector fo
fficient amount of sampte based on the amount

light detected therefrom, 1.., ar¢ sufficiently wetted by sample, are used in

areas which are determined to have a su

of reflected
eas determined not 10 have

fanalyte concentration, where the ar

the determination: ©
re not used or rather are

sufficient sample, 1.€., 1Ot to be sufficiently wetted by sample, a

excluded from the determination of analyie concentration.

(0027 The subject invention s suitable for use with a variety of colotimetric,
r optical {herein used interchangeably) type test strips as are known in the

photometric 0
ribed in greater detail below.

ve calorimetric test strips will be desc

art, where representati
etermination of a wide variety of different analyte

Such test strips find use in the d
but are not limited to, glucose,

ytes include,

ntrations, where representative anal
t, and the like. Inmany embodime

conce
i, lactate, alcohol, biliubin, hematocrti

nts,

cholestero
o determine the glucose

d with the subject invention are used t
d, blood, blood fractions,

the test strips use
interstitial fiui

concentration in a physiological sample, €.2-.

constituents thereof, and the like.
a review of representative colorimetric

atuses is provided first 1 provide a

review is by way of example

{n further describing the subject inventior,

[0028)
may find use with the subject appar

test strips that
proper foundation for the subject invention, where such 2
and is not intended to limit the scope of the invention. The review of representative test

s is followed by 2 description of t

description of kits for use in practi

ubject methods.

ded.

strip he subject apparatuses and the s
cing the subject methods is provi

Finally, a

Regrcsentative Colorimetric Test Strips

The colorimetric reagent test Strips €mp
the following components: 2 mat

own as a structural component)

loyed in these embodiments of the subjec!

rix 11 for

that

(0029}

invention are generally made up of at least

receiving a sample, a reagent composition {not sh
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typically includes one or MoIe members of an analyte oxidation signal producing system
and a support element 12. The colorimetric test strips are configured and adapted to be
received in an automated meter, a3 described below, for automatically determining the
concentration of an analyte. An exemplary embodiment of a representative colorimetric

s colorimetric test strip 80 in which matrix

st strip is shown in Figure 1. Figure 1 show
2 with adhesive 13. A hole 14 is present

te

11 is positioned at one end of support element |
in support element 12 in the area of matrix 11 in which a sample can be applied to one
side of matrix 11 and a reaction ¢an be detected therefrom. Usually, sample is applied to
one side of matrix 11 and a reaction is detected at another or opposite side of matrix 11,
however, other configurations are possible as well. The components of a representative,-

exemplary colorimetric test strip will now be described in more detail.

Matrix
[0030] Matrix 11 is made of an ‘nert material which provides a support for the various
members of the signal producing system, described below, as well as the light absorbing

duced by the signal producing system.

or chromogenic product, i.e., the indicator, pro
Matrix 11 he physiological sample, €.g., bloed,

is configured to provide a location for t

application and a location for the detection of the light-absorbing product produced by
the indicator of the signal producing system. As such, the latter location may be
characterized as the testing, detection of measurement area of the test strip. As such,

permissive of aqueous fluid flow through it and provides

matrix 11 is one that is
sufficient void space for the chemical reactions of the signal producing system to take
atrices have been developed for use in various analyte

place. A number of different m
ons and the

may differ in terms of materials, dimensi
ribed in U.S.

detection assays, which matrices
clude, but are not limited to, those desc
346; 5,059,394, 5,304,468, 5,306,623;
5,563,042, 5,620,863, 5,753,429,

6,486, 5,968,836 and 5,972,294; the

like, where representative matrices in
nt Nos.: 4,734,360, 4,900,666, 4935
142, 5.426,032; 5,515,170, 5,526,120,
52; 5,780,304; 5,789,255, 5,843,691; 5,84
f which are herein incorporated by refer

cal to the subject test sips and therefo

Pate
5,418,
55734

disclosures 0

ence. In principle, the nature of

re is chosen with respect O

matrix 11 is not eriti
sed to read the test strip,

other factors, including the nature of the instrument which is u
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ch, the dimensions and porosity of the matrix may vary

ot have pores and/or 2 porosity gradient, e.

n region and smaller pores at the detection

convenience and the like. As su
g. with

greatly, where matrix 11 may or may n

larger pores near of at the sample applicatio
region. The materials from which matrix 11 may be fabricated vary, and include
polymers, e.g- polysulfone, polyamides, cellulose or absorbent paper, and the like, where
the material may or may not be functionalized to provide for covalent or non-covalent

attachment of the various members of the signal producing system.

Signal Proc_:lucing System

In additionto matrix 11, the test strips further incinde one or more members of a

[0031]
oduct in response to the presence

signal producing system which produces a detectable pr
of analyte, which detectable product can be used to derive the amount of analyte present
f the signal

the test strips, the one or more members 0
dto, at least a

in the assayed sample. In
producing system are associated, e.g. covaléntly or non-covalently attache

measurement area) matrix 11, and 18 certain

portion of (i.e., the detection, testing of

embodi
[0032] In ce
producing system i

signal producing system 1

ments 1o substantially all of matrix 11.
is the analyte of interest, the signal

g system. By analyte oxidation

le signal from which the

rtain embodiments, €.8., where glucose
5 an analyte oxidation signal producin
s meant that in generating the detectab
ple is derived, the analyte is oxidize

zed form of the analyte and a corres

analyte concentration in the sam d by one or more
suitable enzymes to produce an oxidi ponding of
rtional amount of hydrogen peroxid

nerate the detectable product from 0

e. The hydrogen peroxide is then employed, in

propo
ne or more indicator compounds, where

tum, o g¢
nal measuring syster, L€ the

etectable product generated by the sig
sample. As such, the analyte

the amount of d

d to the amount of analyte in the initial

signal, is then relate
s are also correctly

oxidation signal producing systerms present in the subject test strip

characterized as hydrogen peroxi

As indicated above, the hydrogen

de based signal producing systems.

peroxide based signal producing systems

{0033}
include a furst enzyme that oxidizes the analyte and produces a corresponding amount of
hydrogen peroxide, 1.€., the amount of hydrogen peroxide that is produced is
e. The specific nature of this

proportional to the amount of analyte present in the sampl
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the analyte being assayed but 18

necessarily depends on the nature of
se oxidase (where the

first enzyme
generally an oxidase. As such, the first enzyme may be: gluco

); cholesterol oxidase (where the analyte is cholesterol); alcohol

analyte is glucose
. lactate oxidase (where the a

oxidase (where the analyte is alcohol)
ymes for use with these and other analytes ©

nalyte is lactate) and

the like. Other oxidizing enz f interest are
rt and may also be employed. In those preferred

known to those of skill in the a
p is designed for the detection of glucose

embodiments where the reagent test stri
concentration, the first enzyme is glucose oxidase. The glucose oxidase may be obtained
from any convenient SOurce, &.8. a naturally occurring source such as Aspergillus niger

or Penicillum, or recombinantly produced.
A second enzyme of the signal producing sys

nversion of one or more indicator compou

tern may be an enzyme that

(0034}

catalyzes the co nds into a detectable product in
the presence of hydrogen peroxide, where the amount of detectable product that is
produced by this reaction is proportional to the amount of hydrogen peroxide that is
peroxiduases

e is generally a peroxidase, where suitable
duced

present. This second enzym
include: horseradish peroxidase (HRP}, soy peroxidase, recombinantly pro

aving peroxidative activity and the like. Sece.g., Y.

a, 233 (1990), 299-302.
unds, e.g., substrates, are ones that are it

peroxidase and synthetic analogs h
Ci, F. Wang; Analytica Chimica Act

The indicator compound or compo her
d or decomposed by the hydrogen perox

1 indicator dye that absorbs light in a pre

(0035]

forme

ide in the presence of the peroxidase 10

determined wavelength range.

produce a
Preferably the indicator dye absorbs strongly ata wavelength different from that at which
the sample or the testing reagent absorbs strongly. The oxidized form of the indicator
may be a colored, faintly-colored, or colorless final product that evidences a change n
color of the testing side of the membrane. That is to say, the testing reagent can indicate
the presence of glucose in a sample by 2 colored area being bleached or, aiternatively, by

a colorless area developing color.
{0036] Indicator compounds that are useful in the present invention include both one-
rates. One-component systems include aromatic

and two-component chromogenic subst
amines, aromatic alcohols, azines, and benzidines, such as tetramethy! penzidine-HCL
Sujtable two-component systems include those in which one component 18 MBTH, an
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sed in U.S. Patent Application Ser. No.

MBTH derivative (see for example those disclo

08/302,575, 1

ncorporated herein by reference), of 4-aminoantipyrine and the other

aromatic amine, aromatic alcohol, conjugated amine, conjugated
or aliphatic aldehyde. Exemplary W
ne hydrazone hydrochloride (MBTH
(DMAB); MBTH combined with 3
CHBS); and 3-methy1-2-benzothiaz
odium (MBTHSB) combined with
ANS). In certain embodiments, the d

component 1s an
o-component systems are 3-

alcohol or aromatic
) combined with 3-

methyLZ-benzothiazolino
,5-dichloro 2-

dimethylaminobenzoic acid
olinonehydrazone

hydmxybcnzene-sulfonic acid (D
g-anilino-1

N-sulfonyl benzenesulfonate monas
ye couple

naphthalene sulfonic acid ammonium (

MBTHSB-ANS isspreferred.
yet other embodiments, signal prod

ucing systems that produce 3 fiuorescent

100371 In
detectable pro

duct (or detectable non- fluorescent substance, €.8. in a fluorescent

y be employed, such as those described in: Kiyoshi Zaitsy, Yosuke

background) ma
oxidase; rapid and sensitive

Ohkura: New fluorogenic substrates for Horseradish Per

assay for hydrogen per

oxide and the Peroxidase. Analytical Biochemistry {1980} 109,

109-113.

Supperi Element
rt element 12 may

0038} Matrix 11 is usually attached to a support element 12. Suppo
d to be inserted into an automated device suchasa

a material that is sufficiently rigi
ort element

ached

be of
meter without undue bending or kinking. Matrix 11 may be attached to supp
12 by any convenient mechanisms, €.8., clamps, adhesive, etc., nerein .shown att
port member 12 is made of material

using an adhesive 13. In many embodiments, sUp
lene, polystyrene or polyesters.

such as polyoleﬂns, e.g., polyethylene or polypropy
Consequently, the length of the support element 12 typically dictates or con'esporids 1o

the length of thé test st e 1, one support glement 12 is

p. In the example shown in Figur
matrix }1. However, in certain embodiments, another suppoert

employed on one side of
“sandw

element i3 attached to the other side of matrix 11 so asto ich’ the malrix betweel

owo support elements.
ictates or

Regardiess of whether or not the length of support element 12 d

rotal length of the test strip 80 generally

(0039]

corresponds to the length of test strip 80, the
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ot 80 mm, usually from about 20 mm to about 65 mm

mm to about 57 mum, the width of the tes

o about 25 mm, mOre usually from abo

ranges from about 20 mm to abo
t strip 80

and more usually from about 39
ut 6 mm to

typically ranges from about 5 mm t
about 19 mm and the thickness of th

e test strip 80 typically ranges from about 0.15 mm

to about 0.40 mm, more usually from about 0.18 mm to about 0.38 mm.

[0040] As described above, support element 12 is usually configured to enable test strip
80 to be used with of inserted into a meter. As such, support element 12, and thus test
strip 80, is typically in the form of a substantially rectangular or square-like strip, where

the dimensions of support element 12 vary according to 2 variety of factors, as will be

apparent to those of skill in the art.

{0041]

[n using such a colorimetric test stip, sample is allowed to react with the

duce a
esent in the sample. The amount of

members of the signal producing system to pro detectable product that is present

in an amount proportional to the initial amount pr
ip may vary, but generally has a

sample that is introduced to matrix 11 of the test str

g from about 0.5 ul to about 10 ul. The sample may be introduced to

volume rangin

matrix 11 using an
rwise introduced. The amount of detectable product, i.e., signal produced

y convenient protocol, where the sample may be injected, allowed to

wick, or be othe

by the signal produ
e. As mentioned above, in many emb

cing system, is then determined and related to the amount of analyte

in the initial sarpl odiments sample 15 applied to
e of matrix 11 and the amount of detectable product is then

one side or a first sid
many embodiments the

or second side of matrix 11, where in

determined at another
te the first side. In certain

oduct is determined on 2 side opposi

amount of detectable pr
oned detection and relation

d meters that perform the above mentl

embodiments, automate
jon, detection and relating

ted above. The above described react

steps are employed, as 10
r described in U.S.

68, 5,306,623,
3. 5,753,429;
6 and 5,972,294, the

s for performing the same, are furthe
0,666; 4,933,346, 5,059,394; 5,304,4
70- 5,526,120; 5,563,042, 5,620,86
5, 5,843,691, 5,346,436, 5,968.83

steps, as well as instrument
Patent Nos. 4,734,360, 4,90
5,418,142; 5,426,032; 5,515,1
5,573,452; 5,780,304, 5,789,25
disclosures of which are herein

incorporated by reference.

Examples of colorimetric reagent test strips that may be used with the subject
Nos.: 5,049,487

10042}
d to, those described in U.S. Patent

invention include, but are not limite
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5,563,042, 5,753,452, 5,789,255, the disclosures of which are herein incorporated by

reference.

The Optical Apparatuses

(0043] As summarized above, the subject inventi
ps, such as the type described above, and W

on provides apparatuses, i.e., optical

hich are

meters, for use with test stri
configured to determine the concentration of at least one analyte ina physiological

sample applied to the test strip. The 0

ptical meters of the subject invention include at lest

one light source for illuminating a testing area of a test strip that is inserted into the
meter, a detector aray made-up of 2 plurality of detectors for detecting reflected light
each different area of the testing area of th
g whether each different area of the testin

d on the amount of reflected light detected

e test strip respectively, means for

from
g area has 2 sufficient amount of

determinin
therefrom, and means for

sample base
m only those areas determined to have 2 sufficient amount of sample,

determining, fro
the concentration of at

i.e., those areas determined to be sufficiently wetted by sample,

Jeast one analyte in the ph
[0044] The size of the subjec

the size of the test strips used w

ysiological sample applied to the test strip.

+ meters will vary depending on a variety of factors such as

ith the meters, the shape of the test strips, etc. However

r easily
bout 45

generally, the meters of the subject invention are small enough to be portable o

th of an apparatus typically ranges from a

oveable. By way of example, the leng
about 50 mm to about 150 mm, the width

Ik

mm to about 160 mm and more usually from
ranges from about 35 mm to about 80 mm and more usually from about 40 mm

s mm and the thickness typically ranges fr

y from about 10 mm to about 25 mm.

typically
to about 7

om about 10 mm (0 about 30 mm

and more usuall
ry, where the shapes may range

he shapes of the subject meters will va

[0045] Likewise,
ex. In many embodiments, the subject m

eters will assume 2

from simple to compl
shapes are possible as

circular, oblong, oval, square or rectangular shape, although other
lex shapes.

ow be further described with reference

ponents or features. An exemplary em

well, such as irregular or comp
to the Figures,

[0046] The subject meters will n
bodiment

where like numerals represent like com
atically in Figure 2 where a portion of

of a subject apparatus 20 is shown schem
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resentative test sirip 80, ie, matrix or testing area 11 affixed to a portion of support

(

[

[ ep
[ 12, is shown operatively associated with apparatus 20.

[ entioned above, apparatus 20 includes at least oné light source 19. Light

0047] Asm
e.g., matrix 11, having sample

source 19 projects light onto the area of the test strip,
applied thereto and which Has reagents for reacting with certain analytes in the sample,

as described above. More specifically, o the testing area

light source 19 projects light ont
11N of matrix 11. Light source 19 typically

of matrix 11, i.e., all of the testing areas 1l1a-
h as a laser

includes a light emitting digde (LED) or any other convenient light source suc

r, and the like. Usually, light source 19 contains

diode, a filtered lamp, 3 phototransisto
ources, or a single diode capable of emlmng

two or more LED sources, €.8., three LED s

two or more distinct wavelengths of light. Light source 19 is usually capable of emitting
wavelengths ranging from about 400 nm 10 about 1000 nm, usually from about

light at
500 nm to about 940 nm. Eor example, where two distinct wavelengths are employed,
light source 19 is capable of emitting light at about 635 nm and about 700 nm and in

many embodiments the light source is capable of emitting light at about 660 nm and 940
nm, and in certain embodiments the light source is capable of emitting light at about 523
nm, 630 nm and 940 nm. It will be apparent that the wavelengths described herein are for
e in no way intended to limit the scope of the invention

exemplary purposes only and ar

as many other combinations of wav y available

elengths are possible as well. Commerciall
light sources that produce wavelengths of light described above are known in the art and

de, but is not limited to, an LYS A676 light source capable of emitting light of 635
d 700 nm available from ASRAM Opto S

paratus 20 also includes a phurality of light

inclu
emiconductor, Inc.

nm an

[0048] Ap
detectors 21. By

detectors or rather an array of

plurality is meant greater than about two detectors. Typically, about

three detectors or more are present, €.g., in 2 linear or triangular arrangement, usually
about four detectors or TOre are present (e.8., configured i ina2X2 arrangement), where
y range from about 6 detectors to about 100 or more

the number of detectors ma
detectors, where the number of detectors employed will vary depending on the size and
shape of the testing arca of matrix 11, etc. In other words, the number of individual

tions or

bout

detectors that make-up detector array 21 18 related to the number of discrete sec
interest are detector arrays that include a

fa testing arca that are measured. Of 1

L
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t, about 16 detectors, €.8., in a 4 x 4 arrangement,

9 detectors, €.g.,nal X 3 arrangemen
and about 25 detectors or more, €.8-, ina x5 arrangement or inan 8 x § arrangement

for embodiments having 64 detectors, etc., for example for use with rectangular or
e shaped testing areas. In certain embodiments of the subject invention

arge coupled device (“CCD") camera arra

ectors, e.g., arranged in 2 512 x 494 arrang

square-lik
y, the array may have about

employing a ch
ement or 1024 x 2048

1,000 or more det
r array may range from

gly, the number of detectors of the detecto
tended to limit the

arrangement. Accordin
way of example only and not in any way in

about 2 to thousands. By
ing area that has a length ranging from 2

scope of the invention, for a test bout 2 mm 10
nging from about
t 9 to about 100, and more usually from ab

aboutl 6 mm and a width ra 2 mm to about 6 min, the number of

detectors will usually range from abot

out 25

to about 64,

The configuration of the detectors that make up the detector array may vary

10049]

according to a variety of factors such as the s1z€ and shape of the testing area and the
like; however, the detector array is configured as 2 single unit. That is, the detectors are
associated together to form one piece or one compenent, €.2-, in a matrix or grid type

arrangement of pattern or the like.

[0050] Figures JA-3H show exemplary embodiments of the subject detector armay
having a number of different detectors 212-2 IN in a variety of configurations, where
such numBers of detectors and configurations thereof are exemplary only and are in no
way intended to timit the scope of the invention. Accordingly, Figure 3A shows an
rray 21 having 6 detectors, first detector 21a, second

gxemplary embodiment of detector a
detector 21b, third detector 21¢, fourth detector 21d, fifth detector 21e and gixth detector

21f, configured in 2 3 x 2 arrangement. Figure 1B shows an exemplary embodiment of
71a, second detector 21b, third

ay 21 having 9 detectors, first detector

urth detector 214, fifth detector 2le, s

detector a
detector 21c¢, fo ixth detector 21f, seventh detector
21g, eighth dete

Figure 3C shows an €

ctor 21h and ninth detector 21i, configured in a 3 x 3 arrangement.

xemplary embodiment of detecior away 21 having & deteclors, 2la-

21h, configured in a 4 x 2 arrangement. Figure 3D shows an exemplary embodiment of

Jetector array 21 having 12 de

3E shows an exemplary embodime

3 arrangement. Figure

tectors, 21a-211, configured na 4 X
ctors, 21a-21p,

nt of detector array 21 having 16 dete
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configured ina 4 X 4 arrangement. Figure 1F shows an exemplary embodiment of
ving 10 detectors, 21a-21y, configured ina 5 X 2 arrangement. Figure

detector array 21 ha
mbodiment of detector array 21 having

25 detectors; 21a-21y,

3G shows an exemplary €
ment. Figure 3H shows an exemplary embodiment of

configured ina 5 x 5 arrange
detector array 21 having 64 detec

apparent, the aumber of individual d

tors 21a-211" configured inan 8 X 8 arrangement. As is

etectors and the configuration thereof employed to

make-up a subject detector array may vary as appropriate, €8 may be made or less oOT

more detectors than shown herein.

As described above, each detector of dete
flected light, €.8-, diffusely reflected li
g area of matrix 11. That s, with resp
f detector array 21 detects reﬂeéted lig

e area of matrix 11. As shown in Figu

ctor array 21 is capable of detecting or

(0051}
ght, from a respective area of

intercepiing re
ect to Figure 2 for example, each

section of a testin
ht from a comesponding,

detector 21a to 2110
re 2, first detector 2la

discrete, single respectiv

collects reflected light from f

cts light from second

rst area lla, second detector 21b dete
cts light from third area 1 lc, fourth detector 21d detects

area 11b, third detector 21c dete
ctor 21e detect light from fifth area 11e, sixth

ht from fourth area 114, fifth dete
ctor 21£ detect light from fifth area

lig
t from

dete

11f, seventh detector 21g detects ligh

s light from eight area 11h and ninth detector

th area 11g, eight detector 21h detect
detected

d to,

seven
21 detects light from ninth area 11i. The size of the discrete, corresponding area
or will vary depending on 2 yariety of factors including, but not limite

by each detect
rix, etc. Signals from each detector

the number of detectors employed, the size of the mat
s, as will be described in greater

e or more analysis means for analysi

are transmitted o on
cient amount of sample

detail below, for determining whether each arca has a suffi

- applied thereto.
Apparatus 20 also inclu

des imaging optics 31 for imaging reflected light from

{0052)
own in Figure 2,

pecific, respective detectors. As sh

specific areas of matrix 1 cnto s
rst detector 213,

ge light from first area 11a onto fi
11c onto third

h for
8 31

imaging optics 31 is configured o ima

light fro

m second area 11b onto second detector 21b, light from third area
detector 21¢ and light from fourth area 11d onto fourth detector 21d, and so fort
respective detector of the detector array a% appropriate. Imaging opti

each area and
r combination thereof, For example,

may take the form of one or more lenses O MATOTS O
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in certain embodiments, imaging optics 31 may take the form of a single element lens

such as a double convex lens, as shown in Figure 2 and Figure 4A. In certain other

embodiments, imaging optics may take the form of a double element lens such as two

plano-convex lenses shown in Figure 4B. In other embodiments, an achromat lens

system whereby two achromatic lenses, each having convex crown surfaces, face each

other, as shown in Figure 4C, may be used. The lens configurations described above are

known in the art.
a sufficient amount

x 11,

(053] Apparatus 20 also includes means 24 for determining whether

or volume of sample is present in each area that makes-up the testing area of matri

he amount of reflected ight detected from each

where such determination is hased upon t
reflected light. This means is

areq, L.c., from the area which each detector detects

digital integrated circuit 24, where such a digital integrated circuit 24 is under

are program and thus 1s suitably programmed to €
etermine whether seflected light detected from each

generally a
xecute all of the

the control of a softw

steps or functions required of it to d

area indicates a sufficient amount of sample, ot any hardware of software combination

that will perform such required functions. That is, sample amount determination means
24 is capable of executing or following an algorithm stored in the meter to determine,
ected from each area of matrix 11, whether sufficient sample

based on reflected light det
nt determination means 24 usually reads the output

is present in each area. Sample amou
of a signal conversion element such as analog/digital converter 22 which converts an

analog signal from each detector to a digital signal. Accordingly, Sample amount
24 is capable of carrying out all the steps necessary (o determine

om a particular area of the test strip indicates a

e., indicates that 2 particular area is sufficiently

determination means
whether reflected light detected fr
sufficient arnount of sample in that area, L.

wetted with sample or not.

In addition to the above means for determining whether
the subject meters also include

sufficient sample is

{0054]
east two areas on a test strip,

tration of an analyte in the sample based on the

ple based on the reflected hight

present in gach of the at |
means 26 for determining the concen

determined to have a sufficient amount of sam
where areas dete

areas
detected from those areas of the test strip, rmined not to have a sufficient

not satisfactorily wetted with sample are not used O determine

amount of sample or are
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s generally a digital integrated circuit 26, where such

trol of a software program and thus is

tions required of it, or any

analye concentration. This means 1
al integrated circuit 26 is under the con
mmed to execute all of the steps or func

ombination that will perform such requir

a digit
suitably progra

hardware or software ¢

ed functions, That 1s,

analyte concentration determination means 26 is capable of executing or following an
algorithm stored i1 the meter to determine analyte concentration from those areas
areas determined not to have sufficient

determined to have sufficient sample, where the
centration. (Analyte

d from the determination of analyte con
rate component from

means 26 is shown in figure 2 as a sepa

but in certain embodiments means for

sample are exclude
concentration determination
sample amount evaluation means 24, determining
a sufficient amount of sample is present and means for determining the
f an analyte based on the those areas d
ated circuit.) Accordingly, digital integ

sary to exclude, from its determinati

whether
etermined to have sufficient sample

cencentration ©
rated circuit 26 is capable

may be the same integr
on of analyte

of carrying out all the steps neces

concentration, any arcas determined to have an insufficient sample based on the
reflective light values detected therefrom and include only those areas of the test strip
gited areas.

ple is present, L.e., the sufficiently w
ating the apparatus and

where sufficient sam

10055] The subject methods may also include means23 for calibr
speciﬁcally each detector of the array detector independently. This means is generally 2
digital integrated circuit 23, where such a calibration means 23 is under the control ofa
m and thus 15 suitably programmed to execute all of the steps 0T
ation that will perform such

software progra
t, or any hardware of software combin

functions required of i
bration means 23 1 capable of execu

ting or following an

required functions. That is, cali
f the detector

algorithm stored 1n the meter for calibrating the meter, €.2., each detector ¢
array 21. (Calibration means 93 i shown in Figure 2as a separate component from
ermination means 24 and analyte concentration determination means

sample amount det
rcuit as one ot both of

26, but in certain embodiments may be the same integrated ¢l
means 24 and means 26.) Accordingly, calibration means 23 is capable of carrying out

ector of the apparatus independently.

all the steps necessary to calibrate each det

[0056] The subje

ct meters may also include means for determining the total volume of
sample applied to 2 test strip 25, where such a total sample volume determination is
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mmined to have 2

it 25,

of reflected light detected from each area dele
s means is generally 2 digital integrated circu

5 is under the control of a software program and

based upon the amount
sufficient amount of sample. Thi

where such a digital integrated circuit 2

e steps or functions required of it to

thus is suitably programmed to execute all of th
trip, or any hardware or software

determine the total sample volume applied to the test s
t will perform such required functions. That is, total sample volume

xecuting or following an algorithm stored i
ght detected from each area of the test stri
e total sample volurne applied to the test s

am and data memory 27, which may be 2

combination tha
n the meter to

means 25 is capable of €
] determined to

determine, based on reflected L
trip.

have a sufficient amount of sample, th

The subject meters also include prog

0057]
perating program of one or more of the

digital integrated circuit, that stores data and the o
digital integrated circuits of the meter. The subject meters also include reporting device
g total sample volume, results of analyte concentration, error

28 for communicatin
reporting device 28 may tak

¢ various hard copy

ccordingly,
play (LCD)

messages, €tc., 10 the user. A
a visual display such as a liquid crystal dis

and soft copy forms. Usually 1t 18

ght emitting diode (LED) display, but it may also be a tape printer, audible signal, or

orli
the like.
METHODS
{0058] The subject invention also provides methods for determining the concentration of
the subject

an analyte in @ physiologicai sample applied to a test strip. Specifically,
invention provides methods for determining the concentration of an analyte in a
p even in those instances where the entire area

jological sample applied to a test stri

phys
strip where measurements are taken, 1.

ot the test

e., the testing area, detection area of

measurement area, is not entirely wetted by the sample either because too small of an
amount of sample 18 applied thereto t0 wet the entire area and/or sample is applied

unevenly or nonuniformly.

As such, it will be appare

nt that the subject methods provide the accurate

(0059}
nts, 1.€.,

dete

rmination of one or MOTe analyte concentrations using small sample amou
sample amounts less than conventionatly required. In current practice, sample amounts

of about 5 plo

r more are needed to weta testing area of a test strip for accurate analyte
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se the entire testing area need not be wetted

concentration determination. However, becau
n accurate analyte concentration determinations using the subject

s less than about 5 pl, oftentimes less
about 2 pl or less may be used in the s
tain embodiments sample volumes of

centration determination. Sample may

in order to obtai
than-about 3 pl may be

ubject methods in

about 0.5

methods, sample amount
used, where sample amounts of

certain embodiments. For example, in cer

sed to obtain an accurate analyte con

i may be u
g any convenient protocol,

be introduced nto the appropriate area of the test strip usin
d, wicked, etc., as may be convenient. Sample may be

where sample may be injecte
e test strip is inserted into OT otherwis

lied to a test strip before or after th e operatively

app
sting

associate

d with a subject apparatus such that the testing area, 1.6, each area of the te

trip may register with the optical com
ect methods include applying samp

ea with light, obtaining 2 reflectance

ponents of the apparatus.
le to a testing area of a test

value from different

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[ area, of the test s
[

10060] Generally, the subj

strip, {lluminating the testing ar
pendently, determining whether the obtained

f the testing area separately or inde
fficient amount of sample is present in

areas 0

Jue from each area indicates that a st

reflectance va
fficiently wetted by sample,

e., determining whether each area is su

each of the areas, i.
n of at least one analyte from the ar

eas determined to have 2

and deriving the concentratio
ufficient amount

sufficient amount of sample, where the areas determined not 10 have as

le are not used in analyte concentrat
wetted areas are excluded from the an
for generally deriving analyte conc
example see U.S. Patent No. 5,059,3

jon determination, ie., non-wetted or

of samp
alyte concentration determination

insufficiently
entration from refiectance

computations. Methods
94, the disclosure of

values are known in the art, for

n is herein incorporated by reference.

whic
nce

nstead of deriving 2 single reflecta

A feature of the subject methods is that i
multiple reflectance values are

e testing area as 1S commonly done,
screte areas of the testing area. In thi

ple may be identified and omitte

(0061}

value for the entir
5 way, those areas of the

derived from multipte, di
d from analyte

testing area having insufficient sam

ion determination.

concenirat
gly, each detector of an array of d

etectors, 1.e.,0f a plurality of

10062] Accordin
section or area of a test strip,

detectors, detects reflected light from 2 discrete, respective
reas of the test strip, respectively, where imaging optics

[
(
l
(
(
C
(
(
[
(
l
(
(
C
(
(
[
(
l
(
(
C
[ ie., froma specific number or 2
(

[

(

l

L
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s or direct the light from specific areas onto specific detectors.

may be employed to focu
about three detectors or

1 about two detectors. Typically,

By plurality is meant greater tha
y about four detectors or more detect light

more detect light from the test strip, usuall
s to about 100 or more detect light

bodiments 1000 detectors

where as many as about 6 detector
t strip in certain embodiments, where in some em
where the number of detectors employed will
etc. The

from the tes

or more detect light from the test strip,
e and shape of the lesting area of the test strip,

vary depending on the iz
at substantially the same or different

detectors of the detector array may detect the light

times, but typically the light from each area is detected at substantially the same time.

As mentioned above, reflectance values fr

[

[

[

[

[

[

[ from the test strip,
[

[

[

[

[

[

: om discrete, independent areas of the ‘

[0063]
test strip are detected by each corresponding detector. By reflectance value is meant any
value or series of values, signals, or any data set, etc., relating to an observed amount of

reflected light from 2 corresponding,
flectance value may be in raw or processed form. A

respective area of the test strip. A reflectance value

may be in any form, ie., there

reflectance value may be obtained periodically or substantially continuously over a

period of time.

[0064] According to the subject
etermined 1o be indicative of a sufficient amoun
if indicative of suc

methods, the observed, reflected light from each
detector is d t of sample or indicate that

ntly wetted by sample and, h a sufficient amount of

the area is sufficie
ne the concentration of anaiyte in the sampte.

In other words, 2

sample, is used to determi
reflectance value from each detector is evaluated to determine if the corresponding area
has sufficient sample voiume of is sufficiently wetted by sample or wetted by enough

sample to provide an accurate analyte concentration measurement, where the sample

r volume in each.area corresponds or 18 related to the light reflected therefrom,

the amount of sample required to be deterrmined

i.e.. areflectance value. Accordingly,
pending on the analyte of interest, the size O
mbodiments, an area will be determined to h
0% covered with

f each discrete o

sufficient will vary de
ave sufficient

different area, etc. In many €
at least about 93 to about 10

sample if the surface area thereof 13
o, covered with sample. 1t will be apparent to those

sample, usually at Jeast about 98-100
of skill in the art that the reflectance value indicating ot relating to such sufficient

amount of samp

s including, but net limited

l
(
(
[
(
l
(
(
l
(
(
[
(
l
(
(
[ amount 0
(
(
[
(
l
(
(
l

[ le wiil vary depending on a variety of factor
(

[

(

l

L
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e analyte of interest, eic. gufficient sample amounts of an area

to, the type of sample, th
manner, where the following embodiments are

may be determined in any convenient
te and are in no way intende
tue is determined for each detector of the

provided by way of examp d to limit the scope of the

bodiments, a reflectance va

invention. In all em
where the determined reflectance value is related 1o

detector array, as described above,
of sample or wetting of a corresponding area.
ned for each detector, the

ined. Each

the amount, if any,
mbodiment, after a reflectance value is determi

om amongst all the reflectance values is determ

inimum value, whereby a reflectance value

L
{
L
L
{
L
C
C
L
{

0065} Inonee
minimurn reflectance yalue fr

reflectance value is then compared to this m

and corresponding area is determined to have a sufficient amount of sample if the

is substantially
s the

ced therefrom lies within a certain range of , 1.€.,

reflectance value produ
e value or of the area is the area that produce

{he same as, the minimum reflectanc

mininum reflectance value. For example, if an area provides a reflectance value that is
within about 5-10% of the minimum reflectance value, it is determined to have a

it is substantially the samne as to the minimum value,

sufficient amount of sample, le.
ater than about 5-10% of the minimum

where the areas having reflectance values gre

reflectance value are determined to have an insufficient amount of sample, i.e., are not
s the minimum value. For example, Figure 5 shows matrix 11

substantially the same a
1 having detectors 21a-21i. Employing the method

operatively associated with detector 2

described above, the reflectance values from areas 11e and 11f would provide the

nece values as they are completely wetted by sample and are determined

ample. Accordingly, the reflectance values

pared to the minimum reflectance value and

minimum reflecta
from areas

to have a sufficient amount of s

1la, 11b, 1lg, 11d, t1g, 11h and 111 are com

any of the areas found to be with a certain range of the minimum reflectance value, €.8.,
within about 5-10% of the minimum reflectance value, are determined have sufficient

sample, Le., determined ia be sufficiently wetted.

1n another embodiment, 2 particular area is determined to have 2 sufficient

[0066]
nce, i.e.,a predetermined

amount of sample if it demonstrates 2 certain drop in reflecta
m a time prior to sample application 10 2 time after

drop in reflectance or greater, fro
duces at least some drop in reflectance

e application and each adjacent area pro

sampl
minimum drop in reflectance. For example,

referring again to Figure 5,

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
( .
‘ beyond a certain
[

[

[

[

L



(49) JP 2004-163393 A 2004.6.10

area 11f would produce a large change in reflectance from a time prior to sample
n to a time afier sample application because it is completely covered with

adjacent areas 11D, l1¢, 11e, 11k and 11i all would produce at

applicatio

sample. Furthermore,

least some change in reflectance after sample application because all have at least some

amount of sample. Accordingly, area 11f would be determined to have a sufficient

amount of sample because it produced a drop in reflectance value that is equal to or

greater than a predetermined drop in reflectance and each adjacent area produces at least

some drop in reflectance. However, area 11c would be determined not to have a

sufficient amount of saraple because it would not produce a sufficient drop in

reflectance.
In certain embodiments, an area is determined to have a suffici
is substantially the same as a

ent amount of

L s s B |
e s T s T e R
[ e B |

(0067]
sample if it produces a certain reflectance value, e.8.,

reflectance value such as within about 5 to about 10% of a predetermined

predetermined
d meets any one, usually all, of the above-described criteria, i.e., (1)

reflectance value, an

is an area that provides the minimum reflectance value from amongst all the areas, 2)

produces a reflectance value that is within a certain range of the minimum reflectance

value, or (3) produces a drop in reflectance that is as preat or greater than 2 certain drop

in reflectance and all adjacent areas also produce a certain minimum drop in reflectance.

Quch a methed is particularly well cuited for those areas that define the edges of the
testing arca.

As described above, once all the areas of the testing area are determined to have a

(0068]

- gufficien

t amount of sample ot not, Le., the signal or reflectance from the detectors are

determined to be sufficient or insufficient, the concentration of at least one analyte in the

sample is determined, using the signals from oaly those areas having a sufficient amount

of sample, where the concentration is refated to the amount of light reflected from those

areas having a sufficient amount of sample, as is known in the art. For example,

reflectance values from the areas having a sufficient amount of sample may be compared

1o a standard curve or graph of analyte concentration Versus reflectance and the analyte
erefrom (see for example U.S. Patent
04,468; 5,306,623; 5,418,142,

3,429, 5,573,452,

concentration in the sample of interest obtained th
Nos. 4,734,360; 4,900,666; 4,935,346, 5,059,394; 5,3
5,426,032, 5,515,170, 5,526,120; 5,563,042, 5,620,863, 5,75

L B e B |
I B s T | —
— —
L e T e T e R |

L B e B |
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— o/ /o
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5,780,304; 5,789,255, 5,843,691; 5,846,4
whic
0069]

protocol,

intended t limit th

0070]

10071] Once

[0072]

50
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86; 5,968,836 and 5,972,294, the disclosures of

h are herein incorporated by reference).

The above described reflectance values may be obtained using any convenient

where the following protocol is offered by way of example and is 11 no way

e scope of the invention.

podiments of the subject methods, each detector of the detector array

In many em
ed. Each detector may be calibrated using any convenient

is independently calibrat
ol for calibrating each detector independently, each detector

protocol. In one such protoc
), which is performed before a test strip 1 inserted into

detects a “background” signal ( Ry
the meter, €.g., before inserting a test strip at the time of testing or at the point of
manufacture of the meter, regardless; it 15 performcd before a test stTip i3 associated with
ector, each detector detects 2 “dry” signal

the meter. Once Ry is measured for each det

(Rary)- Usually,
on of sample thereto.
each detector has been caljbrated, sample 1

this is done with an unreacted test strip inserted into the meter, but before

an applicati
s applied to the test strip and the

ore wavelengths. In many

area is illuminated with light, usually with light of one or m
e is applied to one side of the matrix and light illuminates and is

embodiments, samp
ment or testing area of

e of the matrix referred to as the measute

detected from another sid
described above, the

posite the sample application side. As

the test strip, €.g-, the side op
¢ is a result of formation of a reaction pr

oduct when

presence Of amount of reflectanc
sample is applied to an area on the test strip having one or more signal producing
nents of the signal producing system react 1o give

components. In other words, the compe

t absorbing reaction product.

a ligh
The raw data described above are used t

o calculate parameters proportional to

{ Nos. 5,059,394 and 5,304,468). A

glucose concentration (see for example U.S. Paten
o the refationship between

nsformation of reflectance analogous t

logarithmic tra
$sion SpeCroscopy can be used

alyte concentration observed in transmi

absorbance and an
ation of the Kubelka-Monk reflectanc

if degired. A simplific

art, is of particular interest.

¢ equations, as known in the

Generally, the parameter K/S is used, where K is related to

scattering. In this Jerivation, K/S is related to analyte

absorbance and g is related to

concentration, where K/S defined by Equation 1 a8 follows:



(51) JP 2004-163393 A 2004.6.10

L
{

(073)

Co74)
[
Equation 2, where Rt is the reflectance, €.2., Rao or Rao,

K/S.= (1-RO)* /2Rt (Equation 1)

Accordingly, Rt is the reflectivity taken at a particular time t described by

etc., corresponding to 20

seconds, 30 seconds, etc. That is, each detector provides a reflectivity or an Rt value that

of the test strip matrix,

s to the signal measured from a corresponding area
cted light (Rary)-

correspond
s from O for no reflected light (Ry) to 1 for total refle

where Rt varie
Rt = (Rw — Ro)/ (Rary = Ry (Equation2)
nce detected from an area by a detector.

rived for each detector and corresponding area of the

0075]
0076] R., is the reflecta

0077] Accardingly, K/S is de

testing area detected by a respective detector. As K/S is related to analyte concentration,-

a final or overall K/S value is determined using only those signals from detectors

exhibiting a certain K/3 value indicating an area having sufficient sample amount or

sample wetting, where the overall K/S value is related to the concentration of analyte in

the sample applied to the test strip.

The subject methods also include, in certain embodi
ie., the total sample volume

ments, the determination of

[0078)
sample applied to the matrix of a test strip,

the size of the
a user may be notified or alerte

applied to the test strip. In this way,
ed or insufficient sample has been applied and

d that sufficient

more sample is

sample has been appli
etermined by computing the number of deteciors that detect

reflected light from areas determined to have a sufficient amount of sample, where the

y each area is known such that the total volume of

volume of sample accommodated b
sample applied to the test strip is determined by computing the number of areas having a
sufticient amount of sample and the volume of sample retained in each area . Sufficiency

of sample size may vary according to the particular analyte concentration(s) to be

determined, etc., however usually sample amounts less than about 5 pl and oftentimes
less than about 3 pl are sufficient, where sample amounts of about 2 pl or less, in many
embodiments about 0.5 ul may be sufficient in certain embodiments.
methods also include calibrating other components, features or

ieast one light source, the detector array,

itled “Devices

10079] The subject
h as calibrating the at

for example copending U.S. application ent

ation Determination” to Eyster and Wallac

aspects of the meter, Suc
the imaging optics, etc. (see

and Methods for Analyte Concentr

(
C
(
(
[
(
l
(
(
C
(
(
[
(
l
(
(
C
(
[ required. Sample size is d
[
(
l
(
(
C
(
(
[
(
l
(
(
C

[ e, filed on
(

[

(

l
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“Devices and Methods for Analyte

May 1, 2002, and copending U.S. application entitled
led on May 1, 2002, the

Concentration Determination™ to Eyster and Wallace, fi

[

[

[

[

[ . . ..

: disclosures of which are heremn incorporated by reference.
[

[

[

KITS

[0080] Finally, kits for practicing the subject method
subject im_iention, i.e., a subject optical meter. The

s are provided. The subject kits

include an apparatus according to the
may also inciude one or more test strips, usvally a plurality of te

st strip described above. The subject kits may further include an

subject kits st strips,

such as the type of te
element for obtaining a physicle

sampie is blood, the subject kits may fur

gical sample. For example, where the physiological
ther include an element for obtaining a blood

sample, such as a lance for sticking a finger, a lance actuation means, and the like. In

addition, the subject kits may include a control sclution or standard, e.g., a contral

solution that has a known analyte concentration such as a known glucose concentration.
rther include instructions for using the apparatus for determining the

The kits may fu
ation of at least one analyte ina physiclogical sample applied to

presence and/or concentr

a test strip. The instructions may be printed on a substrate, such as paper or plastic, etc.

As such, the instructions may be present in the Kits as a package insert, in the labeling of

the container of the kit or components thereof (i.e., associated with the packaging or sub-

packaging) etc. In other embodiments, the instructions are present as an electronic
storage data file present on 2 suitable computer readable storage medium, e.g., CD-

ROM, diskette, etc.

[0081] 1t is evident from the above description-and discussion that the above described

invention provides devices and methods for accurate analyte concentration determination

in the cases where small sample volumes are applied to a test strip testing area and/or the

testing area of the test strip is not evenly or uniformly wetted by sample. The above
provides a number of advantages, including, but not limited to, ease

described invention
ate analyte concentration determinations using small

of use, portability, and accur

amounts of sample, thereby reducing the likelihood of multiple finger sticks. As such, the

bution to the art.

[
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[
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[
[
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[
[
[
[
[
[
E subject invention represents a significant contri
[

[

[
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L

[
cribed herein in what is considered to be

[1082) The subject invention is shown and des
[ the most practical, and preferred embodiments. Tt is recognized, however, that
[
departures may be made therefrom, which are within the scope of the invention, and that

[
[ obviou

s modifications will occur to one skilled in the art upon reading this disclosure.

The specific devices and methods disclosed are considered to be illustrative and

[0083]
Modifications that come within the meaning and range of ¢q

[ not restrictive.

uivalents of

the disclosed concepts, such as those that would readily occur to one skilled in the

relevant art, are intended to be included within the scope of the appended claims.
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4. Preferred aspects are provided as stated in the followings

(1)  The apparatus acéordi.ug to claim 1, wherein said light source is capable of emitting light
of at least two different wavelengths.

(2)  The apparatus according to claim 1 or aspect(1) ,

wherein from about 4 to about 1,000 detectors comprise said detector array.

(3)  The apparatus according to claim 1 or aspect(1)

wherein about 1,000 detectors or more comprise said detector array.

4 The apparatus according to claim 1, aspect(l) to aspect(3)
further comprising imaging optics for imaging

reflected light from said plurality of areas onto respective detectors of said detector array.

(5) The apparatus according to any of claim 1 , aspect(1} to aspect (4) ,

- further comprising at least one test strip.

(6)  The method according to claim 2, wherein said method comprises employing an

apparatus according to any of Claims 1 to 2.
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1. Abstract

Apparatuses and methods for determining the concentration of an analyte in a

physiological sample are provided. The subject apparatuses include at least one light
source, a detector array, means for determining whether a sufficient amount of sample is
present on each of the plurality of different areas, and means for determining the
concentration of the analyte based on the reflected li ght detected from those areas
determined to have sufficient sample, where areas baving insufficient sample are not
used in analyte concentration determination. The subject methods include illuminating
each area of a test strip, obtaining reflectance from each of the different areas,
determming which areas have sufficient sample based on detected light therefrom and
deniving analyte concentration from the areas determined 1o have sufficient sample,
where areas determined not to have sufficient sarnple are not used in the d.erivation. Also

provided are kits for use in practicing the subject methods.

2. Representative Drawing

Fig.2
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