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; e3eHHFb 6@F DEVI CES FOR ANALYTE CONCENTRATI ON DETERM NATI ON AND METHCDS

OF USI NG M\ RODUCTI ON FI ELD OF THE I NVENTI ON The field of this
_invention “ oncentration determ nation, particularly

physi ol ogi cal s@mM e concentration determ nation and nore particularly
gl ucose 10 concentration determ nati on. BACKGROUND OF THE | NVENTI ON Anal yte

concentration de ) ' ' ' | . ' ' Si ng
por tance 10 odlVICES EBR RALY RS ARLERTRATIOR DT ERMAYE IO ARD
application settings, 15 i n"CMEFTHODS ORUSING THR SAME testing, hone
testing, etc., where the results of such testing play a promnent role in
t he di agnosi s and managenent of a variety of disease conditions. Analytes
of interest include glucose for di abq@mt, chol esterol for
nmoni t ori ng cardi ovascul ar conditions, . In response to this
growi ng i nmportance of analyte concentration determ nation, a variety of
anal yte concentration determ nation protocols and 20 devices for both
clinical and honme testing have beeﬁ‘ﬁ&@?@ﬁ@dNWWer, to determne the
concentration : e dln a. ' | : : L j cal
sanpl e nust fi ?ig%ea%é@gﬁ{hgﬁtlﬁ‘éé .‘°&f§%§‘§5&?ﬁ§@i‘mrﬁﬂa§ﬁmﬁ% \I/ace}

cunber sonephysit] apioap kample echodptvatiorsdersmnatation yndiolordopartadyrly gluoese or may be
costly to manufacture. Furthernore, the procedure for obtaining the sanple
may alfo RONGENURHIQN delEPRINGEONy arpl e, pain is often associated with the size
of the needle used to obtain the physiol ogical sanple and the depth to
which the needle is inserted. Depending on the analyte and test enployed, a
relatively | arge) single needl e BACKGROUNDKRF THE INVEARIGON ed t 0 extract the
requi site anmoun f sanple..Furthernore, the.pracess .involve a .

't ude of ot ApveBRenainn deetiiog in biOREa 3Pl i heyer Beating e
to acti vatighparamdeRto PN GisBSiefYe St sSaPs Fhd ust fla PaicR¢ bf ApliGatfonSRitRIgS,

col l ection nechani sm and the "sanpl e nust then be transferred to a testing
devi cd? e.igcludiagichisicaldabarptony testing, home testingl etdromhese therresuiis of such tessing play i p

Is then transferr jfs) uri ng, device such as a npeter. Because of these
di sadvant dpeeminent fol fhyfle BB A BfaseRr TS FRsd L TR Pronitn

noni tor ngA@Ilm_@@oﬁilﬂ&Jré’si iclude glutpte/fordRbétesMahigiient chbiesterot R itoringnal yt e
of interest. th diabetics, for exanple, the tailure to nmeasure therr

gl ucose | espediovascansoaditionp aad phedliks. Inergepanse tothis grawingdmppranse e andite
hecessar ynéogcé}{u%%ﬁ gé&eﬁﬁ%ﬁ&]‘, a&gﬁeetg gﬁ §+a|1§lg c%&éﬁ&?t on ediGARAdRL eSSy G ©

| evel s ca e very dangerous’an reateni ng.
20  devices for both clinical and home testing have been developed.

However, to determine 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 also be painful. For

25  example, pain is often associated with the size of the needle used to obtain the physiological
sample and the depth to which the needle is inserted. Depending on the analyte and test
employed, a relatively large, single needle or the like is often used to extract the requisite
amount of sample. Furthermore, the process may involve a multitude of steps. For example,
once obtained, a patient may be required to activate a skin-piercing mechanism and then

30  activate a sample collection mechanism and the sample must then be transferred to a testing
device, e.g., a test strip or the like, and then oftentimes the test strip is then transferred to a
measuring device such as a meter. Because of these disadvantages, it is not uncommon for

patients who require frequent monitoring of an analyte to simply avoid monitoring the
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" The:sinplest devices for obtaining a sanple are not integrated with a
testing device 5 at all) but are sinply single needles or |ances which are
_used to pierce the skin. However, these sinple devices do not solve the
probl em of reducing the steps involved in the sanpling and measurenent
pr ocedur esamtytérofinterest. Wit diabetidsufor keample gthe fdiluye twamedsereabeir glucose level on

e B, AU RSk BB RS Bt
det er m nat %lﬁébse. cg‘ﬂﬁaﬁ@i Sucdde &veﬁ%}aﬁ'BE v -daﬁgél%@s direvdh 5itd heGtenngsanpl i ng

device whitTh includes a single needl e associaled wth a spring mechanism a
capill ary tube Hesumplestaltvices for abfaininga sample aret et integraied witha stingdeyicenay

al so be mounted in the device for anal yzi the s | e. cor.dingly, the
21 ngl e hectiilh fut o STPLYEIF Boads of et RRn AR ueR by Sirs e R T epr 1 ng
and then r@edeaghpledevices o R QbINE thelfroblem dTdedudinpUhib Sepd mvbNeA irfihe RadpRh t O
push the capillary tube in comrunication with a sanple and the pusher is

t hen rel eaanddneasurement prpeadyrasor Mmininyzing paip. Ferthermers; theymay belgostly mat ent No.
5, 820, 570drﬁ5r?u?l\c?§r%s an apparatus which includes a base having a hol |l ow
needl e anda cover  having a nmenbrane, whereby the base and cover are

connect ed t oget Ag¢mptt havelbeag enade kdtombiied 1anoing-tepedeadcedOith Varivus otiieg needl e
is in communication with the_ 20 nenbrane and fluld can be drawn u&ethrough
t he nd@dl ecommengnts ivalved in pral e gecgniEation detpamination. Fongxpmaples Vet Patgat Nener e

are dr a""oaﬁ!i@ 3@5&1@15’5&?% 'él%&e@e‘%l‘be%ié ﬁacﬂ:‘&?&’?siﬂﬁl\é@%&ﬁg 30 iafpayppes. For
exanpl e, tHe ‘devices discloSed in the aforenentiorfied patents are conpl ex,

t hus decr espsing gneehagsmyfa capiilasynibe assoeiated vjthnmpushecindrd g sariys tAn analyzer

Furt hernore s described, a 25 single needl e design y be associated with
i ncr eased rﬁéx flsg be mouses Hbthgidﬁw%qug@eiwnms ?qéwger dhe tipglepesdie t

the requi si hﬁgaeeaadoeyaﬁd thE smﬁtshkhcefwﬁrh@dcmdgg d{pgiag%g& %r{?a r&@a%tihg%y%bﬁﬁr )

the steps of activating and retracting a n en actiVvati'ng and
r et r adiSi ngppaingafiphsher is therbdispleatd te pish theroaps!lary ¢éube intcemauinication mdthchesampls e s

ease- of - use. such, .there ig continued intgrest in the devel opnent of new
v cos. artiei RBUE s gieiarietied g Merf g MRS Foh oot Saial y+ o
concentrations R, RaBitiNd, 318201 578!disSRIIBY & apphraBAWHiSHM RIudedh BaRHaviigy d be

the devel opnent of such devices, and nethods of use thereof, that are
ef fi ci ent ,hollowoiegdle anda waverhpaving agnembyang wheredydbebasa dndvbdven aresopnhecteds ed

L o S AL e BRGNS TSR S B PR Bemco AT
det er rpOnatmemb@he hitEflgid e Bé GRAWNAID through the needle and placed on the membrane of the
cover.
While effective, there are 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. Furthermore, as described, a
25  single needle design may be associated with increased pain because the single needle must
be large enough to extract the requisite sample size. Still further, in regards to the ‘484
patent, the steps of activating and retracting a needle and then activating and retracting a
capillary tube adds still more user interaction and decreases ease-of-use.
As such, there is continued interest in the development of new devices and methods
30 for use in the determination of analyte concentrations in a physiological sample. Of
particular interest would be the development of such devices, and methods of use thereof,
that are efficient, involve minimal pain, are simple to use and which may be used with

various analyte concentration determination systems.

2-



~of at least one target analyte in a physiological sanple. The subject test
strips include a 5 plurality of skin-piercing elenments affixed thereto. In
_ the subject nethods, the plurality of skin-piercing elenents affixed to the
test strip is inserted into the skin, physiological sanple is transferred
to the test strip and the concentration of an analyte is determ ned. The

subj ect test strips and net hods fy { | of different
applications, particularly in theé%g?ﬁl%ﬁ%wg%ﬁcose concentrations.
10 BRI EF DESCRITEkt éb¥s S4d rhetho@RAY\bNRid foriR ih fhadettfifgion df Gheddadétdraib® W

of an exenplary test strip according to the present invention having a
pl ural ity @ffat lrast ang target-anglyts iviarph ysiolagiasl samaple Thecubjsct tagt stripstingude  in a

Ski n- prer AP ETbLTIRRRR bR rab g ieferd P X083 PR, Bl Rl 0y o

2A provi degkirpiefoisy €lementy affiXe@lto thelt€ss btriplis inserteilintaithd gkin OpHyflapies Sathple
invention having a plurality of solid skin-piercing elements affixed to the
test stri pisiiangermedithntestatny and the sorsegratinnsofiancnalytedis Watesningd.uThe ubjedt s
associ ate i [ ' - QY1 fle:
i sonetri cdt\?%lveswbc??\ Bgl"gegﬁdrs ?ﬁﬁgtufrsé @&%@‘@ﬁ?ﬁ%@ﬁg%‘gﬂ“ﬁ’ agt&(%ﬁ#r |l§rt@é|1ng
el ements. detgmimatidfop glucoskedneentratibms: ged vi ew of the m cro-needl es of Figs.
2A and 2B. Figure 3 provides another enbodi ment of a test strip according
to thelOpr esent 25 invention having a plurality of skin-piercing el enents
affixed to the test strip inng SRIPAONY OR Y i DRAWRRS tion. Figures 4A
and 4B provi de yet another enbodinent of a test strip of the present
i nvent i on havi riggerefdlAupravides aroéx pdéded -vidve pEamex ealpdarg mdss stdpratcaydingdo ge t wo
spaced apart, 30 parallel sets of i N-pi erci.ng. el enents) _where each set is
Formed by Beieabgabiicpdegnea bty & hlpB sRinpiPiadi e AR e IR 08 b EiPor
an el ect r ggheub&atially u@hsvetselpositiBh. a8 Site IBB%;SGM:Q& érﬂirg&f@iew dfh stlJ}ﬁpiEFc“fﬂg
strips of the present invention. Figure 5B illustrateS an -3 enbodi ment
of an 1&pt i elethentaeenrdipg Figuee pAdwwing andnwneniumen.f or use with the test strips
of the present invention. DETAI LED DESCRI PTION OF THE | NVENTI ON 5 Test
strips and nethods are provided for use in the determ nation of the
concentration dfig@t 2JAe@svidedsn &xPIERY vadvabyd @st diri R agtdYEhto@E prdseanpl e. The
subj ect test strips include a plurality of skin-piercing elenments affixed
t her et 0. |iAverkienhaping epluralityofsolid skin-piersing elements affiied-to thertestsiyirinaent s
affixed tq Lh 1S i . L S] i .sanpl e
s 1 anst QPR oralbielR dofyoR 3R Wt gl 1€ b bliBted KA e B3 T
det er A0nechathey. Figare?B pidvided ah isdimetisviawdf avblopidsetfi¢ s st having@solay skid-y of
different applications, particularly in the determ nation of glucose
concent r atRigTREE efsmants. Figyre e PEGVIGHS 3P cpiarged wigve of the migrarnesHles OR Eigs h ect
devi ces wiJ qApe described first) followed by a review of the subject
met hods for use in practicing the subject devices. Before the present
invention is described, it is to be understood that this invention is 15
not limted to t.he parti.cul ar enbodi nents descri bed, such may, of
course, vary. I]%Ig‘i'rg éﬁrgﬂg?soanﬂg’eﬁﬁlag?@mfn&ﬁ'cf’fsarfﬁ?t Sf%achﬁi’%@ﬁg"g?c d herein
i's forst hanpintiBRHEviAk a RNty E SkinRAdrting lctenRHIAMIBNAS et irfd 1S not
intended to be limting, since the scope of the present invention wll be
| imited orfupstpitiallly@aeptlpeprséitbnel ai ns. Where a range of val ues is provided)
it is understood that each intervening value, to 20 the tenth of the unit
of the lower limt unless the context clearly dictates otherw se, between
Figures 4A and 4B provide yet another embodiment of a test strip of the present

invention having a plurality of skin-piercing elements configured as two spaced apart,

30  parallel sets of skin-piercing elements, where each set is formed by a respective electrode.

Figures 5A illustrates an embodiment of an electrochemical meter of the present

invention for use with the test strips of the present invention. Figure 5B illustrates an
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“the upper and lower limt of that range and any other stated or intervening
value in that stated range is enconpassed within the invention. The upper
.and lower limts of these smaller ranges may independently be included in
the smaller ranges is al so enconpassed within the invention, subject to any
speci f i calemboditaent@ban pptifal meier phihe preseridnyeaHge fonyee Mathabe teskstEpseldhe r ange
i ncl udes of the limts, ranges excluding either both of those

i ncl uded %&cﬁgng&eﬁ%al so included in the invention. Unless defined

ot herwi se, all technical and scientific terns used herein have the sane

nmeani ng as conmonly underst e of ordi kill in the art to which
this invention bel ongs. ﬁg%'w{%ﬁ Qﬁ NENBXON sinilar or

equi vakent to tmﬂ%%ﬁrmaﬁ&ds%e BrowRied f6rite # R dfrtifitloh sth@%onéea (G Of
testing of the present 1 nvention) the preferred nethods and materials are
now desc r idﬁedleaSttoncrtm'get lanalpietind phisiological saopler diheisubjectdest striph éenchpleended

| f "a",  "an" d "the" includ | t
(it 55 t he Ry ateRprmEF cifeens @8xd Fefeig. 8 e sybieciimiobos BE il °
ref erence skih-pigrciripdlerfiérid Mfixed @) el @Bt @rip idindéried)ntithSsiGh, physiblopidal ﬂﬁn;ﬁ@d

reference to "the device" includes reference to one or nore devices and
equi val entistranséereagiito khedast strip andobeceyicentrasioniof an lapalytetis determined. fT@ptsanem 1

e GRS i s R L R
whi ch t he detépiiradbn Qﬂﬁluedse cﬁhdeﬁdatldﬁselnﬂ’uhhetrciﬁﬁdrmﬁ% e SabjeaeRVANELR) the ar €
provi ded solely for their disclosure E)I’IOI’ to the tiling date of the

present appPieetsievisas wNbehdeseribrel st followed by revigwiof thesubiech methods fafjusain hat
t he prese sentitled to antedate such publication by
virtue of r&%élug%%?frﬂé\/%%ﬁcgﬁm urther the dates of publication provided may
be di fferent f Befort e ;&eseuainvautdmxededcnbecuanem BOundetstdodthy theeaventonh &

mdependentli/ confirmed. DEVICES As SH E’S‘ied above, the subject_ invention
provi dés tneklimied rop@epetrucalé{ PRPRdimeRss derer! @éﬁ?ﬁ*’a‘?%rﬁ’ 6PuTEf vawaﬂy;zseaﬁ% a

phy5|olog | t he
access an ﬁect#(gdnthg{{‘m%%e sarrpé%'s‘jS §B‘\E/\l/g§ﬁg #&?SW&S%%% pi erC| ng
el enment s &hfhodenbmh ordy tanyg i¢ mottiftended<o be limitng, 'ﬁnee metqun}:tofttbspresdml ps find
use in the det.erm. natij.on e vari of different analyte

concent r atPGHEOD WHIES%I‘ 8§lé(rhya{€‘? %@cﬁ?‘f‘é‘t‘gji”&‘ include, but are not linited
to, glucose, CiWh&éfa%r%E)of bAIaEAs ProvideaO it ey unc&?s@oécﬂﬁatléaKﬁmt&r@eﬂﬁQValue, to
enbodi ments, the subject test strips are used to determ ne the gl ucose
conceRfr attheotenthrof shexmiffythe loweg ol uré@ﬁrmeecon@xgcleanlmdletamsuoﬁheawwm between

e untter s (Bt FERAH UGS AR Ul Wl Bnd B SRlr n B Pleryentfy vl i °

sui t abl e fspitedaaggens eicdnhpasspdasieiin tHerlnesmtioAN The upper afd lowWer Medifsi of tikdse
photonetric and el ectrochenical , the subject invention will be descrjbed

her ei n i n SPeleTanges may la#pzsdeéuﬂé!@@rl%ml& the smadlgyranges is psowneqrapaserdh

descri pti f I t r i ption
of o el oRiu? HenkoR suERATE ufy SRRy ARUARRR n I8 Wil randt, |G D]

wi || B& delscstatbéchnge mlude@ohmnbuﬂi of the Tiests, ﬁhgctspﬁclﬁﬂin@fmheﬂbmh bfreose ¢ or

phot onetri,c rein used in ngeabl reagent test strips enployed in
t hese enbé?ﬁl‘ﬁfgﬁtgmfﬁar?ﬁléoglﬁ’ 'E"f \}‘é‘fﬁ‘ré‘h are generally made up of at

lleast the foll QMIQg deRRBAIRGHvEse, A1 BBAial ah@SciERER! t¥ 2d paR l%ve%é SaRent
conposi tion that typically incl udes one or nore nenbers of an anal yte
oxi dat i on nefaginglas gemthenlynndessitodrbyaomd of ordinary skifpo tlte a@l torvhich thvasuignect

t est strl S, are nfi qur ed e recelv ut o,

net er, % §908% |‘g®b° IaBWC%%S Qﬁ‘?&ﬁf’f’%aﬂm AT LA ﬁ?trf@ tl??‘fg ‘ﬁut ration
of an 36na|h¥ifeﬂ1 ca'ﬁf‘aﬂﬁsor&tdsbdilﬁt'ﬂébrdcﬁc@éﬂl&@h‘n?d)f‘tﬂb pré@nbiARERLdn, Hﬂ%reféﬁédl ps is an
inert matrix which 5 provides a support for the various members of the ‘

signal pr deRilkadsgnd matesials aresewidpssaibedf ra, as wel |l as the light absorbing or
chr omogeni ¢ _pr (ftq!ﬂﬁ&tbgrnggﬂ(fﬁaq fa? Xsetdl}xgreﬁﬁ mn e g&%fi@cpcl &F 8}“361?% ’formr}

i ndi cator. The rx 1s configure provid OCat |

physi ol ogi“agl“asaapd @he’tinglude blupgldgferenpy um& tiercoatedt dledrdEditiafn otifdrwise
detection of the |ightabsorbing product produced by the indicator of the
signal producing system As such, the 10 ngtrix is one that is permssive
of aqueous fluid flow through it and provides sufficient void space for the
chem cal reactions of the signal producing systemto take place. A nunber
of different matrices have been devel oped for use in various anal yte
detection assays) which matrices may differ in ternms of materials,

di rensions and the |ike) where representative natrices i nclude, but are not
limted to, those described in U S. Patent hbs 4 734 360 15 4,900, 666;
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* di nensions and porosity of the test strip nay vary greatly, where the

matri x may or may not have pores and/or a porosity gradient, e.g. with

. larger pores near or at the sanple application region and smaller pores at

the detection region. Materials fromWich the matrix may be fabricated

vary) and Thue, fodexapuple; meferencestog‘a tess styiplilinabudsp apburglityiaf such testistripsand or

absor bent 2 aper,., and.the i ke, where the materi,al. my.,ar . not b
BRROE s Tas e selPERRS 510 o Plesk fise Bt BawiRER Berei

f unct i onal'f
various mxrBehSo Hosd §611&d @R arbaRd W6 Fdith.System I n addition to the matrix,
the subject test strips further include one or nore nmenbers of a signal
produci ng syst & phlishtignsgarn¢ienedhegein are iporporstasichesein by referspemtoedisalosehe

Brmount Sof S PG St & Lo Halaf R abeeliof Sl B A Bl St ot

strips, thkee@MePublicutionsBishiREc tkeih Bfe provided sdlélgdorctheiy disy ok eré paioe to the
associ at ed _ekg., coval ently or non-covalently attached to) at |east a
portion offiling date of thepresant apnlisatione JNFhingheeeinsite bg consted s amadmissign thatent s
to substan | - I ! - ' [ - .S an
anal yt o oncaeohs en i 16 AREN Tt late 0 pabRAAn BY SHE!IT PR BhERG

pr oduci ng Faythere thei datesoé pablidagon provigied enaytberdifferent fierh elod sdnhad pablipatibn tiatesn

whi ch .t he anal yte concentration in t sgnple is derived) the analyte is
oxidiﬂéd B@“&‘éﬁYP%ﬂﬂe%éH%%R@“@Bﬂbfﬂgﬁﬁﬁaan oxi di zed form of the anal yte
and a corresponding or 5 proportional amount of hydrogen peroxide. The

hydr ogen peroxide is then enployed) in turn, to generate the detectable
product from one or DEVKCES\di cat or conpounds, where the anount of

det ect abl e product generated by the si.gnal. neasuring system.,i.e. ,th
Tl 0 e P A e d B cthe e TRl povises it FEPS Firdeleminite e As
such, the caR@hithorPdf MahhgR iflaPhgbioRgRAVSanille, tirENR t%?s'i §$ips hdvantdgBSushyibj ect

test strips are also corréectly characterized as 10 hydrogen peroxi de ‘based
si gnallS pr etowiferthe pecesnand cadle¢tingi of shesstmpthobe yay kéa pludalisy ofiskinpisttidg based

or oduces. & TECUAALRROLREN I ARy R el Bt s st R

cor r espongi AGviad Rty bisdiffeRnt adahaé cdrtentedtions)iwitre Repelise@itiveraabiésdaciuiat is
produced is proportional to the anount of analéée present in the sanple.
The speci futarenohlimitedtopglugpiescholgstarolelagtates alsebalsand the likeldparady on t he

nat ure of | i [ LI | . such,
the 1 rot RSy bR BB @3 BEGEE Sk 1S JeiliTIRE e st OHcBARROn RS
chol eg0er phygsiogizslsampleeg., tilersatiall fidid, bilcod; blolod Stactials) comtimensthepeafdage
(where the anal yte is alcohol); |actate oxidase (where the analyte is

| act at e) ddikne 1ike. O her oxi di zi ng enzynes for use with these and ot her
anal ytes of i ntygfiesit isabBe MRQMob@ tHah 99 5ieP oPdiffekent lypbfof B8 s’ rﬂ@dbmy al so
be enpl oyed. In fhosg prgferreg enbodi nmen g ﬁherg eﬁe ?eaggnﬁkte t stripis
desi gned fuitabidhfor det with therprefenginvension, ¢ gncalntimatricoor, photogettiic &td enzyne i s

gl ucose oxjdase. Th | ucose. oxi dase. be.obtai ned froma conveni ent
sour ce, e.etf?trggﬁgﬁﬂ?’e{ﬁ? SHOIEE M PRI \ggﬁl?%%es l}lﬁ% h&é“"%&‘b’é?"@'ﬂ‘i‘sgé i ger or

Peni cik| uRlec@bcHeffiodIBisARBYstom PHIRFSIGRA-deddripliof iSBERBH oLEWaiPle Md Adie si gnal
produci ng systemis an enzynme that catal yzes the conversion of one or nore
i ndi cat or liswmpenddevever.@ desefintion ohpcelopmstictestisirip sivtapledorureevigs thepasenten
per oxi de, . . etectabl e product that is produced by this
reaction i‘@%{lg‘bg’pﬁ%@ég%eﬁrﬁg anount of hydrogen peroxide that is
present. This second enzyne is generally a peroxi dase, where suitable

per oxi dases include:_ horseradi sh peroxi dase (HRP), 30 soy peroxi dase,
reconbi nant |y produ&@eriseetee TeSENRind synt heti ¢ anal ogs havi ng peroxi dati ve

activhpy and t |.J :« Harei . |yt b i fd ca:-ACt a,
233 ( B?ngo) 2 05 shfmeRearpHiiomelrc fe reé’g‘r’r%}?ﬁﬁ‘gmgr Sﬁ% ﬁ%ﬁéjl e 59"’4’\
subst r at eempéuyed angesd draitodamente df the subijestievkntion degeniralip chady up b atigait dgen

peroxi de i.n the presence of the_ peroxidase tq produce an indicator d t hat
Bbsor bs | [N CmBOTEas; & M. Fes Sing 1AM RIS, AEIESPE eATBRSHIop thHAPIRHINE at or

dye absor bicigdes 8REbYmate MeMBite beADidaldE biahds siéﬁa@gfadheih @?st&ﬂ'aﬁﬁ]at he
sanple or 5 the testing reagent absorbs strongly. The ox?d zed formof the
indicator may be a colored, faintly-colored. or colorless final product

t hat evi dences a change in color of the testing side of the nmenbrane. That
is to say, the testing reagent can indicate the presence of glucose in a
sanpl e by a colored area being bleached or, alternatively, by a colorless
area devel oping color. 10 Indicator conpounds that are useful in the
present invention include both one- and two-conmponent chronobgenic
substrates. One-conponent systens include aromatic am nes, aromatic
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" The matrix is attached to a support elenment. The support el ement may be of
a material that is sufficiently rigid to be inserted into the neter wthout
. undue bending or 30 kinking In nmany enbodi nents, the support mnenber is nade
of material such as polyolefins, e.g., polyethylene or polypropyl ene,

pol yst yr ensuppert glgmeat {The subjees tese sieips Breonfigured apdhadaptneie be redeiedin an s

The. suppor tpERE fefer. i 5iepdhibba Bhioh clcho iyl Y 466ty o SRk SO o ™

formof a giabsé.antially rectangular or square-like strip. Typically, “the

| ength of the support, elenment is about 1 to 1000 nm wusually about 10 to
100 nmm and nor elkesmatrixghatppemployed ig theysubiget testitang isyn "ﬂ%b‘“ﬁgk}t‘ﬁmﬁh t he

te el nt_ i . '

usual |y aphyogs § Sl thrthe i mdilork R ientiucing ekt BB RS |
5 el enent asswelbasithe Oghitlabsarbihgronthromogkhiy padaimat proddcet by thersigral producingusual |y
about 0.3 to 0.4 neral .y, i

i far colqrinetric assays, . the sanple is
al | oned t SYFEHE -enerngicato dRNYAS ¢ ggg‘éﬁ%{Pmdﬂ%o%%Fﬁt?"sf%'ﬁhém to produce

a detecta t, 4 ok i [

Core o anpfsRIGHE tarh1Ble 4 DbIBSE 3B plcatitn 3 8 1Bién R RO BT of IR IRE, |
i S. , Isi ?r?s?qbir:gr:]tuoémtt p;z;dub?lls)it@na:diqa!twd:g(therqjgrﬁy.prcfdmin'gslysttmxdaleh:th:egeg
an rel.ate 0. e noun Qar .an e | 1 N | ..Sa e. SCri ,
] ol g i Pre ADY Dbttt . thonis i Fiaw Yo it 3R Resvids s SutEH Ve
detection gyagk foptiidhemical RiasticHs Of EERNi AP rodiléifg SRRUR (SIQRE plabE A h@RBEr g

detection and relating steps, as well as instrunents for performng the
same, are differenemaigisechaviodgen develoged fartusain yasious aralyto detBetioraassayss which

4,734, 360; 4 .900,666...15 4. 935, 346:. .5, 394: , 468: 5, 306 3:
S 415, 195 maripeInRditicl B emis ok Hihials, dingasiont and stk Were poigrentative
S, 753, 429; mbtriedsindlnde, bat a8 Quoblrhitedto Bdse B&scribeBith) 8 Patern Nkt 4484, 360; 968, 836

and 5,972,294; the disclosures o are herein incorporated b

et e dnce. 800646 é§35:34§m§w4of6asﬁheh%?;cs,m%5,«18314255,42@@,32; 5i315678; f or
_ ;49358461 % 4 86253 : tor
L Ce oup: 26t $353/0BYSLEI ks, BTsHAG0 L IOPLA RS TR A0S, 5. Fadiask: SRl MO°

El ect r ocheSiR464 867 6968 386 afxs 5 GRN294 | the/dis¢lbsured ¢foiHicle e Mefei inkporéd bps of

t he subject invention are pade up of two opposing netal electrodes )
separ at ed T6{FTECE himPrifsapleths Bafete)of MFRAIOYSTBAEX AL AYSHIERRIJO dher SuRischteststrips
react i on af@anQkfof®R @hdiefl WiHeSpestiothP bRk R r

associ at eg{nvvi ttﬁétoﬁée)1 regsr(%ﬁi on ggpea.ﬂol n !r)ranf/fag%f)sgh?nerlltgzthgq’rgtéﬁdéjoéfttrﬂgagent

syst e®0i s ihgomiend whichtihesaddaceaddhe @stestrim comoméencd hrd thelijkecAstsadt, tlt ri ps are
confi gur edd.and.adaqpt ed to bf received in an auhor@%ed nmet er,, as descri bed
bel ow, for® BTV nd poresity &f dieiesh SRg THe"EbAEENY “lr‘E)H‘edT‘at% MR AT " n
certai n enheeppRILAd/6F a piBSIE Shdicht LeRTh faberlReds by bt thed AfpOAdpliBatiANd
30 reference el ectrodes are ‘generally configured in the form (?f_ el ongat ed
r ect angul aegion an¢ghsmalinyporeslal the detgetiorerggion. Materials fedre sthichotbe matnivywy be om
about 1.9 4.5 cm _usu fromabout 2 0.tg 2.8 cm The w dth. of the

el ect rodesfta?%lcnagt;eedsvapf’(515'718 ér%il)du(ié p(?.iy(ﬁ’e 5P 9§S€'ﬁ?“°ugﬂ§?’}’§$’°?’r°8ﬁ‘i“9§e or HQB%‘B?'QO. 24
to 0. @3 crpapdiyandubeHikeowisdie tHeahemd) Geayedrendy il 66 f@RGBndl12¥e t@prolidekHess
typically ranging fromabout 10 to 100 nm and usually from about 10 to 20
nm The wooRpIRR Amg@nicay e pitachonest of g varigysamembperp af thesignakpredyciegisysiem . hat
at | east the suytfag . . i r t he
ol ectr ochen cal aaon e A ¢ LRGP ekl Bhog ARt HBAEREC oAl

i ncl ude paiflasinahprodadinig systemt hichnpreduceses detectatile praductcinbespofseandhect i ve
carbon ink), doped tjn oxide) stajinless steel and the Ijke. In n

enbodi ne nt&ﬁ’se{lﬁg(’f??éf‘lé?e’ W@’%kﬁe&cﬁﬁepﬁpa'% Cafhpe %‘?Hlt% d?‘h“p‘k‘? H’E‘Pb‘l’té’r}t%ﬂéy@nt ire
el ect rpde rBYnlR HRLRaRl shifBleTRi Bk sutfad ResPLinbl fhEoREI AL Sndnfhediahe! | ¥
made up of anni nert sﬁ}%pc?rtsrer:at eri g‘lﬂﬁon tshengu’r?ace %rf whi crrll?[l)s 10 present
a t hin | aységnabprotlha@ngreysim ermpcatd, ef., chealedthoirmodeovalantt hattaeherbtogatc onmon
enbodi nent;s, . the thicknes f the inert. backing pateri al i cally ranges
Fr o aboutlEdssh PrisRst (ot feredoediabghe Hatihardm meny embsfoeds el | he

met al | ayegibitaiiafiglallof BiRNA&Sxf rom about 10 to 100 nm and usual |y from about
10 to 40 nm e.g., a sputtered netal |ayer. Any convenient inert backing
material may be enployed in the subject el getrodes, where 15 typically the
material is a rigid material that is capable of providing structural
support to the electrode and, in turn, the electrochemcal test strip as a
whol e. Suitable materials that may be enpl oyed as the inert support
material include plastics, e.g., polyethylene terephthal ate (PET),

pol yet hyl ene terephthal ate, glycol nodified (PETG, polyimde,

pol ycarbonate, polystyrene, silicon, ceramc, glass, and the like. 20 A
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" 30 spacer layer may have a circular reaction area cut with side inlet and
outlet vents or ports, or other configurations, e.g., square, triangular,
. rectangular, irregularly shaped reaction areas, etc. The spacer |ayer may
be fabri cat ed from any conveni ent material) where representative suitable

material s i ncl udbe genal@rmmaéystm@m prdl yte exr(draﬁqr; sighd [pyedusipgesietem. By

the ke e ofaefhfl propink e TohPhac B ko ineltfe A ERARRRRa T

adhesi ve Wbk Wlﬂ&ﬁ)ﬂfétanh@tetdlﬁbéntfaﬁ&ﬁ)ﬁﬁmb‘é&nple6§ﬂérﬁ¢ﬁ$thalaﬂal§lfe€i§ exidized bitaai n
the structure of the electrochemccal test strip., In many enbodi nents, a
reagent sySiialeanzymeriorioducsan axigizedfionm of theranalyteoand 4 esirespandlingprer e t he

reage“t%agﬁeo phfo%lea[n?&ﬁx? I)tno? eééggﬁﬁ?&t ’Th ;&Jag r{ %éébﬂdé éferﬂglr B{hg it %e

assay. Syst'ens of typica ox c

redox couptuen,ab gbﬁatedmﬁtﬁctabdmmodmdt ifrom ond@ mare ésdicdtor oosnpmdds wherdf thene or
nore redox coupl agents. B@élvar of different redox couple agents are

known in t ABOWjO QPFG“P‘P]‘EIP Ct geBg W%,v ¢ 8ignAHRsASYTIRGSYStemy 461 the sieaal, is
phenazi ne fﬁ%h?&%&i@&@@% g iR nfted s zﬂEtRQﬁﬁPPﬂB‘é'ﬁﬁa {{3%xidation
. 4-bénz 5 c

met hosul fate, 2, 6-dinme oqui none, di oro- 1, 4- benzoqui none,
ferrocene signal\pmduvmg)syslsmm prvs@it[inyﬁiedybjectaaqﬁ Istrips siye alsa ¢orrectiycharagteszedsas and

the like. In nan enb Xx. coupl es of particular interest are
ferri ci}gni{] qu}?“}éﬁ s‘@%ﬂé’rm‘ﬁ’@b\’ééﬁggmf hat may be present in the
reaction area i As hr}tﬁ’&té?ﬁbt)% 'tﬁ@laﬁﬂ@ébtn%er&u% basé&sn@hatlrp?&%@ﬁ{g%ystﬁink il&de

mal i c, mal efic, phosphate, fers and the Yet” Ot her agents
that may ban gnermrthanommedéhe ahialydg¢ emiprcétuqe@mmsmphnémg@aiounmﬁlwldrcmen de and
magnesi um chl o act antcﬁ such as Trit

oot amuSap R her® Y EaFePOtdnd uh B ftes db e A ERowny S b RPeSperbidE

trehal ose, taeR ryrécmbed RBfoporGSS B thEXMGBhEST aﬂilg&l{ﬁ'&eﬂt inQRE SiMiplé. €FHe spedifios
suitable for use with the subject invention 20 include those described in

copendihg watge ofihis fitshenzymesiacesaprilvsispergls o 3t mawre of hesmlysobeingaysager, o,
09/ 736, 788. 4 dj t ed
by referencgég@gaﬁgzn ?’f'agﬁgor E‘F : hr%gié %HE@T’ gﬁ%’\sﬁgyglpccgs:]%é@c ocﬁ%ﬁ’\g{:g?ra ©

measur emendnal ge mi?gl@cdﬂé)i plgblésteror @ilease WRerd itk aMalyké RGhelesteiol)) dRBhol Bxédase

el ectrochem cal neasurenment that is made may 25 vary depending on the
par ti cul ar (therethe apalyteralsehol); lagtate Pwéa%fe(whe@ the emﬁlvsﬁa% ctméand the like.

el ectroc hemlﬁ?bxﬁd%ﬁcg eﬁlrzzp Bs for uSSRIRYIRLe afd Gther 46 &Cgf %@Fﬁ&gfé f_lc; (AGse

assay is coulonetri eronetric or otentlone
el ect rzxheofi skall untbaanl lapdremay alsolbe elrmmmdelnah@segnef(medlbmb@mmm)s whbmr thent

anmperonetric Qt e lometri.c usual qver iven period
PP r o lepEant et S desfined BR ed SasshTioh b Elsase b Res g o SIS or
30 maki ng glh@osewmsémergldass% @dl&x@& hﬁ?%%&@ﬂedﬁ?&ﬁﬂﬁ?%néﬁ@soﬁw&??ra
described Tn U S. Patent ~Nos. 4,545, 382;” and 5, 266, 179: “as wel |

as WD 97| 1sxe3lly pesusingl 9RI0cE: such as Asperglllus niger or Pemc1llum or recombmantly

produced.

25 The second enzyme of the signal producing system is an enzyme that catalyzes the
conversion of one or more indicator compounds into a detectable product in the presence of
hydrogen peroxide, where the amount of detectable product that is produced by this reaction
is proportional to the amount of hydrogen peroxide that is present. This second enzyme is
generally a peroxidase, where suitable peroxidases include: horseradish peroxidase (HRP),

30  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.



" the-disclosures of the priority docunents of which are herein incorporated

by reference. -11 Regardl ess of the type of neasurenent, an

. electrochem cal nmeasurenent or signal is nmade in the reaction zone of the
test strip. Follow ng detection of the el ectrochem cal neasurenent or

si gnal gener at €The indichter cmap@undrorzompomnisdegcsublseatealam/mestm ase@thet of t he

anal yte pr sen %ct he s‘ﬁg}p F h#{roduced r} 0_t he re tion z&ne is then

det er mi ned PRBOSERPYLNG RYGrogsRrrexife bﬁmes?%:eto CHEEMTEO anal yt e

in the Sar@b&ucea%nﬁﬁézﬁewema IBBS1BE ﬁ% tGh ae%daf&mrealwa)oeler@ﬁtrmgenm&ém?

steps are Turther described in copen uU. plication Serial Nos.

09/ 333 7 93t,hc drgickear, dye 4bsagby smmglze@ a Wlﬁ’blhagthmeramcfrm khvat 8¢ whigh thehsample or

di scl whi ch h f o
those. ahbole (EHPE rasr T gSserButisPehat b Bxeed ordy et B PEcHiE e T Sftonet er
or opti cal faffitfySdoloted, lor REIOFBIR AP HrodubIahA eviIRAGS Athah devif cBE)TrGf ﬁleftééimﬁldfdeher

described in, for exanple, U S. Patent Nos. 4,734, 3
4. 935, 346 ofghgBembeape. Ehasiutosep: thestesling wagent sanjindicatethe sreme oéghlcosc in a

= 760, 304, “BRREy SEclore bl biehggl. Mcnadvelpdyipbionker by d8elopne 1

di scl osuresi@f which are herein incorporated by reference. 15 As descri bed
above, a feature of the subject invention is the presence, of plurality of

ski n- plloer ci ng ndicater sompousids that arewisefubim the prssent igventipp include bsrhsm@r al@d and
enetrating {

BI urality of &Kllﬁn)tﬁpl ggtp:?rtr?]o ﬂcesﬁg%%ragésl gﬁgl r@k?‘?éﬁ?aﬁﬁﬁ:ﬁﬂg%r aﬁ@ge to t he

t est stri paromatic alcolivds, prinesland yerzidisdsi mcplaeltenan@tlgll benzidine-3E. Suitably tastoed

directly into the test st I n ot wor ds, the

ki e pi or SORPoBPEutipEs Hcbich st L MED 9P caRppYEnt i VATt au MBTH dsrivater o | n
S0 erbosiefe il Mok dlsblotedih L Pl il SO D alsos e of the
sane nateri a as at east aportlon of est Strlp |.e., as aSIngIe

pi ece 1df nmt@pomteddierein by refenepcedomgtaminbangipyrins and the olfeer dermpondne s dnel ow,
the plurali of skKi n-p i i | ement s .are associ at are in fluid

communi cat ?8% G ?rﬁmea*fr I eé‘gs:%ln @PIH%‘%&FH%W"JM?‘ig@M OF a50mafig oh ot hway

nmay be a fdliﬂ:hﬂtnooﬁaéﬁ&@h‘ mhﬁn |tw6-@o ?%&kbﬁt&hﬂr& Br}ﬁetﬁ&meﬁzo&ﬂ&o%ﬁone
internal |unen) or In the test Strip. The nunber of

ski n- pi er chmlgazenehedw@lmdq &&ﬂ' Hbcfanlvleed ng ﬂrdjmﬁvlamnqum adid(HPMABY

par 1 ol arETLTbintCo A BRI RA oK IRhE Rla L RRSEBIEP a1

many emrioodmemylts»beﬁmlﬁumbemehgaras&ermself@tyngeﬁﬂeﬂasanbﬁaté me&d‘:mm about 2
to 1000, usuallégfrom about 3 to 100 and nore 30 usually from about 3 to

10. As wi | (MBEHaBpeerabineq with §oadlingr 1 aaphthaleng sul{enic aridwaimonivm, (AN Byi ng a
plurality e gular, larger elenent,
e.g.) a S|ér')1";g:11 @eﬁéﬂggﬁhg{t&évaﬁ% g@@g\lﬁg*r%%% %ﬁggﬁs %%egal n associated with
obt ai ning a sarlpl)et othér&mbdaegandlsgml rbdiadieg sxsmmsahatgmeddce@rﬂuafestm

plurality eedl e t m cro- needl es W ||

manuf act ur‘%&FC %prB 2‘?@%{%0&%&%9}1?%?06"{ Sta8es. ¢-8 nﬁt S"\Rm ch can

| mpar tyst h%a@l@?ﬂoﬁﬁ%ﬁ rhdyeniployedl suth@E SHd3e d@éaﬂb&?ﬂ,ekﬁ hmmfshl Yoike gHrba: Ni ng
sanpl e wi t hout breaki'ng or substantially flexing terials suitable for
use in thel\feulﬂpememlnvebstrmmf¢rrf&or§n!ec)18 ttrgmdaseeram arid sensitive assay farai nl ess
st eel sti cs _such. er m ar bon

ol vet hor abRLERPERA IR e Tt AReLRSIIER RS s 109 1oRss.
fluoride, polypfieisnlid atehand d duﬁpbrdel@ﬁﬁéﬁtt Thé buipoR@leniEt malybeBHRY

enbodi nents, the above nentioned materials may further include particles,

e.g.) mi crivaterialibaids pifeiprtiyagidito be nserted igto the meter atitheuhendar perding h
S' l ' Cepus lgﬁl%.lﬁé Iﬁlrﬂangl | bbd e%?si}heoshpér C&g}n%e 1srPn oﬁ‘ %a&&%@cﬂ'aﬁ%g y%)ef&\?

wher plur In-p I'ng &l
subst ant i aégyquydtnylhﬁi oxtpml}tﬂiep}tlmt pélystitehe bhpolpéswre,l ity of skin-piercing
el enents may be nade of the sane matelrlal as the test stri I n ot her
words, the pl uré dasgrikad abpys, tfgﬁ SUPPOTh glementis spafignisd weenable thaftessstuip o be

el ectrode jQferfeAShtb @tn'xé?& K@E e sﬁ{:pc;rhéeﬁgﬁtt artd Pt Y s rﬁafstt%élggw iﬂt@émi ty

of skin-piercing elenments an est strip component or

which it is forned are one plece or 15 one dinit. The dinmensions of the

m cro-needl es may vary depending on a variety of factors such as the type
of physi ol ogi cal sanple to be obtained, the desired penetration depth and
the thickness of the skin |ayers of the particular patient or user being
tested. Generally) the skin-piercing el ements are constructed to provide
skin-piercing and fluid extraction 20 functions and thus will be designed
to be suff|C|entIy robust to mnthstand |nsert|on |nto and mnthdramal from

v o o o o e Y b1 1 o



" shapes, spacings between the skin-piercing el enents and may be hol | ow or
solid, as will be described below The plurality of skin-piercing el enents
. may be positioned i n any conveni ent configuration, relative to the test

strip, where f n|n su on V5.0 nel t he
conf i gur at ‘%GR 021“ § *f"aé L%QEB “ Cl;]??r#“ Ll}?'ﬂcrarﬂa ﬁf‘%le\%ﬁ&‘ c%HEchgxpport
plurality aémahum&i ¢ wmoﬂ xﬁmenhﬁulwabbuthe t8 206 hin? bfd motd \Gsualphbdue 20to 60
interest, and the like. In one enbodi ment of interest in the subject

i nventi on, mm&yptcalﬂxalﬂnqyldﬂf O%llbe suppogtrelément éy sheuhl &0 lQQ@m upally@bauteldtodd), i s
osit onedto sub t S f t test str
(sce s mmandanSRR0ANAR 30| AR 5RRALY e e B WikEs] G beSubo P

posi t i gnedelérherkt@s aba0.02 t&9 nﬁﬂglsﬁaﬂ)OaBdﬁEO 1161 mihlang n&ml usifallgabest 0.3y @4 0.
For exanple, the proximal ends of the m cro-needles are nmade to extend

t hr ough orf@Mbf the el ectrodes at about a 90 angl e and nore specifically
t hrough an ele A5 eq .i I hat
the plurality g(?' ecggfies pc?%%s%ag\eg%ﬁh%%ﬁ)@g%&tg r%&wnﬂt eﬁm'éﬁ%lﬂg{s of

the test séfithesi gﬁtﬂ mﬂﬂmmg sgstemhio prodates tetectable praduecthatds pedsentiin kil @mount
plurality of mcro-needles. 15 In another embodjnent of interest in the

subj ect i rerepertignal te fhe injfiak amoun progend gn the,spmple; The amewntof detegtable product,

m cr o e | t a t stri
(see PGS Ch SigreP pRASCRIRE ikl pochithl FRE s PRl nifld 4 bR G R B 11 P
posi ti onedammmln of iumlyte methe IimeallsamplceAs zdasmlbed iiz oertah embadiencats, altembtedt

strip, e.g the plurality. of skin-piercin nts extend from end of
The Lest SPHER teeithite HeabPe BRORTRHERECoh #1s THIRIPR EB SB e mARRnThE C1 ng
el ements ”ﬁ@@@déﬂénﬁ@déa&fonPéét@ddoﬁ'an&'félﬁhﬂé Répsi Bowal %E‘ﬁﬁﬁelﬁs fbr- geﬁ”mfrhl‘h gt

set of a plurality of skin-pierci geerrents oppose and are llel to a

second setthesare, ;armﬁuahbltqcscﬂbedkn kL iRatent Agplicasion ieoil Nes. ¢i734, 36@ 4,900,665,

he. sub ectoThih By P Aot AL pogf e 514 B P08 157, 4 3Tl o287

wor ki ng el 843,040 5620868 5, PIR4TR 5378 A50.031PRRICH; 517189 285C% 843,698 15,846186¢€ t he
wor ki ng and reference el ectrodes define the toE and bottom of the reaction
e

zone and the0&H¥cand 3. P2394ideidisstosures ofwwhich afeohergia immre@dby refeeenaat ri x of
east one. 11 ui dRAhy s e ROt iheBhe bl S Shie IS M Bus fideeE et Fon

with the rlﬂeainloﬁnncﬂm@ah@sre desdrtbedfin ULB: Parat Nos.I 5,563,042, rsaﬂist@a 5389085,30

t heret o, where such a pathway nmay include an internal |unmen of a

ski n- ple &%“&C@H@ﬁ‘tte‘gwfﬁéﬁf@% a pathway adj acent a skin-piercing el enent
havi ng openings on the surface of the test strip and which runs through the
test strip. In other words, the fluid pathways of the -14 pr esent

i nvention are confi dilegtbchemicalibesf Biripsr transport physiological fluid to

the reaction ar a of the test strip, regard]less of what .type of, 6 pat IS
i ncl uded. As ddecieralthes HOC’ICH“E%HS&?‘ P%H%@SFWEF\‘E%‘}VCPHJS Tpagdedip %ﬁ%y
fluid pat %&Ssnh? miethl bl&%@éd&@'seﬂa%f?d‘%?ﬁ tHif Spatki RyéH %héﬂeﬁﬂes@'c@ﬁﬁﬂﬁéﬁs deffhea the
skin-piercing elements are or %ored el enent's

physi d&ogi rcaqtlosarqal az zame/angewhse aklnemﬁrclng slementsrage funfmugdaomned hwithitbe

physi ol ogi caI trav 0 gact area of t.h est.stri

such, eacH® 10{‘ ﬁr{g?“pf ng% mbocgmﬁrgtf‘f’ °r’hf ?%“%Se‘/é‘&f’b‘é il‘i’cr?%lddagtée rﬁa%‘r%‘)ﬁr?% T and
di stal endoagdrie sabjasatamstrais laye confight ahe beapied tolbEaece Vedlif b agioetated -

fluid pathway therethrough. The distal end of each mcro-needle extends

per pendi cuPeier. 8¢ desaribed kelow doaeytomatically etermining:the cpnesatrationofnganlyts. 10

end is in co i end
term nates a{m(L)iE cglg%{*r] Qﬁﬁgﬁxﬁﬁé&g%ﬂffélﬁléig%fgg{?&fﬁéﬁ%lj téSt §HPS R&%ﬁ{%@r nal fluid
pat hwa) orrefendnee sebtrodestare genefalie comtigurgd iarthe figmedfehanpatedagctargulardeipendi ng

y enbodi nts)b the diapeter of the lunmen is

on a vari of f

subst ant i gw iy Fiﬁvﬁwﬁt&ﬁﬁe{ﬁdeﬁ FROSENPMELPENlGY k4.9 6T, pppally fegm about
embodi ”E“tzsoﬁo")zébﬁ] &R of R dchBa&s Ty eerfroqﬁ%&@wft@b%g,-'?rp%u&lgﬁrrd,ﬁngt h
of the lunen to enable sanp om1nD ation, e.g.) to incréase

decrease the rate and/ or volune of sanple flow through the |unmen, as
descri bed bel ow. Generally) the inner dianeters of the internal |unmens are
so dinensioned as to exert a capillary foree on the physiol ogical fluid.
Specifically, the inner dianeters of the internal |unens are about 10%to
90% of the outer dianmeter of a mcro 20 needle (the outer dianeter as
neasured at its base) and thus are usually about 2 to 400 mcrons, usually
about 100 to 250 mcrons and nore usually about 150 to 200 m crons.

Regardl ess of the dianmeter of the lunmen of the mcro-needles, the plurality
of hollom1n1cro needles is p05|t|oned substantlally near or above the

. S Y M b o, o, o, o




" 5 area and, in many enbodi nents, is positioned substantially within the
test strip, as described above. Accordingly) the plurality of solid

. mcro-needl es may be positioned directly within a channel, may be laterally
adj acent to at |east one channel or a test strip may include a conbination

of both coabohy@iz4td ®AQ cmi Fhe weskingansgference slegtredes caplehave a thickngsssypiealy d

b att achadgpg pia e} LER RO G afelt KT RUE PRI o [ B por Y ™

material) an el Fifd wertthg @hdGeferenbe elpgRsded Grefufthérchd@cRiigédin thatak leaSttR®Or t
material, or a wall of a channel. In certain enbodinents, the test strip

may i ncl udwrfacesiitheriestipdesthakisre g reastian araof the alertiorhamicalcsl iv the spipise

the sold d m ] ' | i A N LQns, as
descri Bed SBE0E BRI mEEs AuAERARH R, el RN AR T LOH. ShroSR
dependi ng @ondustiveearborcinkydopaktimbxitéiatdinieds stdet anl thAdiké. In hunly)enibodiment®y be
nore, |ess_or the sane numher of fluid pathways as there are skinpiercing

el enent s. thumetal {59 erpRl@fivBht s, the solid mcro-needles are formed at

| east in part : &983 t L i |y both
el ect r odes, su%hgﬁg}ﬂ?%@%&gégﬁ%‘gdl esegina&, %&%@%ﬁ?h@,gﬁ%@fﬁﬁ%l e piece
of mat eri adlectradesis ghneralliemedeup ofoahanemyuportmatesal vatthosurfac2 0f phichds i ty of
AT I S JCRC G R A TR

m cr 0- needdfsodirHédtd Ehe IhitkhedQf &l ihél® Hé@&d%’ﬂaﬁﬁhﬁ&bi_@hlyi@fﬂ ésSfréh abbutslgt i ve
material nay be the sane as or different Tromthé inert backing of the

el ect r ode.500nusulally 56 & 400cumawhiderthe diicieness of the nidtalilayec hypicadlly sangas &rom about
posi tioned between the sets_of electrodes in the spacer |lagyer. 25 Simlar
Po"the T unktodting: erksberPnelodiola 407w * dwtbred sreatiever &% pat hviays
or channel §ne&aafk ilreshcling &t %a'”y“liéreﬂiﬂ?@y%@'iﬁ’&e%%je@@el@&fbﬂ&ﬁ,'%hew roughout
or may increase or decrease throughout to ‘enable sanple flow nodul ation.
Gener diSl y,typically the eratetiah iset rigid materiah thap stdapable obprovislinglitrastusal snppbraw the

t il t h ' ical flujd. ifically. the i
i et or o et nd, i R SuBhRIe3! 88 Siedq whilesSREBlemiGHa et My 100
to 250 M feQipspleyd A HeSinkid sddgot kel idditdd slasties), d’@'.?cﬁc?%eghylé&fé} htHafite

apparent to one of skill in the art, a test str:(g 0 subj ect invention

may i ncl ud@ED) patyetryjensiteraphthalptenglyea) meadifigd (REJICO. palpintide, polyserbenaione of
the mecr g;}i&mg}[rgé ,Eri?i}forg'chfaﬁ{ic ;%S%la%@%_%s. and/or configurations fromthe

ot hers. exanple, a’'test § i ncl ude a conbi nation of hol | ow

m cr o-20eedl es amdeannt bfltheisabjeetreteztbelemivdl e¢se stripe isthatrthd Woykingandi€stence
m cro- needl es of varying di nensi ons and/ or, cross-sectional shapes and where
some sol i Fl§aOAes aselesarbed abeve generally fare gaghethen and dresepprated bydy agbgthel  or

fluid pat hyugy, &pﬂlcﬁﬁﬁfhgﬁﬂétﬁrﬁe%ﬁﬁ&w&%eém Bferdias h{&;h@&feg il iHeGE4dki%n

i nsi de channel's’ or pat hways. ourse, 5 any conbination of the
above i s aloseocami efihk atcettothentidul sest stuip iy éxtremeResmealh Mhisminimhal spheing vfitiengs,

wherein |like nunbers. refer,. to |ike conponents,. Fiqure | hows an expl.oded
View of arh GREEIRArTeBREOURHRNE Brng STBGE (St RHpS B fhghe Bresee st buc

| NVentson. sphdkr H}hﬁ{)&s‘itﬂiﬁ'&& or §viched bBrwlef thel Witk igind Géfelen¥&BbE RSl STHRhOWN
havi ng referenceé el ectrode 4 associated with inert support material 6 and

wor ki ng elthicknasslef this spaceadayst may eahgaiftdm 50 &r T5Gup@od is oftandessaharBor equal to
Sandwi ched i.n between the t el ectrodes is s er layer 12, which is
POFio, 173 4 e spiet

conf i gur e gnAusally farges from ¢ toy ESPRSET 1ayer ISEPhERRYIQ
f . i it i .
o b1 eoCe ol b 8Gidn AR bR Wit WP efibodHefiis Ik YA of BRGERToNSea

of hol | ow grizonotyprady emgdSiramabsuttis! w10 @l wsuilhyafiemabss: 0.Dto HO@LafThexed to
the test strip, where the plurali té is positioned 15 through worKki ng
el ect P8de SPEFeRIRYeT MY have yiFrufar seackien atea gut withisidpinlet aad oufelients o @arts, or

directly 3 1 hat I L i nd of
the ol ut al Ty cofEbft A8 Syile, [EAEbIE Retiiflah tmchulfly shijed RaBofBeall
mat eri al &tafdie spacer agtranayale fabricsed fromany iconveaienamhteriak; iwdigrecrepidsqntativiede s

an enl arged. vi.ew of. a .singl e mcro-need 8 1 ch shows the t] 01, base
102 and ¢ SHHOIF Mt BRI GoP e R e L e et et oncdircBhbakER her
exenpl ary enbodi nent of the subject inventign illustrated as separate
conponents, where like nunerals represent like features. In this

enbodi nent, test strip 20 is shown having a plurality of solid

m cro-needl es 22 attached to inert support material 8, where such a
plurality is substantially transverse to, and affixed to the test strip. In
turn, each mcro-needle is associated with at | east one channel or fluid 25
pat hway 24, where such fluid pathways are positioned substantially within

o b ~ N o o o - . S a A



"5 strip 20. For exanple, the plurality of skin-piercing elenents 22 may
extend froman end of test strip 20. In this representation, skin-piercing
_elenments are shown as solid structures positioned adjacent to or within

fluid pat hways 24. As _noted above, the parallel m¢ropiercin | emepts 22
Ty al & or Yo EMyificd BETKO RABEIGH: PRIV aRaRAC. B8 Bk WyRrecthe purgages of the

m cr o- nee [ { : | v
anot her - oxBasyt SR may b defied so JtoTReddh il Rupectl MR RGREYC dfiafles
plurality ank therebyomameinh the sauetumoofithgelectcbchemicabtestistiied apart, paral | el

sets of skin-piercin | ements, wherein the mcro-.needl es of each set are
formed by a rgslﬂéﬁﬁqy%@%@ﬁ%"t’?%aé‘?agﬂt BERBY OnASMpoSIgn 4§ Pfsie"&"e@? FE% or s a

first t } i 5o I ganifl of

el ectr ?Ses&é%\cmchggﬂpﬁg‘fag%ﬂéygﬁlﬁéﬁﬁi‘%g%@s% he %@g%g@vﬁ%al ngpﬂg%%ﬁx%s of an
exenpl ary assdyoBeagent sysfemsind intetspietypicalisinckide apedtd)conpler e the test strip
includes a fir el ectrod W th suitabl e insulating |ayer 54 and a
second el ect rocsjt,\heéfgg% Q%P% o;h?ﬁle[ Q%@?F%B?Si??%év hFﬁ?’éFPC'ng Wﬂ%ér"@ 0?98‘3 Pfo

el ect r odesmareGediivuple@@eity. A vaiidg 6f diffRyeat rddox Bawple dgdnltd 4r8 kRGWR VYRS alt2

therein. In this particular enbodinent, a first set of mcro-needles 44 are
f ormed by andénglides ferapyanidep pengzing adrosulphate pheraginegnethosulfgteneedl es 48 is 20

pos ¢ 9o elsREaRRRe-FrebleRimafeap e ARk, PERURERYLL S Podio ffp3E T T

and the phdigiletoogi-®ahzogainphe fersodehe!derivatives] obiutn biperidylwothplxes)\Watheniam
positioned between the sets 44 and 48. It will be_ obvious to one of skill

in the artcompigxes.Andheliks. emanpembpdimentsdederecaiiplas 4b particlar ingresf are

mat eri al S)g.j propriate, as described above. The test strip 40
al so incl ufaié{scygﬂg%%gggetl?%h area, as described above (not shown). Figure 4B
shows the conpdihet ieagentsfthapunay befpresent ingthe eghctien ares tichidetbaffedsg agdnts, p.g.,
SYSTENG As nentioned above, the subject jnvepti i ncl udes an anal yte
conce%tgr atSGiEHonge AU UF MR W@‘%é?&iﬁ?@a %‘?‘Q bb‘(f)fgbsbacnéithﬁ hike- gn ehAther éﬁeabﬁ cal
sanpl e an ] AU n LQR; . . jnt er est
Chorei n whar e B O R CRRE Rlch PR A Bl el e
aut onmat i calhlgrideyswfacautsanett adlnten Macol T'gronica Sitees Zon e emd Bluraplig; stabligzing
anal yte concentration determn nat iegnlgs%/st em olfs t%e subj ect invention -18

i ncl udes &EPRSEUSHAAPHTAD oA pedf PS> {YANEHOL RGBS ci ng el ements af fixed
thereto) as desgahlyed 7RG reasitht BsRESY suitdbRITEr dseSvittdb sebjkdtRnvention

configured and adapted to be received by or in the neter. An exanpl

e o
such aria¢lydethesmdaseribegtin gopeadingrPrS nApplination SedzhNas. 6933h 79 09/457 ghdes SA
and SB. Fi ,' l.ectr ) cal r._30 havj
Srrip e g 280: Qs Rl Mot T AL ER or FRlcRare iR thgp et BBy

i Il ustrat asfeagncopti cal neter 60 having a colorinmetric test strip, e.g.,
colorinetric test strip 50 of Figure 2B. METHODS 10 As sunmmari zed above,
the subject i n/esneradly far dectiochomigakaspays scrleqiroehespigal medsuipmenbisgnadedising

i nventi on, L; ﬁf&cﬁgﬁﬁ . ini.ng and
determ ni ntgé{%ﬁérgrrlléaelmég ?b(?%lﬁg%ﬁg? é{%?g?lh%gga physi g%gﬁsggi%\gé%f 189925@ n(}{] ed
above,25t hevasytigpendingeh tedsardiduta nagee ofithe hesag ahd theidesice ovithokhieh vheer i et y of
anal yte concentrat.iqns, where representative anal ytes include gl ucose,

chol 6st er ISPTRSRATIFR (o34 iR FmP ONER. eré JoPRIAIG o MASKPOrC a5BY i SRUIRTECHRE e

subj ect MeihRASMALE oF§&Entd e, kAR y! E eRLHEIRMIGT Re8UrE ALt 11 ReaRure
physi ol ogi cal sanple, e.g., interstitial fluid) blood, blood fractions,

const i t uersherge fequdarhetrigh dutréns (dmpesometnic porpaténdiah (potantiometyjcdotsuatist oeds, t he

first step.is tao provid t.est strip having. lural.ity of I N- pi_ercing
ol ement o ivep peiplof Hink SuliniiGE spriblb iR R P iof e ot died EtHsfs B! b
l'i ke, 38f f infgdng MheaBbR deStrititdafectrbeheptiod nficasiiemeAtadre fitther 8dschbediC.8i bed
above. The plurality of mcro-needles affixed to the test strip is then

i nserted iRt Noo: 4122 13¥; 4545a1826md HR6GEL; apwellise WIS 88465 WEA9/49307;
Dependi ng tR@dirsageré(sDo% tR«I px%]%? 'd8J:L819én?sa$f ﬁﬁigmn% l;[c?ein incorporated by reference.
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be obtained, the skin-piercing elenents nmay penetrate to various skin

| ayers) including the derms, epiderms and the stratum corneum but in

. many enbodi ments will penetrate into the 25 dernis layer of the skin.
Typically, the skin-piercing elenents are inserted into the skin, generally
into a fi n&@ardicssaf the type ofneastrement ag Glestredieanical mrasirepeniy signal is snag in
seconds a | r out 10 to 15 seconds. Sanple is then
coIIectedqﬁﬁ %gfgé !fgqbﬁg test strip and specifically to the

reaction area qﬁolmeng éaéctidhof fhe didttudchdniical meddoRniERnNdiSsigrial Berfeddt®d i the
collected in situ. In those 30 enbodi nents where the sanple is collected in

situ, the 15aqtionIzopsasdesgrbedabaee thecaimount phihe gnalyisypragent indbe sasmple ntrodyeast
f. t

€1 0 BeCCh AL ASLASPahe' it HBHANEY b0 e NEHEcRSRRAAA Bl ouny

above, whidffanalyte insks mq)le mepretsdsraatmﬂ meteds folmutqraatically psactbing tiedse steps are

h | | d i t . -19 t | [it f
o T ow o fiBherbaiied iReemendmg.l byADRlcatien el Nog; o Skt oBMET 3ot 21 1y of
ni cr o- needjgrggy 2’@@%?/736‘?88’5&&@/746/1lﬂieﬂfctdi@‘i&ﬁre%%f RichPRE ﬁﬁ‘%‘é‘?m #g&&?r@f

skin and draws "physi ol oglcal sanple thereinto. In nany e
sanpl e i s ndfeacncei Of eourdeeinl thoserembodimerdpudinga wlbnmmceasm}{&ystennat he sanple

dt f d,t t t he t
ermbod Ment Cetiepeogids 9 ppUrf nfef S by P LRR, Bt ecseraluireeTsae ol q)
sanpl e i s faphérieb&fbedns fbF %&fpﬁr ILESl. Pitert RRBNET 4, 960; #l900$ 6824, 0351346,
operatively associated with the solid mcro- needl es whi ch are adj acent or

are next tBOIhKI46/30d.468cY, 396%5@@8 142; S4G032% AS151100a3,626:1UF; 5,563,042;

Tayer of | ko0 SRgRea0: ST b 800 R PR RGBT S iSRRG 1 ©

interstitizd 5f9wz¢4pmetdtse1dsuﬂé§of Which afdRdei indd¥poraed 8¢ réferenbe openi ng or
incision of the skin is collected and transferred to a reactlon area of the

test drip by fAudescibadahaye adeaturephtha subigct mvenian in die psesenercoiapledity off
t he test {
brea and wReeliEaEEHE D £ ARG Sodsr ull ATID BBk A Phckabbf ol iR L O

I n many erqujaﬁmtosusérhﬁtl&admioe wherd saokima plotadity bfskihpieroihGelemerits i d:irectly
pat hways by a capillary force exerte&éon the 15 physiol ogi cal sanple

descri bed a&fee}w Or@ffe@déam test 1Py ¢ the PAHality of ﬁ’@nrpé%remg@ W@aarefntm@eéest
strip) t hedl ﬁ?% frRlikd fmté}ﬁ r%os}hytzﬁe ﬂhfdhw &f &i- ieﬁlgg-&l@ﬁl Qfk arf@Shed

descri bed a ove an e ctroc em cal t'e conc ntr I on eterm nati on
assay,20an diteetly toothb¢ast steib, msmmnmﬁmbcth(tethcqﬂmghtytﬂ skmf-mexengeelmﬂxts

wor ki ng el.ectr The el ectroch al measu rement that is ary
5 epondi R ErBRd of ihe e Faciial oF A IFASEA goion & HELEs Sitipt ¢S HODHESGE €

whi ch t he Bhe64i0?aMBITAGRondtRRtion LA Will e RIEHKRAMI0vE tkk plufBPESiKkE pREting
whet her the assay is coulonetric, anperonetric or potentl onetric

Gener al | y,elementeire @ssogi@tedid. ¢ adre vreﬁéldrcemnmwmn withastueast oneaflyd pathway,

ueual 1y ovefers s LA ppARRS bR Rerw g Bl iRk FRen Rl RSP BIEHARS Bk 67 e

reactiazsn aneenal lvﬁ*ﬁdin@dﬁm‘aybe 2 Flunpidtingay ahafesvgriglescr i bed el ectrochemi cal
nmeasurenent are further described in U S. Patent Nos.: 4, 224, 125;
4,545, 382; and Heawmberof skinspigeqing glgmegts gff;xsm@stcsvmmaafg@owdcnen@ng ona

di scl osur %ﬂgg g t&%uﬂ mgﬁé%gecy%gﬁgga& bl E%‘éefﬁgtﬁfers?%rﬁieté Mm &&%ﬁ@d by

reference ess’ 0 roc em ca
neasur energatient feong michitbe samjele isrtotbh ebraﬁmdt Inanarz;oenﬁbolﬁmeﬂne, thestmbérraf gkin30

Fol |l ow ng detection of the electro al asurerrent or g ener at ed
in the reefa?rmﬁeimf@t%@n%rééma%n 59,5,‘@(? Y1y st Abose ttﬂéa%%‘fw present
in theggsanplgly f?&ﬁ%y&%'mtﬂswba@ffa&tﬂ% megheofsm; nﬁﬂefa vahfified by

relating the €l ectrochem cal signal he anount of analyte in'the sanpl e.
-20 | n reemplo¥inpeglurdity of nn¢re—pm1rquget¢mtsnb&tchddmftaesmg‘udmlangcr elethentleggt iaon

tonat ed d _ . I
nown 1 (RS Brediratveaesiordly BibaER: B ge shEinEL ik oPrhE s Bl oa it o

a neter and the concentration of at | east one

-12-



"~ anal-yte is determ ned automatically. Representative neters for

automatically practicing these 5 steps are further described in copending

- U.S. Application Serial Nos. 09/333, 793, 091497, 304, 09/497, 269, 09/736, 788
and 09/746) 116, the disclosures of which are herein incor por ated by

reference. Kl TRegardlesseof plmvp@lequynmm the plueadity ofmisre-neadless tejmice- m‘vﬂlﬁése

I n practicij t he,sub The k

i ncl ude at ﬂgtgg{cal(%g éﬁﬁ'}S ta bé‘fclp P}?ah@? e%?ﬁgrjr’gtgﬁ 1@1’1&? @%gbﬂ{’&ﬂ@%g%st
strips. Thignpatitthe dr&yfeahgmmyrfsir pldﬁm’g dnd\peadtringskiti A @baliRg BRhSle withalt MYy
be used with reusable or disposable test strips of the kit or from other

kits or thereaking eciubstantiaily ﬂ%mgcmtmlﬁ syitabl erfawe e Fh?cf@bl?&‘rmmloﬂywé%d%f
test Stdipgy & vmﬁ(%@ﬁ 8’ sYa?pré%%%eei $sticd ch§s }ély&gg;lﬂ@;@hé{ﬁ?ca}ﬁ “t strips)

di fferént reagen ectroc em ca and

t he same Opolj?btﬁéréﬂhéﬂkbtoak,lp’dﬂ)ﬁtr@dd; polymethytgentene opidfl ydhiylidene Axoride, 9.
substantially parallel and/or perpend| cuI ar, and the sane or di fferent

ski n- pi er CPQBJIEPMFR“C@FS&@“‘@%S“}' ingPYlYHER AR many smbpdimentsy theapove he kit s
f h
may furt hehehdi H%térﬂ?strBWfdrﬁ’i&smfcﬂﬁe §1‘t1@Qs,teh§ 1%%932 :ngxogfp?gﬁc‘iésr drrffbei's”?_f]

determ nation of an anal yte concentra lon In sanple
i nstruct i osustabieyne?4l, dabgr Beots matednk egr, ghass oretrantie Ip geitaigiembpdimdnishel

t t K d t 1 i dent, f he..ab
doser i1 | o aier s lutah Byt 9 PR el ments Scaasltiooid SURBRDALY PERIDIGHE 5
Si bl e, qUeRkehe AR Gralintirchry a&ﬁ@t@nﬁ#ﬂbxﬁd@ loP e Gtne SRR 4 ag i

determ ne an anal yt'e concentrati on thereof he above descri bed invention
provi des atestStrpy Mbenhebwowd\ﬁanphrgdsy of ﬁ@nmmmgg elesentsimajske foaned of diacy )

m ni mal pai,n.and co b|| h_el d colorinetric
anal yte co é‘ﬁ’ngf fishe {3 (\fq‘t fieak séggguc%}éatgﬁ%ﬁl ﬁ%oéﬂ%? B Phvent i on
represent Scl@méﬂtg mid the i stfip f&bmbbh!énlt ePmherikhRod rv&hlch“it lis forakd sratone pfecé Bl
patents cited in this speci fication are herein i ncor por at ed by reference as

i f eacl® i mflewinglual publication or patent were speci fi | cally and individually

30 indicated t e 0 e r h ti

publication i SCTI% dlhtgﬁsqéf&sd(’:flq%es%}cgg n%«?ed;l)fs xﬁ%??a}%-ﬁf &l ao % E’P(ljgp%gtgfd not
be constr ugdh %th&WyMﬂp&?&Ol@gich&anipﬂlﬂoﬂfe&Mﬁed meemllranpdnstrﬁtmn dupth 4dded to
ant edate such publicatiqn by virtue of prior invention. -21 Al t hough the

f or egoi ng PRYEFNESPiHbg shiv byenod the nfémlq{ paient o Bsegibeingfesipd, Gsperally, the

Il lustrati r HEsG it is
readily ap%g} E]rr%% @éégﬁﬁ%@%%fmgﬁ %3!?8 pﬁf(wﬁ i E)?téll:lée?ifl%\rt [ nlalte?gﬁ‘% of the

t eachidgs fohctidms and thue mtill ba de:hgrtedaebe amﬁﬁcmhdyngﬂmsandaviﬂmﬁnﬂixmmannstormyl be

(r:r:a g?mt; her Et O W&%ué%qaimvg&gpéﬁﬁ% Elcré%ms 1|st§ Ithteseo éoa?scct)l% ratio o} the lcngawp ended

dxameter (where such diameter is measured at the base of the skin-piercing element) of each

ese

skin-piercing element is about 1 to 50, usually about 1 to 10 and more usually about 1 to 5.
The length, as measured from the base of the test strip to its distal tip is typically about 1 to
25 5000 microns, usually about 1 to 3000 microns and more usually about 1 to 2000 microns.
Although in certain embodiments the diameters of the micro-needles vary along their
lengths, generally the outer diameter of each micro-needle is less than about 400 microns
and more usually less than about 200 microns. In many embodiments, the outer diameter of
the tip is generally less than about 20 microns and more typically less than about 1 micron.
30  The distance between the skin-piercing elements generally ranges from about 200 to 6000
microns, usually about 200 to 3000 microns and more usually about 200 to 400 microns.
An array of skin-piercing elements may include a mixture of skin-piercing elements

having, for example, various lengths, outer diameters, inner diameters, cross-sectional
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" 1. Atest strip for deternmining at |east one target analyte concentration
of a physiological 5 sanple, said test strip conprising a plurality of
_ skin-piercing needles affi xed thereto, wherein said test stripis

configured to be recejved into . a nmeter. 2. The test sirip accqQrding.to
claim 1, wihepes spagigy bﬁwaﬁrametsismome@maflw@%%mey bﬁ@ﬂ@@w P%ng@béﬁ‘gﬂili"’al ly

transverse aSal st strip. 10 3. The test strip according
wherein sa?eé&bl%grbg}&vg

to claim1l,

ality of skin piercing elenents is substantially parallel

to said test stTheplurlityldfekinepircaigralgments pyay iba gositiomddan ang comieaieat N sai d
rodes. separ tedgﬁl;)%/ a spacer

test strip is furth | sed of two 15 el ect
| ayer . whirosPguion aHai e Rehe e, yhere et or SBEER AR s PPY

M&¥pport

materi gl . jacluddhelcbafigithtidilofAaRECBHof the Phifdns 4kinth@ velibh ﬁﬁigrikilrg{iw%%h%‘y of

skin-piercing elenments is attached to said inert support mat
The test spieicingelernents wijl beopenetatad.4he aabyte phingerest, guduthelike.y of

Ki n- pi erci s forped by.said.inert t erial. 7. Th
Cest Strip accaramegrpgiieaf it und SubBivshPE s plBatiafionierivhg
el enent s | derdéntd, I gTBdicBynéddldsEia posioedab ®e tsulbstamtially trilisvetse 3, aill laffixed to

according to claim4, wherein said plurality of skin-piercing

elenents is

forned by thatest stuip (sep &igsrlaeés). Angomnlingly,dhe migrogieedles erthe like arg positiened ah 8,
Wher o ; T T e | o4 g - %
Sors aP SebRub bl MR Gkl IR AR o' G SRRRRC R maPRIR e

4) wher ei nmivao-feqdiasrard mhde wfexsdndnhrough onesf the eleetnddes asatiout 480°

dnglesanidd

spacer layer. 11. The test strip according tQ claim3) further conprisi

at | east dJAeresperificallyithindgh an glsetrodeiapd |the asseatediined sHppart mategal, p'eﬁha!hatttbg gf

ski n- pi elr gﬂgg&?hgj cﬁ%??os-ncegl%g PTJ%ﬁxldE Gat fn?xfnroing s P Y diferto? i @i

said at ne of sal urality of skin-piercing elenents
adj acent tan which elettrodeds tisevite réthinithe platdiypef mikdo-needles.

T B [

15 In another embodiment of interest in the subject invention, the plurality of skin-

piercing elements, e.g., micro-needles, is positioned to be substantially paralle

1 to the test

strip (see Fig. 3). In other words, the plurality of skin-piercing elements is positioned such

that they lie in the same horizontal plane as the test strip, e.g., the plurality of skin-piercing

elements extend from an end of the test strip.

20 In certain embodiments, the plurality of skin-piercing elements makes up sets of

parallel skin-piercing elements, e.g., a first set of a plurality of skin-piercing elements

oppose and are parallel to a second set of a plurality of skin-piercing elements, as will be

further described below (see Figs. 4A-4B).

As described above, the test strips of the subject invention include a reaction area or

25  zone defined by the working electrode, the reference electrode and the spacer layer, where

the working and reference electrodes define the top and bottom of the reaction

zone and the

spacer layer defines the walls (or is defined by the matrix of a colorimetric test strip). A

feature of the subject invention is that at least one fluid pathway is configured

or positioned

to be in communication with the reaction area or zone of the test strip to transfer sample

30 thereto, where such a pathway may include an internal lumen of a skin-piercin

g element or

may be a pathway adjacent a skin-piercing element having openings on the surface of the

test strip and which runs through the test strip. In other words, the fluid pathways of the
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the lumen, as described below. Generally, the inner diameters of the internal lumens are so
dimensioned as to exert a capillary force on the physiological fluid. Specifically, the inner
diameters of the internal lumens are about 10% to 90% of the outer diameter of a micro-
20  needle (the outer diameter as measured at its base) and thus are usually about 2 to 400
microns, usually about 100 to 250 microns and more usually about 150 to 200 microns.
Regardless of the diameter of the lumen of the micro-needles, the plurality of hollow
micro-needles is positioned substantially near or above the reaction area of the test strip, or
at least the proximal ends of each micro-needle terminate at or near the reaction area so that
25  sample can flow through the internal pathway to the reaction area. For example, in the
embodiment having transversely positioned micro-needle elements, the plurality of micro-
needles traverses the entire thickness of an electrode and associated inert support material or
inert backing material, into or substantially close to the reaction area. In certain
embodiments, the plurality traverses the working electrode, while in others the plurality
30 traverses the reference electrode.
As mentioned above, in other embodiments, at least some of the micro-needles are
not hollow and in certain other embodiments none are hollow and are, instead, solid

structures associated with pathways or channels, where the pathways or channels are in
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needles may include various fluid pathway configurations, as described above. The number
of channels or fluid pathways may vary depending on the particular use of the test strip. As

15  such, there may be more, less or the same number of fluid pathways as there are skin-
piercing elements.

In certain embodiments, the solid micro-needles are formed at least in part by one or
more electrodes of the test strip, typically both electrodes, such that the micro-needles and
electrode(s) are a single piece of material. As such, one electrode may form one set of a

20  plurality of micro-needles and another parallel electrode may form another set of a plurality
of micro-needles. In this particular embodiment, the micro-needles further include an
insulative material, where the insulative material may be the same as or different from the
inert backing of the electrode. In this particular embodiment, the fluid channel(s) are
positioned between the sets of electrodes in the spacer layer.

25 Similar to the lumen diameters described above, the diameters of the fluid pathways
or channels associated with solid micro-needles may be constant throughout or may increase
or decrease throughout to enable sample flow modulation. Generally, the inner diameters of
the pathways are so dimensioned as to exert a capillary force on the physiological fluid.
Specifically, the inner diameters of the channels are about 2 to 400 microns, usually about

30 100 to 250 microns and more usually about 150 to 200 microns.

As will be apparent to one of skill in the art, a test strip of the subject invention may

include a variety of different types of micro-needles, where some of the micro-needles may

differ in dimensions and/or configurations from the others. For example, a test strip may
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5 any combination of the above is also contemplated by this invention.
Referring now to the drawings, wherein like numbers refer to like components,
Figure 1A shows an exploded view of an exemplary embodiment of a test strip according to
the subject invention. In this figure, test strip 2 of the subject invention is shown having
reference electrode 4 associated with inert support material 6 and working electrode 10

10 associated with inert support material 8. Sandwiched in between the two electrodes is spacer
layer 12, which is configured and dimensioned to allow for reaction area 14, formed by
reference electrode 4 associated with one or more suitable reagent 16, working electrode 10
and spacer layer 12. In this embodiment, a plurality of hollow micro-needles 18 are
substantially transverse to, and affixed to the test strip, where the plurality is positioned

15  through working electrode 10 and inert support material 8, and which are positioned directly
above and terminate at reaction area 14, i.e., the proximal end of the plurality extends
through the working electrode 10 and inert support material 8 and terminates at or near
reaction area 14. Figure 1B provides an enlarged view of a single micro-needle 18 which
shows the tip 101, base 102 and inner lumen 103.

20 Figure 2A shows an exploded view of another exemplary embodiment of the subject
invention illustrated as separate components, where like numerals represent like features. In
this embodiment, test strip 20 is shown having a plurality of solid micro-needles 22 attached
to inert support material 8, where such a plurality is substantially transverse to, and affixed
to the test strip. In turn, each micro-needie is associated with at least one chanﬁcl or fluid

25  pathway 24, where such fluid pathways are positioned substantially within the test strip 20
and are in communication with reaction area 14, e.g., they extend or terminate at or around
reaction area 14. In this particular embodiment, the plurality of micro-needles 22 are shown
laterally adjacent to at least one fluid pathway, however, as described above, some or all of
the micro-needles may alternatively be positioned in at least one fluid pathway. An

30 exemplary embodiment of a colorimetric test strip 50 according to the subject invention is
provided in Figure 2B, where the colorimetric test strip 50 includes a plurality of solid

micro-needles 22 adjacent to fluid pathways 24 and porous matrix 110 attached to solid
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test strip 20. In this representation, skin-piercing elements are shown as solid structures

positioned adjacent to or within fluid pathways 24. As noted above, the parallel micro-
piercing elements 22 may alternatively be structures with lumens therethrough such as
micro-needles 18 of Figure 1.

10 Figure 4A shows an exploded view of another exemplary embodiment of the subject
invention, wherein the plurality of micro-needles are configured as two spaced apart, parallel
sets of skin-piercing elements, wherein the micro-needles of each set are formed by a
respective electrode. In other words, a first electrode forms a first set of micro-needles and a
second electrode forms a second set of electrodes. Accordingly, Figure 4A shows the

15  individual components of an exemplary embodiment of the subject test strip 40, where the
test strip includes a first electrode 42 with a suitable insulating layer 54 and a second
electrode 46 with a suitable insulating layer 56, where the two electrodes are separated by a
spacer layer 50 having fluid pathways 52 therein. In this particular embodiment, a first set of
micro-needles 44 are formed by the first electrode 42 and a second set of micro-needles 48 is

20  formed by the second electrode 46 such that micro-needle sets 44 and 48 are positioned
substantially parallel to each other (and the test strip itself) and the physiological sample is
thus wicked into the fluid pathways 52 positioned between the sets 44 and 48. It will be
obvious to one of skill in the art that the micro-needles will include suitable insulative
materials, if and where appropriate, as described above. The test strip 40 also includes a

25  reaction area, as described above (not shown). Figure 4B shows the components of Figure

4A configured as a complete test strip.

SYSTEMS
As mentioned above, the subject invention includes an analyte concentration
30  determination system capable of obtaining a physiological sample and determining the
analyte concentration of an analyte of interest therein, where determining the analyte
concentration may be accomplished automatically by an automated device, e.g., a meter.

Accordingly, the analyte concentration determination system of the subject invention
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meter.

An example of such an analyte concentration determination system is shown in
5 Figures 5A and 5B. Figure 5A illustrates an electrochemical meter 30 having a test strip,
e.g., test strip 2 of Figure 1A, inserted therein and Figure 5B illustrates an optical meter 60

having a colorimetric test strip, e.g., colorimetric test strip 50 of Figure 2B.

METHODS
10 As summarized above, the subject invention also provides methods for practicing the
subject invention, where the subject methods advantageously allow for obtaining and
determining an analyte concentration of a physiological sample. As noted above, the subject
methods find use in the determination of a variety of analyte concentrations, where
representative analytes include glucose, cholesterol, lactate, alcohol, and the like. In many
15 embodiments, the subject methods are used to determine the glucose concentration in a
physiological sample, e.g., interstitial fluid, blood, blood fractions, constituents thereof, and
the like.
In practicing the subject methods, the first step is to provide a test strip having a
plurality of skin-piercing elements, e.g., micro-needles or micro-skin-piercing elements or
20  the like, affixed thereto, such as the electrochemical test strip described above.
The plurality of micro-needles affixed to the test strip is then inserted into the skin of
a patient or user of the subject invention. Depending on the type of physiological sample to
be obtained, the skin-piercing elements may penetrate to various skin layers, including the
dermis, epidermis and the stratum corneum, but in many embodiments will penetrate into the
25  dermis layer of the skin. Typically, the skin-piercing elements are inserted into the skin,
generally into a finger or arm, for about 1 to 60 seconds, usually about 5 to 30 seconds and
more usually from about 10 to 15 seconds.
Sample is then collected and transferred to the test strip and specifically to the
reaction area of the test strip. In certain embodiments, the sample is collected in situ. In those
30 embodiments where the sample is collected in situ, the plurality of micro-needles is hollow,
or at least one or more micro-needles include a fluid pathway operatively associated with the
skin-piercing element, i.e., an internal lumen therethrough as described above, which is

inserted into the skin of the patient such that physiological sample is drawn into the lumens
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5 In other embodiments where some or all of the plurality of micro-needles are solid,
sample is collected and transferred by channels or fluid pathways operatively associated with
the solid micro-needles which are adjacent or are next to the solid micro-needles. As such,
the plurality of skin-piercing elements pierces the skin and penetrates to the appropriate layer
of skin. Physiological sample, e.g., blood, blood fractions, interstitial fluid or the like,

10 formed or expressed at the opening or incision of the skin is collected and transferred to a
reaction area of the test strip by fluid pathways or channels with openings on the surface of
the test strip, where such channels are in communication with the reaction area and which
contact the physiological sample at the surface of the skin. In many embodiments, the
sample is drawn into the channels or fluid pathways by a capillary force exerted on the

15  physiological sample, as described above.

Once sample is delivered to the reaction area of the test strip, the concentration of the
analyte of interest is determined. As described above for an electrochemical analyte
concentration determination assay, an electrochemical measurement is made using the
reference and working electrodes. The electrochemical measurement that is made may vary

20  depending on the particular nature of the assay and the device with which the
electrochemical test strip is employed, e.g., depending on whether the assay is coulometric,
amperometric or potentiometric. Generally, the electrochemical measurement will measure
charge (coulometric), current (amperometric) or potential (potentiometric), usually over a
given period of time following sample introduction into the reaction area. Methods for

25  making the above described electrochemical measurement are further described in U.S.
Patent Nos.: 4,224,125; 4,545,382; and 5,266,179; as well as WO 97/18465; WO 99/49307;
the disclosures of the priority documents of which are herein incorporated by reference.
Regardless of the type of measurement, an electrochemical measurement or signal is made in
the reaction zone of the test strip.

30 Following detection of the electrochemical measurement or signal generated in the
reaction zone as described above, the amount of the analyte present in the sample introduced
into the reaction zone is then determined by relating the electrochemical signal to the amount

of analyte in the sample.
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KITS

10 Also provided by the subject invention are Kits for use in practicing the subject
methods. The kits of the subject invention include at least one subject test strip, oftentimes a
plurality of test strips. The kits may also include a reusable or disposable meter that may be
used with reusable or disposable test strips of the kit or from other kits or the subject
invention. Certain kits may include various types of test strips, e.g., where various test strips

15  contain the same or different reagents, e.g., electrochemical and/or colorimetric test strips,
the same or different skin-piercing element configurations, e.g., substantially parallel and/or
perpendicular, and the same or different skin-piercing element types, e.g., hollow and/or
solid. Finally, the kits may further include instructions for using the subject test strips in the
determination of an analyte concentration in a physiological sample. These instructions may

20  Dbe present on one or more of the packaging, a label insert, containers in the kits, and the like.

It is evident from the above description and discussion that the above described
invention provides a simple, quick and convenient way to obtain a physiological sample and
determine an analyte concentration thereof. The above described invention provides a

25  number of advantages, including ease of use, efficiency, minimal pain and compatibility
with both electrochemical and colorimetric analyte concentration determination assays. As
such, the subject invention represents a significant contribution to the art.

All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually

30 indicated to be incorporated by reference. The citation of any publication is for its disclosure
prior to the filing date and should not be construed as an admission that the present invention

is not entitled to antedate such publication by virtue of prior invention.
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2. The test strip according to claim 1, wherein said plurality of skin piercing elements is

substantially transverse to said test strip.
10
3. The test strip according to claim 1, wherein said plurality of skin piercing elements is

substantially parallel to said test strip.

4. The test strip according to claim 1, wherein said test strip is further comprised of two
15 electrodes separated by a spacer layer, wherein at least one electrode is associated with an

inert support material.

5. The test strip according to claim 4, wherein said plurality of skin-piercing elements is
attached to said inert support material.
20
6. The test strip according to claim 4, wherein said plurality of skin-piercing elements is

formed by said inert support material.

7. The test strip according to claim 4, wherein said plurality of skin-piercing elements is

25  formed by at least one electrode.

8. The test strip according to claim 4, wherein said plurality of skin-piercing elements is

formed by said two electrodes.

30 9. The test strip according to claim 8, wherein said skin-piercing elements comprise two

spaced apart, parallel sets of skin-piercing elements.
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11. The test strip according to claim 3, further comprising at least one fluid pathway

5  operatively associated with said plurality of skin-piercing elements.

12. The test strip according to claim 11, wherein said at least one of said plurality of

skin-piercing elements is laterally adjacent to said at least one fluid pathway.
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