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sanpling of biolog#csal fluid. 10 Background of the Invention The detection
of analytes in biological fluids is of ever increasing inportance. Analyte

detection assays find use in a variety of applications) including clinical
| aboratory testing, h@ERCETANBOUSBIOLOGICAL REUIPSOONSTITUENT testing

play a prom nent rolgaAMPLING ANDIVIASSREMENT DEVICES ANDMETHODS! Y Of
di sease conditions. Common anal ytes of interest include glucose, e.g., for

di abet es managenent, cholesterol, and the lIike. A common technique for
coll ectSi ng a sanple of blood for analyte determ nation is to pierce the

skin at |least into the subcut aneotls!l i'ygelr ;to access t he underlining bl ood
vessel s in order to produce | ocal 198, t he body surface. The
accessed bl ood Tifs iMeftictds $Qhtk@ £ cdtéﬁe@u@bn%[ﬂgidal flufdsaiPlinglahd Medpte and
anal yzed by testing equipnent, often in the formof a hand-held |nstrurrent

having a rmeasuremengand store parbmlarlm eomnstithentsiapsfar madipms to facgitale sampimgof
fingertip |s the t frequently used site for this nethod of bl ood

col | ection ﬂlﬁglcfi ﬁe | arge nunmber of small bl ood vessels |ocated therein.
Thi s ngt hod has the significant di sadvantage of being very painful because

subcut aneous tissue of the fingertip has a large 25 concentration of nerve
endings. It is not uncommon fo&ﬁﬁk&!ﬂn&fﬁwﬂ_‘ﬂﬂmﬂ!e frequent nonitoring of
an analyte to i ' ' t.] r
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patient) particular done on ‘a hi gh-frequency basis e pro
wi t h this ihdotnglgosseae.g., ﬁ)rmmanmdagwndme:hbhs&:rdi hemtl thehltkee is a |im ted

SRS T AT TR AT O RN TR
:ﬁzoggslt gggwchg \F/hg%kﬂ' ANeadEdiAte SibcBhPousdSyek & bcafidhy hitdedlifE bivdd veEselsqk ol S
order to produce localized bleeding on the body surface. The accessed blood is then
20  collected into a small tube for delivery and analyzed by testing equipment, often in the form
of a hand-held instrument having a reagent test strip onto which the blood sample is placed.
The fingertip is the most frequently used site for this method of blood collection due to the
large number of small blood vessels located therein. This method has the significant
disadvantage of being very painful because subcutaneous tissue of the fingertip has a large
25  concentration of nerve endings. It is not uncommon for patients who require frequent
monitoring o_f_.ztrl analyte to avoid having their blood sampled. With diabetics, for example,
the failure to ;requently measure their glucose level on a prescribed basis results in a lack of
information necessary to properly control the level of glucose. Uncontrolled glucose levels
can be very dangerous and even life-threatening. This technique of blood sampling also runs
30 the risk of infection and the transmission of disease to the patient, particularly when done on
a high-frequency basis. The problems with this technique are exacerbated by the fact that
there is a limited amount of skin surface that can be used for the frequent sampling of blood.
To overcome the disadvantages of the above technique and others that are

associated with a high degree of pain, certain analyte detection protocols and devices have
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been devel oped that use micro-needl es or anal ogous structures to access the
interstitial fluid within the skin. The m cro-needles are penetrated into
.the skin to a depth less than the subcutaneous |ayer so as to mnimze the
pain felt by the patient. The interstitial fluid is then sanpled and tested
to determine the concentration of the target constituent. The 5
concentration of a constituent within the interstitial fluid is .

r epr esent aheen devsoper ghat ypromifre-aeedies asfanalegeussymsiurasie aecepnthg imerstingdiuig
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means is often used in con'éuncti on with the 10 m cro-pi ,ercitng_@nenbers. For
0

exanpl e) |5smpledand seeiad tpgelerning iy cangenteationef e targetonglituentodds t he use of
vacuumepr e | ol Al bbby Of dpterstitial
frurd ot confiadsbPhodiuchibil iRARRhR) MM FhicdulaBondi <2
vacuum pr esatereratdon sfthat doastroeritiin othef badilyrfluids, sk agsibboadi t y of t he vacuumto
becone stretched and_ engorged with ipnterstjtial fluid, 15 facilitating the
extraction of fluid CRSSRAUARR} frIGremeedinsampling sysigms Raye %ér@wgerﬁﬁlgtmtsm osed
wher ei n_ a deagal bt ieRefihl Mold FhEIBRE hhihal BSdy is ANE He AHBOY Brekiifte SKAHbUt §aUSI NG
intersti tiﬂael E‘%Fuﬁ tc(p)ﬁﬁil oW nore raplhdlﬁfl at ){lhat %g(af‘at%{ rn t%ereb;/1 al I owi ng
mor e i nt errsiHg,abme |kiriddoftreedhenicalldr #e¢usith meansgs ofien usedtin tenjunation vath the ot her
det ect,i,on devi ces.have been devel oped which avoid penetration of 20 the
skin a% odBIHEP' T IMEPERG The outernost |ayer of skin, called the stratum
corneum is "di sruptmgexdiipls, NRfatiBAS Pavdt Kgﬁﬁé‘atibﬁ WO/ 1852 dfseRoses the Qe
extraction of biological fluid within the skin. Such neans includes the use
of osci | | afivesnusnpreggure andéordispl todaareasa thef aveabiliynf interstjuiltftuid ot thp ereglef n

surface, etc.. Far. .exanpl e, |nternational-Patent lication WO . .

o081 3a641- dFubnoRie PR IR ol R 3oRRs el pBRt P Bhlse" tl oo of sHiteq
or wre, aﬁ_tmwihit%%fm@%&dm&fbe%bm@ sHetchet @ ehporged Rathshierttitial fidee and
caused to vi brate by neans of an el ectro-nmechanical transducer. The needle
i s i midr s decilitatipg fhecapactianeof duwd upan engryantoithgskdn. nAnpthes pethed i disclessdt act
with the in. s i.hrati e 1S: tr. : t he
i o or Sigpein BSCATREINARGE kRl b aofie e (ke ch i ARRRR! Bilghs

di srupt t Heow mokerapidlyshtrthattlorationfthérbley silovdhg mosointestitial Flnidobetcoemdd pat ent
Applications WO 30 97/42888 and WD 98/ 00193 al so di scl ose net hods of
interstiti8YIYNQ W ection using ultrasonic vibration. Thus, despite the
work that has al rea@ill@ﬁﬁé}_dé&eﬁon# BeVi&S hadt erdeéé]éée)ﬂt@hiEﬁ§$di&‘?enétﬁ€i6ﬁﬁfS a

continued interest in the identification of new anal yte detecti

I on nethods 2
t hat 120r e thesidn hijogether. Instead dedmitamostieyarof ekiantallad theestratu@i cqraeumgdal ar
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i nclude: 5,582,184, 5,746,217, 5,820,570, 5,942,102, 6,091,975 and .
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target constitu b1 ol ogi ca | urd accesse In the skin to an

el ect r ocheransfatred & the tiquidneragtingshpenidyodmichséresscorpbe ekinsorfadel suffésiers o wi t hi n
the fluid sanple. present .invention finds_use in cess| ng. bi.ol qgi cal
F1'ui ds- sucliTHE 't GMa RESRHHE 8 SR PprIpiin- termetionef ESGRL ABkjcaHiCas O
nMeasurgent7/42Rgy and WS 9808193 Ao diSclBse)méthodQstentesARAIEHIIE UtkctidcH Rdg Ol Yt es,
pharmaceuticals, or illicit drugs, and the like, which are present in 20

t he accesggidasphis/vilyaiéerl: 1 ui d. The present invention is especially

wel |l -suited for the Pl n f titial £l uli

constituents such aﬁ%ﬁ’f& 5@ %’. tﬂ? g"’ggﬁémﬁ% %F é}déposcﬁﬂjﬂég ﬁ'stz‘i AR g argér@e

measur enentstigg\ViheiRSs h betided alerest in the identification of new analyte detection methods
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el ongat ed skin-piercing or skin-penetrating nmeans to provide access to the
bi ol ogical fluid, at |east one sanpling neans in the formof a constituent
. transfer medium and a neasuring 25 neans in the formof an el ectrochem cal
measurenent cell in fluid communication with the constituent transfer
medi um The skin-penetrating nmeans includes at |east one mcro-needle
defining a substantially annular bore or channel through at |east a portion
of the i nt eéiat moreakadihemedt thoonaededf the sdlevant mackeqnQf particuigr iarerest woukl etbai ng

at a distal end through. whi gh. one or re 30.biological. fluji.d.constituents
enter i nt od¢YFOPRER! el My %V‘véﬁﬁﬁﬁ?qig‘ﬁﬁgt,ec'f‘ﬁ’esyﬂ?ﬁh&ﬁﬁ’élp[ﬁc flneans

conpri ses aindabdabl, addirdle IEERy ICRE! BSwell BSsa8 Afd drRedtfstiscal nmeasur enent
cell conprises spaced-apart working and reference el ectrodes positioned
within and/or further defining the mcro-needle structure. The area

between_the el ectrodes is defined as a one in which the actual
measure?rent of analyte concentrati on%p&g@gﬁén certain embodi nents,
the el ectrode pair aus.PateaiotlintyreRaficlhd@3eI82a2d, 5,046,217, 15(820]579; 5,942 €6b, f r om
each other, wherein at |least the outer electrode has a hollow, cylindrical

conf i gur at POAL.9AYand:6, 1616k Qtheppatent daeymerssandpublications of Hurgstandudey K Qr e.
The i nner o] i $ tyl bt R |y i ter
el ectrode gz@&r{@yqﬁ?%"‘?g% %Bﬁﬁdrﬁlfgfr‘ W:glgwégﬁ?‘g}ngqjg%%ﬁ%?ﬁ?éﬁﬁo ow
cyl i nder f bd/6esBOMW (D 06/36630, 8V O0Y'SY IMRard MED 0017426541.s01 i d cylinder. In

ot her enbodi nents, the electrochem cal cell defines the proxinml end of the
m cro-Héedl e structure in the formof two paral | el -spaced pl anes positioned
substantially transverse to the g!@hﬁjg t@l@llF@éﬂtﬁmOf the m cro-needle. 10
In operation, one of the electr chemical cell is used as
t he reference el ect r Beteutbyeonk bogical flojpl ampdihg and eml ge greaburementrsystenie dnd o
the sensor froma signal e%sfr ati.ng means. The .at‘;]gr el eEIrode oi(%era‘%es as
a wor ki ng €Fdessy Hge! ??JPC‘B? PRBANG the SAME Afe RIPYifed OY 5 suPIRE 1BUSNMIR. (8 a

si gnal recglMjrder B aMect AeGb&y i8 eYpredelibe 6101 @InSitentatAsfer AEBIUNSthaCHAIE: at

t he bottom and the working electrode is |ocated at the top of the device.
Thi s 185 outmplitransfegnatl leastthe dargettconstiteenthokbivlogicabiiuidfacedsseds withje theaskan (ot e i n

d biological fluid. A red t terial : d
o C o ot BS Bt Du R8P R0l bR PR )
interest. Jheploarhed present inverion fiRRALE in ARERMpdiolugicdl flidSichat Blbokased on

the anal yte targeted for neasurenment. The constituent transfer nedi um of
t he sanpl i HierpiittahEuisk angbindBe defectipnagd meapemertpf (vadoys gnalytesce. £ o ghisose,

referred t I J ik [ - .

m cr o- need eo?%sﬁ%ﬁlﬁgﬁe&?@&fg?,}gﬁgfﬁa lﬁtgér%g ’ ?#glﬁcg@g%gghﬁr%l%’ %ﬁg%g%‘prgs%w} ogel
or gel 20rat eheiaatessad bislogical fldidt Ths pleyaht aplntliorcis@sgechdly vashl-afikd dorttiie f or i oni c
and anionic particles within hiologi fluid. tignall the gel matrix
may be conf%ﬂaﬂw&dmé@%ﬁ%ﬁ@?@@%ﬁwgﬁyﬁﬂw@f%tm blex Srﬁkl&ém ar weight |ess
than a specified wei ghenerthehd&ibidEiamnpifglah@Ah&irembnt 2R vicedmkiibant ar get ed
bi ol ogi cal fluid constituents) p% esent ag the access opening of a

m cr oneed| elongeted skirepicecing doskinFperetratimg medrsrto poorvilds, access to theguolegical fluid, at
const i tuen&as%I m gr atles t hr oulgpﬁt he ﬁgl mahh{ex unt'tl e%ui | i briumis.reached
bet ween t 2 SRE SHEPIE BRASAT IFJOTB AR FOTEHERLYIRSIERMFAUR ANE SITESUAE ¢ he
concents at y@Ansdh thd Rrf @ 8h kled®sdhemioa hithdhréhiént 86l i BdillickmninicaABRHiRdhé O 2
hol | ow mi cro-needl e which relies solely on capillary force that it 30
exerts on eonstipicnt tsagisteametium.d as a neans to transfer the biological fluid
to the el ectrochemc 2] | | ec. stiiuent tr L may be
configured (i.e., przié%ﬁ?%_ge?etﬁﬁgﬁ %@S lEs]c%lﬁ gérgaa%[ (Ila%llslts&aetr{e")c@géegh dng?%g@ t he
transfer ofubshgillydgulik bere dricharthel hedighianRdst\ goptioh dfitRe Breriw o thebmiek®gi cal
fluid, while transferring only constituents of the 4 bi ol_%g(i)cal fluid., It
i s the conPfegif SRCKYE #id Rayinganacesss ORFHNE & 2 dighp) endihfough whiGh-one|E MOsE et ed
consti gglent) ok LPALIdSnlRIBHEANEG iHRNRE Hé\gé‘é?tlﬁ niaf?:g ehﬁ:%ﬁlxﬂ&ns,ﬂ}eskﬂﬁ*;ie{@ﬁ% I X

of the present” invention Is characterized by a concentration gradient That
changes i nmaamscrodgmises au drinyavffsiuchsiniooo-degdlessyst em This al | ows cal cul ati on of

5 ionic and non-ioni g elenment concentrations means of the exponenti al
oharact el ot on of t NS s EOTEhe Bl messLmen qo Lot e torced o SO

function a?ef&emretlec%d@sgbcﬁﬁ%lnw RitABTEHA feRy a@mihgthei hictdid&SstARans for
controlling the sensor device. Specifically, a control unit is provided in

whi ch the control neans is electrically coupled with the sensor device and
10 functions to generate and send input signals to the el ectrochem cal cell
and to receive output signals fromthe cell. These functions, anbng others,
are perforned by a software al gorithm programmed within the control wunit
that automatically cal cul ates and determ nes the concentration of the
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15 An exenplary nethod of the subject invention involves using at |east one
subj ect sensor device conprising one or nore hollow m cro-needl es having an
. open distal end defining a constituent transfer pathway to an
i ntegral |l y-coupl ed el ectrochem cal cell. A hydrophilic gel material fills
the interior of the mcro-needle and the el ectrochemcal cell. The
mcro-needle is inserted into the skin to a selected depth, preferably to a
dept h t hat The areadetiveen dlre eleqatiadgs Welelinedeasdhe rpactiorozase o WhichdbepadualNext , t he

R e e S R e S

transf er r eqhair Ao H@allyeFtBitionBd R eoneénttibedlyedpacdd fesih @AdtCatherC @hkreirf4t least the
el ectrochem cal neasurenent is then nade between the working and reference

el ect r odes ouigaeleptresizihae 8 halow| edindrieal corfigynationtands atileast Bnags defines theamisrot he

concentegati C ' 140 . T ﬁmﬁ? | he
consti téentng‘ighrlfE %}ﬁlec pg't ?g%ﬁhéyﬁ%ggg ilstsﬁlﬁﬁgb%g@g??‘ {/netgg]p ?om EL&’%E)F g’?‘ﬁg’gt&
el ectri cal ekcgodd andAnayalso havala cytihdrical eqfigaeation ngithehashallpwceybinded filisd wigty
then be displayed on a display unit. A software algorithmthat is part of
the devi ce) 8N corpMaleriahoreas 4 soMig cylindsht Igrthenambodiaehiths sleqtinchemicakes]l may
be enpl oyed.¢ ' ' _ I ] N uni t
Co the ool [k i ST chBr G SIG EUE syt LA M 0B oF Yod it iphd
anal yt e. Tiplansupgsgined ewbstmsallsiratszense antile hangitodisalf axmdofubemisro-acedlyt e
concentration measurenent of a varjety of analytes and ar rticylarly
sul tedPor use Tt o ezt Res R the b Bk efeRinpentitl oPlis it albel s
fluid. 5 Belefée diegfodt BY wHicHdn inpét rbleficd SigndllipoRidkd td HeleRsor Floths SigndlA
1B, 1C and 1D wherein Flg. |Ais a cut-away view of a length of an
embodi nent gerderating me¢ans.o Theetieeeledtrada operetes ene wWorking eleetoderthej. praddessany 5
cross-sectional .vi of . the mcro-needl e of Fiag. al.ong, the arro b-Db,
o 10T s ORRR st ol o et P T kv pistn ol s BTerfide i gar
arrows c- cigloghtéd &-thdbdtiom and BB working elecirbi® iflscardneer!iep of thEidevict ATRik ong
the arrows d-d; Figure 2 includes Figures 2A and 2B wherein Fig. 2Ais a
cut - awdy vPBlRUbTiZRAI FRIRSERS Hie coneeniitior abbgitargeitanalyte inaceassaddipogisrklilgd. t he
present invention an ' ' r ' IRVIE Q .
m cro-needl e of Fig. gzﬁh%aﬁgégé nlél?)(l)sﬁeé& 18 ﬁ{ehafa%?irﬁg\ﬁg}g hé gg;}%ﬂl\glﬂdﬁ\éﬁesé I?Cg%ghcgr?'gghi cal
r epr esent attlbw fafilitaretafgeting theranelytesy)sif enteredt. t Tiee preficul@miredox ehgdnenapriab ent
I nvention; and Figure 4 is schematic representati on of the sanpling and
measur ement’s \s,ﬁqgg:tgfba(spéo?)?ﬁ@gg%tytq tﬁ(ﬂ_@ﬁ?&&@”ﬂ@ﬁ&“&i | ed Description of the
| nvent i on_Per cut aneoyfe BRlifRhC nsfek HeiurLobtne sktpifigShbdsholditd de a2TPLI NG
and anal yte neasurenent sensor devices and systens, as well das nethods for
usi ng 2he beiwepn theawp elegtrddas, refdreedgo as thetredctive aone and atldast apertion af leach
sanpling of .constituents fQund in biological 20 fluids,.such as bl ood and
hrorst e g SERsR). ohetontBueh HaieC e sk 8r8 HighoBd o2ty , o1
di fferent ahedrial 6Smattixdhat iGhytReSElic SIUHL%h afftlity 8 Rl Mdenfshic particles

e.

pharmaceuticals, illicit drugs, and the lik
within biological fluid. Optionally, the gel matrix may be configured to transfer only

particles having a molecular weight less than a specified weight. The gel acts to transfer at
25  least the targeted biological fluid constituent(s) present at the access opening of a micro-
needle into t}le—reaction zone. In other words, the targeted constituent(s) migrates through
the gel matrix until equilibrium is reached between the concentration of the
constituent(s)within the tissue and the concentration of the constituent(s) within the gel
matrix. As compared to a hollow micro-needle which relies solely on capillary force that it
30  exerts on the biological fluid as a means to transfer the biological fluid to the
electrochemical cell, the subject constituent transfer medium may be configured (i.e.,
presented in a fully saturated state) to eliminate the transfer of water and other fluids
contained within the accessed biological fluid, while transferring only constituents of the
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In general, the subject devices include a skin-piercing nmeans) a bi ol ogi cal
fluid constituent sanpling neans in the formof a constituent transfer
. medium and a 25 constituent concentration nmeasuring neans in the form of
an electrochem cal cell in fluid comunication wth the constituent
transfer nmedium Preferably these conponents are integrated into a single
structure. Before the subject invention is described further, it is to be
under st ood bidiegica fleid. ihie titei configwranaert ofl thereleetdochemidab cglthai seldctsrthe rdpgadédrent s
of the invention ge)ré qggr bel ow, 30.as v?rlatlons of the particular
enbodi ment SORREPBESHHERYR gmaning consitients fqrtestinge scope of the appended

claims. It is also tqh@gemﬁaﬁi%&meqaréseattmvaﬁloweﬂmké}_&ﬁdawlcau&@tmﬁoﬁ or
the purpose of describing particular enbodiments, and is not intended to be

liniting. graasite?adlat @haeg@oopecqsdarlch@uqbraefsrémrdi:weﬁqm orhiswliawsraladatioplaf shed
b h
o der oy PP TRRE AR efbment PoilcEnyeloBE 85 pan &) diF BrpobeRiat Shifffteridsics oF he

lower |im tﬁrsmi-@ssys&dm context clearly dictates otherw se, between the
upper and lower |imt of that range and any other stated or intervening
val ue in that statedThapidedt sens §§@aqunﬁnrasmért|0fi%malﬁﬁ Sensig upper

and | ower il 3 Incl G E nRafiTRl LEfud GRS sRY: SOAROSBISREN, BeahigluAfiSd | "

the smal | er’ ranges enconpasse e 1 nv 1'on ject to any
speci fi cal b;ovededhmdatthlthmdnmomntebm is ertedall poapledibieh ﬂxetshﬁsostia‘hedarrcange
i ncl udes one aor both of th&él imts, ranges excluding either both of those

i ncl udé | fyRchansdp gengrats and sngdaputisignals OF‘W\Fé"r?E‘PS‘FFm‘EJi‘\‘ICégén%Heﬁ%‘de output
otherw se. sighds ?r%ﬁhﬂb €gl, e AfcABA, binbpk BER, H%?)grféﬁlﬁé[ﬂ SifRvat0 alghfi

meani ng as comnmonly understood by one o di nar e art to |ch
this i nvenprqgmrmaecbwgbm the¢ comoned binid that amomanksallamdlcnhtesrandkistesmm$me or

equi val ent to those SCI’I bed Bﬁreltﬁ % n a@i used I n, thteﬂﬁract ce or
testing of SPHENHHID qtﬁ(ﬂéh‘l"la ¢ I} g biglogt F@BP ﬁé‘P%EFsCC%B UPHHENAG e
now descri bggh thé\klectrsthbintcl EANS nmentioned herein are incorporated herein by
reference to disclose and describe the nethods and/or materials in 15

connecidon wi th whi cAntekemplaty method oﬁ@can@e@iinmxion inviolxss ubipg labtcesi onhat as
used herein in tgle.a B nded cl ai ns, lpﬁl @%J %{A "a" la ta] &
“the" 1 nol HCCPIIPe] Vi EPmRriSng o8 SLMprehaliont "rﬁ‘&?"ﬁ‘igcaf‘a‘ipsg ista

ot her wi se. edd@inifgod cosaniphi@ransRf piBWERtd 4 in &gm@tcoaplﬁedlalectra@ieuﬁ@ﬁ céll. A
plurality of such test strips and reference to "the processor"” includes

ref erence hbdremh@gelrm%t@nqéf%é&@@oaﬁﬁthzm@r@me@élp@n@ thetglegtrogherigahasllt o
those skil 11“59 {1‘ Iagq}lggs 1{1%%@? @8 tl{ﬁosrkhhto aTs}%f‘ec&‘deebﬁlablle?é?%lgltéﬁ; H&ﬁﬁ%att]er ein

are provide I'SC
20  avoids contacting nerve endings and blood vessels. Next, the at least the targeted

constituent(s) of the biological fluid present at the open distal end of the micro-needle is
wicked into the gel material and transferred into the reaction zone of the electrochemical
cell. An electrochemical measurement is then made between the working and reference
electrodes that provides an electrical signal that is representative of the concentration the
25  constituent int @lle sample. The concentration of the constituent in the patient’s blood is then
derived from the obtained electrical signal. A numerical value representing this
concentration may then be displayed on a display unit. A software algorithm that is part of
the device, e.g., programmed into a control unit present in the device, may be employed to
determine the signal levels transmitted by the control unit to the cell and for deriving the
30  concentration level of the target analyte.
- The subject devices, systems and methods find use in analyte concentration
measurement of a variety of analytes and are particularly suited for use in the measurement

of glucose concentration in interstitial fluid.



prior to the filing date of the present application. Nothing hereinis to
be construed as an adm ssion that the present invention is not entitled to
ant edate such publication by virtue of prior invention Further, the dates
of publication provided may differ fromthe actual 25 publication dates
whi ch may need to be independently confirmed. THE SKI N- PENETRATI ON MEANS
The skin-penetration neans conpri ses at | east one m cro-piercing nenber,
preferably in the formof a mcro-needle, used to penetrate the skin to a

dept h where pain and 30 bl eedg’ ngggre i ni mfiﬁgﬂ gnd Er ef erably

non-exi stent. Thus, it is pr . eedl e penetrates above
the level where nervVEguR! EinBlB&SFiguref$AS UBNIC hitd DB wHeldimFlgaY AriS aicOt-wayhi ch
t he subj ect piercing nenbers may extend include the derm s, epiderms and

t he strat uwewciadenstl pf an embadimenitad thegsicre-agasie offthe peeseriinneptipn;)Fig. 7B ishe
m cr o- need def j. nt | 3| I r ek t e
Mt eri of - ofros Rab o Rariine Ab et BORAY TR sRE SOt GDEOBTkie, T ol
t hr ough whieetionil olevgofaht midroindedie 08 Figt LARIahgtay areowee-ciand Hig AP is a top view

m cro-needle. In certain_enpbodi nents of the sensor devices of the present
invention,Oﬁthéng‘i?{Pﬂ‘-eEﬁﬂEPE%‘rﬁglﬁ'éé‘?@tB%ﬁ‘ﬁ?‘V%gﬁ; an array of such 5

m cro-needl es. The Sﬁggﬁ%mheésoﬁgﬁ%g b&SInANY wiin@Hg oA £% éae-ﬁggg b%w Gl 1y

stabl e and strong eno to penetfate the stratum cof neum wt r eakl ng
or fl exi nglenghef enathénemtbodayen o€ theanliercaficedletof slopresent biventiert avd Eip. 2bisas not

to cause irritation . to the skin or @n desirabl e tissue response. Although
the sehborcrasytectionahiswial the wigesedle of Bie: 74 akep alone e mous Bene s 1t i

preferable that the ﬁ%ﬁx‘é@ idla g?iphﬁ&?re?e%érﬁamtﬁéfi%'f'@fdéf sy‘&e% ef ﬁ'l‘é‘%éi e
arrays is able to withstand sterilization cycles. The m cro-needl €s and/ or

t he array mhtrixiofithe presedt inventign; bed f or med of or coated with an insulating
material, such as a gera mer | astjcs and the |ike.

1.c, ol . Sili .
Exanpl es of pol yners 1§Pr§r141p1§Fﬁgl&q?gsﬂ%&rgér,es'eﬁgggﬁgt, 58 @1& gameasurement

pol yet her ejdigdeksTiingresehbinvestitnd crystal line polyesters, or their
conposites. Exanples of ceram cs are al um num oxi de, silicon carbide and

zirconfum oxi de. Suitable netallic materials include stainless steel,

titanium precious metals orpghligybel MR o iiviRbh <©:

Percutaneous biological fluid, e.g., interstitial fluid, sampling and analyte
measurement sensor devices and systems, as well as methods for using the same, are
provided. The present invention finds use in the sampling of constituents found in biological

20  fluids such as blood and interstitial fluid, and in the detection and measurement of a variety
of different analytes, e.g., glucose, cholesterol, electrolytes, pharmaceuticals, illicit drugs,
and the like.

In general, the subject devices include a skin-piercing means, a biological
fluid constituent sampling means in the form of a constituent transfer medium, and a

25  constituent concentration measuring means in the form of an electrochemical cell in fluid
communicati-:c;ﬁ"with the constituent transfer medium. Preferably these components are
integrated into a single structure.

Before the subject invention is described further, it is to be understood that
the invention is not limited to the particular embodiments of the invention described below,

30  as variations of the particular embodiments may be made and still fall within the scope of the
appended claims. It is also to be understood that the terminology employed is for the purpose
of describing particular embodiments, and is not intended to be limiting. Instead, the scope

of the present invention will be established by the appended claims.
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The general configuration of exenplary m cro-needl es of the present
invention will now be described with reference to Figs. 1 and 2. Figs. |IA
-and 2A illustrate 20 m cro-needl es 100 and 200, respectively) having a
configuration that is substantially straight along the |ongitudinal axis
and has a substantially circular cross-section. However, any suitable
cross-sectional configuration may be enployed including, but not limted to
ot her annul ar shapesWhgoia wagepf valudsdsaiprogidediit tsngw,der@toog@ngtg@qhamervening
configuratign

i or o-necal Suio PGS RE AP sk oMEr BRMAR ity Ges SlBlis anc

typically gaggente upp&rand 160GUImisoPthMahge &RY dndiothes Blagwdi oremes/ehing valie 6
diameter is typically about 250 pm An inportant aspect of the present

i nvent i on that stafed range ipensompassed pithin they invanptign. ;ihe; uppercanddawprlimits agthese

bl eedi S I i i . i ingly,
the penct r U1 il iy itchilenfi bl SRR i BURNd: A ACEE Beo ERERMAAN, V1 |
30 cert ai nwithihghe irventisrs; eutédt shanydpaciioally excluded lifrsein thdisiated vangs e W hdre |
vary depending on the tl%/lpe of bi ol o%i cal fluid (e#g. ~interstitial fluid,

bl ood or bBetfatefangeiaciudes ane s ibriptdhglimpe ranges exduding eithgrbothofthesey er s of
the partic J; [ . skin includes three distinct

| ayers, a F"Sp dfegg}edrlﬁc% Eﬁgddllﬂtglﬁg&g%lﬁﬂeélrn%ﬂ%i%é m ddl e | ayer called the derms
and a bottom | ayer cHhleegiddfined sthecwisaraiaechnical/and scikingfie pirohs usedshareindleeit 60

to 120, um (m crons) thick and conpri ses.four disfinct Jayers: a 10 to,20 um
outer 18y efie sEi msAmingas Copmopfy BRPEaREY P PoREtEy Skl Y iy §afticn tis

gr anul osu mnvéﬁticﬁmtﬂé'iﬂnés.”ﬂ!ltﬁb@ﬂ dn_yéiﬁ@hédsra%& RS RddimAks dﬂ’d@ihivﬂb%t & thadeum
corneumcontains cell's filled with bundl es of cross-linked keratin and

ker at ohyal descbed wueinean dyo beusedtin theeirhaticaor teating of thé presgit deventibm thener
T e Rkt T
i s responsingbfofedd tbirdih BS iréferefBd RRR4AIdse and deRAibe tHeGRthO® #Me ot nfaterialein
epiderm s contains no blood cells or 10 nerve endings. The derms is nuch
t hi ckelS t heannegiionapitiwhiehshe publicatépns aragitedness in the range from about
2,000 to 3,000 p, m r I . Sj f of
connective tissue, |I-rEE'fu 3@%\@%%*@%%&?9&Fgl{ea?‘s%nﬁéﬁg{%iAr‘i’? %‘?dg ic%a%g?’qﬁ ?%Ingﬁgr
di spersed fomnetighout”, biesthe’f inblads plubt Ireférentsainttss telcoh@yeclearty dibrates
subcut aneous tissue that contains the bl ood capillaries and the maleorl ty of
nerve endi AGS™IFE hilHise 0B example. reisrenaeto "4 1Y SR ekl pdss @y Rwrality of gechhiegis ent
| nvent i on Q6! S ABleredd® - BE PRIt AL AchBRTRForl ff ottt pRoARRRIg! han
the derms yer en tfully penetrated into the skin in order to mnimze
pai n, ZXbweequival¢rhethereaf kinevi wrthese skilledew thesist; ynd srforthe particul ar sanpling
application at hand._The | ength-to-di ter aspect .ratjo, of th
m oro-needle i s anot P PHRUGRGIS disSuSRE FEER P Ratder sp Sl DGR | engt h
B T LRt | o D Rl Rha e o onuried as an
general |y @dmﬂséasthaatbcwcssnttinm0§niSemtentitﬂewan antgdatd isughepublicgfont hyevirtue of
m cro- needl ). .but .may no, r .Ih 1. i m +heed| iameter is
dependent Brb%)rr% Rfﬁ"n‘g gﬁ’egg@%{‘r t§} € sd fg)tg% %’ﬁ%‘ﬁ%}g?t\‘,\‘,’g‘ é)?lfl)‘flﬁée]&l@% (c:l ff{réeg 512’ gn g‘ﬁ gcg'ﬂg
di amet 23 s piblichgoroddiar wisioliman @eédtode indeperdendy cosfiremddcal cel | . Thus, the
subj ect m cro-needlkes generally have a length in the range from 25 about
500 to.4,000 Vim typically between about 600 to 3,000 pm and nore
vary Trom pati ohE SRR nOdl e’ 0" e thi ckhess of the skin |ayers
?)f thﬁ pa[1 ticular paTheﬂdr;{baianﬁtiOxgatmﬁ.coWﬁrﬂ;e’s zttrhmsmbrterrﬁi_crcepiéfcemg nngxbbﬂve
i O1o- meedPETSFHYY HETR B PLR PP AFGIG HESLIR et B skin P P YioHiart PAE apthe
p;anet :?6 : Oﬂl_ic_%]cﬁﬂglﬁx_}é)miﬁﬂréitzaﬁtanﬂ §.réf;&§l§lytnt3%xfsré?xt.l ’tﬁﬁ% ft ifﬁrefe?&ﬁaltﬂ?ﬁf theaedl e
structure. us, in order to mnimze pain to the patient, e
r5n6c [ o- 2egSE®$mé@ﬁ@&ﬁ@Vhf¢d;@l Pflﬂn@;nea‘tdsabm prtesegt.gAits sucghg(r)geaalge lzli:yemm' wbout
o 4, . an re. ic ro 0 0.3, m r

exanpl o) 1 8P I Piest Bereing B e s eI En i % CerBis sPRRPRRAnS ey 1 nto
the epi der ftaurhay@eumi(he, devatcrmbdi0dyet 6MGE Bpidbmiige m cro-needle is
typically between about 50 to 120 Vim For sanpling applications which
require penetration into but no deeper _than7t_he derm s | ayer, the
gegg'(t)riaftl onMI engt h onl t helglocro;jntzaggl ;a i's ty{i)l ca![ I 3(; f:olm abgut 1(2),4000dt c2)04

: im cro-needl es an erm nate at distal ends an :
respectively, in preferably sharp tips 102 and 202, respectively, having a
bevel ed or sliced configuration) as shown in Fig. 1D, to nore easily

. " o o A NN o "~ N~



10 Any suitable nunber of mcro-needles, in the formof an array, may be
enpl oyed by the present invention. The nunber of m cro-needl es enpl oyed
-w || depend upon various factors including the agent being detected, the
body surface location into which the mcro-needles are inserted, the sanple
site, the fluid volume and the like. The m croneedl e array may corrprise

m cr o- needl es having varying shapes, lengths, widths and tip
configurations. THE EnEureooeris deiinesmsubsmansially é@:ﬂﬁ%{dw@wl‘c@am@lmmwh thee

Bna et oliios S5 BRFPL AGTHER SEGH BYTEL SRANRIER o Rhinf RBLALBAGE) 7' Che

sanpl ed bi blokggicapluid constitaensinay emet lo @B dnm-rwdtmuun sergiiRembedinRAR YT ity
the concentration of the target caonstjtuents) or analyte(s) in the sarrpl ed
fluid Thesanser devises ploide Bresemt InYenHor, She Sdu-RiSATIRS MEARY GOMMISEHALYER efipyeh o
sur f aces of n@&gngé(ﬁgstrode faces a surface of the other electrode. The space
bet ween the two ectrodes defines a reaction zone into which sanpled
constituent |s transThaermbghcannbro-sxeecésstadctbnfrgmtdeto% mﬁmhamoalt)eanh}e anddf a

targeted anal ari ous t s of el ectrochem cal syst ds
Comont y KNGS Srivahie apra P sy cRABR THBb s KRERs d1e8 R PrHvayA B

enpl oyed bbﬁe&ﬁﬁrﬂﬁ&%ﬁfﬁtbné&t&?ﬁhbﬁﬂnméﬁm ls&idld Rt 18 ¥als8 IRitdtiMAlto HeSskiTReomet ri ¢
(i.e., measure current), coulonetric (i.e., nmeasure electrical charge) or

pot ent i omeundesirgtile essue raspense e Altbbugliyhy serBrndglices nuly ttehb@osat&tpefgr mﬁsatbua

Nos.: B8 ponictimegealls HEReo Rk AR mllFaldt e M rREleer mstncaeedfy o

99/ 49307, sG4 Qgé@swnmar@fstémizgﬁb@@}elejgerel n i ncor por at ed by reference. 10
Figs. 1 and illustrate two exenpl ary enbodi nents of the el ectrochem cal

cell of the present Thamiere-needlasrangior thecamrayof nigrgsneedlepmay Hrdoymad of or
el ectr oche e?jl wﬁabd g@ﬂ?@% lb?lthrbg alcMhnfid %?M&%ts adlhéﬁ ﬁol'y%ﬁ ﬂﬂastlcs %nd the

concentrica space 'y "housed

Fi gs. 2A ankt. BExchplesat pelymtmelpelyaa@rlameéﬂoxmbpmymt polgsthergtilorkevane,
substanti al | y pl anar el ectrodes parallely-spaced at_ a proximl end of the

ni cr o- heedli@iid srystalling PRbigsters, PIHECIE roBRPsEHt Exampesef ceramies angjalympingmeaxide, 100
i ncl udes agy el RCIERE AR Qn{c%hhﬁ%:hdé h%humé)iﬂeﬂaﬁf ﬁﬁteﬁ!&l@‘ﬁfofl dehaiffle i \@le) OF
signals representative o e concentration bel ng neasur ed
in a sanpl mdmhnobmglomametdluomlbgm‘teretoﬂem theTike. el ect rochem cal cel |

conpri ses various co one ers arra d con ’*’1 vm'th 10

respect to each othe F@f% @UF4¥185|°F°9XC"E Fﬁ‘}@hent may
al S0 be deggaitkRthifow tserda;r&%eentmef&éncwo ﬁ?gsat ancté ewggl llﬁpﬁ‘ﬁ?di)s'qil'lﬁkﬁjatey in
Fig. IAand in cross-section in Fig. 1B, mcroneedl e 100 includes, a solid
wire c¥l e miso-aeetlcsnl091and 20 ratpeh'gvei)n.dlavmge cgoﬁgtuawrrtéat:lsrsebamaby oivdighys
rigidity tg th m ko dle str art of the ad|acent

el ect r ode. 83% ff:‘ﬁé“ ipd ?g%xéﬁan ha ul?i%}%ﬂgy ﬁ‘ééé‘é gsgtsgfthqn OEEL Ay the
| i ke. Bet V\mbwcms@eutma%nﬁgﬁta@m Rky P sinplyed intluddsd, B8ecndt MienifedRp Sther

el ectrochem cal cell, which includes a first or inner electrode 108, a
second or WUHEF skapet suchds eliptical o oalorleeﬁftnotyrzomen&atoammr 5B @aegyRre g@cond
el ectrode I t

of mcr onerééﬁge@?%o%%%h e?d e@\/\%qﬂt%q?l iy r?e?gl)‘(:lagr;ﬁtgmlé ew o?’&ge@’pgﬁ@t ?0

al ong 28 r opva t6 300 pii, Emcgtypicélly todsiot é))tceedllﬂmuteﬁ@ﬂtrf ddeertdlfi enﬁ;oalhmm tﬁeverl ng
the proximal end of "solid wire core 106; however, the proximl end nay be
exposed. Foutendiameter is sypicallygbawicPS9dim-d wire core 106, extend evenly to a

Cdges that are f1asHio bRl aBatel e e R Pulol S R R e Rl Eellve ™

proxi mal efihidethe Paih diEblegdinig sufferd2y & patienddiridgufie Bahplviy procedef i ned by
second el ectrode 112 and outer plati ng 114, which extends to a distal
]a

openi ng at %ﬁ%‘t‘BEIYe@S@e'ﬁ’@tloﬁsc"gihé\%@ mefgryof thmiqreenegplen myst bovitiw space
Wi t hi C I

T e treaCane f AopiElbn e, i, OFFRie hAEOalplehl oy pebRalp b B | )
as di scusstype aboiviegicihBuid€t. g aatterstitinl fllait) blwod g botha defired fmastpihhgl and theof

bi ol ogi cal gnflw esent af tip 102 into Junen 120 and then into
reaction ZBH&nassEft lf “a}BYEéSB the partisplar pgient heing testedys conponent s of the

el ectrochem cal cell of Fig. 1 are as follows. Typically, the I ength of
outer electrode 112 may be substantially sane as the penetration depth of
the nmicro-needl e, and thus is generally not8 greater than about 11 4,000
pmor | ess depending on the desired | ength of penetration. Mre typi cal ly,
the length of the outer electrode is between about 1,000 p,mto 3,000 pm
and preferably about 2,000 pm The inner electrode nmay have the sane |ength
as t he out er eI ectrode but is preferably shorter The Iength of the |nner
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10 configurations are possible) having a thickness in the general range
fromabout 70 to 200 Angstrons, and typically does not exceed about 300
. Angstrons. Thus, as first electrode is fornmed around core 106, it has an
outside dianmeter that is slightly greater than that of core 106. Second
el ectrode 112 also has a cylindrical configuration (although other
configurations are possible) having a thickness in the general range from
about 70 to 200 15 ARksskiminsludgnthree,distingl layerdortopiiter exlicddhe epidermis@o

Angstrons. _T eact {,.on .zone or L0 t d al so has
A N L e SR e S e L
having a t Bligkhesi abbutlddBo 120 RFA(mitANERhCk QY 8BBpfises Pourdliftihctfahers N0 to
typi cally does not exceed about 200 pm The thin outer tube 114 upon which

t he second2@ecduterdeyet,kdlled thelsgatumoguireduen foldeved byhthe kingsm granulosiny stretmad
range fromapout. 12 to 20 Itm 20 and typically does not eed 25 p,m
Theref of o, MEIRER G UB BRI RAAHE: A TEHTLSBMHIL A TR ST BRAGRal |y o
less than ghpiids &besp.ﬁhkm&rstmm&woﬂy&ng @gn&ﬁfae@bp bR Bk fReHlal RRrixr300

~tm and typically does not exceed about 350 Vim Lunmen 120 has a vol une
gener al | y lipids.hEhe innerghfee dayersore colk@tively teferred o asiibe vigble cnideymid @ad hansta

d about 250 nL.. -, Ref i to.th di t.of. Fi . 2A d B,
Chere i o sitmaktingheBngs atfubgbia. foiuig: ThE Hisbleipiacsmisis BReptehiCr nea
by out er ph@ﬁuhi'ag nfatdbofiRd b HERoRARe ddrHi® "THADidbRRistohRind T HIsaEEMsly 1 n the

range fromabout 25 to 280 nL, and nore typically in the range from about
25 to W60 mdrve eidingse Tiie cleoniséentheh thivkenthafrthg. epidermischaving a thigkness intthe | engt h

is holl - M - dl 00 h t iml A t
5 anol Low M1 0uncedl £0300 1, 12V L e, ST oL oLl Sl STt N nd s o
di mensi onsegetd\e et RAIGARTRGAinEE shd iers A RI BUHAMhER G ARRE! e

| umen 220 rather than housed wthin it. An electrochemvcal cell; defined by
paral | el , fibanaBelelvab¢ dertes 14368is airecsubdBandoss pesie thad nemtaias therbdeddhedpilkamds 205

of mcro- n@eﬁﬂge 200, Af such, .the . I.eg%er chem cal cell 12 remai ns out si de
the skin s E@APBHe ﬁ?é‘??’?%ﬁgso‘?‘_t 0*Heedl e into the skin of a patient.
El ectrpge 208 defi nepna, fhémhiefenetlies Bf fhic prdsehtah eetiba ptefer@blyHads pédctdtion

proxi mal end 205 of micro-needle 200. Here, electrode 208 i's in the form of
an annul ar lengthgthapextentonndaeperrthan the@enuis laygy whew tullyrpenetigtedipretheiskisdn  such

o cotr odo 905t ORI Bhin. EATER G Brod BrRRdf Feral B et $ppine

reaction zgipticaidh @vhaid)eTie) legithesdpimetaalaspeet fatio Diikife raicéshelld 8 ag6ther fatdoy in
t he range from about 50 to 80 pm and typical I%/, does not exceed 150 Vim
El ectrode pngideria datsrpinigsan-opsimah lengHifos thesubjselmicer-peedissndn oxlet e shape
and si o] . r . | . G r
di sk s apeéfgﬁhgg&éﬁg?r% erat{CE@ E%nr?eﬁja%(s\tﬁ% ﬂgﬁ’otﬁ%%P Bﬂgs;e{?rﬂee?@rcy%? ée;dé@gf‘égé?#gge
208. Thi s satileasedtsut ditimes graater itlangbadiametey of the thierormaedle, butamayaliombretidQests 0

800 pm and typi.cally, does not, exceed, | . The jnner dianeter of el ectrode
208 bret or b RGBT Rl GABEEr S AePHUMe} U 4he TRpesstin SPariaE PR I
val ues nmentjeQRREs ARPHE diabletdr 8fthe obifer é&h{)é}fcﬁ?s d?fthéé]ﬁqtﬂcﬁ&hfcglc&ﬂ. of Figs. 1

and 2 that face the reaction zones 110 and 2-10 wi thin mcro-needl es 100
and 200) respecti vel Jhusathe suljagsrmisesanegtlen iggirgilylsave @rlength insthe manggifforsuch as

pal | adjum .gol lratinum silyve iridiu ar doped indiumtin oxide,
e e ni=b Dk P00 AU, syBlonly bepwets oG RO e g
typically - i r I I : FAC

el ectrode %rggle‘g};é%h!(la’g(c))?mn%’?%?#ﬁég%wgﬁégﬁ?é%@gﬁ lbéwrrgglgqﬁghgﬁ 0 gﬁﬁéin:i\ert
support or dédpeoding gn shelthickadss obthetskim 1ayar afthe phrtichlac patient beinfienteda Wehileathe t he

net al conponent .g., an electroplated netal .| aye f the 20 el ectrode.
DRCP L eEmncqglss i biveradts B o Becn h & op Lo s et S g e
neans of th?chn@éo%‘?na&'%%Bﬁétﬁ&drm% tﬁ@ﬂ&ﬁﬁt Jlél'[b?n (?&Eiré@td’é%!tH@Ber?irg%ﬁkﬁleh@tﬁ?ti on -

zones 110 and 210, reSpectively) and 25 at least a portion o

m cr o- Heedthet isdesd than|therength 26 therdickpocediacsipstiire. vEhYs, inpardentaynioisnige painity

fill the |ynen.. constituent transfer nedium i reterabl de of a
wat er basect B Ertispky B¢ FASeb T breler @07 s CPReonpRiiR by P GpresIREF afucd

i's highly s@iefe@Pear ffithore tAficAIWr &R Abdita0025 3,000 Rin. t%r@&ﬁﬁﬂ@ﬂfdr'sﬁﬂ?ﬂx{ge

el ectrodes and reconstitute e reagent material in preparation-for the

el ectrochem cal neasurenent of target analytes. 30 The transfer mediunm s
ability to absorb fluids, particularly wate?, is dependent upon the extent
to which the transfer nmediumis saturated prior to being exposed to fluid.
In order to reduce the tinme for which the mcro-needle is inserted or
applied to the skin, the constituent transfer nmediumis preferably provided
ina fully saturated state prior to 13 insertion of the mcro-needle into
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15 biological fluid are nore predictable. This first order systemis
represented by the follow ng equation and the graph of Fig. 3: C = Co (1-
. e ' ~) 20 where Cis the concentration of the analyte within the gel
material, Co is the concentration of the analyte in the interstitial fluid
t is the time at which the neasurenent is nmade, and T is tine constant of
the system The value of the tine constant depends_ on several factors:

) the ar ea 2ppliqag@ans thﬁtéﬁqtatesp%e&r%éerpn@mt%gha EBeTmIS iayer.1iee peneERudqn length oﬁ ui d

i. e.,

ﬁncro needl(?ee:'!ﬂ%(ljfg)lﬁ @%@%ﬂ%&‘gﬁﬁc rve l?gﬁnfﬁg&ggﬁgﬁe?owgﬁ@gﬁﬁo el,
and (3) theeduirepepardtion ivito dat &y d&berqﬁamn‘hetdhﬁmt 386 thepedlesthitort lefigH @ cehe
particul ar hydrogel material used. The graph of Fig. 3 depicts the first
or der syst@#F@é?@ﬂkb%@?icﬁllfﬁéweze%@ﬁ ) Umphe dependent axis represents
time (t} where to is inserted
into 'Ehé skin. Wth ﬁ&'g&o&gpﬂg 1{)(2?53(161 s sw m%%gdﬁtgﬁﬁ({ssgo\%%ﬁ ﬁlzﬁﬁerg?ﬁcwc&ent
i nvention, i pefdrable shdrp tlp&(m dra 2020 s pertistly) hevitig £sveRaAtor sli¢edtonfiglitagon,
hydrogel to reach equilibriumw th that of the biological fluid present at

the di stal 2&HaWTg fag. 1hdo mogs easiy penedrate; the shkine Hameyerndpsifi2eand dliitVCS
times the roiHEFSLP&BEt&Hﬁ ﬁiatleﬁl u§l¥§§&{9th£t ﬁ&‘ataﬁéréﬂaa ?1919& &V@%@qmtlhe?{d
is inpractic or a ena Ication, heVmit o- heedl € renove
fromthe siplane penpendlttdarrteah:d’ﬂongltmimal Iaxnlsrolf thmmmb hdedie (lnbeshmmb yte

conceni{)atl on level within rﬁﬁg(}g g can cal C%ﬂ ated based on the
first order charact eﬁ“gts}"&b ‘b?u Jraearnecdles.dn Higtfarm) of aharray. MAYRSr at i on
of contact ¢ %Td%@ﬁﬁﬂ?:%r&eﬁfﬂv&ﬁﬁﬂ' The RmbBeof M- ﬁéedtesehtpié u%m%é}@er

controlled (1.é i xed can be derived based he ftirst

equat i on alpereyar@ubk famre inchidingsthe agdt beihg detgsted dbe body sofase locationt inta whisher
medi um of the prese i_nven n,incl ude. nat ural | s of, naturally
occur nng p&)}leﬂ’r&%n gﬁf’é ﬁreangseétfgr the éamélglsgf ﬁﬁ f c‘%ﬁ'ﬁ?%ﬁﬁﬁ%"d@he DPch and
the like, apslisydyYaky Corfifrise miBfendédles abwhgaﬁﬁymgrkhaﬁwst lcn?tfls,sylﬂih@%hﬂ €ip

pol ymers) such as "anyone of the neutral er-sol ubl e polynmers or

pol yel &2t r epnfiggations.e. | synthetic or natural polyners mhlch formionic
charges when dissolved 10 in water)) such as pol yvinyl pyrrolidone,

pol yet hyl ene gl ycol, polyacrylic acid, polyvinyl alcohol, polyacrylam de,
and copol yners UTHEEERSTROGHENEACGENTS I n order to single out and sense the

target analyte or copstituent selected for analysis over the other

constituents in the gQ‘?rﬁ'F@&"’BF'@I‘@b?eéla‘?f the pregent Hiveripnconzisenan glsctigdsi cal | y
enpl oyed ea6id The
redox r eaé%%%ﬂg:éan{egf?f; 'S n%yr};pl ca ?ﬁ%éet)égesl%t ed&oc(ril.‘%g% aﬁpgst &%%lgﬁo he facing
surfac2g ofefmhmcetsx@aﬂw the emnpledibmlogmﬂ abid donstitoeritGaand z.imouipqursmht in the

t t th t . th
oot 2 RaFestuR IR conbeb ERiaor e el Cors GRS of Abalizeih n S sHAE Tt g
coating. Thge hea@efttodeehfdGn 'd%ﬁii:etl &emﬁm@lm?aﬁaﬂmm J,d?-ecéls%ﬁe&e&l%aeet ed

for detection. The interaction of the reagent system and the correspondi ng
constit uenfaceff a arréﬁcypétheyﬂmplegye@ |Thetsn@ceebeee¢qndh¢1m JJedtradendefinevent

protocol erm.n ratlon of, 25.th I te or
Bonst ¢ uentebtor feleaip WHicH SRR b B0 P e b B pE RS on ar ea
typi capsy cmbmﬂ@ﬁmaﬁaltgg&bdaﬁal gzynes) and a nediator. In many

enbodi ments, the emzyne nenbers) of the reagent systemis an enzyne or a
plurality of enzymes VeHaus typasiofelecterhertical systesny aridAaetheds eomingaly kaewn in

i nterest. r

made up of Haéag‘f‘ﬁg’f‘al\@o&geﬁgf@tg“e‘?@% zn? ﬁ‘gﬂ% g’%{%‘?’or’;‘ H%X }Fﬁa%g%&on o#tﬁ{n
nor e enzymasludivet sy\mrds than anetmnmlrcbmetuc dxd. dhesutelvareng) opulbnm‘tm (ite macikure
Enzynmes of jntere i ncl ude oxi dases, deh dro na i pases, ki nages)

il aphor aseCHIGRIAGBiEBI &1 RRLSTARETLTHal P RERSUT O Lgee e b RRR 1 h ¢ he
reacti @ aEl%&r&%QﬁIHAEmeﬁbu}é?ﬁenP@%&énﬁé%ré'fuxﬂﬁ%é@cﬁbé&r n ORI Pllediifos.: 4,224,125,

el ectrochem cal test stri designed to detect, where represéntative
enzynes i nél54d382; gllndéc?:ﬁé 1691 @a&@l ang(ib%bB%émydf\M@é’ﬁé@éOldh@dmslbwed of
esterase, B hest rol .oxi S€4 Ii&ol[%r otein lipase, glycerol kinase,

gl ycer ol - 3¥BI etr%md?(‘ioﬁ%%e PALGIEFRCS i dase, |actate dehydrogenase,
pyruvat e OX|dase al cohol oxi dase, bilinibin oxidase, uricase, and the
like. In many preferred enbodi nents 5 where the analyte of interest is

gl ucose, the enzyne conponent of the reagerho systemis a gl ucose-oxidizing
enzyne (e.g., a glucose oxidase or glucose dehydrogenase). The second
conponent of the reagent systemis a nediator conponent, which is rmade up
of one or nore nediator agents. A variety of different medi ator agents are
knovvn |n the art and i ncl ude fer ncyani de, phena2| ne et hosul phate
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25 within the sanple fromthe output signal. In other words the contro
nmeans provides a neans for applying an electrical current between the two
- electrodes, nmeasuring a change in the current over tine and relating the
observed change in current to the concentration of analyte present in the
el ectrochem cal cell. The concentration of the analyte in the patient's
bl ood is then derived) the nunerical value of which is preferably provided
as an out put 30 si gn&igst baed dillysiras tye ghempleryegrebasiments phige glegtroehiemieal

di spl ay nean e integrally hgu i thin ndhel d . control. unit such as
that |11 UsePLpLe pRebedhptin, B Rafiet g v S BP0 R Amigitiiucs
nmeans of seaibbilitknOhavied mm@-@nalpﬂidgﬁedﬁcoﬁmmansmg#&a efctradesaull Howded

m cro-needles in a 16 posi tion and_arrangenent suitable for the

parti cul ar Witpthemgcenreedisa $igs A6 aag B shem angleckiochamigal or eatbedingens baving

Fig. 4,<th i ' ] [ t 0 of
the subp ecrs AUHRENS PR ETBU L ARTLARE Y Holinal R EPARE i SirRENE, Oy
52 5 and a sensor deTuasngfiow pethatembetiymenoufFigsl 1t20Coimid¢raineedid 16@ ireiudesnd r ol
unit 52. Sepsor .devyice i ncl udes array .of the m cro-needles of the
present i nx‘?lé’rﬁtfi"iﬂ‘?{n‘%au&ﬂilg’é‘ PROYIdSS peelaftacal signak onsignals reprgsetasive obthier ol uni t
52 has a h i ' 48 : : | G eqjal ,
havi ng a Igaﬁﬁﬁggﬁﬁéﬁg@ﬁéﬁﬂurgﬁpgﬁﬁﬁﬂﬁéﬁﬁhousé@ﬂgnﬁggﬁgl Hg?BEﬁgmmi ?gf
cont r ol | i nglectrechemdcal celheomprises mariays cempementienlayses difgnged eoncegeicellywithg and

t ifti 10 i t f i l.s. to the. el ect hem cal | qf
m or o- AbedPRPTRAb R oHiete MR PesUIALN: e BueBirrSERa i boesedrad o
sof t war e algeifduntereRti ABr3BRAIW t hin control unit 52 automatically

cal cul ates and determi nes the concentration of the target analyte in the
bi ol ogi cal sanpl e updiewesdengitudirallyieFig.d panddn greas-sectine ircBige Bt migré-on

| evel (anon t . desired jinformation) .S then transmtted to, an externpal
i ool ay o dretto P, 8gobd i FBle 0B bt 5o R laliAf T, e enifh fapete o
Control i npeividks gightityttoife Bftrevheedi QiicarRe andmay bopart BEthd 98jacdii? eledRbde.
information, such as the type of analyte targeted for neasurenent, to the

cont r ollS medhe outsepleting Y4/ may bg made obstainless wegl oy thertkep Besveanl wige eesadDedand o
control uni . I i i he. iS¢ iLshed by
roans. of oot it PELIGE, IR iRl VR O iR £ AR bP RIS G g
el ectri cal elecaadeslO8naseceohdanduted dlédtrode dh2 amd a reactiorbzbne B @ fleredetweendevi ce 10
and control. unit 52 ar hysi cal |l y. coupl ed qui ¢k | ock- andr el ease
mechani sm ORI e&ﬂ‘:trﬂﬁ‘? glrgo%{%é’% Wgﬁgﬁﬁmg}l%%éweteﬁ&? 116 anddip LA fgRicEsvi ce
can be eashlyyd ggpved and repl aced. Control unit 52 is preferably reusable
and usable wth any nunber o~ sensor devices of the subject invention.
These B@at ures faci | Asahewn inethe gkdximgaleind Ziewrof Figpl @ takanploag asows c-c of Fig.

measur enen LN an. efficient d rapi d manner. NETHODS E Al so vi ded
by ¢ he subjt e [P Fsfer e RSN Farerie hepRIn abf 8htoTgovre 6ve Ah
SENsor syshewWsver ahé pioRiialead ik teQRpERH! Frkdlec@bd@noS e 361id viike Sore 106,
physi ol ogi cal 30 sanple. A variety of different analytes nmay be detected

usi ng t he 8s¥BRdeyenbelaadroingyidf proxin do distabendeHin mhereypthgseaiwet laxers haveude

gl ucose, c , i . | CJ h
Jubj oot ol RgeodRl S arcBfbA i ALRORRL TR lied e Berrc PR S0 Rl U
provi dg5a sfnhmiend@viierel 20Chaving aigmens vadll, defitedriyaseconiatetuede 10D and oldtbre
present 17 i nventi:on. Preferably, sensor device 10 is particularly

conf i gur edPlafing 114, s¥pehexiendy to pdistah gpesjing frdistrledge h16, as ylewedin kig A4 t he

anal yte(s) of intere r Li S nahl

interfaced with a coﬁwf gﬁéhﬁorﬁlt% ﬂég sﬁ%ﬂ@ﬁrp}i‘xﬁ%ﬂo?&eg@gﬂ%ﬂﬁ@% @Ir}gﬂgggtz ggﬁ? ed
by the usereact@amzanell10m fill&witls a porsginenneshsfepmedast,ileg: 4 hpdrophitie geld

anal yte(s). 5 The yser itio sensor device 10 over a selected area of
tho pat 1 enimaterielan S55iss Biavh” e Bflci e arEind sl Fatdien o HinEEd) os
100 of 3¢engaid fesehca b0 02liRodaMEL 120 shdBEeiniRicBctiditnt R€0Ski n. The depth to
whi ch the mcro-needles 100 are inserted will depend on the length of the
respective m cro- needvitablodimepsigunter thenarionsenmpoass!s of thegleciocheminad cekbof or

unit 10 fog. limti he +nsention,dept 0 n,l rtion i.nto.the

pat 1 ent s Eig b e dsTUOTE TREDN, B G o qube el RBRal TEERR) BY spilapubtly same
bi ol ogi cal af theipenedfaciee déptabof tHeanioRehectiepandlBiads Rigefitral Pnoeed&shddsbous
absorbed by the gel -based, constituent transfer nmediuminto |umens 120 of

the respective micro-needl es by means of oslibsis. Once in the reaction
zone, the targeted analyte(s) chemcally reacts wth the sel ected reagents)
to formelectroactive products. The 15 el ectroactive products are then
ei ther oxidized or reduced by the optional nediator or directly by the
wor ki ng el ectrode 108. The resulting output signal level is then conducted
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30 KITS Al so provided by the subject invention are kits for use in

practicing the subject nethods. The kits of the subject invention include

. at |l east one subject sensor device having one or nore mcro-needl es. The
kits may al so include a reusable or disposable 18 control unit that may
be used with reusable or disposable sensor devices of the kit or from other
kits of the subject invention. These kits may include sensors having an
array of ni4g008nen ot ess dependigg oh ¢hesdasizedlengihfof pemattatibrniytone typ@aty cthe ldngths
may include various sensors each ont]gé'grbi ng th@psams 05 di ff r%Bt reagents.
Al so, nor e A ihaewsrelecaadesibemgen 3oy L0 te 3,009 Hm, and prefgpRly apeytd-MWledl e
array) wher,gin t ] - i i {J st
Ceagent 1 ooTff fgBLelEitole Hay HaSe e shc MG EAMEDGEPHEUIIE Bulls hefbrably

m cr o- needlshertér ahplangtiisithsvirinbr eiediryde iegaperilly about 2066 sHomgr thiah e duaerget ed

analytes. Finally, the kits preferably include instructions for using the
subj ect Sseredastrads and in gerpsplby pat EEaates thagrabait 120 ymor despapdts BPiceHy between

physi ol ogi cal | e..ndhese instructi.o esent on one or nore 10
of the pac B?tig&m%3148§é‘lm’iaﬂgésrql?re ¥p“é%§'tag)?’ﬁte£§mg{‘@5ent inthe kits, and
the like. It is evidealidWiRBokd f0ARR M1 HR&ET ihthé gehetad Bdngk FRONS AIUERD to 100

inventions are easy to use and can provide for analyte testing W thout the
need to cutunorandaymenllyldoeshotrexeged ahputhi@0tunmy n cesthincambrodimpenits therddarhétend.  As

such, the subject invention,represen significant 15 contrjpution to the
Frela.  The Wb Btbom o §irss Seamani0s e t a0 8 qontsiariien Gl botish et

consi dgped . : : by : a j )
Fecogni Ded CHeEAGHE At lssIcFRIEE L nB0Cs PhhE AR HHRRHORE A 7010 2,

wi t hi n t he Agspemsfantl hgpi¢allyeaiots not,exesed abbuatt300Arigsuemso Bhis, exnfirsbelectadelis

occur to one skilled in .art upon. readin i.s .di scl osure. Al.t hough
Che. pr esendomtsiarpyirore 10 st o8 BRSidk msigh e if s{shDY erathuang e o
various bi qbggkse@ndfeleeirede ﬁrzial‘s&sasq%yﬁﬁaﬁ&m_c&{fi%gmwnt(mmg%tmpnst i tuents,
the invention has been described prirmarily in the context "of the detection
of anal yt esonfiguratiansird passible) having a thieknesssintibe ganersd ranige ditom aout 3@120G or

t he detection of glucose in jnterstitial fl Thus e specific devices
and metRodd e emt.elf WierDidot i eden batt S anesibBs THY rRBEAeE o8

const i t uentspadihSHaIFEATkhE W tRct@ddes ARE héle EAthdritalltdnfifhid6ér @lthy@ghodtBernot
restrictive. Mdifications that come within the meaning and range of

equi val ent sonfiguriiondjagecpassible) bayiog pthicknesicin the generad cangh drormehaud 59 exgl ki,

t Ki. | in the rel t, .intended to be inclyded
i thi 1 ho AT Phe Rt ARt T8 Fir R St B e Segona
bi ol ogi cal ¢fd-Hbge P@g%%ie)w@ﬁlkteiéﬂg@é {H%n80dn ARANLAI Paﬂgé%h{ oliP b PARFUHEement

devi ce conpri sing: a) an el ongated nenber having an open distal end
confi gaoed ahd typiciilgeloes sdicRceed2bame Thatefoce, theatviati outside disndier df heicio-mdedigi cal
fluid; (b) concentrically-spaced el ectrodes positioned within the el onBat ed

member t hatlO8és ganeraly ne|less thancahens 209 hre.cand tyrigallyen hy sapge fram abewcdite 309 on

of a target analyte within the bi.oloqgigcal fluid; 10 a_const.i.t yent
Ot anst or ki dne Lisfeally oBREndy o Ohath 458 wm, ey PRE NS Neidm® ARl MG
with the elgn@atsslabgitRelio TN NG tygiculgddeé iR EReEd@Bbut 280911 eI n t he
constituent transfer nediumtransfers at | east one biological fluid

constituent present Refarrieg apw o tiesmiodumant of Fighe2/eputhBether iniayey a migre- t he
rerlarergte: %ggfr&‘re?cgée gﬁ(g hbving @ ttbulal BEnfilft¥itfoR d¥finéd BY Hledr MRS 13 dldSumbBEG €d
Lumen 220 has a volume generally in the range from about 25 to__280 nL, and more

typically in the range from about 25 to 160 nL. Unlike micro-needle 100 of Fig. 1, the
entirety of its length is hollow. Micro-needle 200 may have the same or similar length and
diameter dimensions as discussed above, but may instead have smaller dimensions as the
30  electrochemical cell is located outside micro-needle lumen 220 rather than housed within it.
An electrochemical cell, defined by parallel, planar electrodes 208 and 212, is

positioned at proximal end 205 of micro-needle 200. As such, the electrochemical cell

12



| umen, wherein the open distal ‘end provides a passageway into the [unen. 3.
A device for sanpling biological fluid constituents and neasuring the
. concentration of at |east one target constituent in the biological fluid,
conprising: 20 a first electrode having a first length; a second el ectrode
having a second |l ength greater than the first I ength and concentrically
posi tioned about and spaced apart fromthe first el ectrode, wherein the
second el etamnabnieoutside i fskigsueacer uponpnsertianf migeo-raedls; intgribe skin pfa paiéant.

The devi ce ity AFBEEs AFHAE Which sl ebn it RRREC frof A RBY Bl 28R of, o
the derm smidra-neddie 20@VHeR, eleQsddi208 id i thé furim of anaafielarriig)@s siesanih Fig. 2B

el ectrode has an 30 open distal end and defines a space wthin the device
and wher ei Butey kgys@ay puitablashepg spel 3s,5qpate & Eecianglar. nRlepiiedeide)is fraced i al |
20 6.:A @ = ¥ ' h&@ befl dih W H ki nd
measurisng g} 0% g{r?%;l t %%‘é‘ﬁ’%@%@# @ﬁPga?%agkr%qgﬁgé)F{:\%#hﬁlﬁl d, BE%&WIE%%ZI?C?Q: a
cor e havi ngeaetidrezoge 12,10 af fheretdctrottemical dell.c Dhix ispacing is gadevaliyenh thé canige floen cor e
| ength; a second el ectrode coaxially spaced-agart fromthe first electrode

and havi ngakput 88¢ 80 tntand fYRicrlly dees ert@xeqed 108 Man. Edergiode 2hgpredsrablx daea at
ey . : g
o eorr odes hap i Sp Ot OffsndR GibEnabP B Gk SINEHe 208 frbieotledRide 20200

reagent i spre@dratsly ads Heisedaralisklshapdandiadigatter theshme aetie.outer dikniter afgi cal
fluid constituent saﬁg! I ng and_anal yte concentration neasurenent device,

19 anal yt ¢
sai d dbli celeetwds208; Agis digpetardimensipmiscagnerally Suhaswnss ramadhaw 680 (. Hm.,
di stal e”dar%){%icﬂw 88ksBt dxteed 1mm.. The inner diameter of electrode 108 preferably

matches the diameter of outer plating 214, and thus has values mentioned above.

At least the surfaces of the electrodes of Figs. 1 and 2 that face the reaction
zones 110 and 210 within micro-needles 100 and 200, respectively, are comprised of highly
15  conductive metal, such as palladium, gold, platinum, silver, iridium, carbon, doped indium
tin oxide, stainless steel and the like, or a combination of such materials. Most typically the
metal is gold, platinum or palladium. Although the entire electrode may be made of metal,
each electrode can be made up of an inert support or backing substrate on the surface of
which is a thin layer of the metal component (e.g., an electroplated metal layer) of the

20 electrode.

HYDROPHILIC GEL MATERIAL
The constituent transfer medium of the sampling means of the present
invention may occupy the entire volume of the reaction zones 110 and 210, respectively, and
25 atleasta por_tfjpx_l of each micro-needle needle lumen 120 and 220, respectively, but may
completely fill the lumen. The constituent transfer medium is preferably made of a water-
based gel material or matrix having a high affinity for water, i.e., is highly water-absorbent.
The hydrophilic gel helps to precondition the electrodes and reconstitute the reagent material
in preparation.for the electrochemical measurement of target analytes.
30 The transfer medium’s ability to absorb fluids, particularly water, is
dependent upon the extent to which the transfer medium is saturated prior to being exposed
to fluid. In order to reduce the time for which the micro-needle is inserted or applied to the

skin, the constituent transfer medium is preferably provided in a fully saturated state prior to
13



pierce a skin surface and to provide access to the biological fluid and a
proxi mal end; (b) two parallely-spaced el ectrodes positioned at the
. proxi mal end of the elongated holl ow sanpling nmeans that define an
el ectrochem cal cell for neasuring the concentration of analyte within the
biological fluid; and (c) a constituent transfer nedium conprising a
wat er - absorbent material 20 in fluid conmmunication with the el ongated
hol | ow menfiesertaomcbfwhet microvpeesiieinta belskim el SU@JBIOIH))’ thh apeiflyid ¢pnstiyartsi t uent

transfer nediu ansfers biol ogical end
of the: at sl R Oe BF ot ArfaPhydipatd cBRERER Bl LR BiSHAC Hotd g 2
system f or taafeied)Ghdeéts) agmﬁaingftlrm fbr e srkliinitRRy Gardsfeof biutogitdl Muid. As

pati ent and rreasurﬂlw?g a target constituent within the biological fluid, the

a%st em 25 deiprstitiali forgxample, isabouIR% wiagar othe esdyrdoryin qlféa%?n amscslflrppsihths
i ch |§ %I iﬂﬁg@&ﬁ%ﬁgﬁ%g&&gﬁbﬂm&@ end for accessing the biol ogical

fluid; an e associated with the mcro-needle, the
cell 30 corrprl Si ng a Asddetweznclee ﬁin@ﬁMéﬁIslwhmhchraaMeld(dllﬁ@lseimaﬁd)«ﬂeoughahregi‘:l

apart from each ot her ; a wat er - or bent gel matrix at. least partially
cont ai ned VRAUXs qweq’asq w%mﬁ Bwtr?qsh re?‘ﬁlé’“rﬁ° ¢ ol vary depepding %tt'@a&e@f the
bet ween t hg, Gl &elsTo? nétitlerdd Ger(eqal ftrfe%mame} the Hdledul BE ?&Hr'tﬁéialffusmn
comuni cation wth t ectrochem c , conprising: (1) nmeans for

sendi ng an rak duoughctat gclefﬁammecmmmmaly targetedhanal yés sechcas ghicose, redadtrobymes, f or

recei vipg .ect.rical ot ut Si nd (2) a
cof t il 2 PEFPE R sorhart SR proisailety Besbandiyi 3l hisf Popiie
concentr at 'g@ﬂn%xtfﬁ'ﬁeﬁtﬁirgﬁher(&ﬂﬁfohédﬁﬂﬂ the Ehtéﬂgﬁuillf@h@&rﬁﬁseﬂ bEialgdtpon
recei pt of the electrical output signal.

molecules.

The concentration kinetics of the selected hydrogel is that of a first order
system. As such, the constituent transfer rate and the analyte concentration level of the
15 biological fluid are more predictable. This first order system is represented by the following

equation and the graph of Fig. 3:
C=C,(1-e"P)

20 where C is the concentration of the analyte within the gel material, C, is the
concentration of the analyte in the interstitial fluid t is the time at which the measurement is
made, and T is time constant of the system. The value of the time constant depends on
several factors: (1) the area of the interface between the hydrogel and the interstitial fluid
(i.e., the surface area of the opening defined by edge 116 and 216 of micro-needles 100 and

25 200, respectively, (2) the volume of the hydrogel, and (3) the transport characteristics of the
target analytg -tlﬁlrough the particular hydrogel material used.

The graph of Fig. 3 depicts the first order system described in the above
equation. The dependent axis represents time (t) where t, is the point in time at which a
micro-needle js inserted into the skin. With hydrogel materials suitable for use with the

30 present invention, the time it takes for the constituent concentration in the hydrogel to reach
equilibrium with that of the biological fluid present at the distal opening of the micro-needle,
is generally no more than about 5 times the time constant of the system. If the time to
achieve equilibrium is impractical for a given application, the micro-needle may be removed

14



9. A nethod for determining the concentration of at |east one target
constituent contained within biological fluid, the nmethod conprising the

. steps of: providing at | east one micro-needl e conprising an open distal end
and a lunen; providing an electrochemcal cell within the [umen, the
el ectrochem cal cell 15 conprising a concentrically-1layered el ectrode
configuration; inserting the open distal end of the mcro-needle into the
skin to a freimetbe skin geipt te; reachingsdquilibriuem andgherpthe analytgtconegidration ke vekwighin

constituent,_ w t.hinthe bialogical 20 fl pi resent at the open distal end

Chr ough- & neheRaHEH (Galdan Ae S ERatEibald an bt i bfeeE Barfharisls SRRG sHsihy s

el ectrical Asfegagly, i A€ delag6h HOSIERt Bélve€fihk midfichededle@ind ithtdinferRiaPdid

el ectrical signal generated qt‘)jg the el ectrochem cal cell, 25 wherein the
P

second el egayibe gpntsaligddi.e.i iixadp prdCepandhe desived based op dhecfdnst erder egyatippabove.

constityent in the byel Age6al slildtitor nselfl ind bR dieed GleBIuH B O LN
concentTation of at ['éast one target constituent contalned Wthin

bi ol ogi cal pfekeit thvehtien ivelude dataraingels sade up bé natuafly oofurring pulydienyg sath dseast
one hol |l ow m cro-needl e conprising an open distal end, an open proxi mal end
and a | uneABECesrItHy MUsePyIseehasEs, stasel ndthe dikepnd spathetiscsrdhinads uR et | i n
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15 REAGENTS
In order to single out and sense the target analyte or constituent selected for

analysis over the other constituents in the sampled biological fluid, a redox reagent is
typically employed within the reaction zone within the electrochemical cell. The redox
reagent material is typically deposited on at least one of the facing surfaces of the two

20 electrodes whereby biological fluid present in the reaction zone chemically reacts with the
reagent material. As such, the reagent is preferably coated or deposited on the surface(s) by
means of dip coating. The reagent being used is selected based on the analyte targeted for
detection. The interaction of the reagent system and the corresponding constituent or analyte
is employed in the electrochemical measurement protocol to determine the concentration of

25  the target analyte or constituent in the cell.

?— E‘he reagent system present in the reaction area typically includes at least an
enzyme(s) and a medjator. In many embodiments, the enzyme member(s) of the reagent
system is an enzyme or a plurality of enzymes that work in concert to oxidize the analyte of
interest. In other words, the enzyme component of the reagent system is made up of a single

30 analyte oxidizing enzyme or a collection of two or more enzymes that work in concert to
oxidize the analyte of interest. Enzymes of interest include oxidases, dehydrogenases,
lipases, kinases, diaphorases, quinoproteins and the like. The specific enzyme present in the

reaction area depends on the particular analyte for which the electrochemical test strip is
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20 THE SENSOR SYSTEM

In the sensor systems of the present invention, the reference and working
electrodes of the electrochemical cell are in electrical communication with a control means
that sets the input reference signal transmitted to the electrochemical cell, receives the output
signal from the electrochemical cell and then derives the concentration level of the analyte

25  within the safiple from the output signal. In other words the control means provides a
means for a;;i;i):ing an electrical current between the two electrodes, measuring a change in
the current over time and relating the observed change in current to the concentration of
analyte present in the electrochemical cell. The concentration of the analyte in the patient’s
blood is then derived, the numerical value of which is preferably provided as an output

30 signal to a display means.

- Preferably, the control and display means are integrally housed within a hand-
held control unit such as that iliustrated in Fig. 4. The control unit preferably also provides a

means of securing or holding one or more micro-needies or an array of micro-needles in a
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position and arrangement suitable for the particular sampling and measuring application at
hand.

Referring now to Fig. 4, there is shown a schematic representation of a sensor
system 50 of the subject invention. Sensor system 50 comprises a hand-held control unit 52
and a sensor device 10 operatively mounted to distal end 54 of control unit 52. Sensor
device 10 includes array of the micro-needles of the present invention, such as micro-needle
100 of Figs. 1 and 2. Control unit 52 has a housing 56, preferably made of a medical grade
plastic material, having a low-profile configuration which houses a means (not shown) for
controlling the measurement means of sensor device 10, i.e., generating and transmitting
input reference signals to the electrochemical cell of micro-needle 100 and receiving output
measurement signals from the cell. A software algorithm programmed within control unit
52 automatically calculates and determines the concentration of the target analyte in the
biological sample upon receipt of the output signal. The concentration level (among other
desired information) is then transmitted to an external display means or screen 58 that
displays information to the user. Control interface buttons 60 are provided to allow the user
to input information, such as the type of analyte targeted for measurement, to the control
means.

Sensor device 10 is electrically and physically coupled to control unit 52.
Electrical communication between the two is established by means of conductive contacts
(not shown) on device 10 and corresponding electrical traces (not shown) within control unit
52. Preferably, device 10 and control unit 52 are physically coupled by a quick lock-and-
release mechanism (many of which are commonly known) such that a used sensor device
can be easily removed and replaced. Control unit 52 is preferably reusable and usable with
any number of sensor devices of the subject invention. These features facilitate the taking of
multiple samples and measurements in an efficient and rapid manner.

METHODS OF USE

Also provided by the subject invention are methods for using the subject
devices and sensor systems to determine the concentration of an analyte in a physiological
sample. A variety of different analytes may be detected using the subject sensor systems,
where representative analytes include giucose, cholesterol, lactate, alcohol, and the like.

In practicing the subject methods (with reference to the Figures), the first step

1s to provide a sensor device 10 having one or more micro-needles 100 of the present
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operatively engaged and interfaced with a control unit 52 that can be manually held and
controlled by the user. Control unit 52 is programmed for testing the targeted analyte(s).

5  The user positions sensor device 10 over a selected area of the patient’s skin, and, with slight
pressure, the array of micro-needles 100 of sensor device 10 are caused to penetrate into the
skin. The depth to which the micro-needles 100 are inserted will depend on the length of the
respective micro-needles or by some other means associated with the sensor unit 10 for
limiting the insertion depth.

10 Upon insertion into the patient’s skin, an amount (i.e., a sample) of
constituents of the biological fluid present at the open tips 102 of micro-needles 100 is
absorbed by the gel-based, constituent transfer medium into lumens 120 of the respective
micro-needles by means of osmosis. Once in the reaction zone, the targeted analyte(s)
chemically reacts with the selected reagent(s) to form electroactive products. The

15 electroactive products are then either oxidized or reduced by the optional mediator or
directly by the working electrode 108. The resulting output signal level is then conducted to
the control unit by electrode 108. A software algorithm programmed within control unit 52
then automatically determines the differential between the output and reference signals,
derives the concentration of analyte in the sample from this differential value, and then

20  derives the corresponding concentration level of the selected analyte(s) in the patient’s
blood. Any or all of these values may be displayed by display means or screen 58.

A device such as control unit 52 which automatically calculates and
determines the concentration of a selected analyte in a biological sample and/or in the
patient’s system, such that a user need only insert a micro-needle of the subject invention

25  into the patient’s skin and then read the final analyte concentration result from a display of
the device, i-;ﬁ;rther described in U.S. Patent No. 6,193,873 entitled “Sample Detection to
Initiate Timing of an Electrochemical Assay,” the disclosure of which is herein incorporated

by reference.

30 Kirs
- 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 sensor device

having one or more micro-needles. The kits may also include a reusable or disposable
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concentration in a physiological sample. These instructions may be present on one or more

10  of the packaging, a label insert, or containers present in the kits, and the like.

It is evident from the above description that the subject inventions are easy to
use and can provide for analyte testing without the need to cut or lance the skin and without
minimal or no pain and blood. As such, the subject invention represents a significant

15  contribution to the field.

The subject invention is shown and described herein in what is considered to
be the most practical, and preferred embodiments. It is recognized, however, that departures
may be made there from, which are within the scope of the invention, and that obvious
modifications will occur to one skilled in the art upon reading this disclosure.

20 Although the present invention is useful for many applications, the sampling
of various biological fluids and the detection of many types of constituents, the invention has
been described primarily in the context of the detection of analytes in interstitial fluids, and
as being particularly useful for the detection of glucose in interstitial fluid. Thus, the
specific devices and methods disclosed and the applications, biological fluids and

25  constituents discussed herein are considered to be illustrative and not restrictive.
Modifications that come within the meaning and range of equivalents of the disclosed
concepts, such as those that would readily occur to one skilled in the relevant art, are

intended to be included within the scope of the appended claims.
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open distal end of the elongated member into the electrochemical cell.

15 2. The device of claim 1 wherein the elongated member comprises a

lumen, wherein the open distal end provides a passageway into the lumen.

3. A device for sampling biological fluid constituents and measuring the
concentration of at least one target constituent in the biological fluid, comprising:
20 a first electrode having a first length;

a second electrode having a second length greater than the first length and
concentrically positioned about and spaced apart from the first electrode, wherein the second
electrode is configured for piercing the skin; and

a hydrogel material within the space between the first and second electrodes.

25 N
? 4— The device according to claim 3 having a penetration length no deeper

than the dermis.

S, The device according to claim 3 wherein the second electrode has an

30  open distal end and defines a space within the device and wherein the space is substantially

filled with the hydrogel material.
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the target constituent.

10
7. A biological fluid constituent sampling and analyte concentration
measurement device, said device comprising:
(a) an elongated hollow member having an open distal end configured to
pierce a skin surface and to provide access to the biological fluid and a proximal end;
15 (b) two parallely-spaced electrodes positioned at the proximal end of the

elongated hollow sampling means that define an electrochemical cell for measuring the
concentration of analyte within the biological fluid; and
(c) a constituent transfer medium comprising a water-absorbent material
in fluid communication with the elongated hollow member and with the electrochemical cell,
20  wherein the constituent transfer medium transfers biological fluid present at the open distal

end of the at least one piercing member into the electrochemical cell.

8. A system for sampling biological fluid constituents from the skin of a
patient-and measuring a target constituent within the biological fluid, the system
25 comprising:
: .(;3.) at least one micro-needle at least a portion of which is hollow and
having an open distal end for accessing the biological fluid;
(b) an electrochemical cell associated with the micro-needle, the cell
comprising a reference electrode and a working electrode spaced apart from each
30 other;
. (¢) a water-absorbent gel matrix at least partially contained within the

hollow portion of the micro-needle and the space between the electrodes; and
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(2) a software glgorithm which automatically calculates and determines
the concentration of the target constituent in the biological fluid upon receipt of the

electrical output signal.

10 9. A method for determining the concentration of at least one target
constituent contained within biological fluid, the method comprising the steps of:
providing at least one micro-needle comprising an open distal end and a
lumen;
providing an electrochemical cell within the lumen, the electrochemical cell
15 comprising a concentrically-layered electrode configuration;
inserting the open distal end of the micro-needle into the skin to a selected
depth;
transferring a sample of at least one target constituent within the biological
fluid present at the open distal end through the lumen and into the electrochemical cell;
20 providing a first electrical signal to the electrochemical cell; and
receiving a second electrical signal generated by the electrochemical cell,
wherein the second electrical signal is representative of the concentration the constituent in

the biological fluid.

25 ~10. A method for determining the concentration of at least one target
constiﬁéﬁt contained within biological fluid, the method comprising the steps of:
providing at least one hollow micro-needle comprising an open distal end, an
open proximal end and a lumen extending there between;
providing an electrochemical cell in fluid communication with the hollow micro-
30 needle, the cell comprising a parallely-spaced electrode configuration, wherein the electrode
configuration is positioned at the open proximal end of the hollow micro-needle

substantially transverse to the micro-needle;
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