9 NOV 2006 PHYSI OLOG CAL SAMPLE COLLECTI ON DEVI CES AND METHODS OF USI NG
THE SAME Field of the Invention [0001] The field of this invdmiVdilhi s
the collection of physiological sanples and the determ nation of analyte
concentrations therein. Background of the Invention [0002] Analyte
concentration determnation in physiol ogical sanples is of ever

i ncreasing inportance to today's society. Such assays find use in a
variety of application settings, including clinical |aboratory testing,
honme testing, etc., where the results of such testing play a prom nent

role in the di agHBS$EOROGIPARSAMILE COA FeroNDefyvidisease conditions.
Anal ytes of interest hmmTﬁd@ﬁg@quNGirﬁ?%gMﬁanagenent

chol esterol for nonitoring cardiovascular ions, and the like. In

response to this grow ng |rrp(;|?1‘ c§ g anal yte concentration
determnation, a variety of ﬁﬁi/]? he Jpvemtionat i on det ermi nati on protocol s

and qegaﬂes form@fadcdﬁmﬁsmven%ﬂ {‘ﬁ\%oﬁfcﬁ%h%@g f&é@g?ﬁ%ﬁsﬁ%ﬁeﬁs‘sﬁl leggi cal

[ 0003] determ ning the concentration

sanpl e, a thhysteohivgtionbf seaiplecoftigitrafibisthedef. obt ai ned. bt ai ni ng.-t he
sanpl e often involves cunbersonme and conplicated devices which may not

be easy to use or may be costly to manufacture. Furthernore, the
procedure for obtaining t ampl e e i nful . For exanple, painis
often associated with thehgf@%grpéfmgnz&heeﬁ’d'legg%ed to obtain the

physi gbmmcal S aNRAI Gt ctatidRRIelerthatBh Gl ﬁﬁ?ol&?‘é‘ﬁ'sﬁn‘! bhes! 18 £L P -

Dependi ng on the analyte and the type of test” enployed, a relatively
large, si ngh@eamunleortﬁmc tetddaks sosietyf tSaxh assagls fiod @x¢ mexvartdeof equi sit e

anmount of sa anal.yte concentration deterpination process
oy al so. i APBTGER SeHHeh: EEaTa L) EB0Riory Sk aBchir BoTee Sy sy
use of a skhdraRhRY 6f AZh 18FH t ?é}ﬂi)sﬁbro?mﬁcnt Sl B fa osis%ﬁ%an
accessing may al so involve the "use of sanpl e cofl'ection nec anl sm
e.g., a capgiflalvanytytafisbseabesonditiérs. ssmbytes ofliaterdsherlidel giG:0kd BorONOV2006  be
E)][ ? 2?1: ?:r{eg% zg,boteas1 éla%satclegl dgl\llcl)l%setero? 5% monaitotn%%tcarsdtig\lagcu gr ctorrll(cahtlolnlg eandand then

the like. In response to this growing importance of analyte concentration

determination, a variety of analyte concentration determination protocols and

devices for both clinical and home testing have been developed.

[0003] In determining the concentration of an analyte in a physiological sample, a
physiological sample must first be obtained. Obtaining the sample often involves
cumbersome and complicated devices which 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 assodciated with the size of the needle used
to obtain the physiological sample and the depth to which the needle is inserted.

Depending on the analyte and the type of test employed, a relatively large, single
needle or the like is often used to extract the requisite amount of sample.

{0004] The analyte concentration determination process may also involve a
multitude of steps. First, a sample is accessed by use of a skin-piercing

mechanism, e.g., a needle or lancet, which accessing may also involve the use of a

sample collection mechanism, e.g., a capillary tube. Next, the sample must then

i)
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the test stripis then transferred to a neasuring device such as a neter.
Thus, the steps of accessing the sanple, collecting the sanplghgvomﬁ
transferring the sanple to a biosensor, and neasuring the anal yte
concentration in the sanple are often perforned as separate, consecutive
steps with various device and instrunentation. [0005] Because of these
di sadvantages, it is not uncommon for patients who require frequent
nonitoring of an analyte to sinply beconme non-conpliant in nonitoring

t henmsel ves. baftidsfetrab@td @stind ddviex @l aestlshey bovhb ‘H‘k@ 4o tHRASRERimdiei 1
gl ucose | evel on a prescri bed basis results in a lack of information

necessary t@e t%ﬁ é@mlwh%bmns&lrrqdﬁe ameasiiring depicensh.as Bmoaat ridsethegl ucose

| evel s can danger ous ven |ife threatening. [0006] Attenpts
have been d"yﬁ ¢ 327R c?‘ngC“?ayB@ SB@PP Gapsfeminght samapledt fer

conponent s Blayé?ﬂs&eqnméa% %aggegesbﬁeggfa%h?mﬁ%aﬁ[a@s&%gf@ﬂ procedure

in order to sinplify the as ay pro exanple ent No.

6,099, 484 phrfocined es sepaarptdmesutiveiseps whihohrions ietdesarl Bithghentagad! e
associ at ed with a spri ng1 mechani sm a capillary tube associated with a
€

pusherl008Hd a teBFC%*F? ppthepndisadianiages, i pobnacemseonbupabents whohe devi ce

for anal yzi I Al n t he single needle i i.spl aced
toward the @%lg@ﬁeﬁl?gﬁgﬁ n;togﬁggggﬁla%&%eéogwﬁ Sg%%e P%ﬁo?“@f ?’gd?l ng it by
anot her Sprmﬂﬂtopﬁqgf)@ueﬁﬁélvw wWhendighdRs, a6 ek dndle, nﬁémiuli'@toclﬁeashk@ﬂhmrt ube in
comuni cation with a sanple and the pusher is then released and the

fluidis t rgiw@rserl@@(!l on@ prescebed bagis ;:ﬁsulpmcﬂl]ackpsmfcﬁmaann nkiess&y 820, 570

. di scl oses an appar at.u I udes bas vin ol | W needl e and
"a cover haA"MT g‘/%%‘f%"ﬁé‘h‘-‘efe"%hfré’i %?S?h lﬁﬂéj‘ C(?B Weg Sﬁﬁ’é{ct ed

t oget her atdaagéiolgandelét life\hRatenthgd cl osed position, the needle is in
communi cation with the nenbrane and fluid can be drawn up through the

needl d080d pl ac eﬂttemptsﬂ@vnbm made mcmn@@mmg[—meﬁ]:vﬁh@n@ arieugertain
dr awbacks a ocj at ed g %J;l qﬁ F?Pﬁ above devi Cﬁst and .techni ques. For
xanp! ot RETACORUREeE Ry GLEln e bRl RPPemEAL P ACa P aeUR BroaPEre
conpl ex, t hﬁ%rtﬂﬁ‘% SESH Y tRABRaPPrd¢es. BhedaRpI£AT Snﬁat@i?tr!ll'cfv 2569 4909 costs.
2 LFS-145 9 NOV 2006 = Furthernpre, as described, a single needl e design
may be as s siscdesed agrmpling device which includes a single needle associated with 2
spring mechanism, a capillary tube associated with a pusher, and a test strip. An
analyzer may also be mounted in the device for analyzing the sample.
Accordingly, the single needle is displaced toward the skin surface by un-cocking
a spring and then retracting it by another spring. A pusher is then displaced to
push the capillary tube in communication with a sample 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 includes a base
having a hollow needle and a cover having a membrane, whereby the base and
cover are connected together at a hinge point. When 1in a closed position, the
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 example, the devices disclosed in the aforementioned patents are

complex, thus decreasing ease-of-use and increasing manufacturing costs.

~J
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i ncreased pain because the single needle nust be | arge enough to extract
the requisite sanple size. Still further, in regards to the iﬁ

the steps of activating and retracting a needle and then activ ﬂﬁgﬁg
retracting a capillary tube adds still nore user interaction and
decreases ease-of-use. [0009] As such, there is continued interest in the
devel opnent of new devices and nethods for use in the determ nation of
anal yte concentrations in a physiological sanple. O particular interest

woul d be t hpyglenglopP a8 AEs@ibeli Y §HE] %tn%gdlgﬁgélgﬁﬁﬂaly b%rﬁgs&?attwgfth()f use

thereof, that are efficient, invofve m ni re Si e to use and

whi ch maybeinssasedypdii beanisetis samglk yesl e pneEry lﬁﬁiel dﬁ@uﬁi@icﬁémaﬁﬁﬂmleon
systems. Summary of the Invention [0010] Devi ces, systems and net hods are

provi ded foPCQBHSEFéWQIEtSF@ skilhfurthgp derogprds ta i ‘¢8# patent, g pessifol ogi cal
le th h t t f th h | |
sanpi . ThoslarBRndEIRLIAEY aBeqi AR EH BEA g 484 s BB Gy

ski n- pi erClm%&h@&@nﬁmbfg@ﬁfﬁheﬂétﬁ&hQxdtc&\%ﬁésréa& Mue specifically, the
subj ect test strips include a biosensor erein t e at | east one _

ski n- pi080%)i ng el Asewmth, itisers i atinned inyerestiie grealevelopmenhef 1wodenserand [ 0011]
Each ski n-pi erci n?qrel emerh? ({éas a space-defining configuration therein

whi ch, upon™FHh8 SHC Il qetremanation of realyisscoacartiensin apisdosiFaihi n t he
ier ced t 0 a within
\%i ch bodi : y g?blérs&g%ﬁgg %t"\?&ggl%e%éf&%[ %eglt(lgilfll-nﬁ)e ?tgcllna\?‘e err\émnt :s

in situ. A mmhnéﬂhadsyof:dmnhﬁleoblhathfdhfﬁcﬂéﬂ& Imwyve&mrﬁmdl panfdr@Binidietdpool i ng
. space to within tr}“ t est str transfers fluid present pooled within the
" pool i ng spats& g % @ﬁ%é’éﬁ% withyagags analyte forrgniratiemsdetemmaination

Space- deflqﬁggnﬁpnflguratlon is arecess wwthin a surface of the

ski n-pi erci el ement. Such a recess may have a concave configuration. In
ot her enbodi nents, the space-defining configuration is an opening which
extends transverse to a di nension of t he skin-piercing el ement and
occupies a substantial 3 LR§Aém P portion of a width or

di aneter dinension as well as a s bstantl al portion of a length dinension
of t hd0#i®r oneedDevices, systems and methods are provided for piercing the skin,

accessing and collecting physiological sample therein, and measuring a
charactenstic of the physiological sample. The subject devices include at least
one microneedle or skin-piercing element integral with a test strip. More
specifically, the subject test strips include a biosensor wherein the at least one
skin-piercing element is structurally integral with the biosensor.

[0011] Each skin-piercing element has a space-defining configuration therein
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 in situ. A capillary channel or
fluid pathway extending from the pooling space to within the test strip transfers
fluid present pooled 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
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[0012] In one enbodi nent of the subject test strip devices, the biosensor
is an electrochem cal biosensor having an el ectrochem cal cellgm@i

two spaced-apart electrodes. Each skin-piercing elenent or structure’is
provi ded as a parallel or planar extension of one of the el ectrodes,
wherein the skin-piercing element and - such el ectrode are preferably
fabricated as a single, unitary piece or structure and are made of the
same material. [00131 I n another enbodi ment of the test strip device, the

bi osensor igyrfon Bh@tﬁdﬁﬁtcfr'd?arﬂételcﬂlhféhkleﬁtag %11%%%%8&9@143?\5}1&9%& APl anar

substrate defining a photonetric matrix area covere otonetric
rrenbrane, dengtbdimensign ofthafmigrmeedie.or receiving a sanple to be tested.
Wth al 6 (itomatrl c bi osensor enbodi nment, each skin- gl ercing el enent or
struct@feli s pr o Amsembodimentafshe subject inst #APslevicks thebiosenspris arher ei n

the Sin Dl GEicfle S8Rl AR SHFD T HBSH AL S A LR RESTSTaR LY. Lol gat od

as a Ssi ngI e, uni prece or str

material . [edbbles @a&?@l&{lﬁieﬂﬂns kieneht 6F GhRErEILHRIdeRNY atpfaﬁ‘a Bf§oci at ed
el ectrode (in electrochem cal biosensors) or substrate (i'n photaonetric

bi osensor s)platef iextension of ens vf theelqsirotiesawhe e thel skin-pergngxieneht axdd of t he
at | east one resr V\ta&)hl n l1Sﬁhe el ectrode or substrate portr on
of the uni tsar@a%%% ARPTE @b&r Gratedas »fingle, Bntary |pasesor SiRuctpgiaRday
resides w tﬂ&agpgfggrsgnﬁrﬁgﬁhgg el enent or structure. At least a
portion of the distal end of the at |east one fluid pathway is open to

the ¢W@ISide envir amuteertembedithberaf thenestditisp déviegjdhobiosigopitavay is in
i ni cati.on with the space-defining area_of the skin-piercing

fl d
el glrrent Comg“’toai‘%t’flépr eﬂangret%%*elﬁsw%bwger Plagar Wﬁ@#@#ﬁﬁ’tﬂé 3t | east a
portion of Shﬁmﬁét esﬁaﬂfarea'cege@a% a ho %é&@ﬁl?&q?ﬁe cBﬁ def' ni ng

area. As such, ui d pat hway r desa”ca ary ch ann t hr ough
whi ch the fcbnﬁgumﬂifdmnecélhmgmhlmgto/l&l uerted watH mpﬁotbmetﬂfteblskdnsorpi ercing
el ement may he extracted, and, transferred to the, biosensor Porti on of the
test strip dreentogach skin-pigreing elementor sorusiane sauevidpdes splatte subj ect

systens | n%kféﬁgloﬂ%?t}%sdﬂ?{rgtes\wﬁh%g}ql g] éﬁéﬂ&lﬂg &@ﬁék&%g%ﬂ& gubfamtgr for

receiving a ect test strip an ermnlng aracteristic of
t he are preferably fabricated as a single, unitary piece or structure and are made of the

same material.

{0014] The extending skin-piercing element and the associated electrode (in
electrochemical biosensors) or substrate (in photometric biosensors) define at
least one pathway, wherein the proximal end of the at least one pathway resides
within the electrode or substrate portion of the unitary piece and the distal end of
the at least one pathway resides within the skin-piercing element or structure. At
least a portion of the distal end of the at least one fluid pathway is open to the
outside environment. Further, the distal end of the pathway is in fluid
communication with the space-defining area of the skin-piercing element. The
distal end of such pathway either extends into at least a portion of the space-
defining area or terminates at the space-defining area. As such, the fluid pathway
provides a capillary channel through which the fluid within the pooling volume
defined by the skin-piercing element may be extracted and transferred to the

biosensor portion of the test strip device for testing.
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AT

sanpled fluid, e.g., the concentration of at |east one analyte in the
sanple, collected by within the test strip's biosensor. I\/breogqm;j Bich a
meter may also provide nmeans for activating and mani pul ati ng the test
strip wherein the skin- piercing structure is caused to pierce the skin.
Additionally, the neter may provide neans for storing one or nore "
subject test strips, or a cartridge containing a plurality of such test
strips. [0016] Al so provided are methods for using the subject devices,
as wel Kits -1 el ' 116G r for use
in pra[g(t]?%i ng th’gﬁ{g&%},%&@éﬂ%ﬁ& L%&&L@ﬁégg%qg?g%@gﬁé%g(e ,deiics%%gﬁr?éaand

met hods ar emgtar for ¢ededrihy a subjeettetiatrip sl fop dbieRindhy 5 cRiregeaalc sfanpl e and
determ ning anal yte concentrations therein and, nore particularly,

gl ucose corﬁ@é}ﬁﬂqdéﬂlild,r%gi, thelaseentrasioned at leagtangngalyte mitﬁe samgplet i al 1 uid.

[0017] The present invention further includes nethods for fabricating the
subj ect ¢ SOUCEES b WAGH tnsdst sfrinia Prascakor MABeEweh A RHFTIIRY BRC1 ng

el enent is i [ Midod Y@ : S i 1:ng a test
strip conf |%§?21§ ?%Tﬁﬁpgcﬁ?ﬁngéelbdi"ces%%la{e@a%%ﬁfefsitE{trgé‘r%g?rgglt gﬁ%@ i ons

i ncl udi ng goeresRistyciuheisphaysidobgiercathef skin. dAdditibidlly, theemster mayext ract i ng

such fluid, trgnsferrin the fluid to a neasurenent area_. and providing

. g . .
the conpondhPYdsEICRRSEN FIOTES QST ARRIS SHRIREHESt SHIPENSl § ¢Bdes FORIHMRE i on i n
t he sanpl e. i 4] ricating wholly integrated test strip
devi ces, thaeﬂl{s%r&gﬁcejé:ftgu?gé%s?g%@?bn met hods are ideal for the fabrication of
such [oeM]ces Wiieh phavided atacidtbidl foy using thetsubiet td @lides, £ORBIl exkits
conponents, such as_ the mcroneedl es nmentioned above. For exanple,
ni cr oneed!| éBatiasingdrythe subjcetdevices aagios syterantir gas in prarti¢ipg thegithisalsi ons,

- small siz e?‘{l&ﬁ'%soﬁ'h%( gﬁﬁje&r&bﬁeg,;sggtel%rs %pd %e?lgr?gcﬁiapé arml‘.lﬁllgrlg ;s&géd fo

repeatabil ity wth e-subject ricatron hods. ubj ecl et hods

are al so venHadtingehysioldpidal shaplecdd detersdsy haljRltoheaitatibhomeRsOr s
havi ng el ectrocheni cal or photonetric configurations with certain

vari ati ons 34, mpKeartaBHarknigleiesp corwsyatonsthblopdbploed ffaghensdt i on net hods
may be useqmtegS igall‘iffuﬁ' 145 9 NOV 2006 fabricate individual test strip
devices or a pfura |fi'y of such test strip devices on a web, filmor

sheet [@d17ui t ablEherprésht Rlvention further includes methods for fabricating the subject
test strip devices, in which a microneedle or skin-piercing element is fabricated as
an integral part of a biosensor having a test strip configuration. Such devices
have wholly integrated functions including accessing the physiological fluid
within the skin, extracting such fluid, transferring the fluid to a measurement area
and providing the components necessary for the measurement of analyte
concentration in the sample. In addition to fabricating wholly integrated test strip
devices, the subject fabrication methods are 1deal for the fabrication of such
devices which have functionally and structurally complex components, such as
the micronéedles mentioned above. For example, microneedles having intricate
shapes or designs, multiple dimensions, small sizes and/or very sharp tips are
producible with great repeatability with the subject fabrication methods. The
subject methods are also versatile in that they can be used to fabricate biosensors
having electrochemical or photometric configurations with certain variations in

the fabrication processes. The subject fabrication methods may be used to
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[ 0018] These and ot her objects, advantages, and features of the invention
w Il becone apparent to those persons skilled in the art upon reading
the details of the nmethods and systens of the present invention which
are nore fully described below Brief Descriptions of the Dr?"NiUWE[}B
[0019] Figure 1A is an exploded top view of an enbodi nent of an '
el ectrochem cal test strip device of the present invention. Figure 1 Bis
a partially exploded bottom view of the el ectrochem cal test strip

devi ce of Fig, - ._Fi LS. er spective.view gof the.agsenbl ed

el ect rochem'f%’al-lléa@"elgfj lvggl%aijf%saé%pgdee%g%éﬁf5g'_[ur§111 ogﬁ'é&lt%?t Sf%gﬁﬂlc?‘—si%e 2A
i's an expl odes, YilA\Wr QhecRBf SR ARMHPf a colorimetric or photonetric
test strip device of the present invention. Figure 2B is a perspective

vi ew of0Q18¢ asseieselambother ogects cidhntageetind teatiesd ofthe invetev a6l of Fi g.
2A (0021] Fi gure 3 is a perspective view of an electrochem cal test strip
devi ce of t RECOTE aRRARENLith (st iPSFFORRHHiHEd lnibe rRepentadingthe detaila of the

ski n- pi erci t L jnvention. [0022 i gur Ais an
oxpl oded vi ST @ 0 o ER TR e EE M aut PR BY hiifeor 11 o
test strip delwmce of the present invention having the skin-piercing
elenment of Fig. 3. Figure 4B is a perspective view of the assenbl ed
colorimetric/ photonmetric test strip device of Fig. 4A. [0023] Figure 5
illustrates a system of theBEr ﬁﬁent N nventlj gn whi ¢h includes a neter and
a subject test strip devi ceEShIiestHRORsLifhe Drawingsy py the neter.

[ 0024] go19Vvr e 6AF s8N I/ : trochem cal test
strip !jevi ]ées fabr%ﬁt:at égié?%%grﬁg)idtﬁgP%ﬁ(;ht%Weﬁr%?%gug%m?Egﬁpresent
“invention. eleo@odienticguest sBiBddviceaof thx pteseradniemtibonFigues Bfis & bertiakp of

Fig. 6A [0026] .Fj 6C | tive view of th mbl ed web of
O Ol B Ok RSB S S dh o ASR TRL £L SE0 O
top view of isa M&h&Qtive RRWPHOHE TS SBLPS IR dal tFeSEI&r:i@ dslick Br BRI Cces

fabricated according to the nethods of the presen ent1on.
' 1A and 1B.
[0020] Figure 2A is an exploded view of an embodiment of a colorimetric or

photometric test strip device of the present invention. Figure 2B is a perspective
view of the assembled colorimetric/photometric test strip device of Fig. 2A

{0021) Figure 3 is a perspective view of an electrochemical test strip device of the
present invention having another embodiment of a skin-piercing element of the
present invention.

[0022] Figure 4A is an exploded view of another embodiment of a colorimetric or
photometric test strip device of the present invention having the skin-piercing
element of Fig. 3. Figure 4B is a perspective view of the assembled colorimetric/
photometric test strip device of Fig. 4A.

[0023] Figure 5 illustrates a system of the present invention which includes a
meter and a subject test strip device configured to be received by the meter.

[0024] Figure 6A is an exploded top view of a web of electrochemical test strip
devices fabricated according to the methods of the present invention.

[0025] Figure 6B is an exploded bottom view of the web of Fig. 6A.

[0026] Figure 6C is a perspective view of the assembled web of Figs. 6A and 6B.
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[00281 Figure 7B is an expl oded bottom view of the web of Fig. 7A [0029]
Figure 7C is a perspective view of the assenbled web of Figs. @AMWW@%7B
[0030] Figure 8 is planar view of a web |ayer for use with the webs of
Figs. 6 and 7. Detailed Description of the Invention [00311 Before the
present invention is described, it is to be.understood that this
invention is not limted-to the particul ar enbodi nents descri bed, as such
may, of course, vary. It is also to be understood that the term nol ogy

, s unt I a
orry, BRI D | Bladd 2 1048 BOPBaR (oA bPh BRR S SR RReBRT ) he b csent
i nvention wdlbriRetrdd t@ktts‘ﬂga @éﬂl?’est}}ibﬁ&h@ed %Qﬁﬁﬂﬂe% ek ?fiéﬂﬁods[&(@ﬁ@%}reyéyﬁ?r e a

range of values is provi is understooapthat each interveni ng
val ue, to timwenteait.h of the unit of the lower limt unless the context

cl earl ctates oth V\nse en the upper and lower limt of that
range [ﬁﬂgélany ot ﬁ@t‘m’s t‘%EP &P Oé%lﬁfmgh?’ﬁy Qfdheweb of Frat’Ast at ed range is

enco sed with i J hese
cmal | G00R 0 nElub i LY RO Roivg ik of R dbpeRied RES LI 12 B 2BE " S
al so qoomi]paSSEdFi/glutélﬂ is ﬁlhﬁhrl e of b b 15y5@1f@fclisetvﬂtmﬁé weébRQFIFidsCahhy
excluded limt in the stated range. Wiere the stated range includes one

or both of The limts, ranges excluding either both of those included
limts are also incl uded in the invention. [00331 Unl ess defi ned

otherwi se, all technical and scientific terns used herein have the sane
meani ng as comonl y unders]?%ﬂefbpeé‘l‘f&’%‘?“ of ke dayention || in the art to

(uhich bb3gy | nVensLAR BRI RAGE A g icabeT A8 bR ARLA A s S! M 1 ar

or eq nt tot scrl incan al so be use e practice
or testing ineéntidmes poekmited tonhepattiim]artehtbodiredres dedribed, hodschamdy, it eri al s
are now described. 7 _LFS-145 9 NOQV 2006 [0034] It nust be noted that as
used her ei rFO¥RS- VYt Helsalsodadedinderstond, thatithe srmipelesy yssd heretmis fortag" | and

"the® incl Ugs?llﬁ-a&s!e tHesdriify ﬁ&’n&rzlg?&%ﬁédlhﬁﬁtscq%;? %& is Héﬁﬁ‘{ebxe&jfo%t at es

ot herw se. or exanp erence el udes a
plurality dimginghsibesthestopest thadrdsedtdn esntion twill brehﬁmdﬁ/mﬂybylﬂml udes

reference to one .
appended claims.

[0032] Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated or
Intervening value in that stated range is encompassed within the invention. The
upper and lower limits of these smaller ranges may independently be included in
the smaller ranges is also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the stated range includes
one or both of the limits, ranges excluding either both of those included limits are
also included in the invention.

[0033] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the
art to which this invention belongs. Although any methods and materials similar

or equivalent to those described herein can also be used in the practice or testing

of the present invention, the preferred methods and materials are now described.
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or nore devices and equival ents thereof known to those skilled in the art,
and so forth. [0035] The publications discussed herein are provided
solely for their disclosure prior to the filing date of the Pre ﬁ@ﬁ?%
application. Nothing herein is to be construed as an adni ssion he
present invention is not entitled to antedate such publication by virtue
of prior invention. Further, the dates of publication provided nay be
different fromthe actual publication dates which my need to be

| ndepefutgal |y Conf g ndiQPHA osTRRAMERP R fnrl}{??ﬂéae%e Jlalm L OH

descri In detail. In further descr Ing the esen |nvé |on vari ous
enbodi ment ssm’gultahéamtﬂaép‘tanﬁeandcébc” inclnd¢ phiirdlgefetsits @iledspheedtiegs havi ng
bi osensors h VI ng. ei ther an electraochemcal or a colorimetric/photonetric

confi gur at i B1FIRAIGtatpROMEEHES - hus; ifqrsqxam@iq, ERiemgnes/tod a e strip ancludssor i pti on

f i j t t.h t h ty
of various BLERISELS RVKLRR LIS AL Chedte s abl s b Sl et 1YPe
use with ther sieki esliceienicqaivaRhbatsreof ktinG th&f‘c giad%fthetﬁ%tan&fss' P

devices and systens will then be described fol by a description of
t he met hodsfath. fabricati ng the subj ect test strl p devices. Finally, a

bri ef ﬁﬁ’éﬁf,' pti o gov: deg %Qe subj ect ki ts whi ch kits include the
subj ec i ces 8%‘6 TRI0BS AisFugseg hergin fﬁF REvidedriglqln éordher disclopgrehods.
[0037] In tp8od t@lthé’Yﬂng dgﬁsﬁrtb@ﬁﬂe%ft a&fﬂﬁ:aﬂrﬁsﬁm}nh@ﬂ&@ﬁf i9t E\él | be

described in the contéxt of anal oncentrati orf neasur enent

appl i cat i onsgnshoedeean admmlsnonsh:nm]he prickdne ircledtibisht khtiidd tognteddiet hose
skilled in thgé’f“m wi || ‘;/)prem ate that the subject devices, systens and
net hods ar e4¥: icatipry hyeViRlE Of PRIV eRtong thyathen tiasdates o favdlicativani cal

characteris agul t| tlrre
bl ood chol e I{togﬁigle vg‘% &%?@t ﬁ%ﬁ{f@é@?ﬁ@?guq\bg} %g%%o‘% gr%} rlf?pd ches
[ 0038) As simdemamidestlly atrfirenedt he subj ect test strip devices include a

bi osen@}é and a%‘ | east ane ski n- s)l erci el enent or mcroneedl e which is
st ruct @P3f) y BEPERSERY INYENtio wi{l fESCFﬂPF‘éi iagsfadle tinfuskEnsor may have

an el ectr Ocﬁﬁ%ﬁﬁk the present invention, various embodiments of the subject devices,
including test strip devices having biosensors having either an electrochemical or
a colorimetric/photometric configuration, will be described first followed by a
detailed description of various microneedle configurations which are usable with
either type of biosensor configuration. The subject systems which include a meter
for use with the subject devices methods of using the subject test strip devices and
systems will then be described followed by a description of the methods of
fabricating the subject test strip devices. Finally, a brief description is provided of
the subject kits, which kits include the subject devices and systems for use in
practicing the subject methods.

[0037] In the following description, the present invention will be described in the
context of analyte concentration measurement applications; however, such is not
intended to be limiting and those skilled in the art will appreciate that the subject
devices, systems and methods are useful in the measurement of other physical and
chemical characteristics of biological substances, e.g., blood coagulation time,

blood cholesterol level, etc.
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configuration, as illustrated in Figs. IA 1B, ICand Fig. 3 or a
colorinmetric or - photonetric (used interchangeably herein), as
illustrated in Figs. 2A and 2B and Figs. 4A and 4B. Likew seg yphe(os

subj ect skin-piercing el enents nmake take on various configurations,
wherein a first exenplary enbodinent is illustrated in Figs. IA 1B, IC
and 3 and a second exenplary enbodinent is illustrated in Figs. 2A 213,
4A and 4B. [00391 In any enbodi nent, the subject test strip devices and
bi osensors are useful in the determ nation of a wide variety of
different anal yte concentrations, where representative analytes include,
but are notTdst BtrigBevizes gl ucose, cholesterol, Ilactate, alcohol, and the
l'i ke.. I n many enbodi nents, the subject test strips are used to determne
the gll8®Me conckniwmmanzed aboxe,ghy situewdest alripsienisiee includg.a biojensar sti ti al
fluid, bloaod 0qQd fracti.ons onstituents thereof,. and the |iKke.

El ect rocher?‘flggﬂeq‘gé)tneéﬁ "%5“{%%6‘1‘%&%&%9{{56&8\@%1 Hgisgggtu&ail,y 1B, 1C and
3, wherein il poey : ' :

el ectroc herlrJi1 ﬂggﬁl @E?ﬁ f?i?i@epdggévi cﬁ%u%&gﬁgo S.‘ELISS(SA- Hﬁ?ehgggg? ?l%gﬁ'rg/%h\ég?catlwhe
present i neenfigwratiar, as illistratedan &dgs. TAS1Bs1C iapd F. drodt alldborimateic ot dent i cal
el ectrochem cal bi.osensor configurations which are herein collectively

descri bed, PhotREegic (uspd imterchangsably\istair), s plusireted ép Bissnbhead @B and

m croneedl gs,6 2 egLi Vel nave di ffer figurations. In
each test %??Sl' gﬁgbsej\c}i‘lg 1211(%‘312&’ %(ﬁiﬁe tes}%&?é}seéﬁgﬁéﬁfngﬂgfeﬁ%et@g%é@an

el ect r ochevafiabs mﬁlgu@ﬁnﬁg,aixﬁexeihavﬁr@ge)mgﬂa@remd'nﬂmrlst illaBgatepROSi Ng

. electrodes 3 and 5, respectively referred to herein as_ bottom el ectrode
3 and top &igselfobB, B and 3jaadarsecond exernles embpdiment iy Yussatad mligs 9

LFS- 145 9 0 f.agi ng each other are conprised of a conductive | ayer
8 and 16, r@ggpz)ét‘:?'gvagfl?fﬂ'such as a netal. [0041] In certain enbodi nents of

the spi)3¢t el edh apg bobbdialent)iths Qutsedt Sest kit delces bidBioSeRbR BenRfdl | Y
configured in the formof elongated rectangular strips but nay be of any

appr opr i at & Baisterminationfof guvide vanety Py differentanatyreecanserstations, wheee
el ectrodes fr u 5.0 4.5 cm.a usual | y. fraom.about 1.0 to
o o e RS ARRRS Hettae b u ngr SRRy, HRE ¥nde BB 000! o

usual l'y fr osa8€QWohol, and the like. In many embodiments, the subject test strips are

used to determnine the glucose concentration in a physiological sample, e.g.,

interstitial fluid, blood, blood fractions, constituents thereof, and the like.

Electrochemical Test Strips

[0040] Referring now to Figs. 1A, 1B, 1C and 3, wherein like reference numbers
refer to like elements, two electrochemical test strip devices 2 and 100,
respectively, of the present invention are illustrated. Test strips 2 and 100 have
identical electrochemical biosensor configurations which are herein coliectively
described, however, their respective skin-piercing elements or microneedles 6 and
102, respectively, have different configurations. In each test strip device 2 and
100, the biosensor is defined by an electrochemical cell generally having two
spaced-apart and opposing electrodes 3 and 5, respectively referred to herein as

bottom electrode 3 and top electrode 5. At least the surfaces of electrodes 3 and 5
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N

0.20 to 0.60 cm and nore usually fromabout 0.1 to 0.3 cm The
conductive layers and their associated substrate typically have a

conbi ned t hi ckness ranging from about 100 to 500 mand usually from
about 125 to 250 m [0042] The entire el ectrode may be made of the netal
or made up of a substrate or backing 4 and.18, respectively orf KleZ((g
facing surfaces of which the netal |ayer 8 and 16, respectively, is
provided. In a particular enbodiment, substrates 4 and 18 are made of a

Myl ar plast'cfll he t hi cknes t he i.nert bckln mat er.i
typrcal |y r BEieser o Bt OB R oBo OMEHAS YEEE Py ABRTBR RSB0 400

m  while the, thigkness of the nmetal |ayer typi caIIy ranges from about 10
to 100 nm and usually fromabout 10 to 50 nm [0043] As nentioned above,
el ect r[0d4s] 3 andlbcgemeembbdinfoaceofahe futgidielec@beheaiial b3eRASRE,@He Dy only a
short distance, such that the spacing between the electrodes is

extrenel y neleeteades Tre genetatiyrrenfigpeediin éhe form of emgatediewmutﬂremmt of a
spacer i 05|t| on sandwi ched .bet ctrodes .3 and 5.
The thi ckneley b ot 888 aiaroTgle Shass YhaphRaiguc  bimanle Brekasnc bl <
often |ess éleafbd%ﬁglél&hpbo‘i@@%ax R A1y LSS of 25 to
175 .sm Spacer y 120pr%ferabl y asplgm 3 El}lmy; gﬁo%gg}gﬁe’%;&gn hol d

el ect rodes Bhewitith of tdopatléatrodes ﬁﬁngés] from abent @DT tediBat, w0ildy, frepadbent | ayer

12 is confl red or. cut so as to ovide a reaction zone or area 9,
where in § B E8icHb A W%Eu\?‘éﬁ”ly BROPHD. 1 fedécmbnl kg @adgetiione 9

£ a1y g P A 7R o Qathib® gy eii

However, th@omedehi DD @rH9 ﬂfﬁ)ﬂnﬂﬂ@ddﬂ@%&ﬁh@éuta%a@z@@ kst strip 2 and

~ 100 or be 10 LFS-145 9 NOV 2006 el sewhere all toget her such as in a

f1uid [B84Hway, dEbeentire¢lisapdomiay heonasicdditle metal or mafeup ke sulgpratrer | ayer
12,1y 0eT B TPRLER oL SRR ASRELLOR L8R g LT
T o Lo Mot eSOk S b ARl s
redox r eageare madstodmMylac plaplas filmh odhg thiclneps eftbainen haskimgrmatetitlon zone 9,
where - typically ranges from about 25 to 500 um and usually from about 50 to 400 pm,

while the thickness of the metal layer typically ranges from about 10 to 100 nm

and usually from about 10 to 50 nm.

[0043] As mentioned above, electrodes 3 and 5 generally face each other and are
separated by only a short distance, such that the spacing between the electrodes is
extremely narrow. This minimal spacing is a result of the presence of a spacer
layer 12 positioned or sandwiched between electrodes 3 and 5. The thickness of
spacer layer 12 may range from 10 to 750 um and is often less than or equal to
500 pm, and usually ranges from about 25 to 175 um. Spacer layer 12 preferably
has double-sided adhesive to hold electrodes 3 and 5 together.

[0044] In certain embodiments, spacer layer 12 is configured or cut so as to
provide a reaction zone or area 9, where in many embodiments the volume of the
reaction area or zone 9 typically has 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 about 0.05 to 1.0 pL.

However, the reaction area may include other areas of test strip 2 and 100 or be
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reagent system 14 is selected to interact with targeted conponents in the
fluid sanple during an assay of the sanple. Redox reagent system 14 is
deposited on the conductive layer 16 of top el ectrode 5 wherein, when in
a conpletely assenbled form(shown in Fig. I C, redox reagent system14
resides within reaction zone 9. Wth such a configuration, HobiVorflb ‘
el ectrode 3 serves as a counter/reference electrode and top el ectrode 5
serves as the working el ectrode of the electrochem cal cell. However, in

el the rBrevaite el dogy sishas E A AulEra YRy Eehr et B b B et
el ectrode 3o5@EVRE. saa&rwekum@meqﬂ? gﬁﬁgﬁ&mﬁ édl%g& ch arefhVes as

a counter/reference el ectrode. In case o se vo tage
wavef orm eagh catelat,squere Acngdsr, acctagntiae of lrreefgeamrsh@earrdaomnhrag,
el ectrode once aBELI;I ng.the anal yte concentrati on neasurenent. [0046]

Reagent sys%‘éjn%‘ ithat dpcdude sidgindetiang outeq ras auipoBRzyme and a redox

act i VerH onent nt .of the e

oo BASh o BREBHIAL A Whe L HachBHRE DTG, i At .
variety Of fHdbk e£2Bht sysREDYr @lSitsRion 148is pré¥Rat vitidh Seactidn kBAWD, Wik he art
and includes: ferricyani de, phenazine ethosulp at e, phena2|ne

met hosul f at aggheystemeld iastlaeted to umratnomh tamaefnhmmwmmtshmm flade,

2, 6-di net hyl| b 4- b f
Ger' vat | voe S BURRURNE AR TP AP LS I TEAER] S ne URiA PRSI (he

like. In magy 8RRRGIVER e§1165|f'?oﬁﬁ€'&¥od?éc5t\bﬂ§‘eff10m9@ﬁp%c&flgle&f{’yt'CU' ar

.interest is ferricyanide, and the |ike. The enzyne o ce nmay vary
-dependi ng oatsscmblcdrfan‘nyl(ﬂmwnum rl&f)i mdoxvlmaglanu systeon beresidaswithcth For

exanple, suitable e y far the.assa u whol e bl ood
i ncl ude gl u@ﬁ%‘@”o@an&% tE‘SE aiﬁ‘?ﬁ@"ﬁ&;’ g@@‘%"‘ g"‘rC gﬁgd?’iﬁ’@%ﬁ%%e ( NAD or
PQQ based) . ¢t drABl:FerRB 2ERSdd Bid peIREaY I:rv@{'&! méwrsein elecaal Bt bl ood

i ncl ude chol esterol oxi dase and erase. 8047 Q her re gents that may
‘be present tha etdu&oclmmtalo:mllaﬂ-kawamc,lm dtheb axhbealihregts, Elgmnﬂfng(cm the,

citraconate, citrate, malic, | ei hosp "Good" byuffers and the
like); di vaY‘@Wpeéﬁ‘ich%aR@‘c& t‘r’rﬁ't‘iacl ilr H‘% 8“5? %ﬁ“’d@“%sﬁﬁb EIVEHFCh ori de) ;
sur f act ant Sqfef 1t bokbin @EbtrofB8¥ervel 8 b WUrking AdWolie afkPioh!electdde K1 Ur oni ) ;

and
serves as a counter/reference electrode. In case of a double pulse voltage

waveform, each electrode acts as a counter/reference and working electrode once
during the analyte concentration measurement.

[0046] Reagent systems of interest typically include an enzyme and a redox
active compoenent (mediator). The redox component of the reagent composition,
when present, is made up of one or more redox agents. A variety of different
redox agents, i.e., mediators, is known in the art and includes: ferricyanide,
phenazine ethosulphate, phenazine methosulfate, pheylenediamine, 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 glucose oxidase
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stabilizing agents (e.g., albumn, sucrose, trehal ose, mannitol and

| act ose). [0048] Exanpl es of el ectrochem cal biosensors suitable for use
with the subject invention include those described in copending U.S.
Application Serial Nos. 09/333,793; 09/497,304; 09/497,269; 09/736, 788
and 09/ 746,116, the disclosures of which are herein incorpdr 88edlby :
reference. Colorinetric/Photonetric Test Strips [0049] Referring now to
Figs. 2A, 2B, 4A and 4B, wherein |ike reference nunbers refer to |ike

el enents, two phofonetric/cal orj ric test strip devices 80 and 120,
respecti vel Yr dghyir?@nﬁfee qrﬁ\é@ﬁ’?ﬁﬁﬁi)ag@tﬁh eRtyasdar thrastayofr i ps
devi ces 80 . i Lric loyLhetric biosensor
configurati Sﬁé‘lgsat%%@ 1?%&??%%@%@%@!%2 Hg%?t%?%iogfc{é%%ani%séﬁ% s or

m cr O'H"({BMT??_S 86 aMHerkiddgenteHRemal belpYesentiae fhabdiS S84 el lQ¥fegL L ONS.
More specifically, a portion of test strip device 80 is made of an inert
mat eri al whizEents feg.cotmesaen ditrage,poalic, onlad, phesphase, FGoodebuffers af@the s
made of a netal material. [0050],ln test strip device 80 of Figs. 2A and
2B, the coﬁ@r&ﬁe&ltwl%ﬁéﬁé’n&@Mw Cgﬁeﬂ%ﬁ wd eagneswmesilaRdtjeabl v)

bi osensor i asi 0 1 GO nents: a
support el e%ﬁg&%{@@ 'é??g)t%é%gafgg’m%gog ’%%WH’]IZP Ph %%?gu?%fl?)’ g}? (%atri X area
84 for receiswbiliging aenpl(e.g.,albheagenicrese)ReltlddeOmanmos] and edieps a
structuyral conponent) within matri x area 84 that tgﬁi cal I% i ncl udes one

or mor OWM8hver s &xamplespfiejactroshsrastli ipsesyn sritahle tnrcise iyiioyhe svhjecin air

venti ng port ) s dr ar ente | y 85 i covers at
east ot r et BERMEL SRR B BRI T S e
nmenbrane 1208833,795; @/MK/30000/43707892 09/706,788 GRA 09T QQEPAS discRBures

~inpregnated therein while the matrix area 84 may or may not contain

reagent conpb¥whichawe hergBuincqupergterbby raferensd-al of support substrate 82
provi des a physical structure to enable test strip 80 to be inserted
into a neter without undue bendi ng or kinking. Substrate 82, and thus
test strip 80, i hrpheic) Phbidamehec ToE 8Befs a substantially rectangul ar

or square-|ike strifp. _Typically, the T'ength of the substrate 82 is from -
about [QM91000 mmikefesing nopw o Bigs-adbAB, #d. awl 4B.o~hareiarkerrefecengsual | y about

20 numbers refer to like elements, two photometric/colorimetric test strip devices 80

and 120, respectively, of the present invention are illustrated. Test strips devices
80 and 120 have different photometric/colorimetric biosensor configurations and
thetr respective skin-piercing elements or microneedles 86 and 122, respectively,
have different configurations. More specifically, a portion of test strip device 80
1s made of an inert material while the corresponding portion of test strip device
120 is made of a metal material.

[0050] In test strip device 80 of Figs. 2A and 2B, the colorimetric or photometric
{(herein used interchangeably) biosensor is generally made up of at least the
following components: a support element or substrate 82 made of an inert
material, a matrix area 84 for receiving a sample, a reagent composition (not
shown as a structural component) within matrix area 84 that typically includes
one or more members of an analyte oxidation signal producing system, an air
venting port (not shown) and a top transparent layer 85 which covers at least

matrx area 84. In other embodiments, top layer 85 may be a membrane
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to 60 nm Typically, the width of substrate 82 is fromabout 1 to 100 nm
usually fromabout I to 10 mmand nore usually fromabout 5 to 7 mm

Typi cal ly, the height or thickness of substrate 82 is fromabout 0.01 to
1 mm usually fromabout 0.1 to 1 nmand nore usually fromabout 0.1 to
0.2 mm [0052] Matrix area 84 defines an inert area, preferablyN§ 2006 -
recessed area, forned wthin a surface of substrate 82 wherein all four
sides of matrix area 84 are bordered by substrate 82. Matrix area 84
provi des an area for deposition, of the sanpled pggtsi ol ogical fluid and

for the vardOBLUIARABRASNLIOMPRSIGHIRArCEIEIIBFEE W hermagE 55 8ed infra,
as well as for the |ight i ronogeni ¢ product produced by
t he signal rﬂif%%[gg%Bbg{b&%ﬁ?%gg}éc&rﬁ%ﬁ{gﬁdi cator, as well as provides a
| ocatifggsifjor therglehesmAsialorthispdr abtnrabsopkividesty Mildtdal Bredueas by the

indicator ° of the signal produci'ng system In such an enbodi nent, top
| ayer 85 i enabledes ptmpeiil tode inkartedtihty xmkter withvemnsidug befidinper kimkmgogeni ¢

product resulting from the reactjon between the target anal.yte and the
si gnal produtstigedys Béﬁsbﬁnplgga§d%$%ﬁpé&%gﬁ%%€a FubSeRlIEY may, for
exanple, b I kb nspo ' igh : WAL ch the
reagent i S‘?-Féggrg%uéﬁfor# Sﬁ%tlfrﬂléx&haé{ eg@iﬁlg{ﬁh etlglgé‘lﬁg?%ge%gg?atfsg Eég(l)\@g@ed wth

a transpar ebuf 1 td1 @B, mirs usisefyUkomnbe@l [@rto J60&irAtah@Mnors YislialyEaboed0 use an

enzynme i ndependent of oxygen, such as NAD-, or P? based gl ucose

dehydr ogends &0 mmoFypicelyytae vedd Msubgrandd wermm abey | W0 mBL i s one that
is perm ssive of . aqgueoq fluid flow and i uf fi.ci ent.| rous, i.e.,

. provi des SLHSP?IEX gﬂ?‘%ﬁ’?ﬁ&"pg&m ag@plotrehgsu@ﬂg 'Dgh?boruggct?%?o]ﬁxgl' of the signal

produci ng spghi&ih Seltight Bl B&nebdoflstbbthte §4 5 Homi@¥od0061 tPl g pl e, the

nature of porous nmenbrane 85 is critical to the subject test strips in
that it showshals{rpmeaboutdl4ouevursandimgrg utadly foomnlabpuatt &t & Odmamacr oss t he

nmb t hi ck . |d I t he .menb t t | d_.not
Cupponb0s2y bt oot 15 B Efiees SHBCR Al paloto Y AGCIREIR St iy
i nt errogat gghthih aSurfat 6F §B5@4te I3AteIRSih ¥l Fbur sidHs OF m4iriR afddbi4esé of the

measurenment correlated to analyte concentration. As such, the dinensions
and por osi thorddred by substrate880Matryx araz §4 grovidesan apgacioe depasttion ofdhea 84 may

or may not Ny P eI HuidahP FR T Varlud Heflers & e si¥hlbroBi AR
system, described infra, as well as for the light absorbing or chromogenic product
produced by the signal producing system, i.e., the indicator, as well as provides a
location for the detection of the light-absorbing product produced by the indicator
of the signal producing system. In such an embodiment, top layer 85 is
transparent so that the color intensity of the chromogenic product resulting from
the reaction between the target analyte and the signal producing system can be
measured. Transparent layer 85 may, for example, be made of clear thin polyester.
This approach, in which the reagent is loaded into matrix area 84 and the
biosensor is covered with a transparent film 85, is useful in color generation
systems that use an enzyme independent of oxygen, such as NAD-, or PQQ-
based glucose dehydrogenase.

[0053] In yet another embodiment, top layer 85 is one that is permissive of

aqueous fluid flow and is sufficiently porous, i.e., provides sufficient void space,

for the chemical reactions of the signal producing system to take place. In

13 LFS-145



(

pores near or at the sanple application region and smaller pores at the
detection region. Materials fromwhich matrix nenbrane 85 may be
fabricated vary, include polyners, e.g. polysul fone, polyam des,

cel lul ose or absorbent paper, and the |like, where the material may or
may not be functionalized to provide for covalent or non-covilﬁntzBﬂ ‘
attachnment of the various nenbers of the signal producing sy ﬁ %1 P0054]
While test strip device 120 of Figs. 4A and 4B has a substrate 140 havi ng
a size and shape simlar tg substrate 82, has a nenbrane 142 which has a

confi gur at | BRRCIPI& 1hg nafuse pF BRTORE MERDIANG &) 1s 85 tigaldo dhmhTuhyest 195ESIEBHE si gnal
roduci ng s i Vi i . are
Pertain notaLFShdnd pERt aiblPaA AT bRl (eb anf A ARG E ertlEhe 21
substrate Idtkingss. H&@E:Qpiheanambﬁune@@keeﬂmkura aldned n@me@wdrtﬂa@d eaterial.
Additionally, matrix 148 is not recessed within substrate 140 and '
ext ends acr Bew t¢ He sofipt ef thewneitibrapé beisgbateragaed.4@., tiucalpemtensgsof strip
120 has a dogb e-si ded a(%gﬁsive | ayer 144, sjtuated between. substrate 140
and nmenbr an¥ERIS 2 BRIEHS ed@aa%wégfetw@me%to 2PANIHCANCENEAIONG S por t i on

150 which ¢ -Q .t . ' ines a
deposi tion g{cégﬁggﬂg%%%sbdgg pg{r)(g%té W ﬁ]gfriil spe@t%t %@n%%éﬁg%%ggﬁg Ef The

doubl e- si degtea8ih @iyt rhayfst hbdd pbads dad/oe apoasty kfsdiaitf @gheith tavgersubst rat e
140. [0055] A nunber of different matrices have been devel oped for use in

various anpergs Beager aethe samplesapplication wiomandisendlenpgreyatthe detestianer ns of

with the 1Bl s RRRd bifer B ReRh o B8 RTRE Bhr e IRy (T 1 ©

devices of fbrde Glé‘ﬂiﬁrs,i W Rlysalfohd Golidenid & telall GsensitabbdBiitgApé0and hose
described in U..-SfiJ atent%??. . 4, 73?0360; 4,900, 666; 4, 935, 346;

5,059, 394; Gelia, whee thy BeErabey S mey,mhi be fB1cAipBalod;to Brayids fo70;

5,526, 120; 5,563,042;: 5,.620,883: 5 753,429:. 5 573.452; 304;

S 780, 255, CuaRsSpein-Ceviban ket ghutaagions meanaosrygs SRy

di scl osur esp@budhi sfstéhe herein incorporated by reference. [0056] The

one or nore nenbers of the signal producing system produce a _
[0054)] While test strip device 120 of Figs. 4A and 4B has a substrate 140 having

a size and shape similar to substrate §2, has a membrane 142 which has a
configuration similar to transparent layer 85 and employs the same signal
producing system as the test strip device of Figs. 2A and 2B, there are certain
notable differences between the two test strip devices. First, substrate 140 is
made of a metal material rather than an inert material. Additionally, matrix 148 is
not recessed within substrate 140 and extends across the complete width of
substrate 140. Further, test strip 120 has a double-sided adhesive layer 144
situated between substrate 140 and membrane 142. Double-sided adhesive layer
144 has a cut-out portion 150 which corresponds to the area covered by matrix
148 and defines a deposition area as described above with respect to matrix area
84. The double-sided adhesive layer 144 holds membrane 142 attached to
substrate 140.

[0055} A number of different matrices have been developed for use in various
analyte detection assays, which matrices may differ in termns of materials,

dimensions and the like, where representative matrices usable with the
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det ect abl e product in response to the presence of analyte, which
detectabl e product can be used to derive the anpbunt of anal yte present
in the assayed sanple. In the subject test strips, the one or nore
menbers of the signal producing systemare associated, e.g., coval ently
or non-covalently attached to, at least a portion of (i.e., tBeNjy yps
detection region) the matrix, and in many enbodi nents to substantiaﬂly
all of the matrix. The signal producing systemis an anal yte oxidation

i gnal ' ; . | id i gpal duci t i
Tbant ¢ bt O EY AL R ot 308 S B R Bl R e R ME RS R S0 '
concent r at i #8 nbflifkted 5 ARIse descriiRtiiN eds. phgt ARl U B4 F00¥iodh s

*

. by a
suitable enzyne to produce an oxidi zed form of the analyte ang’ a

cor r espondi 483 5B46; S P03 A4; 6156M, 4680 6306623 1y, dt Qi o603 A 6,51Fhgohy dr ogen
peroxide is e oved, jn tun-4 to generate the detectabl e product
from one ors’hgg’gzq;ég?géa@/@; S’é@@r‘?ﬁgﬂﬁc—l'é,g""\%gé?aéﬂt,ﬁ%z;éﬁﬂﬁ%o%\5,7§8t2éét abl e
product ge . i I j syst i.e. e signal, is
then rel at gg?%&?htg,\,’%i&hﬁr?? ng@%iasr%glr@? Zjb’glﬂr% %ﬁe%eiﬁﬁ?sgfesso;ﬁg?lgh A%s such,

t he anal yt enedeihdgdorsstaei WyakfepsrR@uUci ng systems present in the subject
t est striés are also correctly characterized as hydrogen peroxi de based

si gnall08¥@duci ngTksenegramoregnanbersof thediigad prbdabingeystemeprhgubeagen

per oxi de based, signal, pr.oduci n systens include an_enzyne that oxidizes
t he anal yt eéez‘?%a%ﬁgﬁ’%% néeSpé?B_ger 595%8ﬁmsﬁr&eﬁﬁﬁﬂﬂweowhﬁbﬁ%wq%er oxi de,
where by coirbesdentbedscATsWRekive the AR orgﬁlﬁ%?ﬁesﬂﬁﬁﬂ%e safdr ogen
.peroxide that is produced is proportional to e anmount of” anal yte
present i n sample dmphesubjént tesp etriph) the wat ur mood meimbersfdfitisd sighal LFS- 145 9 NOV

2006 enzyne necessarily depends,on the pature of the anal yte being
assayed butprf’gum%?‘}’éieé’?%ﬂ? %%%F‘éi’a?s%’ RValsBHy aF BeRRaxdentisatiached to ple £ r st

enzyme may 10t a gbHRAST (i.Qxﬁﬂ%?Qc(i%?‘f\%\oﬂ)hﬁe g@ﬁ’ taﬁdiil'?nﬁhg%%‘ahi énts
gl ucose dehydrogenase either using D “or ds cofactor; c o1 est er ol

oxi dase (whersebstimiatimallyof ¢hd matrho| Bst sgml produaingahsttmadx adassiy{enher e t he
anal yte is alcohol ct.at.e oxi das re the analyte is lactate) and

, wh .
the like. & IOBQ?%‘PLE%H&%H&;?)&%%% g}y( SHGPFIHAE HEE 8N MAOBICHIE SYSIeBhal yt es
of interestis #egnkAMVR gbRerhPS hedetdck A LiBn iR WhidNle TRY R SO be

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 hydrogen peroxide. The hydrogen peroxide is then
employed, in tum, to generate the detectable product from one or more indicator
compounds, where the amount of detectable product generated by the signal
measuring system, f.e. the signal, is then related to the amount of analyte in the
initial sample. As such, the analyte oxidation signal producing systems present in
the subject test strips are also correctly characterized as hydrogen peroxide based
signal producing systems.

[0057] As indicated above, the hydrogen peroxide based signal producing
systems include an enzyme that oxidizes the analyte and produces a
corresponding amount of hydrogen 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
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enpl oyed. In those preferred enbodi nents where the reagent test strip is
designed for the detection of glucose concentration, the first enzyne is
gl ucose oxi dase. The gl ucose oxi dase nay be obtained from any conveni ent
source, e.g. a naturally occurring source such as Aspergillus niger or:
Penicillum or reconbinantly produced. [0058] The second enéﬁwgz t he:
signal producing systemis an enzyne that catalyzes the con i of
one or nore indicator conmpounds into a detectable product in the

presence of hydrogen peroxi de, where the anount of detectable product
Phat 1s pr ofUREE Hrreraary Aeproils BR Bhangiiia st s Bbite beng Aesaxpd bk S of

hydr ogen pe J | o LS n y i rakly a

per oxi dase, égdvg\krlﬁe&?%&gg%ltdg% Jey(%g?ox'r’ a%g'sA?glgﬁ ﬂglgﬁnéto%ggbggga %?epg:l%éfﬁase
(HRP); soy opdaoxX(wiRse thel@abadisndaddsy), BF Iﬂl'é@ﬁdddﬂzﬂ@ééﬁg @itmsﬁyt hetic
anal ogs havin peroxidative activity and the like. "See, e.g., Y. G, F
Wang; Anal yMNAS oTRQRQ ancofpgor cholsterol 980jase polgers dR. anaYOSB]cholesteraidli cat or

conmpound or ounds, .e,g.,, substrates, ones that are _either forned
or decorrpos@%glg@ PN Sﬁ&ﬁp%ﬁé}ﬁe ﬁ@iﬁﬁi‘%l C?lpp%;ﬁ%ctﬂ,e@gcgg%(vg?erq ¢ angbitoxi dase
to produce Watol e : | i ' . hned

wavel engt h rﬁgﬁgg@ I%I?%P%rlg%[ Qélﬂﬁtgxgﬁ:??%gtﬁ%yﬁl%r g%s‘glrﬂggﬁ g?%ﬁ]gﬁhggat a
wavel engt h adliljtbeofimtertstane kixawn &t thokd sidillécin thaaplagd ataytd® Best i ng

reagent absorbs strong%. The oxi di.zed formof the indicator may be a
col ored, fafRPloyeddnshess prafered epboduacnts phgre the rragent teshstnpas idgsigeeds a

change In ofldte 8ol 35114000 chASe0f ol e ERTBEARS: s oTRAL, boighe sav. the

.testing reagent can 1 n presence o se’i°n € 16
“ LFS- 145 9 NIhe 2Rid6se dnidasecnd oseobiained float agy ddrevesiagtkotfce, akt £hmatdlvel vy,
- by a colorless area devel oping color. [0060] Indicator conpounds that
are useful PIFUFARS FMESEHICha8 ViSRETIS MEsT TP eptsilinm.ygecaminaib: conponent
chr onogeni ¢ ‘%EQ?JJ ates. One-conponent systens include aromatic am nes,
aromatic al 2oho S, azines, and benzidines, such as tetranethyl

benzi djons8IHCI . SThé sdondiendyrfio BPMREINNaS yidabgishatmMdeat BRSend that Whi ch one
conponent | gatal\l/gel_s" thgl QOI%BEIQOS gtr' (i)r\llea(tnj %Sre(iiggzagog Lor?lgglgl%ls ?ntggocise?ectable
product in the presence of hydrogen peroxide, where the amount of detectable
product that is produced by this reaction is proportional to the amount of
hydrogen peroxide that is present. This second enzyme is generally a peroxidase,
where suitable peroxidases include: horseradish peroxidase (HRP), soy
peroxidase, recombinantly produced peroxidase and synthetic analogs having
peroxidative activity and the like. See, e.g., Y. Ci, F. Wang; Analytica Chimica
( Acta, 233 (1990), 299-302.

[0059] The indicator compound or compounds, e.g., substrates, are 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 sample or the testing reagent absorbs strongly.
The oxidized form of the indicator may be a colored, faintly-colored, or colorless

final product that evidences a change in color of the testing side of the membrane.

That Is to say, the testing reagent can indicate the presence of glucose in a sample
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disclosed in U S. Patent Application Ser. No. 08/ 302,575, incorporated
herein by reference), or 4-am noantipyrine and the other conponent is an
aromatic am ne, aromatic al cohol, conjugated am ne, conjugated al cohol
or aromatic or aliphatic aldehyde. Exenplary two-conponent systens are
3- et hyl - 2- benzot hi azol i none hydrazone hydrochl ori de (MBTH) ﬁ?ﬂ?iﬁed

w th 3-di net hyl am nobenzoic acid (DVMAB); METH conbined with 2008

3, 5-di chl or o- 2- hydr oxybenzene-sul fonic acid (DCHBS); and

3- et hyl - 2- penzot hi azol | nonehydy azone N-sul fonyl benzenesu] f onat e
monosodi um PY/BFRemsd 6 ?lﬁsglww 8L aksmatserly, byfegoieniess @ra deYFBHge aci d
annnniun1(AQ§§, In certain enbodi nents, the dye couple MBTHSB-ANS is
preferred. 611 I n yet other enbodinments of colorinetric test strips,
si gnat [ogs@HUC NgIndse4sdreddnponalls HaoekaRe Rl f] MepRseaThvéarioaGhalbienrfroduct
(or detectable non- fluorescent substance, e.g. in a fluorescent

backgr ound) oneaypndévewpinppeent chuarhogense subssatedeQus-chrmponant Kysterahi  Zai t su,
Yosuke Onhkur New f | uor ogeni c substrgﬁ s for Fgrsen di sh Per oxi dase:
rapid and sPAVEEATRMASSHPIEYAIPPALG RS @é%sﬁea@n DANZig eSS b 2t dase,

Anal yti cal G aeRe0 SLAARIRA) ldblh0R dhtonEHATRLAES iRl g Bl in
colorinetric reagen est strips sultable Tor use wth e subj ect
i'nvention iwaicHd@e cbipsfertés MBDHMar MBITSdefRadticd (sd¥dbr eanhfis 1142,
5,753,452; 5,789,255, herein incaorporated Qy reference. 17 LFS-145 9 NOV
2006  Ski n- BFelesadig LB eRatartsApplication Set Nes 08308575 Recarperags haseindat
strips 2 and.80 of Figs.- ad 2.1 ectivel as, well as to  test
Stribe 100 Srreasy G inibaRPlaf HANRESHE Rkaardt PRh wdiplCamte

confi gur at i g8sma0E alcskbN) cHjasfbd amehes BBL 44T 51050R Gk aforditid dtailiphagent
~invention will now be discussed in greater detail. As discussed above,

test strip ddehiyde. Esemplasy tidesomponentsystens hwm -ogthyhiZoemagdnazolinone

Govi co 120 IRcHE SRl HE T RO bk i s Bheinc Byl 4 ot on ©

simlar to mmng MEEEH c8inbined80ith sEkihlors-2 MOURY§henzkhe shislic 8difi P
devi ces 100 and 120 of Figs. 3 and 4, respectively, differ fromthose of
Figs. | an@QHBﬁ);tanét-”-ltﬂlqg’vl-ﬁdm@zathtﬁzﬂhmr@hvdnﬁwdﬁéélfb@ylconfi gur ati on.
'n both benzenesulfonate monosodium (MBTHSB) combined with 8-anilino-1
naphthalene sulfonic acid ammonium (ANS). In certain embodiments, the dye
couple MBTHSB-ANS is preferred.
[0061] In yet other embodiments of colorimetric test strips, signal producing

systems that produce a fluorescent detectable product (or detectable non-
fluorescent substance, e.g. in a fluorescent background) may be employed, such
as those described in Kiyoshi Zaitsu, Yosuke Ohkura, New ﬂuofogenic substrates
for Horseradish Peroxidase: rapid and sensitive assay for hydrogen peroxide and
the Peroxidase, Analytical Biochemistry (1980) 109, 109-113. Examples of such
colorimetric 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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enbodi nents, the mcroneedl es extend froma substrate of the respective
test strip. Specifically, in the electrochem cal test strip device
enbodi ments of Figs. 1 and 3, the mcroneedl e nay extend from either of
one of the two substrates, i.e., biosensor electrodes, wherein the

m croneedl e and such associated el ectrode are integrated m&tm @? ﬂ%ﬁ
other. [00631 Any suitable shape of skin-piercing el enent nmay b Ve oyed
with the subject test strip devices, as long as the shape enables the

skin to be pier cggnvpl;,t}m ly”gpl} mﬁcoteodehe patient. For exanple, the
ski n-pi ercing eIEnm—mygﬁmmﬁsq%né—Fal ly flat or planar

conf i glo0a2) on, ORefeBind® testisdipnt hitd BY o £Figh NOSALR redgekbvely, %%&ris' tEe or
triangular in shape such as a substantially fl attenéd triangle-li

confi gur at i 68, SthQSakQQLmdalr?@oanogs Beand damgspedthety, she tatniue csmﬁgmatldﬁsmfcr 0SS-

sectional t]% e.of th |erc ng fehem&*nt or at |east the portion of
skin- piercl ’ngeF‘aH%ﬁﬁﬂi i @nﬁ?éh%st?é f BrEsFRtANYanson k1K noWelE be any
sui tabl e Sh@?ﬁb?ed 1H(§réﬁi!érrl’ﬂe'talpuﬁs ﬁ&Eugskﬁr‘aﬁcﬁ% o stﬁtﬂr@§¥il@9tlb@ dfudes an

rect angul ar ong,” square, ova tr1rangular, star,

etc. Additi aeatdchemtdaemkempt@ffcgungxcﬁnl SIEIRR to tHRYD Faest E@per @plﬂer 1 My
otherwi se define a point or apex at its distal end. Such a conf i guration

may take t Hehileiess SAp devies | 2¢ insludeglasolarimetac/phptopretrac pipsensbt or

triangul ar sh r_the 006 0641 The

di mensi ons OF %H‘@%RFW‘&F&P@?%&?&SE%R r?&ﬁgér' oﬁgﬁ%rngi SEJStSWpa vari ety
of factors geides 260 bh@ 120 BEFRE, pbﬂ@we%cﬁaély?@im folthb& Shiigd ned, the
desired penetration depth and the thickness of the skin | ayers of the

~particul ar angatinghat they hayeteedifisrent Gaeroneddly cortfiguraticnn-Ipbetici ng el ement i s

constructed t.0 Lo e skin erci.n nd fluid extraction.functions and,
t hus, :Js depdige VIr‘gEmlgrltWF Fse?‘?{t?rfc}ll E%‘B@ssﬂiglf%atﬁn)é%ﬂ?trﬁslrﬁql%@?‘t: on into

and wi t hdr ap, §pQIRdANS, SkhB eleckyBeRLAY t%&mmmﬁ%%m%' ] the
ratio of the pen%tratélmgn IenSteﬁ (defi nedes by "'t he di stance between the

base of thengid, ﬁmn@r@lmgleem@mm@frdm dithedpEeomd oftthpjwa wbsdnamateer (where
such o aretcr %y ased Al Lhe baec. ol e Sl per g glent) T
to 1 and ofih@BtadPnitk QadtPother.
[0063] Any suitable shape of skin-piercing element may be employed with the

subject test strip devices, as long as the shape enables the skin to be pierced with

minimal pain to the patient. For example, the skin-piercing element may have a

substantially flat or planar configuration, or may be substantially cylindrical-like,

wedge-like or triangular in shape such as a substantially flattened triangle-like

configuration, blade-shaped, or have any other suitable shape. The cross-

sectional shape of the skin-piercing element, or at least the portion of skin-

piercing element that is penetrable into the skin, may be any suitable shape,

including, but not limited to, substantially rectangular, obleng, 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 oblique angle at the tip or a pyramid or

triangular shape or the like.
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[ 00651 The total length of the skin-piercing elements generally ranges
fromabout 1 to 30,000 mcrons, usually fromabout 100 to 10,000 m crons
and nore usually fromabout 1,000 to 3,000 microns. The penetration

| ength of the skin-piercing elenents generally ranges fromabout 1 to:
5000 microns, usually about 100 to 3000 microns and nore us@allly(#bout
1000 to 2000 mcrons. The height or thickness of skin-piercing el enents
6 and 86, at |east the thickness of the distal portion of the

sual bﬁéﬁk%gaﬁtﬁﬁe%wﬁﬁ%&%%fra” Vo e ik gy oA %sarﬂaCESEfa
250 I
Co. 2000 meraneoCHERE A TR A olbs” PR TRB- AAFER b AR tAOT PV om

about” 500 deelré&ﬁﬁlelﬂﬂaﬁb@ldSpthhhdﬂH@N‘luﬂ@iEﬁCHfﬁﬁé’%lén1 %mh@parﬁb@ﬁ?t er of
the distal tip generally does not exceed about 1 mcrons and is

general |y |pstisnteang @B@dt Cmeralﬂin&@rskmamdrcm@iemmleadnmsyrub@égot han about
1 mcron. However.,.it. wil ppreci at f skill e art
that the olRendgskigeRierin: awﬁ%u@f%aﬁw@r fiiigns aheriBis AR Rong i ¢ s
| ength or %(ant SLah vitds¥andqh mtd m&hﬁﬁ%l ﬁ’f)mttﬂceslélé' n-plercing
el ements of t st strip devices o Igs. 1- as a space-defining
conf i gur at i Typicallystor accbmplisit Hesepoalywhhetutiowd e j;emaramcbrol&ngﬂht(deﬁm ski n,

creates a space or volune within the pierced tissue. This space serves as
a 19 LFS- 14y e dislansg bgtveeadhs b@ﬁerofmqlﬁuﬁpmle&els&m 3G 4t="uihatai 4pkRused to

ool 11 81 iRl REHNAaLEANS! BELERLAR . oPRRIRA peuAL on Of the

subj ect te I Ces ace- configurations

( of the presfgtherthiserdhaboer ert K wialtlefbone? & space usmll)hib’butlﬂ% picer ced
- tissue having a volunme at |east as great as the available fluid volune
in the reactdtord angrmdteptimessO0pdsensor. Such space or vol une ranges from

vol urdS061Cupi ost 1 ot BT PERe R Ebtidd APRERE Mndnd BrdrirBhiabiEd oy

the structur® :Qf 000t Reréid, ﬂsﬁl@rfﬁéxﬂ%@hqm% 10800 niiefe@e snd rRm akauy 50%to
99% and nore usual | y from about 50%to 75% of the entire volume occupi ed

by the ski rﬁ%@b@liltrigoocbﬂoe}{@@ﬂ migrous 7ihempmesrearpleast of o skivrpEereiBas of the

m croneed eelé)r%cler}t? gerﬁzraGﬁy ranges from about 1 to 5000 microns, usually about 100 to

3000 microns and more usually about 1000 to 2000 microns. The height or
thickness of skin-piercing elements 6 and 86, at least the thickness of the distal
portion of the skin-piercing element, 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, 1t will be
appreciated by one of skill in the art that the outer diameter of the skin-piercing
element may vary along its length or may be substantially constant.

[0066] Each of the skin-piercing elements of the test strip devices of Figs. 1-4 has

a space-defining configuration or structure therein which, upon insertion into the

skin, creates a space or volume within the pierced tissue. This space serves as a

19 LFS-145



invention are illustrated; however, such exanples are not intended to be
limting. As illustrated in Figs. 1 and 2, the m croneedle.s
space-defining configuration is a recess 20 or 94 within agﬁﬂVﬁﬂﬁe
e.g., the top surface, of skin-piercing structure 6 and 86. In many :
enbodi nents, recesses 20 and 94 have concave configurations wherein the
depth of the recess is in the range fromabout 1 to 1000 m crons and
nore usual Iy from about 50 to 250 microns. Mcroneedles 6 and 86 may

furth b t.er. d.b d .90 ly, th
et omeedl g bR B S o BB Bt 1P S o S SA0E BhEE med Dy
recess 22 aﬁ%s@éréd)totthé*bldabﬂs%'r ?&t%‘ﬁfﬁﬁ’é‘%"&t téspﬁﬁﬁlﬁlévfc%réﬁxgéégg&t he

volune and flow rate of body fluid into the g area

ot her " enbodilrepsce-defming torsiguaatinhsiof tid gesenBiaRatich crehte oz dafige d@;ﬁacll ng
configuration js. an opening 104 and 124, respectively, which extends
transverse WHBIthgpigseed @isie Bayng aiobine afrleash pe Rivatsas th@)ﬂ‘f@lﬁbk— Buidr ci ng

| ts 10 | n_sk h
mor e annul o Srgdd B EREATE KR bigitinty SRt e TRt R EPor e
ski n- pi er ci gt@ueh @R@ 000D, hﬁ@m&éhéﬂﬁll?@&gam@@'t@% AL, SRER L BGH 104 and

124 each occupy a subst anti al portion® of the wdth o heir respective
ski n- pi erci mupneemnbsmm partibnisfahe ammblumcsoca:upﬁedﬂwtthmthummftl on of

| th di ft t 100 d 20 LFS-145 9
Nov 2006 108 Riaggeting Aemnt 5T Bagey Bomabou ikl PE A e isialBh and
si dewal | s 1823 1p800s3328 75%CSRRE AR WiurRd oéeugret [gagqﬂ%mgp? c d 120,

75
whi ch have a thickness (fl cilent to mal ntal ur e t he
{ m croneed| eelehent. subj ect to normal forces. [0069] The recesses 20 and 94

and-op gs 104 _.and 124 each define a space or volunme within the
over all ﬁagﬁace or ]S“Eﬂ eFRR) ew&ngauwoemfsﬁéeaeeppwe §€W§@t‘%ﬁeét of the

ski n- pi er Cijigeft| AMBR iHnsRUEA. ﬁ&@@veerosruc}(@k!rﬁﬂﬁle%x%a&o‘?%t cfé(art ‘Bé@&g\iﬂhgg space

or volune within skin tissle upon penet Ion into t h acts
as a sanpl eAs fllustratedon Fegst I and Qememnomnevdie‘rsepabef-daﬁrmg airﬂ'@am‘hmp@l
penetration is olégwthln the s Such caonfiguration is

advant ageou‘§°‘?§§ _ VERRIN GridFfackierg Eﬁ%f"‘%ﬂ Sr‘r'éfac?}é’éé]“@splﬂcu'@ StrugtEg | ow
needl e or opg Stﬁa\’[h'?ﬂa:ﬁ/ GhORERcAN! BbesSt F QLG SleflvliAd AR configurations

wherein the depth of the recess is in the range from about 1 to 1000 microns and
more usually from about 50 to 250 microns. Microneedles 6 and 86 may further
be characterized by an opening 22 and 90, respectively, in the microneedle
structure to further expose the pooling area defined by recess 22 and 86 to the
outside environment, thereby increasing the volume and flow rate of body fluid
( into the pooling area. '

[0068] In other embodiments, as illustrated in Figs. 3 and 4, the space-defining
configuration is an opening 104 and 124, respectively, which extends transverse
to a dimension, e.g., width or thickness, of skin-piercing elements 102 and 122,
respectively. In skin-piercing embodiments having more annular cross-sections,
such opening transverses a diameter of the skin-piercing element. In the
illustrated embodiments, openings 104 and 124 each occupy a substantial portion
of the width of their respective skin-piercing elements 102 and 122, as well as a

substantial portion of a length dimension of their respective test strips 100 and
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internal fluid transport |unen) which normally plug or close nost of the
pi erced blood capillaries within skin upon penetration in s%cmwammpy
that body fluid cannot be extracted while the needle is still Tnserted
within the skin. On the other hand, the open-spaced m croneedle
configurations and structures of the present invention create a free or
open volune inside the skin which exposes a significant portion of blood
capillaries pierced by the mcroneedle tip, referenced as 24, 92, 106

and 126 in Hdgs -4 S tHvely. SHC t he ilabilit a

gr eat er voﬁu@?eoggnl%%’d{/(ﬁfﬁﬁ’ﬁqj 40%%8{5%\#3% E}a%f' Wk ﬂl@ %%6146131"’ l_siqéz% mal | er
and/ or Sharzﬁﬁf13%§&s?§dm\é®nbfﬁﬂﬁbné€d¢ésqf@©%ﬂhQQO, WARKEAYe heMiEElAY pai n.
The greater availability of body fluid al'so results in a faster

col | ecti on yuficienttosmaplaimiie sBaatureofthemdcBxtadie tvihen sdlijactne hsrmaaid

Sub- Channel {0070] The subject test strip devices further include a
sanpl e flui®%$ansfer or extraction pathway or channel, referenced as
10, 8§y 8 and ' ' EQQ r ctiyel i.ch extends
from lﬁhgé@pen spg%éesréggsstg %1%6 fa%%?)%c%f‘ (Ii \:(2/5%e 13} c@gnagggl%g %38‘3{%3’? B5 ‘)/:@Raﬁs or

bi osensor . WluheasthigttRavetdhspate bheolphexciRfie€By t1ef rebftRtivolegy ofesi des
Wi thin the biosensor portion of the test strip device. The distal end of

t he pat hwaythpakintpigrginglempnts Sush spacemir volumenereates a oprespoadisgspatelare (see
21 LFS-145 91NO\/ 23@1}? .Fi.gs. 2A and %3?2 ar rrtgg Igave ahporti on whi ch
esides wi t VKT RAMRE i SS3e dheg Refp Rt ionato( g skif YRIChiaRts 3@ SaBPlfng 1)
In the | att@iideanédiBuiraderadir whefehn diiitralease@Qipoh YenoMidREs §5@1@&%ﬁth‘i@ the
outside environnment. [0071] In the test strip dévice of Fig. 1, bottom

(el ectrode 3haspacei Suomeenfigurgtiorigstivantagzops evdriconvertionakbdken-pratihgay or
channel 10, reint roxijyal _end 10a aqf thway 10 resi.des within
bot t om el ecqe\rg@%li?’s"’," %%@HD“I! P%%df?a9r Wi VH’gr".eglef‘{)dg‘?Pt-. : .acgg?gﬁiﬂgénport i on
of distal engriduef trﬂ%bb%flﬂm}ﬁ’) WERh A8yt Qw of Kidde RI 6F g piFe%éanent or

structure 6. Simlarly, colorinetric test s rip device 80 o 1g. 2,
substrat e Stoerhchpilkanes piithic skig uploependtra86n o siches Why it bodnffudr pat hway

or channel 88, .wherein.the proxinal.end.88a of .pathway.88 resides wthin
substrate é‘fpﬂbtsbﬁgeé‘itt??tégl"f%le\lbﬁ? ﬁf"’:ﬁ?ﬁétspﬂkn%ﬁ@‘g_“é 1n Hﬁﬁ%%}b_r(,)n&m GRer
pat hway 10,hzhRenhd 'oﬁ&r?lEpBa%@SI mfAkronPad 1B VEYE BBatlds Tha @Er@&ul%@f'tﬂ@ﬂre&ﬂt
ski n-piercing el enent 86. Test strip devices
invention create a free or open volume inside the skin which exposes a significant
portion of blood capillaries pierced by the microneedle tip, referenced as 24, 92,
106 and 126 in Figs. 1-4, respectively. As such, the availability of a greater
volume 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

kg ~

body fluid also results in a faster collection rate of sampling.

Sample Fluid Extraction Channels and Sub-Channels

{0070] The subject test strip devices further include a sample fluid transfer or
extraction pathway or channel, referenced as 10, 88, 108 and 128 in Figs. 1, 2,3
and 4, respectively, which extends from the open space of the respective
microneedle to within the biosensor. At least a portion of the proximal end of the
pathway resides within the biosensor portion of the test strip device. The distal

end of the pathway may terminate just proximal to the microneedle structure (see
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100 and 120 of Figs. 3 and 4, respectively, host fluid pathways 108 and
128, respectively, of which only the distal ends 108b and 128b3 &pe 2506
visible in the Figures. The distal ends 108b and 128b extend within a
portion of mcroneedles 102 and 122, respectively, and their distal
openings 110 and 130, respectively, termnate at associ ated openi ngs 104
and 124. [0072] The pathways or channels of ‘the present invention are
preferably dinensioned so as to exert a capillary force on fluid within
the pooling_area defined by the open space portion of the mcroneedl e,
and draws oFigii &kand 8By r Blaydiavar poatimi which residdsiwithihéhe skacpientingone or
matri x area_of .the biosensor,. . ,AS ,SuUC the diangter .or wdth of a single
fluid chann¥He8ye %ﬁefﬁﬁﬁlnge}g’ rigtnd @XEILQGWT&@@OEE@{T@%QH,&H@? &hs}aﬁ) usual |y
be about 1 ; i i i : ..S§ di anmeter may be constant
along its ?}g%rgteﬂ%g&Hr?aéfpggercdyé.oqlhgloggﬁegnﬁme rgdi ments, the fluid pathway
may fuf0OfiEy i ncl Iidihe oest soip daviee efEp! | botomfedaitloidt 3taad saepineedlols! ect i on.

For exanple, one or_ npre hydrophilic agents may be present in the fluid
pat hway, whlgstasuaplefhud tansise patdwaysnchannel Hbtwherein thegprogimalyepd 4 Oof

surface nodj{] 0 ffact.ant uch,a A _ Triton, .Macol , . Tetfonic,
S wet . ZongAPEhipl QPSS Wih bRl AT o\ perrcaily pabE iR A

i |l ustrat eds igdtaidrdsy bEEistalbnd O of PatBREy 20 rGRRENEIhid KkialHeBBy
respectively, may further include one or a plurality of sub or “side
branches orelembnt aistmaars6.1 Simiarlg@olarimsgec tast/sthip devioe 8A df &ig2al | y ext end
fromthe proxi mal ., portjon .of .the res tive channel. to wthin a rtion
or the ont | S2s{ts 820 skibspieeine Slopeal & B! i et pagvarcorpande

sub- channel g8, rheadifl 1Fp Rk En A RARY JpYathV/a)izBYesiddsAORBinLibdiASg2 N t he
respective substrates 4 and 82, and/ g? tﬁg rre%saltl s'I aye§l 3 v[\ﬁi 0?1’ forns

bot t om el ecipeadiealdy vfthel metrioadse §itc Mowesst, uslike patRwaih@sthe distijesd obul d be

formed during the_u croneedl e mcrofabrication proces In.test. strip 2,
el ectrode If‘:a%é‘?f’t‘%g I’é“%‘?ﬁé?mﬁ%ﬁﬁ tp ﬁ@nrni%@g cﬂ%’“?‘ﬁ%%] ?&Bt-%%%ﬁﬁ\él:"sq 15.

S [ i, B e g ket 4] (7
Sub- channel mspiestingls, @bwhimb loniyathe distalneetie 1 @8b and 128b are visible in the
Figures. The distal ends 108b and 128b extend within a portion of microneedles
102 and 122, respectively, and their distal openings 110 and 130, respectively,
terminate at associated openings 104 and 124.

[0072] The pathways or channels of the present invention are preferably
dimensioned so as to exert a capillary force on fluid within the pooling area
defined by the open space portion of the microneedle, and draws or wicks

( physiological sample to within the reaction zone or matrix area of the biosensor.
As such, the diameter or width of a single fluid channel or pathway does not
exceed 1000 microns and will usually be about 100 to 200 microns in diameter.
This diameter may be constant along its length or may vary. In certain
embodiments, 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 MESA, Triton, Macol, Tetronic,

Silwet, Zonyl and Pluronic.
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sufficient to provide a capillary force on fluid residing within channels
10 and 88, respectively. As such, the sub-channels facilitate ghie
filling of reaction zone 9 and natrix area 84 with the sanpl ed Y5
Sub- channel s 15 and 96 have cross- sectional dianeters in the IrlgﬁgéSfrom
about 1 to 200 microns and nore usually from about 20 to 50 microns. In
the illustrated enbodi nent, capillary branches 15 and 96 extend

perpendi cularly from channel 10 and 88, respectively; however, they nmay

ext end larly fd; ' L .channel.s. S (0074] As
ment i oL@gggbove, Afs[]ﬁel[[%tt ?‘%W"g?@?fg@ﬁ%}%@g i e?d CP%%EH%%?@M of a

subj ect systafectiveiy mpehehat in¢hideehedes pﬁirﬂYt?to‘?@%l‘}épﬂﬁé Brath&trahtl ng a
physi ol ogi cal sanple and determ ning a properfy of the sanple, where

det er m ni ngchanmelsriSpand; 36, ofspeetival psrhicmlatdrallnextemp froshtad paaxtimaht i cal |y by
an aut onat ed device The subj.ect ;}l;éste,m i's _nore

e.g.. a neter. _
particul arl Poniﬁ’ésoérﬂl“éb@ap%élﬁéichw?f%g“ B ROTHOR PT BIS ALY b HESRSIARI on

det erm nati g j ' i.n;E | yte
concentrati gtlrslhedget&gﬁran{rﬁaa i%%‘d" g?/lgftl %‘#}lyg@e{n@h@qguﬁﬁgg?‘ g %I%Er?p i%g?lfgﬁﬂ%%udes at
| east one t gidpessdrrits iflehd eepafiveRabitnges 4idd B andofihRGhétaIcagsE TwhicR!
colorimetric configuration as described above) 23 LFS-145 9 NOV 2096

LI FEO35 hafarmg batiomeelegtrasissd efglpestachemical isktettnp Ag Tokesamdgesgopldds

descri bed apgve ssociated therewith,. and. a neter 40. The suhject, test
Strip devi e PRE TR an Bl iGN AEsHiod gFieRire i ieet e & Wb ur e

S,

and adapt ed5tetshe alcaser d\ee theti@oesTB 6 4d-cHYRRAs $PESih] 153 i tesBSirip
illustrated in Fig. 6, test strip device 60 has a first "end 62 and a

second end 86, thehaitmt mentbeangine gearfdmgotslevenacBisiasogsswer dteed with

first end 62,an t | egst, the 0 nd 66.LS fi ed for insertion
o a et BFEdo Han SaT il o Hetinag 5 fad S adh A didele™

er gononmi cal fyffidRai @gﬁdvifa_elasclaﬁm £d18 b Guidte AR WitEn Mheie1 Al d o 4, to be
confortably held and mani pul ated with one hand. =~ Housing 42 nay be nade

of a netal , resbestively. &is socihdhe suli-tlvnels fadibtateathe fiblind effrabition zone Standt i s
light wei gh;[na u};[ ares Ili“%h'let[l]l% lsXmgféI;iaiPullg SLTI?—%hgninsefsafS z&%r&é I'?ar\]/e 5(:?os(sj-f housi ng
sectional diameters in the range from about 1 to 200 microns and more usually
from about 20 to 50 microns. In the illustrated embodiment, capillary branches
15 and 96 extend perpendicularly from channel 10 and 88, respectively; however,

they may extend angularly from their respective channels.

Svystems

[0074] As mentioned above, the subject devices may be used in the context of a
subject system, which generally includes a system capable of obtaining 2
physiological sample and detenmining a property of the sample, where
determining the property of interest may be accomplished automatically by an
automated device, e.g., a meter. The subject system is more particularly
described herein in the context of analyte concentration determination.
Accordingly, as illustrated in Fig. 5, the analyte concentration determination
system of the subject invention includes at least one test strip device 60 (having

either an electrochemical or colonmetric configuration as described above)
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42 provides an aperture 68 through which test strip device 60 is
translatable from a retracted position within neter 40 to an eXtdagok
position wherein at least a portion of the test strip mcroneedle
extends a distance distally fromaperture 68. Distal portionLEEGHrt her
defines a chanber in which test strip device 60 is received wthin a
test strip receiving nmechanism 70 of nmeter 40. Test strip device 60 may
be inserted into meter 40 by renoving distal housing portion 56 from
housi ng 42 and inserting test strip device 60 intg test, strip receiving
mechani sm DRyINgAtileash ang se¢et skBspicwing sheraetitdeasdrsrBlecbhePqviserted i nto

i stal houd Hs e Hrn il PBRARRAE TN it BRELH A iR IBE 01w

the user tqlatt&dBemicat 9nEdIbHMRIRD 8Fe coaflgde8RRAbdARENIREEE Ine&tedSinfd P devi ce
60 and receiving area 70 prior to conducting the analyte concentration

assay, as wetter 43 Moreisperaficatly, ahidlusteated i Kig. Gridstistipvdestied $Q/hascolst rm t he
filling of strip 60 with body fluid during the assay. en test strip
devi ce 60 jeqd ; 3ri_ché%F’é‘gg@viWmﬁrﬁnﬁlé%%ﬁl‘g‘ﬁ’ﬁéc‘ﬁﬁff@}r/ﬁ“éﬁg7"0"3‘55??'}@‘3 i osensor
with test s i 4RNicoGaa% AREIAL LABhY AIBATES NG I P iHIBLSR oSt Ng
conponents. I'n" other words, wth el'ectrochemcal test strip enbodi nents,

the el ectrogesr 9, the biosensor operatively engage with the neter's
el ectronics; and with colorinetric test strip enbodinents, the matrix

ar ea riemsllg al silgﬁﬁﬁnr 46 rsefrabhyy has an agenasmigall y-gesigned hpugiop 42dB¥81neL| FE035
o . > _ , ! .
operati vel 48 'ﬁg& Wﬁ%h@é@%gﬁhﬁ@ﬁ%&hﬁ%m &S&B%%%ﬁe}%a%%mﬁ ofEh&ld. S

el ectronics 8? , udpon sensl ng e reactli on zone

for matriXx #H@Ring 4PERGHe Mede/of Avntial, pldses br sthet fuitbld metefia], psefédablyed wi th
the sanpled fltuid, supplies an input signal to the test strip biosensor

and recei veneshatdglight weighhbut sufEgiesttiyshiratlpi Ehe fistal gprioseitt efihopsings t he
le flui h teristi i - . J 007 i iall
S0t t | oned it s es ehribi g3 TR el RN Bl s BN, 60 MG KA Y,

of which i s RRRbEEPotiBioh RALEK M0 8RR ek@hesd pditidd WhedefiCatdédseawi t hin
the skin during a testing procedure. The conpressive pressure exerted on

the skin IpprijereeEthedestisirip m&rorasille axtands audigganegdigelly BamcpeBBRo% | ui ds

fS{ ?impt ggvis {52 Bg}tpo% Sé his lélredeai?n%star} ar%ggx'qgfweilric}gestséﬁqg d%\liill‘!!: gOii{'t 0t es_t
received within a test strip receiving mechanism 70 of meter 40. Test strip device
60 may be inserted into meter 40 by removing distal housing portion 56 from
housing 42 and inserting test strip device 60 into test strip receiving mechanism
70. Alternatively, test strip device 60 may be inserted into meter 40 and received
into mechanism 70 via aperture 58. Preferably, distal housing portion 56 1s

( transparent or semi-transparent to allow the user to visually confirm proper

engagement between test strip device 60 and receiving area 70 prior to conducting
the analyte concentration assay, as well as to visualize the test site and to visually
confirm the filling of strip 60 with body fluid during the assay. When test strip
device 60 is properly seated within receiving mechanism 70, the biosensor with
test strip device 60 operatively engages with the meter’s testing components. In
other words, with electrochemical test strip embodiments, the electrodes of the

biosensor operatively engage with the meter’s electronics; and with colorimetric

test strip embodiments, the matrix area having a signal producing system is
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[0077] Distal housing portion 56 is itself in novable engagenent with
meter 40 wherein distal housing portion 56 is slightly transl atll #0tor
depressible along the |ongitudinal axis of nmeter 40. Between %é?t%l
housi ng portion 56 and the proximal portion of housing 42, i %&essure
sensor 54 which senses and gauges the amount of pressure exerted on ‘
di stal housing portion 56 when conpressing pressure ring 58 against the
skin. Pressure sensor 54 is an electrical type sensor which may be of

the kind co i i.el f..electronicsm Pr r sensor
i cat or s SETAEENEARE At B8 b Pl LSRR e pERE R aIO8E L o
provi ded t cor gpicgledompdienirgMlonaknfhe S5k thli@hdtbnasRRk b thatfx Bhcat al

housi ng portion 56 so that the user may adjust the anount of pressure

bei ng appl ireshectivelyewihbrtest,strip dedceled istfoledppitly thersamplddntihid pruppkes e.
[0078] In many enbodi ments, neter. 40 has a di.splay 44, such as an LCD

di splay, fSrMBRSPENA o Redait $INRbOpEnIer FulrgEeipes airutpts I ERY thegffom esul t s.
Addi ti onal I y.: ri r - ut:t o i nputting
Gata to tnetNellE hresdilallasot B AL R BN BRar Pl "The

pi er cijog7éict i on QOfrclBtdrerftiallypoditione® alflt ap@ture 68 WP bessureviaE 546thes. used
to retract test strip device 60 to a | oaded position within neter 40 and

t her eby pr edistabstrface pf whirhns epplidsin thaskin ahd angirdlesrthe piessing site withimand

CHUSton S SR SAHAR S D SRS R PR
posi tioned WprédSukdongd 48 rikilNDesthbexthdcEEY3PbodBuidk FOm S GhrShRGAg ON Of

test strip device 60 Causes microneedl e 64 to’instantaneously pierce the
skin for adwessimbtheheanbiedpf sual fthd imde édshstriBudevsa$050 and 52, when

d i t i | to th { 'S. i t i ndi ti
et haPITHle. measRRERERES S PR ateSel] i MOEEF HOAERRORRHLR SIFETglr poces
(and for reagQyehi B8t isiRSlortios 56 {Ssifgh@Yiran BBk Yor WB5RSs Mt thbre

meter's electronics) or for calibration purposes, respectively.” [0079]
Opt i onal | y,longtusdinal @xivenf nfietert Hbr Bétwvecndisiaj hoedng portieudibvaaddinel retain a

Govi con. ARBRMA BRI HTECHRE R (5 LRIGHUE Sttt Moc Gt EHBEVSSCL | he

used test shebRolASPPrBure exerted on distal housing portion 56 when compressing
pressure ring 58 against the skin. Pressure sensor 54 is an electrical type sensor
which may be of the kind commonly known in the field of electronics. Pressure
sensor indicators 72, in electrical communication with pressure sensor 54, are
provided to indicate the level of pressure being applied to distal housing portion
56 so that the user may adjust the amount of pressure being applied, if necessary,
in order to apply an optimal pressure.

[0078] In many embodiments, meter 40 has a display 44, such as an LCD display,

for displaying data, such as input parameters and test results. Additionally, meter
40 has various. controls and buttons for inputting data to the meter’s processing
components and for controlling the piercing action of test strip device 60. For
example, lever 46 is used to retract test strip device 60 to a loaded position within
meter 40 and thereby pre-load a spring mechanism (not shown) for later, on-
demand extension or ejection of test strip device 60 from aperture 68 by means of

depressing button 48. When distal housing portion 56 is properly positioned on
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( meter or store themfor disposal at a later time. Such a configu ion
elimnates the necessary handling of test strips, thereby mn§ \’zﬁﬂﬂ% t he
| i kel i hood of damage to the strip and inadvertent injury to tLRﬁI;‘. tient.
Furt hernore, because manual handling of the test strips is elH ed,:

the test strips may be nmade nuch smaller thereby reducing the anount of
materials required, providing a cost savings. [0080] The neter disclosed
in US. Patent Application Serial No. entitled "M nimal Procedure Anal yte

Tt ey ur t the R oDk BLLORLGMAAGKThVI 60 L LS ARfofilad § OF Lhe, Sam

day herewith, 15’0 I cul ar evancte ahd i's suitable Tor use with

the subj ect idstedtiebadly phted the QR fol accesyif@ie b@ﬁﬁ%‘i(ﬁth@f&iﬁ.hButtons 50
functionality of neters suitable for use with the subject systens are

di scl osed i and §2,Svhepadepnessedh inBit 533218 716 theasetedh pragsssimg copmimgntsg,
commonly owned U. S, ( ication Seri al s. 09/497, 304, 09/497, 269,

09/ 736, 788, | a’r‘&é,"ifféf‘%ﬁf&e “‘6@?“@%?169%?8 Fgg%ﬁfgéri%&sfé%foswm ch herein
i ncor por at e : rract] ' g a

co or et r | BUBSsETeAd StitcolthinE MY B real 8 QPR BATIIHIRIAHPLRT D, | e
enpl oyed, whete®’scdedtainicsspaeicalihtibhpulpuinst fegpakively. of such neters

suitable for use are described in, for exanple, U S. Patent Nos.
4,734, B8G7] 4, 90Opsiesally e Yumay SurdBo beganfigiradw wedye BnBOBIIB23,

5,418, 142, 5,426,.032, . .5 515 170, 5.526 1 5,563,042 . 5,620, 8

S 753, 420, BPPFRNE saradicipgine aBiahtsidhe Sunjeed esd Rrieiedirgt 4 B0

5, 968, 836 ainBa ¥ siticyidinicrab OBy Erclicclthl GRLALS NIRS Bb the

i ncor porated by refereéence. 26 LFS-145 9 gqv 2006 LI FEO35 "~ Met hods [00811
( As summar i zedtealbostere thsem fuidisposaliahw bateritone. pSwhi des figetdtiod slifronates

anal yre | n U TERmsRg haping S Ret i AoRy ima e e e R B Gh R on
of a variety, @t strigi:i :Id‘deirnmer@ﬁtaﬂlnya t&%Cp%paﬁ@tﬁuﬁﬂémmeae%aﬁs%%ﬁﬁﬁnt ative

anal ytes include ucose, cholesterol actate, alcohol, and the Iike.
| n many enbbatidimgtos the teet Kupy ie etimimed) dibstestrséripsnphphe dhatde mdehemallere t he

gl ucose CONthere ryargéh?crllné Hleaarﬁ)o%%io? rlng%iri%glrcqusu%lgf);ln%viding a cost savings.
[0080] The meter disclosed in U.S. Patent Application Serial No. ,
entitied “Minimal Procedure Analyte Test System,” having attorney docket no.
LIFE-054 and filed on the same day herewith, is of particular relevance and is
suitable for use with the subject invention. Additionally, certain aspects of the
functionality of meters suitable for use with the subject systems are disclosed in
U.S. Patent No. 6,193,873, as well as in copending, commonly owned U.S.

( Application Serial Nos. 05/497,304, 09/497,269, 09/736,788, 09/746,116 and
09/923,093, the disclosures of which herein incorporated by reference. Of course,
in those embodiments using a colorimetric assay system, a spectrophotometer or
optical meter will be employed, where certain aspects of the functionality of such
meters suitable for use are described in, for example, 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,
5,515,170, 5,526,120, 5,563,042, 5,620,863, 5,753,429, 5,773,452, 5,780,304,
5,789,255, 5,843,691, 5,846,436, 5,968,836 and 5,972,294, the disclosures of

which are herein incorporated by reference.
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[00821 While in principle the subject nethods may be used to determ ne
the concentration of an analyte in a variety of different physigq\lgquiuggal
sanpl es, such as wurine, tears, saliva, and the like, they are ~
particularly suited for use in deternmining the concentration IgFESH
analyte in blood or blood fractions, and nore particularly in whole

bl ood or interstitial fluid. [00831 The subject nethods will now be
described in detail with reference to Figures. In practicing the subject
met hods, at | east one subject test strip device as described above, is
provi ded, and a subject mcroneedle 6 thereof is inserted into a target
area of ski Methyd@écally, the skin-piercing element is inserted into the
skin. of a finger or forearmfor about 1 to 60 seconds, usually for about
Ito 15[C8¢bnds a@scunonarizeduhbly, thosubjdeo utveitisropfovides andisodsBependi ng on

t he type of hysi ol ogi cal sanpple to be obtained, the subject _
ski n- pi erci HS‘QEP’@M gl@?rﬁ%{?mﬁlé‘ offbegample.ct 1 Bevansentration phan agalyts in

Seh : . _ but
enbodi mont s ap prep i TS RL I Y B iniRia et ohyer of the
skin. [0084gifhédt a.nalpaa SoMREREAL I8 SWhérk kiiRSscHRYivE andl g h&%@%uédaé,er ted

a

into the skin manually, the subject test strips are preferably used with
t he hand- heFiplasierel, laatepslcehia), arfl thabiks ubhmany ¢rebedistenispthdesubjeet 60 i s

either initially inserted into. test strip receiving mechani sm 70 either
Chr ough apeFeiiols s EhoEged B SebaRhe Heralfioot Foteeniraton man b poBeo
housi ng 42 gl acing the test strip into receiving nmechani sm 27 LFS-145
'NOV 2006 LIFEO35 70 of neter 40. Alternatively, test strip device 60 may
(be prolfi083H pr e- M3tkeinh prizicipie ther sbgictinathodemiag b ssed’®. deBtrdihe et , as
menti oned above, test strip.device 60 be coll.ectjvely pre-I|oaded
with a plur SPICEHon ?fiaé* qrabyte 4 3 yayeety HPg%feé@t‘P mlﬁswehmnqﬁgéu t

shown) . In ghgh i : i j . : | e
W eh eter B By SIRRE ol M G Rt aatep SEREDKT R in RRGRGRAD

ei t her ej ecthedoficamtmatibe ofret @nalgte id épwei drédbddnfractians eypd madre panitpactyment
within the .caytridge, while ap_unused test strip is automatically
removed fr om‘?{ﬁ ei’&%"r‘?‘dﬁ@m‘éﬁgﬂl‘ﬁser ted into receiving area 70 of neter
40. [0083] The subject methods will now be described in detail with reference to
Figures. In practicing the subject methods, at least one subject test strip device as
described above, is provided, and a subject microneedle 6 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 6 may be
penetrated to vanous skin layers, including the dermis, epidermis and the stratum
cornmeum, but in many embodiments will penetrate no farther than the
subcutaneous layer of the skin.
[0084] While the subject test strips may be handled and inserted into the skin
manually, the subject test strips are preferably used with the hand-held meter 40
of Fig. 5. As such, a test strip device 60 is either initially inserted into test strip
receiving mechanism 70 either through aperture 68 or by temporarily removing

distal portion 56 of housing 42 and placing the test strip into receiving mechanism
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[ 0085] Once test strip device 60 is properly received wthin mechani sm
70, mechanism 70 may then be spring | oaded or cocked by neans QfNjl €UGr
46 of meter 40. As such, nechanism 70 and, thus test strip device 60, is
in aretracted position. Meter 40 is then positioned substaniiEEd3p
perpendi cular to the targeted skin surface.wherein distal housing
portion 56, and nore specifically pressure ring 58, is caused to contact
the target skin area. Sonme conpressive pressure may be nanually applied

h Ki ni.e... b ing the di | end of 40
0 8 P 3o PSS BB b0y SRR o0«
PLOPETLY LIRSS, S SBPLLER BB R 3Ly 1 EEMD

sensor 54 ofiaybt eolldfivelhre-losledtwinea pRANY of iik&test Miphin NREMGEp and | ow)
of counter pressure is then neasured and displayed by pressure sensor
i ndi cat or s GAptndge éretishpvp) Inqwchgp gmbodimenrthe sartredgzpp raneaiabhoul d

general ly be in the “normal, . range. .Indicators 72 infarm the user as to
when too mut ae?atbll%glt il??q%empr @ﬁ@% may, ?ﬁ‘&O%BF?IB’ngWE Ogiergcbi cators
72 i ndi cat eitRatjeb 8 fAMRtHeaHeBF S5 H08itdSint Y Haen
depress the 1spriJr?g-reI ease bﬁtton@ggtéﬁgtﬁg et%%érﬁﬁﬁg{t&m%f%ased,
recei vi ng/ carngdgaowhibc rawiused %8t stnig 1§ estbmaticdlly rdeioved 66 the eatidiged to

thrust forwar.d thereby causing skin-piercing element 65 to extend from
aperture 683',‘%&836 ﬁ’&ttol}'te‘éel‘flﬁga%&r?é)e‘%féﬁe@k‘w\ area. [0086] Wether by

manual ns or - : I t.0- -pi erci ng

el eman['P Ug into t@ﬁceéjts%% %ﬁ%%t‘%egégg grf:ﬂ%(l}p §g§%§§wb§& Ii%%%lﬁgﬁr%}a? ’def i ned by
( 28 LFS- 145 rAedti@nisa0DG maly theORbspring 1682692 cotkedbsnh eghs Wif 1dvien4s kf n- pi er ci ng

el enent) adj aceg& the fluid pathway, as described above, within el enent

64. Sanpl e TFIET H0-e6 Speh, mrshamem Wandy ks (ashstripdevisp 6f- is paa setracted

configuratiQn:: e. i it ki i_n.pi.etci el.enent 64,

and fromthe %}S’g‘ogif%té{ gi&%gﬁ%r%%i?%y&%gpsct%gﬁgl é’ﬁ%ﬁp lcﬁ’ésﬁorkhgqﬁrﬁ’gﬁe d sanple

fluid is tskénsurfaassiteededisvl dotdifg bbutiod Seatkvmprdipedifichi®ppiesareapi | | ary
force exerted on. the fgool ed fluid to the reaction zone or matrix within
the bi osendyis HF 13 FAUSER IO COREact FIc taRept Sar gIFa. AQMRRTIPOFRSLY e PSRHIRIE Mate

transfer Ofbeﬁhﬂﬁll%}épﬁ&i EOLHIE E‘Eéetfsﬁﬁ'li elr!e&, ?.te.e, gy?ﬁ[essing the distal end of meter

40 against the target skin area, to ensure that skin-piercing element 64 is properly
inserted into the skin. By applying such pressure, a counter force causes distal
housing portion 56 to press back upon pressure sensor 54 of meter 40. The
relative amount (i.e., high, normal and low) of counter pressure is then measured
and displayed by pressure sensor indicators 72. Preferably, the amount of

( pressure applied should generally be in the “normal” range. Indicators 72 inform
the user as to when too much or too little pressure is being applied. When
indicators 72 indicate that the applied pressure is “normal”, the user may then
depress the spring-release button 48. Due to the spring force released,
receiving/carrying mechanism 70 and test strip device 60 are caused to thrust
forward thereby causing skin-piercing element 65 to extend from aperture 68 and
puncture the targeted skin area.

[0086] Whether by manual means or by use of meter 40, the penetration of skin-

piercing element 64 into the skin creates a fluid sample pooling area (defined by
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exerting physical positive pressure circunferentially around the

penetration site by nmeans of a pressure ring 58 or by applyi 31% urce
of negative pressure through the fluid channel thereby vacuu rﬁléw‘

body fluid exposed to the distal end of the channel. The fl ui-dE BRer i ng
the fluid pathway enters into the distal portion of the pathway first
and then proceeds by capillary force (or by applied vacuum pressure) to
wi thin the proximl portion of the pathway which resides wthin the

i h : h d |
aterai 1yt APt onebpuis B e e dlemerd #6558 BER elklRS T5%0r
96, respecyisyfbyd apiiel ®ithin ementtdar %aﬁﬁﬁé e it Hé%o‘ﬂh% Bida Vi Be

reaction zone or matrix area may be filled with the 'sanpfe fluid. [0037]
Once neter dknssprsesoriiguratidig eigeaeddsoor apméng) withit skin piaraag ekneanpdet el y
filled wth%@ sanpl e of body fluid, the nmeter el ectronl CS or optics are
acti vat ed %@Pftb‘l" ﬁpmﬁgwgie@féhwm&r cHig flemertdios ahisi Roo @dtsamﬂ %ﬂlﬁ)‘él nt

“the neter V, t fro

copt on't heodrrabRERETa e HE WAy i8¢ SRIPBIEGR B St fe
di spl ay. Sed HuidRy R QLN 1oR!of n®itrix AdaHif trﬁrﬁ6§eﬁsdrrmﬂhdt@str§ws for
automatically retracting the mcroneedle strip from the skin once the

reaction cefdvigest@.iA$ th:ntmn&d ahowe b grandfen of Hadplay. bel DOBS] favibitated bre

bi osensor reactlorl_bzon mat ri x areanﬁ n@yetelﬁ filled wth the
sanpl e f1 ui TFEHHPBEHE H‘P*’?E\Y? BESHFe SiFRMmigranially aroupd the RROFUREOT Hi sarrpl ed
fluid is s"tﬁda o a9, centration
det er m nat ?ﬁlﬁ%gﬁgsay r\ﬁ%]g“ge gg? r@%gﬁg?ﬂ%@ﬂ?ﬂ]@o&?emmﬁ gggﬁf}; ng

count er/ r ef thr@rghehafldid ciankélrthereb pedquadesg thEhede|fmed expnlsectnocthb distal

measurenent th i s nmad vary 29 LFS-145 9 NOV 2006 | FEO35
dependi ng O?Pdt%iéh?)‘éliwﬂnﬁﬁ ﬁfﬁy %ﬁ&%@wﬁt v pathway epterR antpediSif + b whi ch

the el ectrogfig HhSP{h”éﬁ%?wa%}ﬁ}sPaﬂéth% FUEE b Bgt illar{ &REO A r%@z(@ﬁh&ﬂ‘et her

the assay is coulongtric,” anperonetfic or ntionetric erally, the
el ect r ochenvazaim pressars) eorenthimihe lproseaalipertioh af ge fattovdyowkichireidescur r ent

por od of 1 VHbnbE PG 2R B Tty b TheHuids Sl dureioniofetr o
Met hods f Orla@hlﬂﬂr&t@ﬁ tRD Pa481; 885G Nefatrix area via sub-channels 15 or 96,
respectively, wherein the entire available volume within the reaction zone or
matrix area may be filled with the sample fluid.

{0087} Once meter 40 senses that the reaction zone or matnx area is completely
filled with the sample of body fluid, the meter electronics or optics are activated
to perform analysis of the extracted sample. At this point, the meter may be
removed by the patient from the penetration site or kept on the skin surface until
the test results are shown on the display. Meter 40 may alternatively or
additionally inciude means for automatically retracting the microneedle stnp from
the skin once the reaction cell is filled with the body fluid sample.

(0088] When the biosensor reaction zone or matrix area is completely filled with
the sample fluid, the concentration of the analyte of interest in the sampled fluid 1s
determined. With an electrochemical based analyte concentration determination
assay, an electrochemical measurement is made using counter/reference and

working electrodes. The electrochemical measurement that 1s made may vary

29 LFS-145



el ectrochem cal neasurenent are further described in U S. Patent Nos.:
4,224,125; 4,545,382; and 5, 266,179; as well as in Internati Oc\ﬁlNUﬁ%D‘Em
Publ i cati ons WD 97/ 18465 and WD 99/49307; the disclosures of ich are
herein incorporated by reference. Follow ng detection of theLIFEO35

el ectrochem cal neasurenent or signal generated in the reaction zone as
descri bed above, the presence and/or concentration of the analyte
present in the sanple introduced into the reaction zone is then

det erm ned relati the. el ectrochem cal signal to th a nt of
analyte in ?%Dgngﬁl%ngﬂe PB‘%‘@B}“&B@%O@FFB%%%P&HF IBFtebWHSd%%?I anal yte
concentrat i gacteRhemidalédst Qfip 18E8RY Pl ik ' ist €St
strip, nore s([:)eci fi cez{ll I ; to a r@gcotyie(a;’n @ﬁg@%ﬁ&%ﬁ@ﬁ%@ﬁg al | owned
to react w ¢dulermetoier ampéromesiigoepotpitituetsin Q@ B sd&edtherhidalt he
reaction zone to produce a detectable product that is representative of
the anal ytBearsmenMallimeasuegchargn(seulpmsptsmqusieal (amperdipetiia) o al anount

f anal in:the sanpl e Th .of bl duct ,
oo anah teRag Bork s e Wi s 2R Pre S8 g PR To v PRI of mi nec
and r el at edintroddiRnaAARIURE rédctiod AAdaY Methddis! B maRirel 1B aSAIYeSeripdfit ' such

colorinetric assays, optical-type neters are uséd to performthe above
ment i oned ddedmchemicahthepsiramentars fuper ddfrebabove.S.Fent Nbed reacti on,

detection a at i 2pS || as instruments for erformng the
sane, are f{}?%%g#fdfeg‘%ﬁ@g&ngﬁafgége]gP%&‘@ﬂk a?\lé'sl?‘tc&?af@@?]s%?‘ﬁ 4, 900, 666;
4,935, 346, PufiRShiciRW P9 RI$4dP/d W ; ' rei
5,515, 170° 5, 526, 120, 5, 563, 042 5,(22%?2%@;’ ﬂge%%o%"%“@”@%m%%mm

{ 5,780, 304; 1nSorpeS by refer8dd;. Al lowanSdGedt i o ffhO68cB3hemichl 5, 972, 294; t he
di scl osures of which are herein jncorporated by reference. Exanpl es of

such col or ilﬁ‘éatsf'lfe&n"tylt ogggg;lgqxggt RANE FaeEn {QUFEGS@WS@ 6%‘%% the r eagent
(et houP e kgt o o S i 0
i ncor por at dte baactierd eorenic ehenldsmérnBhed Py f3katingahdalaetirectieimdr! Mehhladshd 0090]
As menti Onea%oau%?\é?énawt% ir? lﬁ_ilens-a%ilp%.ci ng el ements of the present invention
[0089] For a colorimetric or photometric analyte concentration determination
assay, sample applied to a subject test strip, more specifically to a reaction area of
a test stnip, 1s 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 amount 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
described reaction, detection and relating steps, as well as instruments for
performing the same, are further 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;
5,515,176; 5,526,120; 5,563,042; 5,620,863; 5,753,429; 5,773,452, 5,780,304,
5,789,255; 5,843,691; 5,846,486; 5,968,836 and 5,972,294; the disclosures of

which are herein incorporated by reference. Examples of such colorimetric or
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are preferably fabricated with a correspondi ng substrate (for
calorinetric enbodinents) or a substrate/el ectrode conbinatiog ﬂ&qm%

el ectrochem cal enbodinents), as a single, unitary piece or structure
and made of the same material. Aternatively, the skin-pierclitE®&Senments
may be manufactured as separate conponents.or pieces which are then

affi xed or attached to a correspondi ng substrate or substrate/conductive
| ayer conbi nation by any suitable neans, for exanple, an adhesive
comonly used.in the art 0091] The.test strjp deyices may be bri cat ed
accor di ng @‘%@%ﬂé&ﬁﬁ“ }e% ’HP% %ta%lﬁﬁ%ﬁ Qseam;h @tﬁﬁ?élﬁ%ﬁ’t”@%%ﬁfiﬁ‘a@s

i ncl udi ng, 4 4t GL O ingat 4 I sy L.acl udi ng

nj ecti on B o Ba oo Shear o st ShrTG TP At e S AD

enbossi ng, iabstposstd bgraferenasses. [0092] Because the test strip devices
of the present invention are planar, the devices may be fabricated from
and processed on one or nore webs, filns or sheets of suitable material.
Such web-based Jranuf act uring of the subject test strip devices provide
si gni ficant G e OGO e ventional nethods in which test
stripgogau the | AkencakiSned W@%c%ﬁﬁl-ﬁhﬁh% ¢1&ﬁ§m€b9&e foésefit Aty C

i p devices "havi ng

el ect r ochenire ptefemtly fabotaedkwithey motespomiatg substrata{ fog uolatinmtss

respectively. 093], Wiile the follow ng, di scussion of the subject
fabricatioﬁy gé}gr?ﬁl frate/ elestio §F°%$HWEBUEéé@hcﬁﬂﬂﬁﬂﬁﬁﬁuring, t he
t echni ques ghiseds, ]?g&lg | trip
_devi ces. A(éfl]tl ongﬁﬁbgéﬁ?{gzagﬁﬁ?/%%eac}%t a ﬁ%{g}?%&a&iégﬁﬁlgues are

- enphasi zed,matansle Akérhhtexkly,nhd Hlanaridrcingldleratogay be nidnafacairbeérs known

fabrication techni ques may al so be. used which enable | ow cost 31 LFS-145
9 NOV 2006 SCPMRIRMIDORERISTOLBISGRS WhiGhass thrasthxsdpriagtassdiip @nal | struct ures

having intrj L& |.es...deschi and
the oampl e FHESEPRgEL HTue g WhdIL ARG LB LERARS sERae =0C
t he subj ectmé¢®s| fodtekamplian adisesivieabmima@ily asedoh thd &€t rochem cal Test Strip

Devi ces [Q094] The el ectrqochem cal  test strip device webbi n(t;_ 200 of Figs.
6A- C ilR0Y1L]ges The test stnp devices may be fabricated according to the present invention

using any convenient techniques including, but not limited to, microreplication
techniques including injection molding, photo-chemical etching (PCE),
microstamping, embossing, and casting processes.

[0092] Because the test strip devices of the present invention are planar, the
devices may be fabricated from and processed on one or more webs, films or
sheets of suitable matertal. Such web-based manufactuning of the subject test
strip devices provide significant cost advantage over more conventional methods
in which test strips and the like are produced one at a time. Figs. 6A-C and 7A-C
illustrate such webs of fabricated test strip devices having electrochemical and
photometric/colonmetric configurations, respectively.

[0093] While the following discussion of the subject fabrication methods is in the
context of web-based manufacturing, the techniques discussed may also be used
to make singular test strip devices. Additionally, while only certain fabrication
techniques are emphasized, those skilled in the art will recognize that other

known fabrication techniques may also be used which enable low cost
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a plurality of individual test strip devices 201 (shown fully assenbl ed
in Fig. 6C) fabricated in a side-to-side arrangenent along the{lgyoify of
t he webbing. Each test strip device 201 includes two spaced-g[ﬂ%%,js

el ectrodes, bottom el ectrode 202 and top el ectrode 204, and

i nsul ati ng space | ayer 206 there between. Spacer |ayer 206 has a cut-out
portion 208 which defines the reaction zone of the electrochem cal

bi osensor contai ning a redox reagent system A mcroneedle 212, shown

having a_ coplgnatd i flfldsaind @ hhabeall SFLGLANGEOLE 1201 higs,  4A and

4B, extends fromand-i s planar = m el ectrode” ormed Wi thin a

portion of bedhBrthehtcionedites2dchind #ope axd telsappid flo dhniBlciaeedl e 212
is a. _channel 214 for transporting fluid pooled within the opening of

m cr oneed| eclanpels vEshianiks regetien aeapf thefsubierbisststap degcet channel 214 are
a plurality of sub-channels 216 for facilitating the transfer and
distribution of sanpled fluid to wthin the reaction zone of the

el ectrochemi cal Wa‘B?ﬁEE‘ﬁ&{oéb@%&&heﬁfﬁﬁtﬁeﬁ%ﬁF%f&Pd 204, as well as the
associated mcro ) y made i tal or may be nade up
of an [(094] subsiThatetecabchensiopesttstnsdewiat wesbing2e0 efiFipg. GA@imludeayer .

Where the el ectrodes are primarily nade of netal, photochem cal etching

( ECE) ( alh soaphialityf iptividsaHess stap deNieesi 20, (shawe flbvaassembled myFegn 6C)
t oet . !
Feohnt ques. o086 e R SotReeaALTENF 1S 15t BEIR o BPEE BT e,

but are not tdst ftripidvick Q01 hdMda’UWo spafRESIpartGRcthoded, abttomraleduaide adk um
iridium silver, titanium tungsten, carbon and stainless steels.

(Fabri cat i onandippieciode 286, aan gsPptingspace Fyeu 20 tierssbadvesrot Saser Such
sheet provides in t al S rt.he chi LFS- 14 NOV 2006
LI FEO35 pr ogagggi%igzsgaeﬁg'roatP‘g&]ﬁg’siog lﬁ%?%—%%%%e tﬂ%ret% %téor} g%réee&ft?%m about 10

to 1,000 m aRétrodiRifcd]bdseaddr tohtatiih@h eddoxTeadeat SyaEendMA rAichhiadedle@d st ant
| ayer is then applied to _one or both sides of the nmetal base as desired.

Next, |ithogrephhavieg Aspriiayateesimibetp thet pf misrensedledeRi ofdighéAgddnet ri es
(hat 11 25l 6heg b LLaL Wl B o o Binad A r eI 314 2
portion of bottom electrode 202 and a proximal portion of microneedle 212 1s a
channel 214 for transporting fluid pooled within the opening of microneedle 212,
Extending laterally from both sides of channel 214 are a plurality of sub-channels
216 for facilitating the transfer and distribution of sampled fluid to within the
reaction zone of the electrochemical biosensor.
[0095] Electrodes 202 and 204, as well as the associated microneedles, may be
( made entirely of metal or may be made up of an inert substrate or a support
structure covered by a metal layer. Where the electrodes are primarily made of
metal, photochemical etching (PCE) (also known as photochemical milling,
chemical milling and photoetching) or microstamping techniques are suitable
fabrication techniques.
[{0096] With photochemical etching, suitable metals include, but are not limited
to, aluminum, copper, gold, platinum, palladium, iridium, silver, titanium,
tungsten, carbon and stainless steels. Fabrication may be done on sheets or

continuous coils of metals. Such sheet provides a thin metal base for the etching
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openings in the mcroneedles, the netal base. Specifically, thg ﬁﬁs&%
metal is selectively masked to protect areas of the metal which™dre not

to be etched and to expose areas of the netal which are to be etched.

[ 0097] Etching is acconplished by an el ectrochem cal dissol utildREpFbcess
wherein an acid substance is applied to the surface of the base netal and
a current is conducted through the netal. The areas of the netal surface
whi ch are not nasked are then dissolved by the acid. After the etching

SLeP e PSRl BB A RS T T
s 2ot UL Shs it ko sy anecd ety AoPREL AT,

channel s 306ne dtisotheides ofithdGBethl iz whiledireih N RO RafhyREEHRGRS apd € t O be
cut, remains a continuous area of netal while the area 310 of sheet 300
has been cutsedde resirelndsiinedhpgeerattyies lpo9gll bietched partipilnito,awt ther

techni que syj.iable fo abricating all-nmetal electrqdes or, those nade
out of qa ve#lﬁldg‘?ﬁ'agﬂesg}%_gl?c{%u(bﬁ%qa&ﬁﬂélz,mi ?f\ﬁS‘F}\FQ@F‘_rﬁ’ietﬁgg}“Bth’cﬁc‘_’est_ i ch
have been psgéisslin tmm&%a&upﬂheﬁetmagé.esﬁéc?ﬁ&'n??ﬂﬂ@'bgﬁ IHE&PLS“' ng
(EDM . Long sheets or webbings of a substrate netal, such as those netals

comonl y usededtiveIGEagked ¢epmiteny areas ef tenhetalwhish\aronotse be erhsd bndigus! y

fed into a stanpin ress between die sets to selectively blank (i.e.,
punch hol ese’iﬂ?fggreégf’gth(aim%?l,W%F&Fﬁﬁogﬁ’e‘-‘t@}e&e of the metal) and/or deform

t he ne[q)gb-;]subst rEE&iJgrig%CJ@Sel%héjrin QE%H JA&E@‘-‘%&%@ 8@@{3&&?‘%%{12 per f or med

at a rate of 1,200 strokes ute and can p

el ectrodes wherest arododd sfHEEO9E isMppiied td theauefate OtRSs b2RMmaalard0dcifat ude an
inert substrate, materi al ssing and injection nolding techniques

Eot % !

are sui t ablis cPefudtedthrqueh themstaly Hbe 3eeas pEihraetsl uggcoBbEh are RED35

subj ect devi,6a34RAL fﬂeﬁlak@sﬂv\édppﬁﬁe séig. SHOShE BT fthg' HoPorfsi A% C-
I 'y 1 gf 0 °pr RS

The substrate nmaterial 1s sufficien ractura

support to ieippeddtonote sarficd of tht et pred bed; Ao itheahtel &5 FigS Bl ihR sB&eta
whol e. Such,suitable materials include polyners (plastics) and inorganic

material s stHOFeRRINShavigf seeigs ghfemplstely &brigaigd ppigroneedles 302 and

assoctated space-defining configurations 312, fluid transfer channels 304 and sub-
channels 306. The portion 308 from which the bottoms substrates are to be cut,
remains a continuous area of metal while the area 310 of sheet 300 has been cut
etched away completely.

[0098} Microstamping, another technique suitable for fabricating all-metal
electrodes or those made out of a very strong plastic material, involves the use of
dies which have been precisely machined such as by electro-discharge machining
(EDM). Long sheets or webbings of a substrate metal, such as those metals
commonly used in PCE processing, are continuously or semi-continuously fed
into a stamping press between die sets to selectively blank (i.e., punch holes in),
coin (i.e., deform one side of the metal) and/or deform the metal substrate from
both sides. This stamping process can performed at a rate of 1,200 strokes per
minute and can produce multiple electrodes per stroke.

[0099] Where the electrodes 202 and 204 include an inert substrate material, hot

embossing and injection molding techniques are suitable for fabrication of the
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| i ke. Suitable polynmers include, for exanple, polyester, e.g.,

pol yethyl ene terephthalate (PET), glycol nodified polythel ene ¢ yyy 7006
terephthalate (PETG; polyimde, e.g., polyetherimde; polycar onat e;
cel | ophane (regenerated cellulose); fluorinated polymer, LIFE@BSvi nyl
fluoride, perfluoroal koxy and fluorinated ethyl ene propylene copolyners,
i ononer; polyamde, e.g., nylon 6, ( nylon 6,6 , nylon 11, nylon 12;

pol yet hyl ene and its copol yners; polystyrene and its copol yners;

P Tt o b op SR et it FORE T epBRS YTRG I abRENINT b pRSuY ahhe pupstate” ' ©°
copol yners; nﬁ&dlapglsnwle&wmeﬁl tb%mh@é ﬁh&&&%ﬂs@ﬂgtgh A0k l\/{/’? 0

nano- partlcles A preferred material for the strate Is a
pl astl c filthe c/000CixInaL testhsttip estheddienSuch spitatsie hsodriaineluidal such as a

sui tabl e thernnplasggc gﬁﬁcursor naterlal having a thickness in the
range of abBRW™MSH (PEsHED apfl dperganic maerials Vicﬂ'lraémlail@mﬁermlct glagz 8ndriler ons
and nmore usjgl | rons. s 0 _an
embossi ng appar%lﬁé %ﬂg&g&slégﬁﬁgnfgggﬁﬁa@ telrlfg%spo t?rﬁﬁf‘af]‘c"haw ng
features, ofctephtialdt®PET)) Y6l mam&%qﬁa&ﬁ@ﬁ@;&wﬁé (PEfGy;he skin-

pi ercing el enent. The precursor materi is then conpressed by the nold
under ( heapolzimide, %&u P@lb’ﬂ@ieﬁm@gblcerbomﬂeptsﬁllobhm (rsgeneratednper at ure in

th f 20C .t 0, 1500C | | bout 100C t
1000C ang riSTBIOSEE CHPrEs BRIt 52806 171 S0B00e MEER SPOMERD s 1 or
about 0.1 tgudkftd sgplend mpyiselﬁ@lcbp{olfy%r@miéheﬁ’ eﬂolfnﬂnﬂi O, geﬁgeﬂ% and rore

usual Iy for about 0.1 to seconds. Thé conpr usual |y
~appl i ed i n mten 64ngeyldn bknlarllmuﬂ PpoletiflencGrd 1tsscapskyﬂ;eru$uwst)yeﬁerm about

10 to 40 GR d I f bout 20 t Th
force is apbi SBELRBS IMROBYIENT 37 BpcoRalimers: PURBAIVPeriDF: BRBORYG. 1 1o
10 seconds @shidein@ 1t§d@bl3}mér9rpcﬁp§?ﬂ'fong ﬂol%mﬁyh&&???féndggﬁd ieat and

conpression force may bé applied at the ‘same or erent tinmes. After
t he 34 LFS-copslymesoMndqobyméen feEQRGtesteafomkd imdthanoleeds or hanbspartgiesred from

Upper o1 de SPREHBRTeIA SHCt PUPEalni o MBALPARISTE of the top

[00100] With hot embossing, a precursor material such as a suitable thermoplastic
precursor material having a thickness in the range of about 25 to 650 microns,
usually from about 50 to 625 microns and more usually from about 75 to 600
microns is placed into an embossing apparatus, where such an apparatus includes
a mold having features, often times a negative image of the features, of the skin-
piercing element. The precursor material is then compressed by the mold under
heat and a suitable compression force. Usually, a temperature in the range from
about 20°C to 1500°C is used, usually from about 100°C to 1000°C and more
usually from about 200°C to 500°C. Heat is applied for about 0.1 to 1000
seconds, usually for about 0.1 to 100 seconds and more usually for about 0.1 to 10
seconds. The compression force is usually applied in the range from about 1 to 50
GPa is used, usually from about 10 to 40 GPa and more usually from about 20 to
30 GPa. The compression force is applied for about 0.1 to100 seconds, usually
for about 0.1 to10 seconds and more usually for about 0.1 to 1 second. The heat

and compression force may be applied at the same or different times. After the
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substrate are nmetallized by vacuum sputtering or screen printin% ®|
conductive layer of netal over such substrates. The conductive |1 yém%nay
extend to cover the mcroneedle(s) 212 and, as such, the m croneedl e(s)
functions as part of the associated electrode. Mre specifi calFy435i n
certain el ectrochem cal biosensor enbodinents, the conductive material
which is deposited over an inert substrate to forman electrode is also
deposited over the sanple fluid pathway or channel including the portion
of the associated skin piercing elenment into which the fluid pathway

ext ends. SuPREBRESFaPlkEs!t ioremaysd fonytherapperalugyand nosEPIpSessH manthsm

gol d, plati&ﬁg} silver, iridium stainless steel and the like, or a neta
oxi de, such ~"as indiumdoped tin oxide, or carbon, e.g., conductive

car bonobrmd In aN@it,efr@rdp?gﬁlr sigFBe e mtbm JubSrdTBhAd tHeai@brside @ﬂtﬁ@iokgde( s)

202 is gold and the netal |ayer electrode(s) 204 is palladium

addi ti onal Jubsttetirergelalized byssechemppittdreg cwscretmprinting hicsnduehsect i ve
| ayer which expgses a precisely defined pattern of the el ectrode,
[00102] By hlﬁié%ﬂ?g. IRtalgpr el oS upiey o hesARg e AYEr ERRNF RSO 493ER B

el ect r ode( iy hRal I SInINT, AEhanEMOLELLASL A0Sl e A, and top

el ectrode(s ctions’ as e wor ctro n the

el ect r ochendsggdiaté@klectrédd. eMord educiftnally AR ceftaih RR:cabetintiostasoseassredox
reagent systemis selected and deposited wthin the reaction zone 210 of

bot t om el eciminslements the comliativg sppienal ivdrcha yspositge OuapHin KB ubstEEe s| ot
coating, needle coafl or hnk.jet. printing techpi.que whi ¢ch _are wel |
cnown T 118 aire S8 ek PRl A el R Wb RO B v el i T
the sanpl e ig¥ludgith®pokidarTehe adebéiaed akintpierke taeht Gt ehish! Feafid Of

el ectrode 202 may be subsequently treate With a hydrophilic agent to

facilitate pathemspdendsofSuatableunetalsdamibe condustiyh layheins dgipalladiumact i on
channel and ipnto .the reactigon zone,210 ui.t.abl.e hydrophjli.g_ agent
o oot o el 1985 i Btnt SARIES SresRiftiehBr ¥ d50801 ifis SN
bl ock pol yr@rindiai dipetiftit dxidsl@r Bambon 30y LEsdhdySca¥dh ihR0Gn alpk&ERSD

Pl uorini cTM F68, sodi um di octyl sul fosucci nate having the trade nane

Aer osol TM egtbotiogst, detmetghlanengipdeoredackJQ2is 2ojduitathe mdtalMiyy t he trade

name electrode(s) 204 is palladium. An additional insulating layer may be printed on

top of this conductive layer which exposes a precisely defined pattern of the
electrode.

[00102] By means of any of the above fabrication techniques, bottom electrode(s)
202 functions as the counter/reference electrode and top electrode(s) 204
functions as the working electrode within the electrochemical cell. After
fabrication of the electrodes, 2 redox reagent system is selected and deposited
within the reaction zone 210 of bottom electrode(s) 202. Such deposition may be
accomplished with slot coating, needle coating or ink jet printing techniques,
which are well known in the art. The redox reagent system may also be deposited
within the sample extraction channel. Optionally, the conductive surface of
electrode 202 may be subsequently treated with a hydrophilic agent to facilitate
transport of a fluid sample through the sample extraction channe! and into the
reaction zone 210. Suitable hydrophilic agent components include, for example,

apoly(oxyethylene-co-oxypropylene) block polymer having the trade name
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‘present i nabgnadea.thjt

TRI TONTM X- 100, pol yoxyet hel ene(20)sorbi tan nonol aurate having the trade
name TWEENTM 20, and pol yoxyet hel ene(20) sorbitan monool eate haw g 1be
trade nane TWEENTM 80, and 2- nercapt oet hanesul fonic acid, sodium salt
(MESA). I n another enbodi nent redox reagent system may be depokifEédSat the
- top electrode, i.e. layer 204 at the area corresponding to the zone 210
of the bottomlayer 202 by the sane deposition techniques. In yet another
enbodi mrent a redox system can be deposited on both electrodes, i.e., on

| 202 v Bhd h t coated chenistries f
one anot her P roRe. 388t ok GRS g DR 358 S0i™ ana
their respedyT YE0MEHAYIpharickyDOBALIRIGMD-DY)cthad BRGA nd MY flad@ffmeOr @ Web of

such spacer |ayer, positionéd or sandw ched betweéen el ectrodes 102 and
104, or bet WEdhONT& X-106b polyaxytinekas(20Bpenan haydauri@taning thetfiddr i cat ed

f i i al tati i tabl terials
ol ude” pot FeRR FERE kA0, Al ab OK i AT SpRbdR P00 PERGRYingghe | m do.
I b \H#Q.0nB : f | 1 h
P ot o i lfle TPEENER S0P00 ) Sl AR S Nesy INRE Rl UG 3B, o1 G oo

known in welMBSsed Iansthacétbbdithenflddok heend A¥RRSmAY Be déhdstagdi il @
stacked relationship and | am nated together into assenbled web 200 which

i s then cut t9melectEidggis.-daxay 2044t therarppcaimspemting ithe Eahe 2 Hhof tbn
of Phot onet ri ¢/ Col.or | Li G, Test Strip. Devi.ces 01041 ny .of .the sane
t echni ques ?ﬁ@“ﬂ#%&@é’ﬁﬁ? 0% EQ?SQW?I)ESW%FS-]T%&E{ F‘r&%{'{'\’%%“qqqémema

el ect rochenrgl syQ8in cahHeRicpe¥itdetsnh Bt RerPIRSEN! of &g@mz‘o@%mma' so be
used to fabricate theaghotomatrl c/colorinetric test Strip devices of the

d 0B eRefoatad ahgmmines facéogsancitferC, t he fabrication
f th tri,c/ | ori retri ¢ devi ces of, t nt invention is
o RIS eSS WEEL e S oS o S Y 538 dNent 01
plurality Ofar_e's@?ir\éieﬁ'-ﬂﬁfla gastr & 6deVh 4R6 o?%ch%@a{:%ﬁaje?ﬂ:)eo%}tmggd ﬁPOG

LI FEO35 fabricated in"a side-to-side arrangenent "a engt h of
webbi ng 220sar8uathedibeswest elegiralles il 02 and 204, lvabetveceneheat web bsictates.

configurati@n as,descrjbed,above w . .
g gpacer layer té may be abncatc:dt gor’n any convenient material, where

representative suitable materials include polyethylene terephthalate, glycol
modified (PETQG), polyimide, polycarbonate, and the like. Both surfaces of
spacer layer 106 have an adhesive to allow it to adhere to the respective
electrodes. By process known in web-based manufacturing, all three layers are
aligned in a stacked relationship and laminated together into assembled web 200

which is then cut into singulated test strip devices 201.

Fabrication of Photometric/Colorimetric Test Strip Devices

[00104] Many of the same techniques and processes, discussed above, for
fabricating the electrochemical test strip devices of the present invention may also
be used to fabricate the photometric/colorimetric test strip devices of the present
inverntion.

[00105] Referming now to Figs. 7A-C, the fabrication of the photometric/
colorimetric devices of the present invention is descnibed. A webbing 220 (shown

assembled in Fig. 7C) includes a plurality of individual test strip devices 221
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respect to Figs. 4A and 4B. However, the subject fabrication téc@r\{i&g%es
also apply to photonetric test strip devices having inert materi al
substrates as described above with respect to Figs. 2A and 2B. 00106]
Webbing 220 is forned of at |east three |layers of sheets, a ndtl&E035
substrate sheet 222, a nenbrane sheet 224 and a doubl e-si ded adhesi ve
| ayer 226 there between. Doubl e-si ded adhesive | ayer 226 has a cut-out
portion 228 which aligns wth the matrix area 230 of the photonetric

bi osensor i cin st Jural.i of

m cr oneedl| ﬁﬁg&aqﬁg\fm@h@vﬁd}t@@ngﬁh Féﬁp%ﬁteg%“géﬁ %WAP&P& 2? M

m cr oneedl eték2@rinfdef e§22141‘}a\aerw|m‘éEal st 9

substrate sheet n22§ CFormed w thin (ft portggé?cg&EBﬁ?atelg@ﬁs ﬁéﬁ g%d?a \ZM?B{]and a
proxi mal poraspedt toFigsi éAenddd. eHaBRvdrstha suﬂigacttrfetbn&'&&nftéﬁhmcpreﬁBE@OFtI ng

fluid pooled withi the eni 34 of each m croneedl e 232 Ext endi ng
laterally fPEﬁThS%Pﬁ“ tS?t Sé‘gkﬁe‘f}ﬁ%ﬁﬂ?éﬂﬂ@tim&taéerﬁlpuftﬁt@mtay of sub-

h s 23 f d distributi f | ed
Fluid 1o weekrpet v Baled EHETIRATHABC bl osencor . [00107) As.

onet
nent i ofd@d0elbove, Véebbaig 20(Rissberéd &2;& et Wedd taﬁefrs bh@hé&s Q%aét%%stmte
m croneedl es 232 are nade of netal, but may be nmade up of an inert

material . W6 223 Beanenbrene sheet Aadendh dneblats;dephdhmmmuazzsamfm ng ( PCE)

and mcro n brig 0 chni As with the
el ect roc hemgé:tg{gpﬁtgg 3 S?&S %@v?%% y e%nfétf%ﬁﬁ “ﬁé’P%\P@T‘PB?zg ﬁ’ﬁ“%‘h%éﬁ”ﬁ ate
i nclude, buvititiee Matrid areh 280 of the ph%tdiﬁ@tﬂé' mos&%@P%tch%Hyngamsoé gkhgum

.palladium iridium silver, titanium tungsten, carbon and sfal nl ess
‘steels. Thepreducingsystem. gk puralisy oAntitroneaubtsal3 2bstwavit loavitdie et chi ng

process and a kness i nge bout 10 to 1,000
[Lm and nor e"qt?n;%gfaggiﬂﬁy“ﬁ tﬂtt%%djﬁ.tmlgﬁm%ﬂiggf B%T?lgg\ ‘b‘& ‘éjl“gsf”ét?%gomayer is
then appl i 4re pringr ®ithRabdirasd fast 922 tRGn{MbaAbhi thi ‘?gﬁ’%f“?‘ﬁl ged. Next,

l'i thography techniques are used to precisely de e georretrl es that
wll be et c&\@é‘%&ﬂ@?&hﬂypwmml peﬂxgan ofmherohbmdldn:msmrﬂtasnﬂ:@%a‘nd

sub- channel & 230 d co e FS-.145 9. PI O J 2006 LI FEO35
through, e.§ ,p‘t’rﬁl@g ‘gl ﬁgﬁlﬁ" Or% drterthemiareediadd2met al  base.

Extending Iaterally from both sides of each channel 238 are a plurality of sub-
channels 230 for facilitating the transfer and distribution of sampled fluid to
within matrix 236 of the photometric biosensor.

{00107] As mentioned above, substrate sheet 222 as well as the associated
microneedles 232 are made of metal, but may be made up of an inert material.
Where the substrate made of metal, photochemical etching (PCE) and
microstamping are suitable fabrication techniques. As with the electrochemical
test strp devices, suitable metals for the substrate include, but are not limited to,
aluminum, copper, gold, platinum, palladium, iridium, silver, titanium, tungsten,
carbon and stainless steels. The metal sheet provides a thin metal base for the
etching process and g;‘nerally has a thickness in the range from about 10 to 1,000
um and more typically from about 50 to 150 um. A photoresistant layer is then
applied to one or both sides of the metal base as desired. Next, lithography
techniques are used to precisely define the geometries that will be etched partially

Into, e.g., the fluid channels 238 and sub-channels 230, or etched completely
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_through the sanp
[00110] As oifithe subject photoraetris udss kit devideeeThe dbsaie mmBRilanSuFlaRatly 224

S

Specifically, the base netal is selectively nmasked to protect arﬁmgf
the nmetal which are not to be etched and to expose areas of th I
which are to be etched. The el ectrochem cal dissolution process of sheet
222 is as described above with respect to the el ectrochem calLiE&8B5strip
devices of Figs. 6A-6C, producing a sheet having the configuration of
sheet 300 of Fig. 8. [00108] Were the substrate sheet 222 is to be made
of an inert substrate material, hot enbossing and injection nolding

t echni ques, ,as described ahove.wth respect . to fabricatjon of the
el ectrochen#‘é%‘l‘gq‘tgset’ FPPB“‘B%?/%&@,thﬁﬁvcrﬁée‘?ﬁgﬁ@z’fzol;hef@ﬁﬁ]l&?é?i on of the

subject PROSPSAENS, 6%t Setersl, TR heAS, v (o

sufficiently ri provi de struc

the el ectrovhihiarahot @sie etsligd gndas erpodeakdus oBuimand] Wwalkhard pgsd material s

for making sugeport substrate sheet 222 include but are not limted to
pol yol ef i nsetckedy. Thewelegteeahpmicad dissolyipy praspssl afisbeet 28R ys by desnsbat

ol yesters. ,[]0010 Aft er _f.abri cation. of substrat.e 222,. a si gnal
Br oé_uci ng séqvgrwlal&esaéé? iE'bee?Jec %b%‘,ca{ @S%q‘%é?‘éﬁfsacﬁﬁ: ‘%ﬁ@sgge_d Wi thin
mat rix 230. pouGdind BRABELHa9Mh WY .cQ@ﬁ%ngxw shsdiefholiiplg g, ot coating,

needl e coating or ink jet printing ues, ~ which®are well known in

the arf00103je si gMaierptimcmbstnate shadt 202 ity balmalchd andrgositisediewhibiial, t he
sanpl e extrﬁqc{ti n c.hanngl_s, 238. tionally, the surface of matrices 230
as wel | as MHEAMOSENZ 38 ARYGCURN MOl iGelntifyest aedasedban above wiHyugersshi | i ¢

agent having ﬁbr?#ﬁrtifoﬁgf%é elebtrd %yri]ér]atelz ?etsgétéfa%%ﬁg rl'nzg{lhegugeldlf&? gg%% !_o%

e extraction c and Tnto mat'r

are separat, e_a by a,&%ubl e-si ded adhesive | ayer 226. Doubl e-si ded
adhesi ve | &8f @ prvidssiryrdural spedite the ¢lentiodhpnd emihersleotiochemisel tast, wher e

ol yoor  modi 184 BolORt pSpdRhRtab R ek ARIGER BPRAEPA.BRRS bR Bt ©

pol ycar bonal2, inelnde bheareinoe limBeiho pulvbRES, eO;,f p@paﬁsarenkayer 226 have an
adhesive to allow it to adhere to substrate 222 and nenbrane sheet 224.
In enbodi mlPrapYeRe. fvdetyrsnecspelyestes? i s nade of an 38 LFS-145 9 1NO' J

2006 {'Bbﬁgf?’S After fabrication of substrate 222, a signal producing system, as described
above, is selected and deposited within matrix 230. Such deposition may be
accomplished with slot coating, needle coating or ink jet printing techniques,
which are well known in the art. The signal producing system may also be
deposited within the sample extraction channels 238. Optionally, the surface of
matrices 230 as well as channels 238 may be subsequently treated with a
hydrophilic agent having a surfactant to facilitate transport of a fluid sample
through the sample extraction channel 238 and into the matrix 230.

[00110] As mentioned above, substrate sheet 222 and membrane sheet 224 are
separated by a double-sided adhesive layer 226. Double-sided adhesive layer 226
may be fabricated from any convenient material, where representative suitable
matenals include polyethylene terephthalate, glycol modified polyethylene
terephthalate (PETG), polyimide, polycarbonate, and the like. Both surfaces of
spacer layer 226 have an adhesive to allow it to adhere to substrate 222 and

membrane sheet 224. In embodiments where substrate sheet 222' 1s made of an
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inert material, a spacer layer is not used. Instead, the side of gngpiymgne
sheet 224 which is to contact substrate sheet 222 is provided wth an
adhesive coating, thereby allowing it to adhere to substrate sheet 222.
By processes known in web- based manufacturing, all layers, i.ldFEO3io,
three or nore as the case may be, are aligned in a stacked relationship
and | am nated together into assenbled web 230 which is then cut into

si ngul ated photonetric test strip devices 221. Kits [00111] Al so

rovi ded by.the bj.ect invention are Kits for use i racticin e
g ubj ect rre%/ﬁlggsmg#ﬂ@’ %islf%ceﬁ Dthe Bff‘é‘ctlnftﬁﬁfﬁmﬁ %&e Pﬂ@gﬁ‘géa“étslhfggé? one
subj ect t esiyhichti kdcalRNdtGEbstRkd Gkt PES ?r@i%ﬁltﬁﬁn%ﬁhéﬁ%cthg%p devi ces,

D15
where the at | east one test strip device conprises at |eas

ski n- pi er ci thgreblyertientng ifte a&lidrs tormybsahteahedt 22D UBY pro¢ s aAo ndh web-
di sposabl e get&r that mpy be used with disposable tests strip devices.
Wien a pl ur BaSed ynagpiaciuings ol l3yeme vieq d¥o, threg oo mate as therrage may bpeare

col l ectivel y: i $ i n: artri.dge, i.ch may be reusabl

i sposabl o. BRI ARl e Goi B S B oRsraE R deprad

devi ces, e. @hichgl efehicQEfeabigahlatedWHoim&At st SRbdevickestr.strip devices.
Such various test strip devices may contain the sanme or different

reagents. Finally, the kits may further include instructions for using
the subject_ test strip devices and neters in the determ nation of an
anal yte con{sét-ﬁt ration in a physiological sanple. These instructions may

be pr@gef] on OREQroWREE b thd O RIGKRMIODare IR Fhr ARIR LR iners in
‘the ki[ts, e!nd_ theolqli{rﬁe. [08112] I]t S e\}?}ggﬁt@?rormtﬁgpa ol\sgl% eé;cri ption
- and di scusssubgect hreethadh eTkebloveof tHe sobjedienventive itdhade gidenst cessubj et tept e,
qui ck, safe_ and conveni ent wa tgwobftﬁai n a ,physio) ogical sanple and

det er ni ne afiPRASYNEPIICTHEEH RPARREH iHest sBIP. devies aikre thejatdeast pagtest
i nventi on P EESe BoHARETa MasPlY 8h 398 Sing b NG1did) fse,
decreased t esl\f{i ng ti rreg, efticiency a%?mnﬁierrg}éﬁpa?ﬁ? Eﬁiﬁglg@}# t he
subj ect i nmeltls ameusebleas eipesabls nptirfthat andy Weouskd mdth dieposkblettéses arip. 39
LFS-145 9 . 200 LI Fﬁg3§.*091131 Al publications and patents cited in
this specif eéfé‘ieﬁog}%ﬁnea Fadity, ot test stnp devices is provided, they may be

collectively packaged within a cartridge, which may be reusable or disposable.

Certain kits may include various types of test strip devices, e.g., electrochemical

and/or colonmetric test strip devices. Such various test strip devices may contain

the same or different reagents. Finally, the kits may further include instructions

for using the subject test strip devices and meters in the determination of an

analyte concentration mn a physiological sample. These instructions may be

present on one or more of the packaging, 1abel inserts, containers in the kits, and

the like.

[00112] It is evident from the above description and discussion that the above
described invention provides a simple, quick, safe and convenient way to obtain a
physiological sample and determine an analyte concentration thereof. The above
described invention provides a number of advantages, including ease of use,
decreased testing times, efficiency and minimal pain. As such, the subject

Invention represents a significant contribution to the art.
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_bi osensor has an "‘el ectrochem ca I guration.
~accor di ng tiaventaimtht confaer diangsarmd tnbddeasars mopbpmade theadto vadmt t wo

i ncorporated by reference as if each individual publication or patent
were specifically and individually indicated to be incorporated 2006
reference. The citation of any publication is for its disclosurg yigg
to the filing date and should not be construed as an adni ssi dAFERaY t he
present invention is not entitled to antedate such publication by virtue
of prior invention. [001141 Al though the foregoing invention has been
described in sonme detail by way of illustration and exanple for purposes

of clay, of un st,andi-ng, it is. readily apparent to those of ordinary
ki 11 AR TN SRS et s R p s BRI Gon e heten ¢ ha

certai n chap@gesoadt difbiegat b : t | departing
fromthe spi ril?J org%ggpe of thﬂ@éﬁ%ﬁ‘ggﬁd% ??Pr%mi?g oﬁgé@eg?gg/ége NOV 2006
CLAI M5 What spesifdalliy amd individiallyAridésitedstorbefincteporatddnmefdréndeg Tha bi osensor
for determining a characteristic of a physiological fluid; at |east one
ni cr oneed| eCHAWMOBREANY publicading 1eiardvdlisrdosurppriardp dhfibrg daterand shoudd

m croneedl| e risl openi i ch occupi es a substantial portion of
2w den, | rHEeR SR SRR L e o e R o R PR e coon
i nsertion igteddtdeuchigublicatidieyf #%tud oTRASELIMenti@. UM Wi thin the nierced
tissue that serves as a reservoir or pooling area within which bodily

fluid 081tHused Adthpagh thatptegoinganmirgonrtee iken desciibedint someadedaibby | ui d
pat hway ext endi fromsaid bi osensor to sa.d mcroneedl e wherein said
fluid pat hwi§Y pE Hjusteatigy g ¢ R AU 9%&%&%&3%5@%%% d

bi 0sensor. Radily\gndae&t tém&sgoggfqiﬁ%gﬁgﬁﬂﬁ%@ﬁtEx?ligl-ktﬂfghétea fLeifmRal d

e test Strip device

el ectrodes and wherein sai.d at | east one mcroneedl e is a planar

ext ensi on dfePaREEfoRhespifit prscope eAPRERICIFEAMSA. The test strip

devi ce according to claim 3 wherein said electrode from which said

m croneedl e extends conprises a conductive material forned on a substrate
material, and said mcroneedle is formed fromsaid substrate materi al .
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5.  The test strip device according to claim4 wherein said mcroneedle is
further fornmed fromsaid conductive material. 6. The test strip device
according to claim3 wherein said nmcroneedle and said associgaﬁﬁd 008
el ectrode are fornmed froma unitary structure. 41 9 NOV 200b 77 T%]e t est
strip device according to claim 3, whal®sSh sai d bi osensor further

conpri ses a spacer |ayer between said at |east two el ectrodes. 8. The
test strip device according to claim3 wherein said test strip further
conpri ses a rewhhiionlamedes:bet ween sai d el ectrodes and a redox reagent
system cont ai ngd ak | east w.thin said reaction zone. 9. The test strip
devi ce accordi hg t o dFFHP HEiIFEPBPT % d redox reagent systemis further
contai ned wi t hamicdénsbiesdetstmP@ital BRraQlrisiabfh fysibeieatpay. 10. The test
strip device according to claim1l wherein a proximal portion of said
fluid pat hway 3deiaas nigrensedic misee! wihend extendingom said bidbrosaresid stri p

devi cep@GGREML ing laR bPBnihe W 0ELBieS 2 I - . colorinetric
configuration. &?nfrel?%gﬁ?ﬁfggngst ri Bg‘ﬁ‘gi??gg'%é%%%?g%g’q ?{)La‘glldgf m 11 wherein
sai d biigmelsserlenggodipensinasf spidmissineaiieoxtheimiony insertimt inoxthegkea def i ned

t her ei - i ng said trix area. 13. The test strip
devi cegrggg%r %{a%% C glﬁ %Yn%é W%g?ﬁgﬁues%ﬁae%ﬁﬁféﬁgwf”é or Qﬁ?ﬁ?ﬁjs 14. The
test stk pithiewhich ledibofiwld vgaised ol bR tehikitehads a id sieRld ane  conpri ses
a nonporous transparent film15. The test strip device according to claim
1 further ceriwid pathyay epleadmgitiom edid bggbrsohtmyaed miaanesdtl whertingaidand in
fluid ﬁommn' catian ﬁMéh sai d. f{.ui d. pat. way. . 42 -

uid pathway 1s1n fluid communication with said opening and said biosensor.

( -

2, The test strip device according to claim 1, wherein said biosensor has an

electrochemical configuration.

3. The test strip device according to claim 2, wherein said biosensor
comprises at least two electrodes and wherein said at least one microneedle is a planar

extension of one of said at least two electrodes.
4. The test strip device according to claum 3 wherein said electrode from
which satd microneedle extends comprises a conductive material formed on a substrate

material, and said microneedle is formed from said substrate material.

5. The test strip device according to claim 4 wherein said microneedle is

further formed from said conductive material.

6. The test strip device according to claim 3 wherein said microneedle and

said associated electrode are formed from a unitary structure.

41



9 NGV 2056

7. The test strip device according to claim 3, wherein said biosensor further

comprises a spacer layer between said at least two electrodes.

8. The test strip device according to claim 3 wherein said test strip further

comprises a reaction zone between said electrodes and a redox reagent system contained

at least within said reaction zone.

9. The test strip device according to claim 1 wherein said redox reagent

system is further contained within at least a portion of said fluid pathway.

10.  The test strip device according to claim 1 wherein a proximal portion of

said fluid pathway resides within said reaction zone.

11. The test strip device according to claim 1, wherein said biosensor has a

colorimetric configuration.

12, The test strip device according to claim 11 wherein said biosensor

comprises a substrate having a matrix area defined therein and a membrane covering said

matrix area.

13, The test strip device according to claim 12 wherein said membrane is
porous.

14, The test sﬁ’ip device according to claim 12 wherein said membrane

comprises a nonporous transparent film

15.  The test strip device according to claim 1 further comprising a plurality of

sub-channels extending from and in fluid communication with said fluid pathway.



