15 MAR 2007 PHYSI O_(IEI CAL SAMPLE COLLECTI ON DEVI CES AND IVETH(I)S USI NG

THE SAME FIELD OF THE | NVENTI ON [0001] The invention relates to th¥AR 200/

col l ection of physiological sanples and the deternination of analyte

concentrations therein. BACKGROUND OF THE | NVENTI ON [ 0002] Anal yte

concentr.ation determ nation in physiological sanples is of ever increasing

i nportance to tod s_society. Such assa find use in variety of C
}}%XSI

application setti @k@@QM%MP&%@DﬂLM@%WWIGE& ng, home testing,

etc., where the resul W% E}I’f‘ﬁ %Aﬁ\dﬁm nent role in the -
di agn05| s and managenen a variet y di'sease conditions. Anal ytes of

i nterest include glucose for diabetes nmanagenent, chol esterol for
- moni toring cardiovascular conditions, and the like. In response to this
grow ng i nportance of analytEEé@ﬁééﬂﬁﬂ%Yﬂﬁﬁ0Ndeternlnatlon a variety of

anal yt centration deter .0CQ for bot h
clinic Pﬁgﬂd honih?glsvemﬂ] Q}@%é&@%&é%gtgh %B%)‘?ﬁel SFWP tagflﬁli‘% ng the”
concentrati on of, an analyte in a physialogical sanple, .a physiological
sanpl e nust dgteERatHE fAnalyieePncelTations Hiff@Re sanpl e of ten invol ves

cunber sone and conplicated devices which may not be easy to use or may be
costly to manufacture. FuBMhEGWI@)OFﬁHEM‘@E}Hd@Me for obt ai ning the sanple

neec dOBBBN"™ ¢ 0" SBRMIPREN BB Reicagiteden SRR SHECHEP ISt A F6Thi ch ¢ he.
needle is inserted. LFS-232 1 1 5 MAR 2007
increasing importance to today’s society. Such assays find use i a variety of
' C application settings, including clinical laboratory testing, home testing, etc., where
the results of such testing play a prominent role in the diagnosis and manégement
of a variety of disease conditions. Analytes of interest include glucose for
diabetes management, cholesterol for rhonitoring cardiovascular conditions, and
the like. In response to this growing importance of analyte concentration
deterrnination; a variety of analyte concentration determinatiop protocols and
devices for. both clinical and home testing hav;e been developed.
[0003] In determining the concentration of an analyte in a physiological saimile, a
C ' physiologicél sample must first be obtained. Obtaining the sample often involves
éumbersome and compliééted.d.evicés-wlii.ch may not be easy to use or may be
costly to manufacture. Furthermore, the procedure for obtaining the sample may

be painful. For example, pain is often associated with the size of the needle used

to obtain the physiological sample and the depth to which the needle is inserted.
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Dependi ng on the anal yte and the type of test enployed, a relatively |arqge,
single needle or the tike is often used to extract the requisite zin%MPﬁZUgT
sanple. [0004] The anal yte concentration determ nation process may al so
~ingolve a -multitude of steps. First; a sanple, s accessed by use of a
skin-piercing nechanism e.g., a needle or |lancet, which accessing my .
al so involve the use of a sanple collection nechanism e.g., a capillary

tube. Next, DependAEBh thdBiatytt BeNithe Rl drabs kBipIORdL QrdathR ) Iafdt, diggiece, e. g.,
a test strip or the like, and then oftentines ¢ the test strip is then

Lranst ef r ecul o 2olEANL O deNcat, BUPL A% RalTBiehmol WP sahfie.  Stens of

accessi ng the sanpl €, cting the sa ransferring the sanple to a
bi osensor, . and suring the anal yte concentration in the sanple are often
per f or F#hs seg‘ir 58al eitatioR detegpwalipR ATaFSsS BB g TEL Snd
instrunentation. [0005] Because of these disadvantages, it is not unconmon
“for patientsuliiode pBstapy. Fifstecpaople isenteseed bigussfolarskanpleytieg t 0 si npl y-
beconme non-conpliant in nonitoring thenselves. Wth diabetics, for

exanpl e, thgebiRddisthee §9a HEQHEbLIahER] WhicHlabessiag htiyelscifvalvptiRsEseiofad basi s
results in a lack of information necessary to properly control the |evel

of glucose. sMﬁg%?%déié)g?n&!hﬁﬁ@&ee.ke‘é%giée uBE XRkY thef%ﬂ%% %H?t gy even

life threatenin At't enpt s°Have made to’'co e anci ng-type

ey e Bk BB SOTRICDLS O, A S fogcn ot o

exanple, U S. Patent No. 6,099, 484 discloses _a sanpling device which

i nggudes a tedgitstrmpisdhen thansbaiedite @ mgaswing dapng sygh 4 a Fighers hhug thepi | 1 ary

tu associated with a pusher, and a test strip. An LFS-232 2 1 5 , MAR 2007
steps of accessing the sample, collecting the samiple, transferring the sample to a

biosensor, and measuring the analyte concentration in the sample are often
performed as separate; consecutive steps with yérious device and instrumentation.
[0005] Because of these disadvantages, it is not uncommon for patients who
. require frequent monitoring of an analyte to simply become non-compliant in
monitoring themselves. With diabetics, for example, the failure to measure their
glucose level on a prescribed basis results in a lack of information necessary to
properly control the level of glucose. Uncontrolled glucose levels can be very
dangerous and even life threatening.
[0006] Attempts have been made to Cornbiﬁe a lancing-type device with various
other componeﬁts involved in the analyte concentration determination procedure
in order to simplify the assay process. For example, U.S. Patent No. 6,099,484
discloses a sampling device which includes a single needle associated with a

spring mechanism, a capillary tube associated with a pusher, and a test strip. An
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anal yzer may al so be nmounted in the device for analyzing the sanple. .
Accordingly, the single needle is displaced toward the skin surfackd MR 2007
un-cocking a spring and then retracting it by another spring. A pusher is
t hen di splaced to push the capillary tube in comrunication with a sanple
and the pusher is then- released and the fluid is transferred to a test
strip. [0007] U S. Patent No. 5,820,570 discloses an apparatus which

i ncl udes a RABBer AAY ARG ba ntiRhtAMn AR EecABH a1 gANEThelaMipng a nenbr ane,
whereby the base and cover are connected together at a hinge point. Wen

in. a close 1 51l | i ; t nbr ane
and -fluid (f‘gcﬁegdzﬁ%&’g@ﬁ Sﬁ%ﬁa ?%rﬂ%ﬁéalska E‘gé&nté)g%l e ansgﬂ%%lggdggﬁbgnmnf%gk@gnbrane of
t he cover. [0008] ere are certain drawhacks associated. wjth each of the
above devi @e%’“&ﬁ&“gf BRRFEE 1 PHrher ThRe: 4 RESEEY %%g’émﬁé%@ed in the
aforenenti oned patents are conplex, thus decreasing ease-of-use and

i ncreasi ng prslntifeaepiliaintbe os tenmuisatidre with resamapde dwlstbe pber isthsingl-e needte- -
design may be associated with increased pain because the single needle

must be | argleaRiangihd QuidXd frawdferidito artediril.t e sanple size. Still further,
in regards to the 484 patent, the steps of activating and retracting a

need! G nen (RSt EAEHNG P08 S GRGHRG: BpFARLE LA inb1iREs Ay st 11T more

user action and decreases ease-0 ere is

continued interest.in .the devel o nt .of new,devi ces an t hods for use

in the det @P}‘rlinﬁgt ogﬂwotfeeglr?aﬂr\?taew@%aé’mgr LPIeRbEate, Whe ﬁygl?%llg%ﬁiae | sanple.

O particular interest would be the devel opnent of integrated devices, and
hods of cQ%& W%@%ﬁ%ﬁdﬁ?ﬁhe&rﬁéaém@%ﬂ% hemiibh Glosed PRSI, B n, are

shtaple to LFS-232 3 1 5 MAR 2007 .
needle is in communication with the membrane and fluid can be drawn up

through the needle and placed on the membrane of the cover.

{0008] There are certain drawbacks associated with each of the above devices and
techniques. For exmple, the devices disclosed in the aforementioned patents are
complex, thus decreasing ease-cf-use and increasing manufacturing costs.
Furthermore, as described, a single needle design may be associated with
increased pain because the single needle must be large enough to extract the
requisite sample size. Still further, in regards to the ‘484 patent, the steps of
activating and retracting a needle and then activating and retracting a capillary
tube adds still more user interaction and decreases ease-of-use.’

[0009] As such, there is continued interest in the development of new devices and
methods for use in the determination of analyte concentrations in a physiological
sample. Of particular interest would be the development of integrated devices,

and methods of use thereof, that are efficient, involve minimal pain, are simple to
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use and which may be used with various anal yte concentration determ Q@@@%ﬁ
systens. However, in producing such devices the present invention p 7
particul ar enphasis on issues associated with manufacturing and
distribution, thereby offering nore cost effective and flexible options,
both to consunmers and manufactures. SUVMMARY OF THE | NVENTI ON [ 0010]

Devi ces, ,systens and net hods are provided for piercing the skin,

accessi ng apgk \kfl%h'n*ﬂﬂr Mﬂ%;%&ﬁ'us%ﬂé@de%oh&%&ﬁh&m déRfniRASHr i Ng a
characteristic of the physi ol ogi cal sanple. The subject devices include at

I Ki £ bl
The: subj ect “TAEvS SOPFTL TP OHAR %E%C%Lseﬁ%%ﬁle e R ot one |

skin-piercing element is separately attached to the biosensor. [0011]
Preferred sRarﬁs\ahaéF@ph@Slse‘PléWéwﬁSsasmwée%W&bw&@mgr@ GsEbgittati on in

whi ch, upon insertion into the skin, creates a space or volume within the
“pier ced " ti ﬂﬁ:trﬁ)y"o’lffﬁrialg’srpatce:osie&ﬂkeﬁvasmaﬂc)éhbropdbns,dmtlpmc:lo’nmgnas-'amiw"t' hin -
which bodily fluid is caused to pool while the skin-piercing elenment is in
situ. A caphishafaytuedrannel or fluid pathway extending fromthe pooling
space to within the test strip transfers pooled fluid present within the

pool i ng space to the bi 039@@%1&4&909%{5%% di ments, the space-defining
configuration is a recess wthin a surface of the skin-piercing el enment.

Such a[00@0Ess naPechires sgstemp anid enationdsiagep@tided fod plerairethe skabodi ment s, the
space-defining configuration is an opening which extends transverse to a

g' negs:\/g\g gﬁcc'fegs@n@fﬂd‘cd?leﬁﬁﬁg PRy$b16PRA safME BEfRUDBS nitaS ANt i al  LFS-232
( characteristic of the physiological sample. The subject devices.include at least .
“one microneedle or skin-piercing element affixable to a test strip. The subject test
strips include a biosensor, wﬁerein the at leést one skin-piercing element is
separately attached to the biosensor.

[0011] Preferred skin-piercing elements have a space-defining configuration in
which, upon insertion into the skin, creates a space or volume within the pierced
tissue. This space serves as a reservoir or pooling area within which bodily fluid

~ is caused to pool while the skin-piercing element is ir situ. A capillary channel or
C " fluid pathway extending from the poqling space to within the test strip transfers
pooled fluid present within the pooling space to the biosensor. In certain
embodiments, the space-defining configuration is a recess within a surface of the
skin-piercing element. Such a recess may have a concave configuration. In other

embodiments, the space-defining configuration is an opening which extends

transverse to a dimension of the skin-piercing element and occupies a substantial

LFS-232 ‘ ' 4



portion of a width or dianeter dinmension as well as a substantial portion
of a length dinension of the microneedl e. [0012] Generally, test stidMAR 2007
used in connection with the needle or |ance nenbers of the present

i nventions May include el ectrochenical or photonetric/colorinetric

sensors. O her types of test strips nmay be used as well. [0013] Needles or

.lance nmenbers according to the present invention may be affixed to test

strips menbeisttibilofa WAL dfmaeyEmeddsy adW¥ll Bea sifstandid] fbiieslf, €. 9.,
usi ng adhesive, chem cal or ultrasonic welding. Alternately, nechani cal

att achnment Vlie@tﬁldhﬁgns'ﬁgﬁhgl}nﬂn%ﬁeé 'lg__e maybe enpl oyed. [0014] Numerous
advant ages are" presented i n So-produci ng conpleted test strips/lances

menber ¢ i nati ons. 015] The supject syste i ncl ude onpe or re subj Aect
t est stﬁoﬁgﬂdevi ce@e%?ﬁ%]%éte irips up fnﬁ@%‘?‘%’f’ﬂd"q&éﬁﬁf t Of E5EC TS and f or

determning a characteristic of the sanpled fluid, e.g., the concentration

of at | east afike puesdnfinvenHonsias igbids clentochaniceloriphotandiiio/colosimatse
strip's biosensor. Mreover, such a neter may al so provide neans for

activating agflsofnDiher 8fpenof tdesttipsinag be upediewal.n the skin- piercing
structure is caused to pierce the skin. Additionally, the neter may

provid ns for i I 4L cartridge
T e R o e S o By Be U

cont ai a plurality of ( _ _ _
Subj ect_devit R ERAPEFOEyUTENRST B & DaebFrptiras: TBrkeibe At BRAE: hods.
The subject deviges, systens and nethods are_particularly suited for -
|_|:€ _232 5 1 &g\ desive, ghemlcal or ultrasonic welding. Altermately, mechanical
attachment via clips hasps or the like may be employed.
[0014] Numerous advantages are presen’;ed in so-producing completed test
strips/lances member combinations.
[0015) The subject systems include one or more subject test strip devices and a
| meter for receivihg a subject test strip and for determining a characteristic of the
sanﬁpled fluid, e.g., the concentration of at least one analyte in the samiple,
collected by within the test strip’s biosensor. Moreover, such a meter may also
provide means for activating and manipulating the test strip wherein the .skin-_
piercing structure is caused to pierce the skin. Additionﬂly, the meter may
provide means for storing one or more subject test strips, or a cartridge containing
a plurality of such test strips.
[0016] Also provided are methods for using the subject devices, as well as kits
that include the subject devices and/or systems for use in practicing the subject

methods. The subject devices, sYStems and methods are particularly suited for

{
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col | ecting physiol ogi cal sanple and determ ni ng anal yte concentrati ons
therein and, nore particularly, glucose concentrations in bl ood, blfﬁg‘l R 7007
fractions or interstitial fluid. The present invention further inc és
nmet hods for fabricating the subject test strip -devices;. in which a

m croneedl e or skin-piercing elenent is affixed to a conplete/discrete
test strip unit. The subject fabrication nethods may be used to fabricate

i ndi vi dual . LD ' f | . jp... devi ces on
v, 11 e areiieBbRBHCAr S APUaAhint By HhebBRkioR Hen “CH) 0t s
advant ages, apd features of the inventian wll one. apparent to those
persons ski F‘?‘gﬂjqrﬁp?ﬁ’éugfﬂﬁ” élb‘ﬁ?ﬁercé%'?rﬁrgmf’ﬂ%mﬂ?%gﬁ’ioog‘faﬁatcﬁtgns et hods and
systens of the present invention which are nore fully described below

BRI EF DESCRinrerst@iel dmidr HEhapawnies ehion 8)riten sislusies meghads [foolabneptiggur es
diagrammatically illustrate aspects of the present invention. Variation of
~the inventi g shbjesn tehi@trifsdombes] i wiieh kirngiufdsed!ls or sldnipidrPingleBiaent @019] - - -
Figure 1 is a perspective view of a representative nmeter as nmay be used in.

connecti on yg W= - f i : i 2A and
3A are per s%ygté(tg ?gcgé \b/‘?rgg/%[%?@%rﬁ%q?srt\\% tl o{r'l ng\ég]gg& I nm[agoﬁg%t%c?#lﬁ%ﬁt est :

devi ces; figures  2B.and 3B.at rspect.i ve vie of.. | ance nhers to be
St aohed t b8 nER € Fhaeie ifalROCRER e Vit i B lin e i EEIREES 53,76 1
5 MAR 2007 _[0Q0211 Fi gl?yr es 4A_and 4B are perspective hidden-line views of
t he invent i SFYi¢E8 ogeteh, Al eched of spitabls matsgial.devi ces, wherein plastic and

metal |ance nenber are
(:" [0017] These and other objects, advantages, and features of the invention will

become apparent to those persons skilled in the art upon reading the details of the
methods and systems of the present invention which are more fully described
- below.
- BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Each of the following figures diagrammatically illustrate aspects of the
| present invention. Variation of the invention from that shown in the figures ié
contemplﬁted.
. 0019} Figure 1 is a perspective view of a representative meter as may be used in
C | connection with variations of the present invention.
[0020] | Figures 2A and 3A are perspectiire views of the invention as used in

colorimetric test devices; figures 2B and 3B are perspective views of lance

members to be attached to test strips by adhesive and mechanical fasteners.
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shown.” [00221 Figures 5A is an expl oded perspective view of an al tirsg@ e@m7
| ahce - - ----- configuration enploying dispersion channels; figur - RI a
perspective view of the conponents in FIG 4A shown assenbl ed from bel ow.
[00231 Figure 6 is a perspective view of an alternate | ance nenber
resenbling c that in FIGs 5A and 5B, but provided in a lowprofile format.
[0024] Figure 7 is a perspective view of yet another |ance nenber, this one

enpl oyjopgijan i NSeeufts SIPEAR AP afeQfRBspebl i e - IRSERVE bY @Y ifdentioh a5 NVENTI ON

[0025] In ‘describing the invention'in greater detail than provided in the
Summary a . I I nd.el e ] i rs are
Firer desoribalp SehBienBice foPlt G b bRRIRR Ednd iRk B B,

exenpl ary conbination test strip neter and |ancing device of the present

i nventi on. & the manner in which colorinetric and el ectrochem cal test
strip may be provided in connection with exanples of the present invention

i's set{0p2)t h. ThFigurte Sévispniceploded pabpastivel visy oldinsdleoste onof - vari-ous-- - - monee

alternate | ance/ needl e nenber configurations. Then, methods of manufacture

and kits a%ﬁga@ﬁ@u&hmldﬁﬁg)ﬂi@ﬁérﬁbhaﬂarm@mpﬁg@;@t% Bfa pdispecvesieRtofi nventi on
are described. [0026] Before the present invention is described in such ‘

detail, ho"\t’ﬁg%mpbﬁenitssintIQG mfwﬁﬁ%@ggg%bﬁmw invention is not limted

to particular variations set 5 MAR 2007 and may, of
caui vaPRHle oy TE SO TRRE 8 YRBY SDaparet e i r e Tre o
( that in FIGs 5A and 5B, but provided iﬁ a low-profile format.
[0024] Figure 7 1s a perspective view of yef another lance member, this one
employing an inset dispersion zone.
DETAILED DESCRIPTION OF THE INVENTION
[0025] In describing the invention in gréater de"cai] than provided in thé Summary
above, colorimetric and electrochemical test strips sensors are first described,
followed by dis_cussion of features and the use of exemplary combination test strip
meter and lancing device of the present invention. Then, the manner in which
colorizﬁetric and electrochemical test strip may be provided_in connection with
examples of the present invention is set forth. This description is followed by
disclosure of various alternate lance/needle member configurations. Then,
methods of manufacture and kits advantageously incorporating components of the
present invention are described.
10026] Before the present invention is described in such detail, however, it is to

be understood that this invention is not limited to particular variations set forth
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spi.rit and scope of the invention. In addition, many nodifications may b

made to adapt a particular situation, material, conposition of natié@MRZMT
process, process act(s) or step(s), to the objectlve(s) spirit or scope
of -the present invention. Al such nodifications are intended to be within
the scope of the clains made herein. For exanple, description of the use
of el ectrochem cal and photonetric sensor C type test strips is not

i ntended to g[gw it dle Lo gﬁlt'ﬁ&t P8 Had Whld inyBRReCi ate that

t he subj ect es syste S Gset he " nmeasur enent of

ot her phy5| entc char i St] .Qf b|oIo iC ubst ances,
e.g., bl ood &gﬁ‘fﬁ?‘tpwlt’? s nb'W ﬁHF@ét"QﬁWPt f‘@?&?ﬂg E’P’E‘. ﬁf B8271 I\/bt hods
recited herein maybe carried out i n any order of the recited events which
is |ogicall wlpbsrg%/ rlope ofithevishéntas. ttheddidentreanondéificationsaat e made
_Furthernore, where a range of values is provided, it is understood that

every i nt ekysiupng pxdiculr sibeitivaghatdial, ¢pppositiogof pueer, bidtess, pfockdat range
and any ot her stat ed or interveni ng val ue in that stated range is

encorrpasseda ?)tfe{:;{&ﬁ to i Eét%(s)pggsl?n or'skop f:S df:tﬁ ?)I be E}E‘?é;lttbﬂagﬁllany

opt i onal atu inve tlve atlo may be set forth
and clained i dentl on one re of the
features deSd §<§ e P GPY RGeS @0135@3 B ree BERE oned
herein (e.qg. publlcatlons pat ents, ate t appllcatlons and hardware) is
i ncor por at efoBgaEl e epEEtoRsithe 15§ Qf ctreﬁltqnwét Land,phafmetae sIEPr as t he
subj ect matter may conflict with that of the present LFS-232 8 1 5 MAR
Zﬁ i nventyperest stripahs vt ivesdedvudic lisitmepthest slhldedinthe haivillpr evai | ). The
ref-erenced itens are provided solely for their disclosure prior to the
filing dateagiretibe thiteBeRibject devices, systems and methods are useful in the
‘measurement of other physical and chemical characteristics of biological
substances, e.g., blood coagulati.on time, blood cholesterol level, etc.
[0027] " Methods recited herein may be carried out in any order of the recited
events which is logically possible, as well as the recited order of events.
Furthermore, where a range of values is provided, it is understood that évery
intervening value, between the upper and lower limit of that range and any other
C- stated or intervening value in that stated range is encompassed within the
invention. Also, it is contemplated that any optional feature of the inventive
variations described may b_c set forth and claimed independently, or in
combination with any one or more of the features described herein.
[0028] - All existing subject matter mentioned herein (e.g., public:i‘rions, patents,

patent applications and hardware) is incorporated by reference herein in its

entirety.ﬁ:XCept insofar as the subject matter may conflict with that of the present
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application. Nothing herein is to be construed as an adm ssion that the
present invention is not entitled to antedate such material by virguaumfy
prior invention. [0029] Reference to a singular item ‘includes the ’
possibility that there are plural of the same itens present. Mre
specifically, as used herein and in the appended clains, the singular
forms "a," "and,"” "said" and "the" include plural referents C unless the
context clearly dictates otherwise. It js further noted that the clains

may be dr af tBEHEN ERYRIsRcHwRYVIGhis Rspeent Bareinehe!l pryaid),chie efirencsfat ement i s
intended to serve as antecedent basis for use of such exclusive term nol ogy
as "sol el yjtemsand provaded solely for Kein disdonneptionn thd filng dae oédiemeienh of
claimelenments, or use of a "negative" l[imtation. Finally, it is noted

that unl ess agigtidatied. Moltefigh&ein 8 es BE Ponsdlibd beahitingiadionfitht 8@ @bddnf i C terms
used herein have the sanme nmeaning as commonly understood by one of

“rordi nary skilJ. bR, thecart,t ' t kS nventi . Son

ol or' met i RS ety Bhfugdto P D) B 82 pBBPEmention, g ng
col oripetric or tonetric.(herein used, interchangeabl bi ogensor, the
cone i Dby oo Hieraica thaSin et Kty SHE BN LA ol vi ng. o
sanpl e and a reagent. conposition (set within the matrix_  or menbrane) set
upon a supp®f thesamgdtemseresphier ore speribicalis aa gssihareiggng in fhgtappsnded
provi ded, the nenbrane will generally be placed opposite of the support

LFS-232 9 1chiviiRhe€0gulasforme t ol €andyd Hsaidiearie tiid " XnclAderplubal aeferents
advant ageousl y includes apertures or pores for sanple access. [0031] In

s OCE embodi FRRESthe lbfteRBNSRTy GOARE 0BRSw R MRITE hafiRr aoRH AR tROcRims
may be drafied to exclude any optional element. As such, this statement is
intended to serve as antecedent basis for use of such exclusive terminology as

LY

“solely,” “only” and the like in connection with the recitation of claim elements,
or use of a “negative” limitation. Finally, it is noted that unless defined otherwise
herem, all technical and scientific terms used herein have the same meaning as

commonly understood by one of ordinary skill in the art o which this invention

belongs.

C Colorimetric/Photometric Sensor Variations
[0030] In testers including colorimetric or photometric (herein used
interchangeably) biosensor, the same is provided by at least a matfix and/or a
membrane for receiving a sample and a reagent composition (set within the matrix
or membrane) set upon a support structure. Where a membrane as well as a

matrix is provided, the membrane will generally be placed opposite of the support
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reagent conposition inpregnated therein while a matrix mayor may-not
contain----- -- - reagent conposition. Oten the matrix preferablyl piMRi280Es
a deposition area for the various nenbers of the signal producing system
described infra, as well as for the |ight absorbing or chronpgenic product
produced by the signal producing system i.e.; the indicator, as well as.
provides a location for the detection of the |ight-absorbing product

produced bystibgiré GEHCAE Aat@t. Khaembaineladpapsiioely isdisdeMpeli@33d A nenbrane
provi ded nmay conprise a nmenbrane that exh| bits aqueous luid flow

properties &fo?szfiﬂél@'aﬁée@?t |y porous (i.e., provides sufficient void
space) for em ca eactions of a signal produci ng systemto take place.

| deal | x the nelrérrane or.e struEture woul d.not s ort d bl ood cell flow
to thd0@Hlface  BRORREMRHEPHE eS0T FRIBRISY ATt PRNG CONERDETD | or

intensity of which is a subject. of the neasurenent correlated to anal yte

" ‘toncent r at iTgRgent POIYPOREEYTI mmcmtqﬂe@ereﬁyyhgp aRAIT IR Bty VR €STHEHY /- or A~ —

porosity gradient, e.g. with |arger pores near or at the sanple
appl i cat i oneiggt mnpm‘time(bﬁat thean&sx prefeldlydmoetics adepagti@mnarch 0333]
Materials fromwhich a nenbrane may be fabricated vary, include polyners,

e.g. polysuhf ORgousRRENBEF: BEfhe s&ﬁiai gﬂoﬂﬁ@ing%yﬁ%()ﬂ&%ﬁ%@ﬁzﬁ%r as WA ag he like,
vvhere the material may or may not functionalized to prOV| de for coval ent

syst epnon Cﬁ'gla h[%q?p?%s% HE&I %k%::)#o%e% an@%ﬁg&%ﬂ& f§y t?‘ﬁé} gl rgrglrll |, Produci ng

eria require
| ess than 1/ 2. Al LF8221015MAR2Q f sanple to wet a sufficiently
| grge ar ea SYFEPhEeniFIPGRUCE &Sa‘fﬁl‘eﬂsr?“&“g%ﬂf)&b??lb thdusrtionendie [ 00341
a(tgjardl ng suitable matrices, a nunber of different types have been

Re
' light-absorbing product produced by the mchcator of the signal producing system.

[0032] A membrane provided may comprise a membrane that exhibits aqueous
fluid flow properties and is sufficiently porous {i.e., provides sufficient void
space) for chemical reactions of a signal producing syetem to take place. Ideally,
the membrane pore structure would not support red blood cell flow to the surface
of the membrane being interrogated (i.e., the color intensify of which is a subject
of the measurement correlated to analyte concentration). Any matrix provided

may or may not have pores and/or a porosity gradient, e.g. with larger pores near

(" or at the sample application region and smaller pores at the detection region.

[0033] Materials from which a membrane may be fabricated vary, 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.

In a tester made a thin membrane material, the tester may require less than 1/2 pl
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devel oped for use in various anal yte detection assays; which matrices may
differ internms of materials, dinmensions and the |ike, where 1 5 MAR 7007
representative matrices include, but are not limted to, those described
in U S Patent Nos.: 4,734,360; 4,900, 666;"4,935,346; 5,059, 394;

5, 304, 468; 5, 306, 623; 5,418, 142; 5, 426,032; c 5,515,170; 5,526, 120;

5,563, 042; 5,620,863; 5,753,429; 5,573,452; 5,780,304; 5,789, 255;

5, 843, 691, dF,s84p1e4i86xetR, Q6B1 83D/ land HeLoiah? Membirhre tdiobediwsgoed of  which
are herein incorporated by reference. [00351 However configured, one or
more menber tﬁglﬁeémggﬁﬁuprodu0|ng system of the biosensor produce a

det ect-abl e 0? uct |n response to the presence of analyte, which-

the- ad00y8a" s ampk ezt Re SRAIE Bebie St Rog BT Ao B0T ST e Pemmers | of

t he signal produci ng system are preferably associated with (e.

“coval ent | y dselopehicbaieRTiops analatcristofio) azseys. aueh majsises moy e i e., the -

detection region) the nmatrix or menbrane, and in many enbodi ments to
subst ant i alihyeraislofafaterials,skmmensiG30d]the lilee, stlgnatepmsadeiivaigaisicss em may
conprise an anal yte oxidation signal producing system By analyte

oxi dati on shgnad, bk SRuw: Mithi e 36, 8bsel desdribedRARLS tH@dnt NoB.: 4emarmoL ng t he
det ect abl e si gnal from whi ch the anal yte concentration in t he sarrpl eis

deri ved, 1 hegd) féf)‘ t4593'5334%X $58864.0 33 44 ts%'g%z@“ﬂ'i@lhfl il

oxi di zed form ot rh& ahal§/ e and “a’correspbndi or _proportional armunt of

el oyed, i f%W57ﬁ%%glgﬁe¥§9%%?ﬂeﬂ°§%q?%@3&%”43%%3Z? TRAGDLT rore

ndi cator c ounds, anount of detectable product generated by
t he signal 5&%@3 §g34§)f§[le§ﬁ84ﬁ 486; 3968, %369@@5 9725294; the disclosures of

which are herein incorporated by reference.

[0035] However configured, one or more members of a signal producing system
of the biosensor produce a detectable product in response to the presence of
analyte, which detectable product can be used to derive the amount of analyte
present in the assayed sample. In the subject test strips, the one or more members
of the signal producing system are preferably associated with (e.g., covalently or
non-covalently attached to) at least a portion of (i.e., the detection region) the
matrix or membrane, and in many embodiments to substantially all of the same.

[0036] The signal producing system may comprise an analyte oxidation signal
producing system. By analyte oxidation signal producing system, it is meant that
in generating the detectable signal from which the analyte concentration in the
sample is derived, the analyte is oxidized by a suitable enzyme to produce an

oxidized form of the analyte and a corresponding or proportional amount of
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then related to the anmount of analyte in the initial sanple. As such, the
anal yte oxidation signal producing systens preséent in the subject159mmgwy
strips are also correctly characterized as hydrogen peroxi de based signa
produci ng systens. 10037] Hydrogen peroxi de. based signal producing systens
include an enzyne C that oxidizes the analyte and produces a correspondi ng
anount of hydrogen . peroxide, where by correspondi ng anount is nmeant that

t he anmount r g J i: I ' ri to the
amount of - A1aroRed rRERe, PRI Schi}Rkod e RIRAHGRRol 21 B BRE bigRBete P 1T ot
enzyme necessarily depepds.on the nature,.. of the anglyte being assayed but
i s general @63 e%&‘?lﬁQE%P“BffrB’@hWr%d’é‘?fﬁé%qmaz%r coéw,na%ﬁ’g‘ef? ﬁ’&a %me may
be: glucose oxidase (where the analyte is glucose), or glucose

dehydr ogenad detsrtahberpradich gengamed by plasi gral sefegeiieg systibliesthestinabis dase
(where the analyte is chol esterol); alcohol oxidase (where the analyte is
“alcohol); thactehitel wxtidaseuivdtaneal ytdia thoraliydleampled. atd silck) thaadalitee -1-i-ke. .
Q her oxidizing enzymes for use with these and ot her anal ytes of interest

are known tf;id R 8igndkproliedng Bysidifs AcberR BEtHEBUb RLSEstRE WS g6d. | n those

preferred enbodi nents ~ where the reagent test strip is designed for the

det ecti on of gl oncentration t first .e is alucose oxi dase.
e ol uoos copSh i ARSa S aRER s hModth perbBftc el i BT Btk hediEns® O 485

natural ly occurring source such as_ Asperqillus niger _or Penicillum or
recon‘&?‘?%?ﬂtly pr E%Eer?ﬁ%@? gfigﬂff) O%MWQBWIHTW%@F afikEz¥8eond enzyne

of such a signal producing syst emis an enzyne that catalyzes the

cgfnver si on that ogrbizesitheranadyte andd praderecorpmshedlinpamovntddtydiogohe  product in

t presence of hydrogen peroxide, where the anount of detectable
peroxide, where by corresponding amount is meant that the amount of hydrogen
peroxide that is produced is proportional to the amount of analyte present in the
sample. The specific nature of this first enzyme necessarily depends on the nature
of the analyte being assayed but is generally an oxidase or dehydrogenase. As
such, the first enzyme may be: glucose oxidase (where the analyte is glucose), or
glucose dehydrogenase either using NAD or PQQ as cofactor; cholesterol oxidase
(where the analyte is cholesterol); alcohol oxidase (w_here the analyte is alcohol);
lactate oxidase (where the a:nalyt;é is lactate) and the like. Other oxidizing
enzymes for use with these and other analytes of interest are known to those
skilled in the art and may also be employed. In tho‘se preferred embodiments
where the reagent test strip is designed for the detection of glucose concentration,
the first enzyme 1s glucose oxidase. The glucose o;cidase may be obtained from -

any convenient source {e.g. a naturally occurring source such as Aspergillus niger

or Penicillum, or recombinantly produced).
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product that is produced by this reaction is proportional to the amount of
hydrogen peroxide that .is present. This second enzyne is generally ﬁ R 2007
per oxi dase, where suitable peroxidases include: horseradi sh peroxi 3&@
(HRP), soy peroxidase, reconbinantly produced peroxi dase and synthetic
anal ogs having C peroxidative activity and the |ike. See, e.g., Y. G, F
Wang; Analytica Chimca Acta, 233 (1990), 299-302. [0039] Indicator

compou conmpy nds oVvi ded preferab ones that are her forned
or decgﬂﬁgged by ﬁée%gﬂfﬂﬁﬁﬂe zﬂpﬁﬁéﬁﬁ%éggﬁﬁésﬁ?e?ﬂ%ne@?YOX|dase
to produce an indicator dye that absorbs l'ight in a predeterm ned

wavel engt h eaiplyees the sprreatipy of plee omapredndicalgy eompewrdp interrdstigiaplat a

wavel ength different fromthat at which the sanple or the testing reagent

absor bs st rprguytin thdpreseicdiof bddiogempabxidegwherd itiadmeountay deectabieol or ed,
faintly-colored, or colorless final product that evidences a change in

“color of thg r&dﬁéﬁthé‘tﬁs?ké&c@&bﬁﬁﬁsf&%ﬁ%@ﬁ ropoFR@hal kStHeAnRAYs of he testing

reagent can i ndicate the presence of glucose in a sarrpl e by a colored area

bei ng bl eac t ativel a co rless _area col or.
[0040] 1 nd B afecedtatkalh i rten ol erre %Zwﬁslsp%egera VAR nei ude
both one- and twp-conponent chronogenic substrat es. conponent systens

i ncl ude ar oPRETCSUHAPIR @sTOXMaspinFluda] hassrspdish perpRidase @%P%b%zi di nes, such as

LFS-232 13 1 5 MAR 2007 tetranethyl benzidine-HC . Suitable two-conponent
syst ens i ncherdridesm secoimbindnitlyprotieed paysaiiaae andsSMBEHC annlopBFiter i vat i ve
(see e.g., those disclosed in U S. Patent Application S/ N 08/ 302,575), or
4- (e\rm noant i patokidetiensctiving 2at ey like. See, e.g., Y. Ci, F. Wang; Analytica Chimica

Acta, 233 (1990), 299-302.
[0039] Indicator compound or compounds provided are preférably ones that are

either formed or decomposed by the hydrogen peroxide in the presence of the

peroxidase to produce an indicator dye that absorbs light in a predetermined

wavelength range. Preferably the indicator dye absorbs strongly at a wavelength

different from that at which the sam'plevor 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 in color olf the testing side of the membrane.

That is to say, the testing reagent can indicate the presence of ghucose in a sample

by a colored area being bleached or, alternatively, by a colorless area developing

color.
[0040] Indicator compounds that are useful in the present invention include both

one- and two-component chromogenic substrates. One-component systems

mclude aromatic amines, aromatic alcohols, azines, and benzidines, such as
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conponent is an aromatic am ne; aromatic al cohol, conjugated am ne;

conj ugat ed al cohol or aromatic or aliphatic al dehyde. Exenplary 13 MAR 2007 -
t wo- conponent systens are 3-nethyl -2-benzot hi azol i none hydrazone

hydr ochl ori de (MBTH) conbined with 3-di nethyl am ndbenzoic acid (DVAB);
MBTH conbi ned with 3, 5-dichl oro-2- hydroxybenzene-sul fonic acid (DCHBS);

and 3-net hyl - 2- benzot hi azol i none hydrazone N-sul fonyl benzenesul fonate

nonosodi umt(etli@ﬁéﬂﬁ%)b&@m@h@ﬂ@]wﬂmablétmbmgenelu Rdth O RAG tifalefigni ¢ acid
ammoni um (ANS). In certain enbodi nents e dye couple MBTHSB- ANS is

E;e‘;g;ge?n %’Qﬁ‘%}ae eseﬁ?ﬁﬁ}n? s ﬁf’%ﬁ%ﬂ?ﬁf&erﬁa 99#5%' ?E}ﬁds@ dRefREh that may

nven signa pro rma
fI uorescent ecta tectable non- fluo cent substance,
ina ﬂﬂg % PP1 gﬁﬁ@ﬁéﬁzﬁﬁg)6€4éﬁ5m8?ﬁﬁwﬂgﬁé §§ se descri bed
|n KIyOShI Zaltsu Yosuke Chkura, New fluorogenic substrates for
Hor ser adi steoPgonsitdase aronagdicchming dremaiss alicokolagmgieatadraniiypelrcogpreatpdr-oxi-de - -

and the Peroxidase, Analytical Biochem stry (1980) 109, 109-113. Exanples

of such cola¢dhabbdr ironiatia @ AlipHatis aldehldéd. PBx SniplBlhve-doptponsst deickhstdre subj ect
i nvention include those described in U'S. Patent Nos. 5,563, 042; '

5, 753,452, Hy 1%%2&%%&6&@%9&6&& ﬁfdr%h Bﬁfi@(l‘ﬂﬂqg-)g#ﬁ%i@eazwijfﬁ 15 MR

2007 E ectroch m cal Sensor Variations 0042 I nst ea using a

I d b j
an ol ect rochURR en LS E o TR b LR E Rk A TR P Y ompr 1 o
at least a _pair of opposing electrodes, alt hough el ectrochem cal test

st@ ps wi t RYgrosyRenzepest Here aciddPOEEB s apd Prnethyl-fpengetiiazolipent i on.

hydrazone N-sulfonyl benzenesulfonate monosodium (MBTHSB) combined with
8-anilino-1 naphthalene sulfonic acid ammonium (ANS). In certain
embodiments, the dye couple MBTHSB-ANS is preferred.

[0041]_ In yet other embodiments of colorimetric sensors that may be used in the
present invention, signal producing syé.tems that form a ﬂuorescent‘detectable
product (or detectable non- fluorescent substance, e.g. ina ﬂuofescent
background) may be employed, such as those described in Kiyo‘shi Zaitsu,
Yosuke Ohikura, Néw fluorogenic substrates for Horseradish Peroxidase: rapid
and sensitive assay for hydrogen peroxid§ and the Peroxidase, Analytical
Biochemistry (1980) 109, 109-113. Examples of such colonmetric reagent test
strips suitable for use with the subject invention include those described in U.S.

Patent Nos. 5,563,042, 5,753,452; 5,789,255, herein incorporated by reference.
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[ 0043] Where opposing-el ectrode type strips are enployed, at |east the
surfaces of electrodes facing each other are conprised of a condupgiMAggﬂm
| ayer such as a netal, where netals of interest include-palladium gold,
platinum silver, iridium stainless steel.and the |like as well as carbon
(¢onductive carbon ink) and indium doped tin oxide. [0044] One conductive
| ayer is preferably formed by sputtering a thin layer of gold (Au), the

ot her by spﬂ%{:@&h@, i@alts_%&rl\ﬁ#ﬁ{'m?sf pal | adium (Pd). Alternately, the

el ectrodes Ty be rormed by screen printing a selected conductive pattern,

i ncl udi conductive,l eads, with a carbon or, netal, ink t he backi ng

sur f agf&@?z] An ad Sﬁeiagﬁgf‘sm%é‘&P f S5rEpT ?Fa‘%fsf)‘ébﬁﬁqubﬁf’%gﬁ%we? of this
conductive | ayer which exposes a precisely defined pattern of el ectrodes.
However f oripientioaimay emgloyesielscgnechimicalignsari dgpicalisran eledockemicate nay be
subsequently treated with a hydrophilic agent to facilitate transport of a

=t

vol tage sequence applied to the cell, one electrode may serve as a
~counter/refigrenes WL elahadacARMeS Ry PehREd BSthE PResWRiikidMione! ect rode of the
el ectrochem cal ‘cell. However, wheré& a double pul se voltage LFS-232 15 1 5~

MAR 7 wayv ef s _enpl agyed h elect unter/reference
and widti g o cotPatEmRenRi e Rhe iR 4ERRaRNhE, AR BT °) Cous)
Regar dl ess i i

of _r eggt [ %g zone or el ectrode oFf [ té(rblat,i on, a reagent coating
is  typi cal Flgsodreieging rar piher ﬁé&@@wsgie LRNBFUYHIBYFTEYED 89 Bi cal | y
include an - enzynme and a redox active conponent (nediator). The redox
copponent chetehavheremgtah ofdoiepess incluss palipdinmp geldeplatingry, sikyds iugiust, one or
m{g redox agents. A
stainless steel and the like as well as carbon (conductive carbon ink) and indium
doped tin oxide.
10044] One conductive layer is preferably formed by sputtering a thin layer of
gold (Au), the other by sputtering a thin layer of palladium (Pd). Altemnately, the
electrodes may be formed by screen printing a selected conductive pattern,
including conductive leads, with a carbon or metal ink on the backing surfaces.
An additional insulating layer may be printed on top of this conductive layer
which exposes a precisely defined pattern of electrodes. However formed, after
C - deposition of conductive layers, the surface may be subsequently treated with a
hydrophilic agent to facilitate transport of a fluid sample into the reaction zone
there between. Depending on the voltage sequence applied to the cell, one

electrode may serve as a counter/reference electrode and the other as the working

electrode of the electrochemical cell. However, where a double pulse volfage
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variety of different redox agents (i.e., nediators) are known in the art
and include: C ferricyani de, phenazine ethosul phate, phenazine

met hosul f ate, pheyl enedi ami ne, 1 - net hoxy- phenazi ne met hosul fate, 13 MAR 2007
2, 6-di et hyl - 1, 4- benzoqui none, 2,5- dichloro-1, 4-benzoqui none, ferrocene
derivatives, osmium bipyridyl conplexés, ruthenium conplexes, and the
like. I'n many enbodi nents, the redox active conponent of particul ar
interest is ferricyanide, and the like. The enzyne of chojice my vary
dependi ng o¥ayeferma ppgmppleyed sedhelperadsrctis @rropaley igenereaniiveding For
exanpl e, suitable enzynes for the assay of glucose in whole blood include
gl ucose oxi dagmderonde Hydnpgetipts eofddBRaoon PRGUased) . Suitabl e enzynmes for
t he assay of cholesterol in whole blood include chol esterol oxidase and

est er ap@45] 00461REEH8Tesd SR98AIcH ZoRabr BRYIr{R: PhEgSAtioh N fehenk 864108 ar ea
i nclude buffering "agents (e.g., citraconate, citrate, malic, maleic,

---phosphat e, | G " buffers. and . é’h% d o Gval ; L Ong, 4 9., CalCI um
chl ori de, aﬁﬁﬁﬁgéﬁggé%%yﬁﬁ%g%f%e ?né%ﬁ%%%é??ﬁ%%ﬁgnggﬁy%&ﬁpgﬁ? Macol , -

Tetronic, Silwet, Zonyl, Aerosol, Geraqgpon, s, .and Pl uroni¢); and
st abi | i zi nge%@é@é%ﬁo.x, achivg &ﬁf“ﬁ?n%’ﬁé%@éfor%eg%?omﬁﬁ?ﬁ‘ﬁ Pf)%heand
| actose). LFS-232 16 1 5 MAR 2007 [0047] Exanples of el ectrochem cal
bi osensor s Xxagardbbepbsitionyehani tresenhes wads we of orevarnegnedaxcagsdss. those
described in co-pending U S. Application Serial Nos. 09/333,793;
09/ 497, 304; vt ¥Of7didfetint Box AQentB . antdediors) Grelld@wr inehalars ahd Fichele: of
which are herein incorporated by reference. Test Strip Systens and Use
[ ?648] As RRfdyanRe, ARRYSne LB sBPRItE PhelSNALRSHBRNINE pieRdnddlath i, cont ext
of\ a :

1-methoxy-phenazine methosulfate, 2,6-dimethyl-1,4-benzoquinone, 2,5-

dichloro-1,4-benzoquinone, ferrocene derivatives, osmium bipyridyl complexes,

ruthenium complexes, and the like. In many embodiments, the redox active

component of particular interest is ferricyanide, and the like. The enzyme of

choice may vary depending on the analyte concentration which is to be measured.

For example, suitable enzymes for the assay of glucose in whole blood include -

qucose oxidase or dehydrogenase (NAD or PQQ based). Suitable enzymes for

- the assay of cholesterol in whole blood include cholesterol oxidase and esterase.

[0046}) Other reagents that may be present in the reaction area include buffering

agents (e.g., citraconate, citrate, malic, maleic, phosphate, “Good” buffers and the

like); divalent cations (e.g., calctum chloride, and magnesium chloride);

surfactants (e.g., Triton, Macol, Tetronic, Silwet, Zony!, Aerosol, Geropon,

Chaps, and Pluronic);_ and stabilizing agents (e.g., albumin, sucrose, trehalose,

mannito] and lactose).
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subj ect system which generally includes a system capable of obtai Eﬁ
physi ol ogi cal sanple and determining a property of the sanple, éw 1007
determ ning the property of interest may be acconplished automatically by
an automated device, e.g., a neter. The subject systemis nore
particularly described herein in the context of analyte concentration
determ nation. However, Kkits or systens according to the present invention

i ncl udgogty | eastE%ﬁpléyef &Eétr&c%%fmca?des&ls@?svslu‘i:tﬁblg foOfdetitl RSuBjeld Ural ity
of test strip devices, where the at |east one test strip device conprises

at least on skieRLALGL ABEUENERL: f o ThE dihd & T RLAGn SRE NG @ Teusabl e

or di sposab net'er D& Used Strip

St andar Ft‘@%%fﬁ%a;33@323%9%%2@ st b e B oi 2o

concentration of glucose). A kit may also include instructions for using -

" test stri psofarkioh dicigrein indesporateddnytreterenica. t he det er mi nati on of ~an-anat yte - --

concentration in a physiological sanple. These instructions may be present
on one or mpdseSedp Swrdad AYUsd, packaging, a | abel insert or the like
associated wth the subject test strips. LFS-232 17 1 5 MAR 2007 [0049]
Wen 308& rali ty g.ﬁéﬁe :Ibro'vQ ﬂl@‘éhkﬁ&% deéicg\%ﬂl‘ék%%e R&Ye B8PS Fa
colle Iy pac age cart I C e reusabl e or
di sposabl e. [ i nc de vari ou es of test strip
devi ces, (esugﬁf& @fsgegf rvgblﬁleﬁ%eé"f‘ﬁy %NE%S?E‘E@ |°ﬁ%"lb:l ?:fs‘%béé{qmﬁtﬂn p devi ces).
These vari ous test strip devices may contain the sane or different

gents. oaae@a%raplesaedoktm@%ﬁ@r@e&w of fee g1, Wh#sht conponent s of
aﬁg systems according to the present invention, the subject test strip
devi ces, (wietdrhening the property of interest may be accomphshed automatically by an

automated device, e.g., a meter. The subject system is more particularly
described herein in the context of analyte concentration determination. However,
kits or systems accerding to the present invention include at least one subject test
strip device 2, oftentimes a plurality of test strip devices, where the at least one
test strip device comprises at least on skin-piercing element 4. The kits may also
include a reusable or disposable meter 6 that may be used with disposable tests
strip devices. Further, test strip kits may include a control solution or standard
(e.g., a glucose control solution that contains a standardized concentration of
glucose). A kit may also include instructions for using test strips according to the
invention in the determination of an analyte concentration in a physiological
sample. These instr_uctions may be present on one or more of container(s),

packaging, a label insert or the like associated with the subject test strips.
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el ectrochem cal, colorinetric or ‘otherwise), are preferably configured and
adapted to be inserted into the neter. Mre specifically, as ill1SMARtEN
in FIG1, test strip device 2 has a first end 8 and a second end 10,
wherein the skin-piercing or |lancing blade.or needle 4 is associated with
first end 8 and at |east the second end 10 is configured for insertion
into neter 6. 100511 Meter 6 preferably has an ergonom cal |l y-desi gned

housi havi i i i | QW | and
mani ptr}lg g%%d W t ngglr?g aﬁanﬁl.lﬂj%#gisn c.?éfll r%‘é’;/é %rg@%g%gthg%?ﬂﬁfg?%t% E}I?Ctg)l%ggti c or

ot her suitabl teri.al , pr.ef erabl one that. is . light,weight hut

Suf 11 ot ent (B gARnT i pieaRhREE AT ref OF -oh8e'of AspIbIA g 8L des an
aperture 16 through which test strip device 2 is advanced fraoma retracted
posi ti on wiSush KitpEEYAngudevaipus LYRas 96 eshyEPUeHiscuies eplsciipchierdstl a  portion
of the test strip mcroneedl e/lancet 4 extends a di stance outside aperture
"16. [0052] dxdst@blopoiidtiio tesl diripuletices). ddksnesions tdsasthprievicesvnagh test strip
device 2 is received within a test strip receiving nechanism 18. Test

strip devi CRnthidBie Rfhe deldsFedda: réfoehi® MAR 1007 inserted into neter 6 by
renovi ng di stal housing portion 14 from housing 12 and inserting test strip

devi Cqogsfint 0 t S8l ShEl R FRE RN APCURALAM Jp b RIPANY Yl test Strip

devi c ybe in I'n receirv ne nifsm118 via
aperture 14. 053 referably, .distal .housing poytjon 14 is transparent or
seni -transﬁ&?%‘ﬁfngt%t SIS nﬂg‘é’rt{“? SuRIFed s ?‘F%é{?ﬁFF%WB?%‘B’ér engagenent
between test strip device 2 and receiving area 18 prior to conducting the
ar@l yt e corfiesiorkemnisal, seloginetagongherwise), are preferably configured and adapted

to be inserted into the meter. More specifically, as illustrated in FIG 1, test strip
device 2 has a first end 8 and a second end 10, wherein the skin-piercing or
lancing blade or neédle 4 is associated with first end 8 and at least the second end
10 is configured for insertion into meter 6.

[0051] Meter 6 preferably has an ergonomically-designed hdusing 12 having
dimensions which allow it to be comfortably held and manipulated with one hand.
Housing 12 may be made of a metal, plastic or other suitable material, preferably
one that is light weight but sufficiently durable. The distal portion 14 of the
housing provides an aperture 16 through which test strip device 2 is advanced
from a retracted position within meter 6 to an extended position wherein at least a
portion of the test strip microneedle/lancet 4 extends a distance outside aperture
16.

| [0052] Distal porﬁon 14 further defines a chamber in which test strip device 2 is

received within a test strip receiving mechanism 18, Test strip device 2 may be
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as to visualize the test site and to visually confirmthe filling of stri
2°with body fluid during the assay (especially if electronic sendinyAR ﬁ]ﬂf
not provided to discern the sane) . Wen test strip device-2 is properly
seated within receiving nmechani sm 18, the biosensor with test strip device
2 operatively engages wwth the neter's testing conponents. In the case of
el ectrochem cal test strip enbodinents, the el ectrodes of the biosensor
operatively: ' r's. .6l LONLCS: W Lggtri,c test
otri p embodriaiagfiahy bR eRg e B EkhaB0RR ¥ A d 8L IR0 1 LT ng

systemis operatively aljgned with the neter's tical_c onents. The

neter's el SOFTHAR ESt %/WP ¥ iCEegIm@&ﬁﬁéﬁ“&?ﬂ%?}”%ﬁéﬁg’éﬁ‘si%g‘g&g‘@ﬁ“‘(ﬂ& reaction

zone or matrix area, respectively, within test strip device 2 is filled

Wi th the saepiséip f¢viee2 nsypisl insssted anto mpeier & ansheeceived irte meekanisnAsp

bi osensor and receives an output signal therefromwhich is representative

“of the- sanﬁh@féﬁmbq@har acteristic bei:ng neasured. [0054] - -
Circunferentially positioned about aperture 16 is a pressure ring 20, the

di st al f ace j b g : Skl g iercin
i o 0PI 2CD 2rgtBuel, daPRRld S0l 18 i o BBk el BB R 1 aur e,

The conpres i'[ve pressure

t the skin b ' 20 -
ot e PR D B OB ORR) PROPGT SEAEP BN S ok PO SHAN 19154 7 ssue and

facilitates
the transfer of such fluid into test strip device 2. [0055] Distal housing
portion 14 3vd igeaayiagaptaly praate cppuelog Bccanahde smsAlratign a5sayyes siells wher ei n
di stal housing portion 14 is slightly translatable or depressible along a
| of1gi t udi nads taxissalife thh¢estreiteand Betiwedy cdifiathenfollisg nfjstpipr2 wih bady and t he
a proximal portion of housing 12, is a pressure sensor 22 which senses and
gauges fluid during the assay (especially if electronic sensing is not provided to discern

the same) . ‘When test strip device 2 is properly seated within receiving

mechanism 18, the biosensor with test strip device 2 operatively engages with the

meter’s testing components. In the case of electrochemical test strip

embodiments, the electrodes of the biosensor operatively engage with the meter’s

electronics; with colorimetric test strip embodiments, the matrix or membrane

area having a signal producing system is operatively aligned with the meter’s

optical components. The meter’s electronics or optical componentry, upon

sensing when the reaction zone or matrix area, respectively, within test strip

device 2 is filled with the sampled fiuid, supplies an mput signal to the test strip

biosensor and receives an output signal therefrom which is representative of the

sample fluid charactenstic being measured.

[0054] | Circumferentially positioned about aperture 16 is a pressure ring 20, the

distal surface of which is applied to the skin and encircles the piercing site within
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c the amount of pressure exerted on distal housing portion 14 when
conpressing pressure ring 20 against the skin. Pressure sensor 2215§MR2W7
preferably an electrical type sensor which nmay be of the kind comonly
known in the field of electronics. Pressure sensor indicators 24, in

el ectrical comunication with pressure sensor 22, are provided to indicate
the |l evel of pressure being applied to distal housing portion 14 so that

the user maye aGh dsting BesBAR YRice@irePTAS SHHBrd6ivE fraafk ieRéhted dn thagg@ssary, in
order to apply an op?lnal pressure. [0056] In nmany enbodi nents, neter 6 has

a displ ay %g;?rés‘:!&té %fat'clsﬂ?atg%g@'eﬂ%actfc{n%fb%i?gllru?&éi ‘i’f?ets%mﬁﬂﬁf‘ﬂgas | nput

par anet ers d test tiona as various controls
and buttons. for inputti t 0. t.he neter' rogessing conmponents and
for contr oltifusgndr eH?%&%%ggugl&hP@dn@fteftéﬁp éff‘g?epf'devi ce 2. For exanple,
l ever 28 is used to retract test strip device 2 to a |oaded position within
met er [@38hd t heddibigl heusingpatian 369 prgienaidh dedlEm ipavable tngagymenirwithat er, on- -
demand extension or ejection of test strip device 2 fromaperture 16 by

depr essi ng mdietté whedth divhERowdigt @irtibe U4 igWighay tlaaslatd¥lcics dprepabley
positioned on the skin, LFS-232 20 1 5 MAR 2007 such ejection of test

strip devi 2S1: 11 tA.4 i er skin for
p Gfong acléﬂél%ﬁhﬁ% %Ecﬁ'lﬁ?ﬁ’é Riefer { Betl2h %%ﬂgl%g%,ﬁé ?ﬁ@iﬁ% dﬂ%nhﬁﬁe

accessing the~body fl ui erein. Buttons 32 an epressed, input

signals to_the .neter's pr.Qcessi .conponent s i ndicati.ng whet her the
reasur enen® HOIHE paenio RpIT 388 R APRRRE Tl o e te Sl s s
recovering A the test results froma nenory neans within the neter's
el@ct roni c$he BRoyrs of Prespyrp exet et Phdistabeusing rasiiee {4 VALY CONPISSYNE Vet er 6 may
furt her be configured to receive and retain a repl aceabl e

pressure ring 20 against the skin. Pressure sensor 22 is preferably an electrical

type sensor whjch may be of the kind commonly known in the field of electronics.
Pressure sensor indicatbrs 24, in electrical communication with pressure sensor
22, are provided to indicate the level of pressure being applied to distal housing
portiqn 14 so that the user may adjust the amount of pressure being applied, if.
necessary, in order to apply an optimal pressure.

[0056] In many embodiments, meter 6 has a display 26, such as an LCD display,

) for displaying data, such as input parameters and test results. Additionally, meter
(" 6 has various controls and buttons for inputting data to the meter’s processing
components and for controlling the piercing action of test strip device 2. For
example, lever 28 is used to retract test strip device 2 to a loaded position within
meter 6 and thereby pre-load a spring mechanism (not shown) for later, on-

demand extension or ejection of test strip device 2 from aperture 16 by depressing

button 30. When distal housing portion 04 is properly positioned on the skin,
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C cartridge containing.-a plurality of the subject test strip devices. After
using a test strip device, the neter may either eject the used teslts ﬁm’iﬂﬁ]
fromthe nmeter or store themfor disposal at a later tinme. Such a’'“""
configuration elimnates the necessary handling of test strips, thereby
mnimzing the likelihood of danage to the strip and inadvertent injury to
the patient. Furthernore, because manual handling of the test strips is
el i m nat ed, . I pS: ler - i ng the
S\.E(,Jﬂeel] éc]‘a%h of it 9[%8 TRYPE zflgﬁ%é fﬂéﬁ%nﬁgﬁé L§E i Ret z%%:éusr}g g)géralgé

t
amount of nmatertals required, provi cost savi ngs.

di sclosed in U, S. . Patent, l.i catjon _Serial No. enfifled "M ningl
Procedur e AHISEfOTaCqesEng odyM%reAh bPH%‘}F %@E&‘{’ .enlfiFP‘E’f’%A and
filed on the same day herewith, is of particular relevance in regard to
t hese consi thpubtigemsio thE00BS)s pridéssingrraimtppnege ndagating syhethtes thef  t he
functionality of neters suitable for use wth the subject systens are

ISl osed | mebbufem&ate bE nidle 1656k Wb1i8F Mfonfiatiwal purpSse (andcfor RROUME, -conmonly.. ..

owned U.S. Application Serial Nos. 09/497,304, 09/497,269, 09/736, 788,
09/746, 116 ﬁfg%sqgésgl?tg’frlg%a mqno‘ifﬂ{eﬁﬁs WitﬂinttHQﬁ{%térFs%l&:?‘l%m?c% c";rﬁ)r MA.‘R 2007

enbodi nents using a colorinetrit assay system a spectrop%otorret er or
optical neter. vm'tll be errPI o%/ed. \i\,here certain aspects of the functionality
of such met LT RUERGSES,AEPEGUYElY o “described in, for exanple, U.S. Patent
Nos. 4,734,360, ~_ 4,900,666 4,935 346 5 059 394 5, 304468 5, 306 623, 5, 418;
142 5-WPSTh32, - Meterdymay fgthes bs sgnhimued tp rsexvoand retip 20emamabls, 753, 429,

5,773,452, 5,780,304, 5,789,255, 5,843,691, 5, 846, 486, 5, 968, 836 and
5,072, 294. (H06@E contauseg a pheality loff et subjeektest simp pedvesd elsfieraishgdsteftor
determning a
strip device, the meter may either eject the used test strip from the meter or store
them for disposal at a later time. Such a configuration eliminates the necessary
handling of test strips, thereby minimizing the likelihood of damage to the strip
and inadvertent injury to the patient. Furthermore, because manual handling of
the test strips is eliminated, the test strips may be made much smaller thereby
reducing the amount of materials required, providing a cost savings. The meter
disclosed in U.S. Patent Application Serial No. , entitled “Minimal
Procedure Analyte Test System,” having attomey docket no. LIFE-054 and filed
on the same day herewith, is of particular relevance in regard to these
considerations.
[0058] Addition;ally, certain aspects of the functionality of meters suitable fof use
with the subject systems are disclosed in U.S. Patent No.. 6,193,873, as well as in

co-pending, commouly owned U.S. Application Serial Nos. 09/497 304,

09/497,269, 09/736,788, 09/746,116 and 09/923,093. Of course, in those
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c characteristic of the sanple, e.g., the concentration of an analyte in a

sanpl e. The subject nethods find use in the determ nation of a vafibddAR 87

different analyte concentrations, where representative anal ytes include

gl ucose, cholesterol, lactate, alcohol, and the Iike. In many enbodi nents,
t he subject nethods are enployed to determne the glucose concentration in
a physiol ogi cal sanple. Test devices 2 according to the present invention

are parti cudmbddimeistiethefa0dolsisBeirid AMetyesBlef, BYpeduldphsnEeRior abiien of an
analyte in blood or blood fractions, and nore particularly in whole blood

or interstifial o Uk Gmpl QRGN HLA 2 Qxﬁtajs?égg%of;tgéfﬁféﬁbﬁﬁh B?Etgzgﬂﬁete&t | east

one subject test stri ppd)g& ce as gescr ove, 1S provi and a

subject mcrongedl e 4 thereof s inserted i a rg I of skin.

o a1 BBttt Srioe Btk et Lb8 o AR Eraf5E 8 of ‘B i nger
or forearmfor about | to 60 seconds, usually for about 1 to 15 seconds
~and nor e ushP0.964,d: 3Bt SD50394, @é%ﬁ@&.il%rpﬁe?@

physi ol ogi cal sanple to be obtained, the subject skin-piercing elenent 4

may be pengb5rHiEY St326VERA0, 61563 EKDR NS5, 620,863%,5,733c42905/7G3 452, 3]28018®4, epi derm s
and the stratum LFS-232 22 1 5 MAR 2007 corneum but in many enbodi nents

wi || penetrabey hos fsagdshyer 51kap 4885 56989 aneoyss bayer of the skin. [00611
Wil e the subjéct 'tést stfips may be handled and inserted into the skin

manual t he supj.ect t. st.rips. are prefer wi th ahand- hel d neter
such [(blgsgc]escri E@dl Sgbtgég.ﬁbjﬁg ‘8&%@{“&‘%‘(‘%@ B® gé%/fogt% rg%ﬁnﬂ]é% ge 2 is either
initially inserted, into test strip neter or the test strip nmay he provided
by(a pre-| AaE st P Hyea %ﬁ-gsﬁgwﬁwepﬁate%ofia&taeléiﬁ%lﬁp%%&&46- odi ment ,
the-cartridge is preferably - ) ) ‘

subject methods find use in the determination of a variety of different analyte

concentrations, where representative analytes include glucose, cholesterol, lactate,
alcohol, and the like. In many embodiments, the sabject methods are employed to
determine the glucose concentration in a physiological sample. Test devices 2
according to the present invention are particularly suited for use in determining
the concentration of an analyte in blood or blood fractions, and more particularly
in whole blood or interstitial fluid.

[0060] In practicing the subject methods, at least one subject test strip device as
described above, is provided, and a subject microneedle 4 thereof is inserted into
a target area of skin. Typically, the skin-piercing element is inserted into the skin
of a finger or forearm for about 1 to 60 seconds, usually for about 1 to 15 seconds
and more usually for about 1 to 5 seconds. Depending on the type of
physiological sample to be obtained, the subject skin-piercing element 4 may be

penetrated to various skin layers, including the dermis, epidermis and the stratum

LFS-232 22
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renovabl y engageable with nmeter 6. Used strips may be autonaticall

di sposed of, e.g., either ejected fromthe nmeter or deposited i nt%SaMA_R 007
separate conpartment within the cartridge, while an unused test strip is
automatically renoved fromthe <cartridge and inserted into a receiving
area of the neter. [0062) Once test strip device 2 is properly received
within nmechanism 18, it nay then be spring | oaded or cocked by neans of

| ever 28, tdveneiny, hueimaety egbédimenasswill pineirpe dearther ?haarttle preparing it for
firing. Meter 6 is then positioned substantially perpendicular to the

targeted skjyBcsthidonsgayshsf @LRKE stal housing portion 14, and nore
specifically pressurering 20, is caused to contact the target skin area.

Sone ressi v r N i : rget skin area,

e, OB cost RERES bR A TR i PR BELBE T ST en
to ensure that skin- piercing elenment 4 is properly inserted into the skin.

By applyi ngn@a@ﬁypﬁh% bifet tesk St vt B e aSehia & Pap Al Reigs PRy portion "

14 to press back upon pressure sensor 22. LFS-232 23 1 5 MAR 2007 [00631

The rel at i \as desarthett abpvee. As hichha singlentast siniidevase)2 sfeitbauinitedlygnéssiedre i s

t hen measured and di spl ayed by optional pressure sensor indicators 24.

Pr ef er abl y,intdestapipliletedbr heass lslfr?; ‘pP bt ebvadudtyth reesduld| curtbidge n t he

“normal " range. Indicators 24 informthe user as to when too nuch or too

little presayf Sohs). ﬁﬂh@%t%?%ﬁr%ﬁch Wssaiblear, pdlc@gl & fhRwihat the

applied pressure 1S "normal™,” the user may then depress the Spring-rel ease

button 30. Due t.q.the spring.force 1 e cei ving/ carrying jsrechani sm

trand ©estoXDrIly EneRRbs ML AkEr e R R R B e B o g
-n- pi [ I 4 fr 1

skrn-pier Cloqge.ger., gﬂﬁeqtejectéd(?ﬁ'c?réttﬁen%ete; (()nr_n dgp%%{ttg&j {n%o ageparate compartment

within the cartridge, while an unused test strip is automatibally removed from the
cartnidge and inserted into a receiving area of the meter.

[0062] Once test strip device 2 is properlsz received within mechanism 18, it may
then be spring loaded or cocked by means of lever 28, thereby retracting the test
strip device 2 and preparing it for finng. Meter 6 is then positioned substantially
perpendicular to the targeted skin surface wherein distal housing portion 14, and
more specifically pressure ring 20, is caused to contact the target skin area. . Some-
compressive pressure may be manually applied to the target skin area, i.e., by
pressing the distal end of meter 14 against the target skin area, to ensure that skin-
piercing element 4 is properly inserted into the skin. By applying such pressure, a
counter force causes distal housing portion 14 to press back ﬁpon pressure sensor

22.
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~and puncture the targeted skin area. [0064] Wether by nmanual neans or by
use of meter 6, the penetration of skin- piercing element 4 into tHe MM 1007
may create a fluid sanple pooling area (defined - by the recess or opening
wi thin skin-piercing el enent variations shown in FIGS 4A-7 and descri bed
further therewith). In which case, sanple fluid enters the pooling area by
t he open-space configuration (e.g., recess or opening, wthin skin

pi er cipgeHl ement TAY relARL RARSE g!.'é.’, 13418 QobhAMdNewP BRaSINt & peidereaf the
~Skin-piercing elenent: The pooled sanple fluid is then transferred

directly to,the reaction.zone .of a.test riR.or ther y a fluid

pat hway by tg?n fnéa‘gglfrg%a%&z;%llsl) ]Ia ?'V%I! 8?6‘8:%“32 {ae?%uéﬁg%nﬁor Pﬂgca%tégi* ‘d fluid. Were
no enlarged_pooling area is provided, a sinple capillary channgl may prove
ef fective ifrctariiy;the emounteigmessure applipd shoydd genessibhbeinds “symalmy not be
nost preferred. [0065] In any case, the transfer of fluid fromthe wound

- site to theabgoskdsatorsi2y infhen therisheas toaghdn tbanedhlvy texBtticipnesspieyisi calw -

positive pressure circunferentially LFS-232 24 1 5 MAR 2007 around the

penetrat i orpeshgd ppliedTBRRG: BE IRIRHGS SHEW thitMee Dlied phis@ppd HidiGar, sour ce of
negative pressure through the fluid channel thereby vacuum ng the body '

fluid : . . . h
bi osensor roacrrany Bedihits BRtmie s BN DUAGIBIRAE RS st
buted by s

ubchannel s. or , anot her sim| distributjon feature. [00661 Once
Tet o 6 seneEE Seei Hee/FERRYE BireAn OF T SR et ¢ RORBREL M y 11 1T eq
with the sanple _of body fluid, the neter electronics or optics are
acfi vat ed torusbigswiardihgrchy spysng slan-pigreng elanent ddo sulspd Eommpertyrasithoi nt |
the neter may be
and puncture the targeted skin area.
[0064] Whether by manual means or by ﬁ_se of meter 6, the penetration of skih—
piercing element 4 into the skin may create a fluid sample pooling area (defined
~ by the recess or opening within skin-piercing element variations shown in FIGs
4A-7 and described further therewith). In which case, sample fiuid enters the
pooling area by the open-space configuration (e.g., recess or opening, within skin

piercing element 4), and possibly also from the opposite side of the skin-piercing

element. The pooled sample fluid is then transferred directly to the reaction zone

M

of a test strip or thereto by a fluid pathway by at least a capillary force exerted on
the pooled fluid. Where no enlarged pooling area is provided, a simple capillary
channel may prove effective in certain sitnations as well, though such a set-ﬁp
may not be most preferred.

[0065] | In any case, the transfer of fluid from the wound site to the biosensor may

be further facilitated by exerting physical positive pressure circumferentially
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removed by the patient fromthe penétration Site or kept on the skin

surface until the test results are shown on the display. Meter 6 rayMAR 2007
alternatively or additionally include nmeans for automatically retracting
tthe m croneedl e strip from the skin once tthe reaction cell is filled with

the body fluid sanple. [0067] Wth an el ectrochem cal - based anal yte
concentration determ nati on assay, an electrochem cal neasurenent is nade

using the GeMMi&hs faé‘rfe@lraﬁfiﬁ@n@&dm\éﬁtﬁ%ﬂwpreﬁh%ﬁﬁ@g@&b)T E}?plﬁhg%t%@&l%em cal

measurenent that is nade may vary depending on the particu nat ure of

the assay A kiR TR Sl OOl D6 L PRLIRS A 8 OB SAIEP 1S

enpl oyed, ing o assa
anperonetric or potentiometri Gener I Y, the ele trochem cal .neasurenent
wi | | neasuﬁépwsrtwq% fﬁ%whaneﬁr dvitl PRz PISPRYY IFA5HIERL i al
.(potentionetric), usual I y over a given period. of time follow ng sanple

i nt roduct i Gané may sirhply febibe o canBarnatst bodistriutediukiuhghanhelsabov e descrl bed
el ectrochem cal neasurenent are further described in U S. Patent Nos.

LFS- 232 25 aghothe MMRIRODEtnbAatidR 4eabd; 4, 545, 382; and 5, 266, 179; as wel | as in
I nternational Patent Publications WO 97/18465 and WD 99/ 49307. [0068] '

Fol | oY) det €016 R hfre! 86 SL gt GE RERl6RborH &Qﬁ:hnﬂ%ﬂa%ﬁ?l:&ﬂ%!e{bl he reaction

zone armount  of e ana yte present sanple is typica

det er mi ned n e tr hemca enerated.fro aseries
of previ ouﬁ%dgﬁﬁ’ats %‘gp%c?ﬁtbp ﬁB}"PgT RS @eééqq'h X OI%HCWﬁf %%%‘g] ments,
the el ectrochem cal signal_ neasurenent steps and anal yte concentration
ddri vat i on ISPEFYM adysieeithe ﬁﬁaac@daiﬁrtpr#%t%gmq oIl the raees WY B&si gned to

work with the test strip to produce a val ue _
removed by the patient from the penetration site or kept on the skin surface until

the test results are shown on the display. Meter 6 may alternatively or
additionally include means for automatically retracting the microneedle strip from
the skin once the reaction cell is filled with the body fluid sample.

[0067] With an electrochemical-based analyte concentration determination assay,
an electrochemical measurement is made using the counter/reference and working
electrodes. The electrochemical measurement that is made may vary depending
én the particular nature of the assay and the meter with which the electrochermnical
test strip is employed, (e.g., depending on whether the assay is coulometric,
amperometric or potentiometric). Generally, the electrochemical measurement
will measure charge (coulometric), current (amperometric) or potential
(potentiometric), usually over a given period of time following sample
introduction into the reaction area. Methods for making the above described

electrochemical measurement are further described in U.S. Patent Nos.:
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of analyte concentration in a sanple applied to the test strip. A
representative reading device for automatically practicing these stépdR 2007
such that user need only apply sanple to the reaction zone and then read
the final analyte concentration result fromthe device, is further
described in co-pending U S. Application S/N 09/333,793 filed June 15,
1999. [0069] For a colorinetric or photonetric anal yte concentration

det er m nat i arp24995ay,545 28D £1deNDEE, BTD; a0 valisddbh B@EmbE6Hal Patenp, Mmore _
specifically to a reaction area of a test strip, is allowed to react with

menbers of a.§i;90ahs RO fﬁ%s%ﬁ&%@‘-@?@%@?ﬁ in the reaction zone to

produce a detectable product that 1s representative of the analyte of

i nt ' t. tional to the initi.al t af | yt
or ecentOViT ho SRR 8E e e, e ool o Spr G piocn 456 Featfighy

produced by the signal producing system) is then determ ned and related to

“'the anpunt 6fns dpaimeention themialyie presentdn s semply sHyglodhy ddemripedbyic -

assays, optical-type neters are used to performthe above nentioned
det ecti on anelatied thkiclsrtistigpsicalldignad perveatbd FodB2 stfes bf prdvidsBOebtaine@scri bed
reaction, detection and relating steps, as well as instruments for

perform ng (hRrAHFRBiandhf viales N 8§ ChibBEEndns, Hae%led?ﬂicﬁ&hic‘épﬁ%né}, 734, 360;
4,900, 666; 4,935,346; 5,059, 394; 5,304, 468; 5,306, 623; 5, 418, 142;

020038 gt PSS R S AR,

2 20 e S Lot R R AT S AR, Dl e ence,
for—-use with the subject invention include c those described in U S. Patent
Nos. : 5, 5630cbamalyts cpseension 81 7 gampls 3pplirs teithe test strip. A representative

reading device for automatically practicing these steps, such that user need only

apply sample to the reaction zone and then read the final analyte concentration

result from the device, is further described in co-pending U.S. Application S/N

09/333,793 filed June 15, 1999.

[0069] For a colorimetric or photometric analyte concentration determination

assay, sample applied to a subject test strip, more specifically to a reaction area 6f

a test strip, is allowed to react with members of a signal producing system present

in the reaction zone to produce a detectable product that is representative of the

analyte of interest in an amounf proportional to the initial amount of analyte

present in the sample. The amount of detectable product (i.e., signal produced by

the signal producing system) is then determined and related to the amount of

analyte in the initial sample. With such colorimetric assays, optical-type meters

are used to perform the above mentioned detection and relation steps. The above
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i ncor porated by ref erence. Test Stri p Devices [00701 Turning now to FIGS.
2A and 2B, a first test element or tester 2 is shown. |t conprisest aMiR3R7
strip 36 and a needl e/ microneedl e or |ance/lancet portion 38 (herein used
i nt erchangeably). FIG 2B shows the | ance el ement 38 shown separately,
whereas a discrete test strip 36 and | ance el enent 38 and are affi xed,

hel d or attached to each other in FIG 2A to formtester 2 100711 The test
strip includegridedirapos alctetlion ehd Hh Bstepshad well es AetruAditesérve nmenber (s)
44 may be provided to make the connection. The biosensor shown in FIG 2A

Is a colori ?Eﬁféhﬁn@ﬂﬁ’eesa%’?é“%% quBWde@@x%édﬂn@@“Pﬁ%ﬂt%s%@ 436ffENTOr ane

and/ or-- matr An aperture or transparent w ndow 4 € provided in

TR G 28 (5 %ﬁé%ﬁe%?z??ﬁpf@# RS dhes %@%@%ﬁi% SHBOAE: appl i 60 o

a base 50 of the |lance elenent to connect it to an LFS-232 27 1 5 MAR 2007

““opposi ng poPtiler 76 5@%@1@%351 S&%042 5.6PR863F £ 4ad:4EPon7 GHABuS ReiMer s ‘may; of - -

course, vary. Generally they will be set so as not to interfere with
rel evant sty78812A55e5,8/3 681 ;5984048 MH B, q08BR6ded &b 722pthe difclashtezrafat e
adhesive portion placenent used to attach the |ance elenent to a test

strip. [0073hidfedaheicdsmcoiporfbdby VederehtE Mainies FrsuflPbdlofbiedid &1, as with
optional adhesive portions 44, adhesive portions 48 may conprise

doubl e-stic e e
affixation E?ét@r}%hrg({\rtegg%?anngggg{alr?ggfolge ?tié\ggense]@#&ﬂf’ng\%@ o Cﬁrrlgghzln:/cal |y
wel Cd' g (Top | 0L AREE 'S Patent Nos.: 5,563,042; 5,753,452; 5,789,255, herein

incorporated by reference.

Test Strip Devices

[0070] Turning now to FIGS. 2A and 2B, a first test element or tester 2 is shown.
It comprises a test sﬁ'ip 36 and a needle/microneedie or lance/lancet portion 38
(herein used interchangeably). FIG 2B shows the lance element 38 shown
separately, whereas a discrete test strip 36 and lance element 38 and are affixed,
held or attached to each other in FIG 2A to form tester 2

[0071] The test strip includes a biosensor 40 set upon a substrate 42. Adhesive
member(s) 44 may be provided to make the connection. The biosensor shown in
FIG 2A is a colonmetric-type éensor provid.ed in connection with a membrane
and/or matrix. An aperture or transparent wéndow 46 may be provided in
substrate 42 to enable sensor reading.

[0072] To attach the lance element in FIG 2B to the test strip in FIG 2A adhesive

member(s) 48 are applied to a base 50 of the lance element to connect it to an
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ul trasonics) or chemcally welding the conponents together. Still further
suppl enent al attachnment nenbers maybe provided to connect a test st Mﬁvwah
a |ance elenent according to the present invention. [0074] An exanpl e of
such an approach is shown in FIGS 3A and 3B. Here, |ance nenber 38 includes
hooks or clasp nmenbers 52 provided on opposites sides of base 50. The
clips may be integrally fornmed in the | ance el enent as shown, or conprise

i ndependent o006 g%h%ﬁom@%fenbhmeh%ﬁem&g@z&%J&lﬁbé&%a@tbpns of the
invention in FIG "4A and 4B are shown u5| ng adhered-on |ance menbers 38 on

hei e be aff d
o the t eotodi piBogsPsBTRnan PURRE S By iPRER PTG "o ce

clip-on lance menbers may alternately be use as may be ot her rret hods of
connect i on.SHueBYE] I Iés Sh o P Brinevidg b exHBRls &Y aﬂtﬁmﬁie(ﬁdh%“}’"sp‘?ﬁmﬁ di f ferent
t hi ckness than that in FIG 4B. This is because the fornmer is sized to be
“rade from pplastniant usdd toattatiFhel8Re 2B et tMARS2OEP. it s contenpl ated that
the latter be produced froma netal. Indeed, any of the various |ance

nmenberjpyzsji at i ONReshaels dra¥ladlé eﬁaﬁh@émmnﬂﬁrgdemeﬁ Aiwiesptidiadl . plastic,
conposite material, ceramic or another material and be confi gured

accor di ngl v,y bl 3fns 33, IR P&W*‘-%Pﬂﬂ?’any e dBMe Qlcll BBt achnent.

approaches descri may be use Th or W ance

475t ruct ur SRy Rl Sdtiyey SRR dReER b SRRt Rt CBET S AEE used i n
gach of the Vail;clz tac}rze Oorllse 1¥Mf£vrg)r%f (I?I:etc}rllsr{xczgly pv?el?ifn t((ta“osrtlnést;nrclepugr? di sclos ed and
st (T | ot her82y & g g
ultrasonics) or chemlcally Weldlng the components together. Still further,
supplemental attachment members may be provided to connect a test strip with a
lence element according to the present invention.
[0074] An example of such an approach is shown in FIGs 3A and 3B. Here,
lance member 38 includes hooks or clasp members 52 provided on opposites sides
of base 50. The clips may be integrally formed in the lance element as shown, or
comprise independent or discrete members themselves. |
[06075] The variations of the invention in FIGs 4A and 4B are shown using
adhered-on lance members 38 on their respective undersides. The base of each |
lance member may be affixed to the test strip body 36 by an adhesive layer or
layers 44. Of course clip-on lance members may alternately be used as may be
other methods of connection.

[0076]  As shown, the lance member in FIG 4A is of a different thickness than

that in FIG 4B. This is because the former is sized to be made from plastic, while
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[0077) However, details of the test strip enbodinent in FIGs 4A and 4B is
first described. Specifically, this test strip 36 conprises a firg4th MAR 2007
el ectrode 54 and a second el ectrode 56, preferably constructed as

descri bed above in connection with electrochem cal sensor production. The
t hi ckness of the any substrate material provided typically ranges from
about 25 to 500 mand usually fromabout 50 to 400 m while the thickness

of the metak eaﬁglga)%a?r%&%!o%?a&g%é FSRMARBH!, ddial Omat R APLAAL usual |y

fromabout 10 to An “adhesive ne may ‘'serve as a spacer

bet the_electrodes: . defini. t] 60 f ich th
ol cetrodes GEHGIPR FEBBSCHATHION REPTREY e QBRAPIPalr Thr O Geabonort

di stance, such that the spacing between the electrodes is extrenely
narrow. ThePlaRiGIEAERSSts mefraiebcerayie pr swtherynatgngantd bgepniigured 750 mand i s
often |ess than or equal to 500 m and usually ranges from about 25 to 175
m Any spaceccordipely. (drikéweisafdsymnasiraidy bk apsirdedamdifdhe ueachmencapt ure the -
adj acent el ectrodes. In any case spacer |ayer 58 may be fabricated LFS--232

29 1 5 MAR 2008acifch QRAHMED RAVRMUSE R ofREtREhALE SR haRb&SBRERS Y e
suitable materials include polyethylene terephthalate, glycol nodified

T e T e

10079] - As n ectrodes  are-generally -
configured in the formof strips. .Typically, the le of the el ectrodes
ranges frofPHsyeRCeFs Agsqed fPﬁhf(rPe % Biag bg ”éT-A]l,n %EE% qu? VeFiglionslt 0.79 to
1.1in (2.0 to 2.8 cm. The width of the el ectrodes ranges from about 0.15
t0(0.30 i n ¢haByRoo! testraip 3§ disalosed and ftillorherBout 0.20 to 0.27 in (0.51 to

0. cm. In certain
[0077} However, details of the test strip embodiment in FIGs 4A and 4B is first

described. Specifically, this test strip 36 comprises a first electrode 54 and a
second electrode 56, preferably coﬁstmcted as described above in connection with
elecﬁochcﬁical sensor production. The thickuness of the any substrate material
provided typically ranges from about 25 to 500 pm and usually from about 50 to
400 um, while the thickness of the metal layer typically ranges from about 10 to
100 nm and usually from about 10 to 50 nm.

C [0078] An adhesive member 58 may serve as a spacer between thé clectrodes,

| defining a reaction zone or area 60 for which the electrodes generally face each

other and are separa_ted by only a short distance, such that the spacing between the
electrodes is extremely narrow. The thickness of spacer layer 58 may range from
10 to 750 um and is often less than or equal to 500 pum, and usually ranges from
about 25 to 175 um. Any spacer layer preferably has double-sided adhesive to

capture the adjacent electrodes. In any case spacer layer 58 may be fabricated
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enbodi nents, the length of one of the electrodes +s shorter than the other,
wherein in certain embodiments it is about 0.135 in (3.5 mm) short 2MAR 1007
Preferably, electrode and spacer width is matched- where the el enents
overlap. The spacer incorporated in the strip nay be set back about 0.3 in
(7.6 mm fromthe end of electrode 56, |eaving opening(s) 62 between the.
el ectrodes about 0.165 in (4.2 nmm deep. However, configured,. such

openi ng(s) P&AUYRoSRAkEt et BCRhARE r&@fre@ntafiBE SlitaM ORBLriARA8ARIA vent
opening 64 is provided across the reaction zone fromthe inlet port 66.

campi & 1t YTy PR el W Bk B8l Al BN RR IR, BHIOP S e

| ayer 58 is preferably configured or cut-out so as to provide a reaction
‘zone or ar ePIViHfe. @olxrarhoRate; ?’PC{‘E‘Eth-nge fromabout 0.01 to 10 L, usually
fromabout 0.1 to 1.0 L and nore usually fromabout0.05 to 1.0 L. The
amount[0079]physi ofAegdeweted sthapogking Bsd pfore8ce dedgradaRagagnerailirat i's i ntr oduced
into the reaction area of the test strip may vary, but generally ranges

from about &nfighedil the fousudlstripsf Mypicalipube ngtH ¢f the Blebtrode@@8ides Such .
i ntroduction of sanple is preferably acconplished at notched section 68.

It interf agﬁogqlq%&ﬂ -d.fﬁfo“i ﬁ?g%tor‘iﬁ?g}nz, huli®y BbfkatidBr 9944 1 iR :gz_@%uveyed

sarrpl e an rect | I nwar t owar the test stri p reaction zone, at

| ea iall Lnni ny I I h d f . [00821 As
such, {ne vap AT ARE “aRn 2% AEdR e FrdRo i i s 102l BB ot coent
front-l oaded _test strips. Those in fi gur_es 2A a g 2B are | oaded with or
ac@ept sandl- & snbiguaiheiremaboyt 0-2H 40 & ﬁé%fo-flago‘g L8t Io5fTHE under si de of

the test. embodiments, the length of one of the electrodes is shorter than the other, wherein
in certain embodiments it is about 0.135 in (3.5 mm) shorter. Preferably,
electrode and spacer width is matched where the elementis overlap. The spacer
mcorporated in the strip may be set back about 0.3 in (7.6 mm) from the end of
electrode 56, leaving opening(s) 62 between the electrodes about 0.165 in (4.2
mm) deep. HoWever, configured, such opening(s) provide space for receipt of a
meter probe. |

[0080] A vent opening 64 is provided across the reaction zone from the inlet port

© 66.. Providing a vent allows for capillary action between the electrodes to draw

sample into the reaction zone without backpressure interference. Spacer Igyer 58
is preferably configured or cut-out so as to provide a reaction zone or area with a

volume in the range from about 0.01 to 10 pL, usually from about 0.1 to 1.0 pL

and more usually from about0.05 to 1.0 pL.. The amount of physiological sample
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strip). Still further nodes of introduction are possible, however. Side

| oaded test strips may be enpl oyed (such as those described in t hd %HQ«R/@W
ref erenced patent application Attorney Docket Nos. LIFE-031/LIFE-039 with
mnor nodifications of the lance el enents .depicted. Such approaches are
contenpl ated as part of the present invention. Lance El enents [00831 Al so
contenpl ated as aspects of the present invention are various features

regardi ng 4 id ARCLuRHSARNELS raaBtSNANA of tHE BAGRIHARE al bl deheraligxt above,
each lance elenent includes a | ancet/needl e or skin piercing el enent 4,

typi cal Iy_bayl0eonfuia 0450 161 (Sl Bofdlidid 7 b pody of Tance 4 and

base .50 may I"ncorporate “vari atures to collTect "and/or convey a

bi ol ogj c sanple to a given fest stri nsor 40. LFS-23 115 MAR 1007
[0084 0&35 ual | y S% fﬁwt@ﬂ%?%% of @H%%IS&IQ%R%% mcewﬁﬁef Cafihed Y be

enpl oyed with the subject test strip devices, as |ong as the shape enables
t he skin t68bdt mjsriareedithidatures of meedlghitopici up peolpm arennveyedsampknpl e, the
skin-piercing element nay have a substantially flat or planar

confi gur at kaddiredt inaw by sebat and iesd dtilp retibm dories al Jedst antiae @ienidd ke or
triangul ar in shape such as a substantially flattened triangle-Ilike

confi gur at ki nhifses ﬂ%&% bayepany other suitable shape. The
Cross-sectiona shapggo t%gsg{(tlhn- plﬁ:erci ng element, or at |east the portion

of skiwapi €rci elenent that i enetrabl e into e, ski may be any
Sui tambgzg hape, w’isﬁgﬁ’tﬁ? H%r,‘aqﬁ’ Ohote ] ??ﬁt’togc?ﬁ?\gl,l lrlsﬁfn@dsjst%‘% PQFP y rectangul ar,
obl ong, square, oval circul ar, dianond tri%ﬂ%ﬁc'i%ﬁ’mﬂo%ﬁéd %Et%'or

Aqdi ti onal FSpreseRbiTeRtinadrddretisipse | Idipsn in figures

accept'sample along the face of the sensor (as present on the underside of the test .
strip). Still further modes of introduction are possible, however. Side loaded test
strips may be employed (such as those described in the above- referenced patent
application Attorney Docket Nos. LIFE-031/LIFE-039 with minor modifications
of the lance elements depicted. Such approaches are contemplat-ed as part of the
present invention.

Lance Elements

[0083] Also contemplated as aspects of the present invention are various features
regarding the lanc¢ elements 38 shown. In accordance with the text abbve, each
lance element includes a Iéncet/needle or skin piercing element 4, typically having
a pointed tip 70. In addition the body of lance 4 and base 50 may incorporate
various features to collect and/or convey a biological sample to a given tést strip

sensor 40.
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may be tapered or may otherw se define a point or.apex at its distal end.
Such a configuration rmay take the formof an obli-que angle at the 15 MAb#(A
pyram d or triangular shape or the like. [00851 The dinensions of the
skin-piercing element may vary depending on.a variety of factors such as
the type of physiological sanple to be obtained, the -desired penetration
depth and the thickness of the skin layers of the particular patient being

LesLeSiogBarer al| ey, Sl Ao RARCCLRTRLi S EANSL el 80 chloov] 0e

ski n-p erc ng and xtraction functions ed to be

ffi tl w t hst and rt hd f th
ki . Typi AP gl e e3P Eicen a8 Bt Tl SN bEREE R bpenor rat i on

Iength (defined by the distance betmeen t he base of the skin-piercing
el enent andpieresd dvigt minimiappain do theipatiente Fo arrmplestie Rkigimiprsingrelsrsenteasur ed
~at_the base of the skin-piercing LFS-232 32 1 5 MAR 2007 elenent) is from

about | to fhayhauad bybsalnitly Pat e Planameoefi gisation, yr atag bk sbbdtentiallgr 10 to | .
and oftentimes 50 to 1. (0086] The total |ength of the skin-piercing

el enents gep@arakly-faNgRggs- 'hRQb@t?ﬁH%ulml mts‘ﬂageps&g%s AR el TN | gsﬂé@ﬂehéﬂ from
about 100 to 10,000 m crons and usual y from about 1,000 to 3,000

anges {ront ERGHT N Gg8 Bb% oot b Sl 5 RS 0 R ons. anal

nor e usual Ié about 1 0 f2000 m Grons. The helg t of thick ess of
ski n- pi er ci HgSEFeEHRM § offhe pldnpicreing elomedi s <L I<g#t i BOYPE Ak Bor t i on 4,
typically ranges from about 1 to 1000 microns, usually fromabout 10 to 500
m{crons andpisting elsmait thatfis paneitabletin®Ohe skinsoaybe povsiitbleshepe.er di anet er
at

including, but not limited to, substantially rectangular, oblong, square, oval,

circular, diamond, triangular, star, etc. Additionally, the skin-piercing element
may be tapered or may otherwise define a point or apex at its distal end. Sucha
configuration may take the form of an obligue angle at the tip or a pyranud or
tniangular shapo or the like.
[0085] The dimensions of the skin-piercing element may vary depending on a
variety of factors such as the type of physiological sample to be obtained, the |
( : desired penetration depth and the thickness of the skin layers of the particular
J patient being tested. Generally, the skin-piercing element is constructed to |
provide skin-piercing and fluid extraction functions and, thus, is designed to be
sufficiently robust to withstand insertion into and withdrawal from the skin.
Typically, to accorhplish these goals, the ratio of the penetration length (defined
by the distance between the base of the skin-piercing element and:its distal tip) to

diameter (where such diameter is measured at the base of the skin-piercing
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t he base generally ranges fromabout 1 to 2000 m crons, usually about 300
tt-o 1000 m crons and nore usually from about 500 to 1000 m crons. |In many
embodi ments, the outer dianeter of the distal tip generally does ndth MMRCAH®d
about 100 mcrons and is generally | ess than about 20 microns and nore
typically less than about 1 micron. However, it will be appreciated by one
of skill in the art that the outer dianeter of the skin-piercing el enment.
may vary along its length or may, be substantially constant. [0087] :
Regar di ng tefsmdrthisdrannbaytiing If, eatallyebonial &dl ,asomayudlly dbacos pot @t ed i n ‘
| ance el enent 38, one variation incorporates only a channel 72, preferably

of capil | apy,di BT BATes 5Ok §hi s purpose. Configured to work with the
test strips in FIGs 2A and 3A, the channel preferably extends a sufficient

| engt that i, i.S,.| | ud muni cation w th t sensor matrix or
menbr Q?\‘Z&] The c hjfa%]r'l3 ntéfall ?%'%hb%f tﬁ&%}%ﬁl ﬁerg@%lelgn#ﬁg%a?% %B%%s %?fn&i) PHer one
----.side (thereby taking the formof a_trench) or both. The channel |ength is
preferably 1 tprﬁoaaoé@ TSToRS: BHLally TR AP L ERGR 40-P80 yueronsant mere yyallyoid
i nadvertent |oss of sanple fluid. _ [0088] FIGs 4A and 4B show a sonewhat

di fferent |feomeebadd{GPurd0@mickensedidie pehetgairos, lewgth of desdih-pierdinglg area 74
is provided. No capillary is required to carry fluid fromthe pooling area

since (as nrbingshtagowely dabbsh frémabb@ 11© W00 eGitIons{Wsansy Boutfloorwa t he | ancet
4 to access port 66 in this variation of the invention. The purpose of the

recessed 00BpAAGALLPG 26Afy a0 k00S3 A AASLSNONR Rl 44 and 48

(as well as in F - Is to’create a space or volume wrthin the pierced
e o SRS PG RinA bR 58 1R1dasthd Bl PR Al oot @

4, typically ranges from about 1 to 1000 microns, usually from about 10 to 500
microns and more usually from about 50 to 250 microns. The outer diameter at
the base generally ranges from about 1 to 2000 microns, usually about 300 to
1000 microns and more usually from about 500 to 1000 microns. In many
embodiments, the outer diameter of the distal tip generally does not exceed about
100 microns and is generally less than about 20 microns and more typically less
than about 1 micron. However, it will be appreciated by one of skill in the art that

C‘__ | the outer diameter of the skin-piercing element may vary along its length or may .
be substantially constant.

[0087] Regarding the fluid-conveying features noted as may be incorporated in
lance element 38, oﬁe variation iﬁcorporates 6nly a channel 72, preferably of
capillary dimensions, for this purpose. Configured to work with the test strips in
FIGs 2A and 3A, the channel preferably extends a sufficient Iength so that it is in

fluid communication with the sensor matrix or membrane. The channel may be
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strip devices. As such, the availability of a greater volunme of b

can be provided with-a tip that is smaller and/or. sharper than
conventional mcroneedl es, thereby reducing pain. The greater availability
of body fluid also results in a faster collection rate of sanpling. [0089]
Cenerally, the space-defining | ancet configurations of the present

i nvention e i W LN j 1S ing a

vol ume ot SpaoafeorERLLRR (oY A.HE il Dok a7 PeRUBRE vhb THE RIS, 7o
zone of the bjosensor Such, space, or vol une ranges .from about. 10 to 1, 000
AL, and molSliR ZFTebhoReh pask tp gt titnded Gler 10 SFARP BRI es
substantial portion of the entire volune occupied by the structure of the
ski n- pi er cimgvetaitass of sardpledhedbs from LFS-232 34 1 5 MAR 2007 about 50%
to 99% and nore usually from about 50%to 75% of the entire vol unme occupied
by 't hgpposBi n pi eFiGHgAehemBdhow DOAdwHddiffaatdarebafigvatiomdt inogaghshown-i n

FI Gs 5A-7 incorporate a channel 72 and a recess 74. The variations in FIGS

5 and 6 i”‘figﬁ&@?a%e%_ﬁﬁbgﬁlga?e@ﬂ ReNided. NGo 99;19115@% F&RLRA @Sy | - The

pool i ng area opening i ornmer "variations is "best pictured in FIG 5B.-

The purpos f.such an.opening_ d for providi - en.capildary in

e he | ahoe THEHEH W PRaRY Hat Pt nedh B SR 4Bk edBBRe T Byl
further expose_the sanple-gathering structure area to .the outside

envi r onnentrom the lanset 4 &S5n9gt @8 this|varatiahef the Swertien TRS BHESSS | uid into
the area. [0091] As illustrated, the recesses and/or openings may occupy a
S l@"st ant i abfthe recessed or space-defining area in the variations shown in FIGs 4A and 4B

prior to being transferred to the biosensor portion of the subject test
b &R 00

(as well as in FIGs 5A-7) is to create a space or volume within the pierced tissue.
This space serves as a reservoir within which bodily fluid is caused to pool in situ
prior to being transferred to the biosensor portion of the subject test strip devices.
As such, the availability. of a greater volﬁme of body fluid can be provided with a
tip that is smaller and/or sharper than conventional microneedles, thereby
reducing pain. The greater availability of bpdy fluid also results in a faster
collection rate of sampling.

[0089] Generally, the space-defining lancet configurations of the present
invention create or define a space within the pierced tissue having a volume at
least as great as the available fluid volume in the reactio;l zone of the biosensor.
Such space or volume ranges from about- 10 to 1,000 nL, and more usually from
about 50 to 250 nL.. Such volume occupies a substantial portion of the entire

volume occupied by the structure of the skin-piercing element, and ranges from
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portion of the wdth of their respective skin-piercing elenents, as well as
a substantial portion of a length dinmension. Side walls 78 def i ni Ach MARCHIDT
of the structures will have a thickness sufficient to maintain the = -
structure of the mcroneedl e when subject to nornmal forces, but nmaybe
mnimzed in order to naximze negative space for collecting sanple.

[0092] Another optional feature or set of features that may be enpl oyed,

especi al |y 10, SRS oMb hBiAuibitd HobORKEYS0A 1§h3ANEkLd ZrRGERARY 2t ed i1

a lance elenen s own 1'n he fe ures being referred
to are the secoagar fluid transfer pathways 80. These elenents, set in
flui d_commfictRE PR PERCIRR &lemest. ‘convey sanpl e outwardly, di sper si ng
the sanme across the sensor enployed in an opposing, attached test strip.
LFS-2390%% 1 5 MSRlﬁaeﬂme{xm@wnamm@sm\’ahw@ﬁiA-ﬁamwmste@rck@hminel s 80
are preferably dinensioned so as to exert a capillary force on fluid within
“the pool i ng7hsirks geédsrrad Thy vahgtiopein FISpacad gantinde anbpddies 76 edjateedl-e, and:
draws or w cks physiological sanple to wthin the reaction zone or matriXx

ar ea- of t hgypi eéﬁ@&gm% v§é¥EhThet 1igll %%togknﬁ’fg mYHe%Hn&fva"i‘laﬁb e fluid

channel or ?hmay ddes not exce 1000 mcronS and w |l usual y be about -

100 to 200m s in This d nst an along its
Fength or Ry URRyed ﬂﬁﬁiﬁbiﬁm@am@?ﬁ&?OB%X%E%%E%@%% CFoss.
sect i onal dlaneters in the range from abpout to 200 m_crons_ and nore
usual |y f rRsR&ERATY thelagee memb@ﬁgamawﬁaq ert@ﬁegﬂ aboxe e FEHaded to
convey the sane volune of fluid as a primary channel 72. [0094] In the
i I(Dst r at e BRnib tulfurthet expase trectampheagatbeinBOrusiure atkape thzemdsidal ar | y

environment, thereby increasing the volume and flow rate of body fluid into the
area. |

[0091] As illustrated, the recesses and/or openings may occupy a substantial
portion of the width of their respective skin-piercing elements, as well as a
substantial portion of a length dimension. Side walls 78 defining each of the
structures will have a thicknéss sufficient to maintain the structure of the
microneedle when subject to normal forces, but may be minimized in order to
maximize negative space for collectiﬁg sample.

[0092] Another optional feature or set of features that may be employed,
especially in connection with a fluid conveying channel 72 incorporated in a lance
element is shown in each of FIGs 5A-7. The features being referred to are ‘the
secondary fluid transfer pathways 80. These elements, set in fluid communication
with channel 72 convey sample outwardly, dispersing the same across the sensor

employed in an opposing, attached test strip.
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from channel 72; however, they may extend angularly fromtheir respective
channel's. Anot her variation concerning | ance menber configuration fsgiMaRimg
to channels 80 is to inset or surround the same within base as shown in
FIG 7. Acconplished in this manner or another way, bounding the area to
whi ch channels 80 can convey fluid can be enployed to ensure that sanple
is directed fully and only to a reaction or sensor area of the test strip
36 enpl d with_|lance ne t 38. 095 cert [ odi.ments of the
oventOBHST  he UGSy iR ¥ CHEels DG Ge BREDOIRRBT okt s ¢ 0
facilitate sanple collection. For exanple, one or nore hydrophilic agents
may be presarp exerteisapillan) frqsaarhieig wiithe the Mbngag@rdeﬁnedgrthm@enbut are
not imted to types of surface nodifiers or surfactants such as LFS-232

36 1 5 MAR A6 pormiehodgicaichanedsifdodraws ae intks MESAYloglal §mple Macol |
Tetronic, Silwet, Zonyl, Aerosol, Geropon, Chaps, and Pluronic. Test Strip

~Devicce: Fabr»k/ﬁﬁﬁn'tH@rJa@Q&@loﬂWXn&ﬁx’a&% S b ASS: Si%%ﬁéﬂ bygda ‘aﬁ‘le{-é; -
Application Atty Docket . LI'FE-035 entitled "PHYSI C]_OG SAMPLE

Fabri cati ng ILa0 & flp“‘é%%%sﬁmsl AR poreiers F00 BB il se

details regarding needl e/l ance C productl on. Details as to el ectrochem cal
test strip Wé’dﬂgﬁ poeRtHR) taRadmionsisghaneisr cHhip Alapiedey T3y Popmstat i on Atty
Docket Nos. LIFE-031 entitled "SOLUTION DRYI NG SYSTEM' and LI FE-039
entitled " SOmFitONngBTRIRLNGTSYBTEM be preferred that sub-channels 80 have cross-

‘ C sectional diameters in the range from about 1 to 200 microns and more usually
from about 20 to 50 microns in that they are not required to convey the same
volume of fluid as a primary channel 72.

[0094] In the illustrated embodiments, branch channels 80 extend perpendicularly
froin channel 72; however, they may extend angularly from their respective
channels. Another variation concerning lance member configuration relative to
channels 80 is to inset or surround the same within base as shown in FIG 7.
Accompiished in this manner or another way, bounding the area to which

C channels 80 can convey fluid can be employed to ensure that sample is directed
filly and only to a reaction or sensor area of the test strip 36 employed with lance
element 38.

[0095} In certain embodiments of the invention, the fluid pathway may further
include one or more agents to facilitate sample collection. For example, one or
more hydrophilic agents may be present in the fluid pathway, where such agents

include, but are not limited to types of surface modifiers or surfactants such as
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[0097] A primary distinction, however, between the approach taught in tﬂhﬁ
former application and that taught herein, is that in the present1 SMA 07
invention conplete test strips may be provided, -to which | ance el enents
are attached as auxiliary structure. FIGs .2A and 3A provi de exanpl es of
such an approach. Alternately, test strips adapted for use with the | ance
el ements of the invention may be .provided, to which |ance elenents are

af i xed. PG A ARIBR R IPOIHSD! Bon iSO DA ERR AR 00981 1

ei t her case, 'S pOSSI produte or procur’e ffice and test
strip elemenpts that are later brqught together. The initially independent
nature of 4%@5‘}37%8‘6’8?%/ F@é‘lﬁ%‘%ﬁﬁs rel atively optinzed manuf acture.
In contrast, in the integral test strip devices described in the

above- r ef erkestBdipdpeMiccBatinsatiocertain  LFS-232 37 1 5 MAR 2007

_considerations of material selection and manufacturing processes
appl i qad9d]i ty t hetn@or thetecheimes adscivedinl ©E! Apphcdtet AtteDotkd: Ny, pr esent
i nvention. 100991 One exanple of the flexibility offered by producing test

strip devi qggp oRERNgH PEHYR1ONOAEATCSAMBIE BT @Mo;kfs beyegs | ance

el ement to an ot herw se. corrpFet e test stripis tr}%at user may feasibly '
take such agcti i i y true.for 1 clip-type, .
embod: ment SO0PUFTELDs B URRIGTRERSABEY s ol i SeRaid Fivmuni o
clip-type structure may be enpl oyed. LptBy virtue of _ such flexibility, there
i s market GISBEES anasgripesk hesain (- sspeqialhe Boppdgiaiisregydingeedigilanceany of a
variety of comercially available test strips to be used with a nmeter
ac@or di ng tpwodursiopr Pstnis ak tvelattiamhem@ral otisisp prédugidmbivaytalsoehei sts i n
deSigning the lance elenents so they will interface (by clips, adhesive or
ot her meansppmiciabedain view of Application Atty Docket Nos. LIFE-031 entitled

“SOLUTION DRYING SYSTEM” and LIFE-039 entitled “SOLUTION

STRIPING SYSTEM™.

[0097] A primary distinction, however, between the approach taught in the former

application and that tanght herein, is that in the present invention complete test

strips may be provided, to which lance elements are attached as auxiliary

structure. FIGs 2A and 3A provide examples of such an approach. Alternately,

C test strips adapted for use with the lance elements of the invention may be
_ provided, to which lance elements are affixed. FIGs 4A and 4B provide examples
of such an approach.
[0098] In either case, 1t is possible to separately produce or procure lance and test
strip elements that are later brought together. The initially independent nature of

the products/devices permits relatively optimized manufacture. In contrast, in the

integral test strip devices described in the above-referenced application, certain.
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W de variety of test-strips - both, present and future. 1001001 Though the
i nvention has been described in reference to certain exanples, opti5dis 1087
i ncorporating various features, the invention is not to be lLimted to the
set-ups described. The invention is not limted to the uses noted or by way
of the exenplary description provided herein. It is to be understood that
the breadth of the present inventionis to be limted only by the literal
or equit abtenssiogensiof niuteriall edlbaivnrgd chaiufaiulfErdd2s&8pplisebkR 2007 1. A
| ance el enent for attachnent to a test strip to access body fluid and

convey it Hfatdo hebhecesshiiliPaffRPERMuf28@ldof tBOBRsERTVnELAY: a substantially
pl anar base; a piercing el enment extending outwardly from said planar base,

Lhe PIORS[ N9 ! BT e BRI SN OGN PHALEH B9 A0 AN ANAPRNKNG sPaced from

sai d ing e sai g openi ng ex ing ransversely rough said

pi erci ng el enent an%@occupy_i ng a subséa,nti al portion of a wdth, dianeter '
or I'engt h-&iREHES bhthgPressnignyergion hypiipagardence£lgpatitneg slerdse sosi tioned = -
relative to said opening and at |east partially defined by a recessed -
surface of compldtegegstimy thdtensat may frsd!f talie dughatchoay This negnruni cation with
sai d opening, wherein a pooling area is created wthin the skin by said

openi ng upefetialP ik Por BE cEfiFheintiodimente {REPBEd {oRtvaridivas skine of a subj ect.
2. The lance el enent of claim1, wherein-said fluid pathway is dinmensional

to apply ag B%Heh%r%bf\/gfiﬁ%f?&f%{p%‘éﬁge PEESEAmAY ﬁé‘éxﬂglgg%cf;)s%ih?%o?r ea. 3.

The | ance el enent of claim r conprisi-ng a a surface
O . 58 58] B Sl b ST P (1 541
) with any of a variety of commercially available test strips to be used with a meter
according to the present invention. Of course, flexibility exists in designing the

lance elements so they will interface (by clips, adhesive or other means) with a

wide variety of test strips — both, present and future.

[00100] Though the invention has been described in reference to certain examples,
optionally incorporating various features, tﬁe invention is not to be limited to the
set-ups.described. The invention is not limited to the uses noted or b)} way of the

(- exemplary description provided herein. It is to be understood that the breadth of
the present invention i's to be limited only by the literal or equitable scope of the

following claims.
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4. Atest strip conbination conprising: a test strip conprising a biosensor
having a surface with a reaction area and a support nenber; and 3 50esm B
distinct fromsaid test strip and conprising a body portion having a
support surface, said device and said test strip in contact with each

ot her so said support surface of said body portion fornms an interface
region with said surface of said biosensor, said device conprising a

pi erci ng el enent extending outwardly for a length fromsaid body portion,
said device conprising a fluid conveying channel open on at |east one side
and provided Allargekinent foasttachmpotrtbiacest sitiptid ecdeertgidp flold aal @nbady topoesti on
and sai d{}ﬁi erci ngﬂﬁherrent and extending into said interface region so said
channel HBFFEPS S PBPPR%Ect i on area for conveying a fluid sanple

obt ai ned by saifbs@h@1Fi pMhagbfeENt to said reaction area of said biosensor.
39 1 5 MAR 2007 5. The test strip conbination of claim4, wherein said
test strip haspigiing demnens exiendingpuerdly Famapridaanar baseTthe presejng element

conbi nat cl al , ' | t s hot. ki C .

col or ety Ringt ALl cnlf 88 5 By el ph gl Wi RS Zer M EBR o inging
6, wher eirmssasdy flaowgh sieglpieeingslendnaackoccepénensubamatalgiortipntof ackidihos 1, 2
or 3. 8. A system fgr.determ' ni. %.the oncentration of at |east one analyte
in a phyglia'élf‘ébf’rc pet QHH%SE’,“%?'H WLRE R Mpri sing: at |east one test strip

conbi nati on agpsylidiBErfice pobifibid rélatife tb, saRipeinBBhEht 1EAL pAUHLIB Bdincdb] ¥
determ ning the concentration of analyte in the physiological sanple,

wher ei n sgssediriaee phsaidgpipricipgrelamengrandecei vi ng said test strip device.

a fluid pathway in communication with said opening, wherein a pooling area is created

within the skin by said opening upon insertion of said piercing element into the skin of a subject.

2. The lance element of claim 1, wherein said fluid pathway is dimensional to apply a

capillary force on fluid present within said pooling area.

3. The lance element of claim 1, further comprising a recess within a surface of said base,

wherein said recess is in fluid communication with said opening.

4. A test strip combination comprising:

a test strip comprising a biosensor having a surface with a reaction area and a support
member; and

a device distinct from said test strip and comprising a body portion having a support
surface, said device and said test strip in contact with.each other so said support surface of said
body portion forms an interface region with said surface of said biosensor, said device
comprising a piercing element extending outwardly for a length from said body portion, said
device comprising a fluid conveying channel open on at least one side and provided along at
least a portion of the length of said body portion and said piercing element and extending into
said interface region so said channel overlaps with said reaction area for conveying a fluid

sample obtained by said piercing element to said reaction area of said biosensor.
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9. Aneth
within a
syst em of
recei ved
conbi nat i
said nete

od for determning the concentration of at |east one anal yte
physi ol ogical fluid sanple, said method conprising: provi{dj pag bfe
claim8 wherein said test strip conbination is operatively -

within a distal end of said neter; spring-loading said test strip
on within said neter; operatively contacting said distal end of

r wth a targeted skin surface; releasing the spring-I|oaded test

strip conbination, wherein said targeted skin surface is pierced by said

pi ercing
10. A et
| ance el e
havi ng a
sai d test

el enent; and coll ecting sanple and applying it to said biosensor.
Bod oThgtestdtrip comlandtemtod claih Hewhatincdidaestpiripdiangn elptteacheinivgl a

rrgrai aa?. described in clains 1, 2 or 3, providing a test strip
ULt e and biosensor; and attaching said | ance el enent base to
strip. 40

6. The test strip combination of claim 4, wherein said test strip has a photometric or

colorimetric configuration.

7. The test strip combination of claims 4, 5 or 6, wherein said lance device is a lance

element according to claims 1, 2 or 3.

8. A system for determining the concentration of at least one analyte in a physiological
sample, said system comprising:

at least one test strip combination according to claims 4 to 7, and

a meter for automatically determining the concentration of analyte in the physiological

sample, wherein said meter is configured for receiving said test strip device.

9. A method for determining the concentration of at least one analyte within a physiological
fluid sample, said method comprising:

providing the system of claim 8 wherein said test strip combination is operatively
received within a distal end of said meter;

spring-loading said test strip combination within said meter;

operatively contacting said distal end of said meter with a targeted skin surface;

releasing the spring-loaded test strip combination, wherein said targeted skin surface is
pierced by said piercing element; and

collecting sample and applying it to said biosensor.

10. A method of producing a tester, the method comprising:
providing a lance element as described in claims 1, 2 or 3, providing a test strip having a
substrate and biosensor; and

attaching said lance element base to said test strip.
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