-;eSeGDF"6T6uA5 Bl OLOG CAL FLUI D CONSTI TUENT SAMPLI NG AND MEASUREMENT
DEVI CES AND METHODS | NTRODUCTI ON 10 Field of the Invention This invention
.i1s related to percutaneous biological fluid constituent sanpling and

anal yte neasu inges and net hods. Background 45 20 25 30 The
detection of mmmmmwnmﬂ@gl ol ogical fluids is of EVWMI/M |
i nportance. Anal y‘,tGg)P0 eteCtion assays find use in a W%’/I@Epl i cations,
i ncludi ng clinical bor at ory testing, hone testing, etgsy;We t he
results of such testing play a prom nent role in the diagnosis and

managenent of a variety of disease conditions. Common anal ytes of interest
i nclude glucose, e.g., for diabetes managenent, cholesterol, and the I|ike.

et ormipaton |5 fo ﬁi@ﬁ@@ﬁéﬁﬁmvﬁb‘@g@gﬁﬁg@%&ﬁgﬁééﬁiws ayer to
access ¥he underlining bMISASUBEMENT, BEY A Dfocal i zed bl eedi ng

on the body surface. The accessed blood is then collected into a small tube
for delivery and anal yzed by testing equi pnment, often in the formof a
hand- hel d i nstrunment having a reagent test strip onto which the bl ood
sanple is placed. The fingertip is tingropgtTioNequently used site for this
nmet hod of bl ood collection due to the Iarge nunber-of small bl ood vessels

| ocated therein. This nethod has the significant disadvantage' of being very
pai nf “!0 because subcutaneous tissygeidfortiiCIdveR§sati P has a large
concentration of nerve endings. |tTTS ot ul n for patients who require
frequent noni t oThisdnwehtiamisankhtegdtte petcotanewis dvidiagical dluideonstihienocmpding laed .

Wth di abeti(is, for exanrpa e, the fa'hlcgsge to frequently neasure their

gl ucose | efAlYigmeasypmentdepices HUINEthPdSs i ts in a | ack of information
necessary to properly control the level of glucose. Uncontrolled glucose

| evel s can be very dangerous and even life-threatening. This techni que of

bl ood sanpling also runs the risk of Badkgreungh and the transmi ssion of

di sease.to the patient, particularly when.dgne qn .a high-frequency basis.
The pr bbl ems i L1 dsiFaioniol amslatee oidlogi Al APy g PREauE MRRAC or o i <
alimted AmBYY dedctidk aska§find@aR ih Adari&@df la?%lib%ﬁ&sf, ficlidivgs dIinechl Bibbr: l'ing
of blood. To overcone the disadvantages of e above techni que and others
that are atesies fomg tGiing eic-hwvhere thegeantsof sy tastingaayss proariagnyree drethect i on
protocol s V] n.h.devel . 1S ] CI O-pierci

i or o cut ¢ PAGR Rl TRardBHRenEr  yanes of uRBRE cbiRliohS o) Al AEF b Beres o
fluid w thinehideglslsse) e. gT H6r dihlsdtes-margementactdlgzenell amd the liket o the skin to a
depth |l ess than the subcutaneous | ayer so as tQ mnimze the pain felt by
the patQent. Thé SommRemsterhnigye for a?llfcmgeﬁ%plgaﬁahoee for AmalytesdesermipatipBid ini ne
t he concen i t i m.or &Ff'ég :
sanmpling s %fégég@%lgﬁgﬁlg&épgé acsﬁgﬁﬁér%éhgﬁ Ba}%etgggés/egp%}ﬁgﬁ?%rglg]r tl?(t)l a %'ffsullnd

i nsi de t heotden@rprbdty loliatd bleetinymon the body swiace. e abensed BlopditHhen sone ki nd

of mechani c or,.vacuum nmeans i,s.often used ipn conjunction with th

i cr 0. pr or ESlleiiNEE BRI o 4Riew STt it Py fahERTEme Rt e oo
99/ 27852 dpsgharereld Muri@entMHayihe atBsdeHMeR @S oiits wHicH BE biRAlsaiplel iD platad €
the availability of .interstitial fluid at the area of skin in which the

vacuun?or hbafingestippsghe oost frequenthicusedhsive &rdhis enethndsaf dladdecobleetianoduedé theki n

in the vicinit f. Q C et ngor ged. wi t h
nterati th are TRl b ST ST MR BUER SRR FPER RS 1 e
the skin. Anadvastagéref buinl véry Pamtll deethsyvetcaianedustivarl df 2sifigeatip Ags Llaggeent
is positioned above the skin, causing interstitial fluid to 20 flow nore
rapi dl y at cenesRtration of pefye epdiagse bk is1qt BFareMeR QI PRterds who requirerdreguent; o pe
col l ected ol ' j ] I ti LEeS £ en
Govel opod TrspES: i ishisie1d biFRd kb fhef? ot SRDRAL WPl HEBLER Sk bl
out er nBGt theyfeilureto frkquently aleharde thea ghidosd Lenelomr aprasoribed bisds sesuips iadladkyofa
nore passive neans to %%ovi de access L@' Sr F&racti OEJ of bi ol opi cal,  fluid
wi t hi n t helTS@ImALIOD BeasseaRy HRFRBET Y cqnifake{eye! pkglueaseo Siapontealicd gitcrss Igyels t ne
applicatio ] oL, ¢ Ski

R er nat | onal PR L eRious ARGERTE Bk R, TR etRfe oF lood FRROBPAIN fims
osci | | at i othegskof mfectioorand shearanamissioneé diseaserto thierpatienthparticularlpwhen doresan at
a distance fromthe skin surface and caused to vibrate by neans of an

el ectro-nechani cal transducer. The needle is imersed in a receptacle
containing a liquid mediumplaced in 30 contact with the skin. The

mechani cal vibration of the needle is transferred to the liquid, creating
hydr odynam ¢ stress on the skin surface sufficient to disrupt the cellular

structure of the stratum corneum International Patent Applications WO
97/ 42888 and WO 98/ 00193 al so di sclose nethods of interstitial fluid

N o




Thus, despite the work that ,has already been done in the area of mnimally
I nvasi ve anal yte testing, there is a continued interest in the
. identification of new anal yte detection nethods that are | ess expensive and
elimnate the need for ancillary equipnment (e.g., oscillation, suction and
heat generating devices). O particular interest would be the devel opnent

0o nso. i o8 bl SoRuRi s b broish S A HEHTE Al BhactRoal AUAREPheY frat S35V
ef ficaci OUﬁlcreREhlﬁM abloh FRFTSWRG uale thReém¥eused fdr fhefrédident ﬂﬁi_/pllﬂg ‘of blood.
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00/ 3553, Y¥veffped thabbise iiord piercidg] micruititg/eleifienta orlanddgdots stéutiiréd. to akbess
SUWARY OF THE | NVENTI ON. Per cut anequs bj ol ogl cal fluid constituent sanpling
and anal yt ©epastivg find withinthegkinn J hedniceasacedles aggpanetsated e fwskinge aisi ng
the sane a&ﬁ)tlpfcgyfhgﬁﬁe%béﬁ&&ﬂpl ?&ISOIBQY§Hltlﬁl h%gtfbﬁ S{ﬁ'f ﬁalfi@n§bitﬁeeCt
devices is the presence of a constituent tra I um that” sanpl es

bi ol ogi cal infdrstitid] floidss thenearpled and ested tmdd:tbnrmne tha cokéentration of thasdreets at

| east the ta et 20 constituents) therein to an el ectrochem cal cell for
measur emenf™@f®a at | east one targeted constituent, e.g., analyte, within
the big) ogi cal EbtedtionHdenibaReMe shﬁﬂl@d‘% YRR ndsiHadS a W blabk H“tﬁataﬁér?a%& fag of
bi ol ogi cal fluids, such as blood and erstitial fluid, and in the

sanpl i ng, unersisial ﬂmdamidmmumnbndy tsfataacgabws pmsalrytoésbouwgnm/m somse,
chol estero ectro har maceuti.cal s il and. the li ke.
The. or ecentint it BtH:Gieh] & achuB RS A asen 1S Beeamacion wih HRGnich piste
interstitimembbngl d constituents and the neasuring of the concent rat | on of
glucose within the interstitial fluid. In general, K the subject devices

incl ude a ski n-Forexamplg. iersationabRatent AnpliegiioraWRL99/87852 Oséh@eslam i ng
means t ri ans
et et ¥ or teapghesEre ApdE Rl b ipleatd 0B Mlap TRbE Bt AR RIL 4o i

const i t uenin vafich thenaéim oElBauiR applied. SRienvapeuns prabira gauseste portdnusiagindih
| east one hol | ow m cro-needl e defi ni n? a substantial ]y annul ar. bore or

channel thﬁhslygwufw the,vasupmyLo Secampestipiied and ergoseask Witk ingratitigh dluithy i ng an
access Opeﬁbﬂ%tﬂ %acﬁé}?omﬁhﬂ &Ltre{ ity e kl?i AQGBRRF thefHod i H{sr@g&@ whi ch

the target ana enters in sensor device. I'n many odl nent s,
t he skin- prereiinragomiaachhmmgrelmt ﬂ;rpoantmagd adfovs tiehskin, camngaecﬂramal fiibid to

| ect h I t |1 t |l ect t
APHE IR AR T R A R S R S e

i n whi Ch aglven unit to time.

Still other detection devices have been developed which avoid penetration of the skin

altogether. Instead the outermost layer of skin, called the stratum corneum, is “disrupted” by
a more passive means to provide access to or extraction of biological fluid within the skin.

25  Such means includes the use of oscillation energy, the application of chemical reagents to
the skin surfé.c'ej etc. For example, International Patent Application WO 98/34541 discloses
the use of an oscillation concentrator, such as a needle or wire, which is positioned at a
distance from the skin surface and caused to vibrate by means of an electro-mechanical
transducer. The needle is immersed in a receptacle containing a liquid medium placed in

30  contact with the skin. The mechanical vibration of the needle is transferred to the liquid,
creating hydrodynamic stress on the skin surface sufficient to disrupt the cellular structure of
the stratum corneum. International Patent Applications WO 97/42888 and WO 98/00193

also disclose methods of interstitial fluid detection using ultrasonic vibration.



5 biological fluid sanple is tested for the concentration of a targeted
anal yte. At |least one of the electrodes has a porous structure wherein a

. first or distal electrode is porous, having at | east one pore or hole

t hrough the thickness of its planar structure. Each pore or hole is aligned
with a mcro-needle channel. In operation, one of the el ectrodes of the

el ectrochem cal cell, is us the ref nce.l10.e

Tput | ref er enceTaivg fisspe URSHosH o 45 HFCaRy BEGFach? i MG S plr e Sy g
nmeans. TheaiiyieteshE Clidre fien QREhAdERteRSt fh the idenificiod OFf hew enklyed depdclivh des an
output signal fromthe cell to a signal receiving neans. Preferably, the
ref er ence Biethods Bgbare dess gxpansiye and elymingtsithe asadfar ancdllary equipgent @gt.r ode at
the top of V, tion of
the t ar get CSHERUREfon Y feabiliBiting dPBke) BEBERERLF et SRFIL A, °L T
fills the deeipnent faminiinaky vasise anulyib deditidnadyseebario thexperdival edsgea@t a
portion of each mcro channel. The constituen transfer mediumis made of a
gel materi #i irintegiatable inko-a single GORPRRSRI And:is safeand efficaciquii gh affinity for
ionic and anionic particles within biological fluid. Optionally, the gel
matrix, also referred to as a hydrogel, may be configured to transfer only
particl es havi nRELEVANT BCERAZURE\EI ght Iess than a 20 specified weight. The
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ot her y@r ds g7¢ BE, 587969 05,0921 801, 6WR0116, 610&H, BIE S Obﬁ‘@%‘gﬁ'd Bh62 8¢, oRleti X
until equilibriumis reached between the concentration of

const i t uenpatentwioeurhents snsl pubdisatona ofintérest dunheden WQ O7(HQ44F, Wﬁe97é4548§81 Wéknt (s)

sol el y on SIENFAVE bR BRI IS ey SR R P IEREG, P S W e e
t o transf epo/4sTO8hWad 00/i5¢ 817, WOi00/74963 Al W00/ HTdTAM, cal cell, the subject
constituent transfer nedium my be configured (i.e., presented in a fully

saturated state) to elimnate the transfer of water and other fluids
contaiyied within the accessed WLM i le transferring only
constituents of the biological ¥ Bp Thp M figuration of the

el ect r ocheni cal PerehthndobabioBigie el conithaert augpligrancemnalyid measufment Oyetdrhe
remai ni ng constjtuents for testing. The subj ect devices may function as a

part of an®hfleviree as elias gneshads don using the m%r&grovadqﬁ#éaﬁge ﬁ'eme%rmenaw i vy

t he subj ec , i ﬁ%xor‘ﬁ ¢l the
cont rol nefaeﬁésa?%/%ﬁg? ectri ca\t i:é;saféz E)h\é;ﬂngsgﬁw ﬁc%oﬁgngéenr%st%? evF@gglangt %mﬁct i ons
to gener at wokmgatal fleidednstityents acbgaserl within thérgkie hied trarsédre at least theahtgeand t o

receivy, ut. signals.fromthe c These functions, .anpng ot hers y be
o torfieq Sl Befein ke B¢ PGt isal CHTnEEMACHTIEN RS DAty Ohe hiedted ot
aut omat i Caédﬂtnﬁéﬁtcykaﬁ@ﬁYtEW1tﬂﬁﬁl% Bibl@ical 1h8dC IAE PRisER LA RALGH leB@UStea}ﬁﬂfet
analyte in the biol ogica | e upon recei pt of an output signal fromthe
5 el ect r octrepssigl of big ¢glcwfbl¢ﬂsp$u§hlaéléu>05;and hﬁersmtbf}leﬁhmd,landemhc@msplang met hods
for using ct deV|c s.and s ste ein

br act s cf no b FeaRnG s TS HRUTHE A28 o Bore Dol Shottilietn. The
subj ect i nptaRhacticds, @Sﬂhtlk dxfu(gﬁ and ahe/lile. CRNRQeEkehEihvaitioNBasspesiaRY weDfsufted
vari et of 10 anal gtes and is ﬁartlcul arly suited for use in the

measur e sgmpbing ef intsryiiial 9}1d|censtltmtw@rt§% mepgiring |of the, congengyati gy of
DESCRI PTI C%g se Wi ﬁ"f‘m@‘\ﬂt iflffig 1 includes Figs. | A and 1B wherein Fig. |A
is a cut-away Si e vi ew of an exenpl ary biol ogical fluid sensing and

anal yt e nmeasur i Ingederl, de snbjettdevines fehideiaskerpierwing anttinFpagetrithg means, at

cut - away to‘;l) vi ew of the devi ?_le of Ftl g. | A taken al ong, arroxvs b-b; ., and
least one sampling means in the form of a constituent transter medium, and a measuring

means in the iiprm of an electrochemical cell in fluid communication with the constituent
30 transfer medium.
The skin-penetrating means includes at least one hollow micro-needle defining a
substantially annular bore or channel through the interior of the micro-needle structure and

having an access opening by which the biological fluid is accessed and through which the
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Fig. 2 is a schematic representation of an exenplary hand-held device for
using the 20 biological fluid sensing and anal yte neasuring devices of the
- present invention. DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS Bef ore the
subj ect invention is described further, it is to be understood that the
invention is not limted to the particular enbodiments of the invention
descri bed bel ow, as, 25 variatjons of-the particul ar, enbodi ne be nmade
and sti )| e s RishorHe BgheRapon ity T maRteTpoi N e SEn e, be
under st 00d et coiMist E4 | FYYcHERRrONEIdss for the purpose of describing
particul ar enbodi mrents, and is not intended to be limting. Instead, the
scope of the pr'&k@dectrowhentcabmemtdmdneCﬁbccanpnsshem tlpctrddes xmpmadeﬂiamrm .

Wh f t ood t hat h intervenin
Val e, "t o BOEREhib ohtn g bRERHATE TP closlOt RN S Rpe i oa T Rt ext |
clearl ys dI BiofgRal AhiathMbRSs tdARUBEHe toteHPRRIN cTAdalgid@anillyEl tAQEast B off ange
and any other stated or intervening value in that stated range is
enconpassethelecHpdesthge apasous ﬁ‘ir@ﬂ‘iUfe'W’f@leib p &irst op distad glectrodenis parays, hayingeat

mal | er I i s al so
chorrpasse%g& gﬁﬁw OQ%ﬁi%qH kll}é&ﬁ%kﬁ&goggf&g gﬂas?ﬁ]@tggeggéafcﬁgaf aé}'q&tcllsuded

limt in tmgn&ﬂaxlmchmﬂgﬁeedwhafaﬁnélhe stated range includes one or both of
the limts, ranges excluding either both of those included |imts are al so
i ncl uded in th I} QPFEAHON e aljihecalectindes pfcthe slepEochiemical gelhiswused as the refergace

sci ent | Cqj under st ood
by oneiq)f o% fdr%rbywﬁ Wﬁ{ﬁh&tlﬁg&%ﬁ% Q%nﬁl\?\ﬁﬁ cﬁlﬁﬁgkﬁ%\?gﬁrgﬁwg )é%lgs.

Al t hough agshesttingaieane Hiedothatdhatrode opdrates av a wqﬂdngaélewttodbmhdx ipesddedemcr i bed
herein can al so.be gsed in ractice, or test] n%yg’ )ét he esen

i nvent i on, CYtRY signa} Bpmdhe %"t]‘t'tﬁc,at LR VIS AT rﬂée?? i"rCFrB@%I‘S All
publ i cati Oib‘éathQttthQB&@oxﬁ%ﬁ@tH& wWdrRin g'&?&fr@@é ﬁttﬁéjto?‘%ff%erﬁe‘%’cer qfh?srcﬁihzﬁ si@al

di scl ose and describe the structureées and/ or ods in connect wth
whi ch 10 t tepregeris$ theabncentratoreofcthe suiget lanalygdn thesampleddiuihat as used herein
and in the app ded c a| si.nqul.ar . for "a', "and", .and .the"

i ncl ude pl ural L}Wétg ﬂ‘é‘gbfisﬁ%‘é'ﬁfeﬁ%’h??‘i? HﬁecPf’Eﬁsé%qﬁtq@?kM se.
Thus, for @lé@tfﬂélle%nd aﬂE@srt QpefidnQof edcH Mifdro ShdnnBl. THEGoHER e tBhfEANEdiHmQs Such
test strips and reference to "the nmeter” includes reference to one or nore
met er s andmedPhanged maserizher matrixithatidn bydrophilie, hdséa%khlghekﬂflmw foméongg and and so
forth. The S | r r lely for
thei r di sctBanr BESHe WIS FERRRAFnRG DeRub b el e sEredl 5

Not hi ng henhgirgel andobdxdneiguset ol Grtinsfér cnly patitleShaing mfoldchlar W’e%fhe[ﬁss than a
invention is not entitled to antedate such publication by virtue of prior

i nvent4tbn. spegificd eight. Ehe gglasts 4p tranaber; &t fpastdhe B\rgﬁﬁ%@ﬂloﬁﬁi?l ﬂ@dﬁpﬂqtéﬁ*‘éﬁﬁs) from
the actual px%%e%ﬁm&febsoébqug%? a'Hk foIndiB iRGHe fdctish 2ARECREDRENNbMS, the

confirned.
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

25  solely on capillary force that it exerts on the biological fluid as a means to transfer the
biological ﬂ'lj.idﬁto 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 biological fluid. It is the configuration of the electrochemical cell that

30  selects the targeted constituent(s) from the remaining constituents for testing.

The subject devices may function as a part of an analyte sensing system that includes

a means for controlling the subject devices. Specifically, a control unit is provided in which

the control means is electrically coupled with the sensor device and functions to generate and



* Per cut aneous bi ol ogi cal fluid constituent sanpling and neasurenent device
and systens, as well as nethods for using the sane, are provided. The

- present invention finds 25 use in the accessing of biological fluids, suc
as blood and interstitial fluid) and in the sanpling, defection and
measurenent of a variety of different analytes, e.g., glucose, chol estero
el ectrol yte harnac uticals licit and the |ike. In nerI t
sub) ect HeoRHBPE B Rt sigiroreniEalell 8 Fo wlPve cuby s R dheRTh

pi ercing ofrhg fﬂn&ﬁﬂ@tffrﬁ’éﬂ ol HihdFE 3hay beaﬁerl*oﬁﬁéd b B Soft £k A ofitm pldprsmmed
constituent sanpling neans 30 in the Tormof a constituent transfer nediu

and a conswithirethe comtmiemtrtbanammasa@mqaﬂrgﬂatm determings tfegqomeerttratinn of the
electrochemc | ce ication wi.t econtltu nt transfer
et um 1 n QeEshenedn R fintditer RO ko ol bl RS B e o
single 5t r eRbtbdhemical L. SKI N- PENETRATI ON MEANS The ski n- penet ration neans
includes at | east one hol | ow m cro-protrusion, IM% , inthe formof a

n cr o- needl e) dé\flswrﬁydad By, Bhetsshier Ny gntignn ane anethess donysing e subjeetidevigeh t h
interior 5 nOLI, ' ni ng
through wn i SErGl AT R RSB PEHEbE R 0T bt B AEARIS o RE
enbodi nent subjédlen\&hnm penetrating means conprises an array of such

m cr o- needl es. The subj ect m cro-protrusions or mcro-needles are

configured to bdh ﬁé%%iﬂbvamlﬂyn §t“é?ff-‘b OF ApRl ¥ie COREF AR MeasYrerRsTE of aparigtyef
strat umyco , .jrede
of a b?%corﬁgig%?“& lﬁégélrc P%FWIS% lé’@%sﬁ?u‘%%é ]tﬁ ghé;xgﬁzsé%nf{n?f)? L?g(jﬁsg coﬁ&ﬁYra | N or
undesi r abl ent¢ersssal€luikcsponse. Al t hough the sensor devices of the subject
i nvention may be di sposable, for reusable enbodinents, it is preferable
that the material of the mcro needles and/or mcro-needle arrays is able
to withstand sterilization cycles. The m cro-needl es and/or the array of
m cro-needl es may be forned of or coated 15 with an insulating material,
such as a ceramc, glass) silica, polyner, plastics. Exanples of polyners

are poH/acryI ates, epoxies, Jpal Dek&ls pol vet heret her ketone, |iquid
crystaltine polyesters, or tﬁﬂm%@mgﬁéw-%f ceram cs are
al um num oxi de, Fig. I iiscdides Fgdi U8 aAB IBAIKEOA FN1AXk ARut-hWaPtiBe vie® dragli ment s
the nicro-needl es and/ or_ the array of mcro needles are nmade of or coate
wi th a congrfeplery biglpgicalfluid sensingpad 9naimmsmgadevmqf ithea praseat myemtmnf, orn
set of ele S I

Ghd B, 2 PBYO1 Sut- a%%@;%%w%%ﬁel +év?ce%?tr~? % &%@L@%&é&fﬁ-&

steel, titaniu preci o S Or ner a

confi gur at| on oFlgaﬁ ma(mhphlatiqr@msmudwﬂ aneexefnplafehadetsetd e vicw/RALsIAL thy | |

now be \Hlth reference to Fi | A and 1B. In Fig. |A there is
shown & se Jé)h)qglcal uid sensing and analyte meas rmg devices of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
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, as
25  variations of-the particular embodiments may be made and still fall within the scope of the
appended ci}iiiﬁs. 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.
Where a range of values is provided, it is understood that each intervening value, to
30 the tenth of the unit of the lower limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or intervening value in that
stated range is encompassed within the invention. The upper and lower limits of these

smaller ranges may independently be included in the smaller ranges is also encompassed

an
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device 10 having an array 16 of mcro-needles 12 separated by skin-contac
surfaces 20. 25 Each mcro-needle I a has a sharp open distal tip 14 for
. easily penetrating through the skin and a channel 13 for accessing and
allowing biological fluids to enter into the sensor device 10. Fig. | A
shows m cro-needl es 12 have a conical |l y-shaped configuration, but, as wl

b ent t killed in the, i cra-need| es 1 h
U bl o 30iTGh e RiEATPrublsfidp ah Bres TNy efHed IRRE R BE sfeq T¥ee) Wherd Y
pyrani d comfd QM&@Hgg@ix{cﬁrde@asmt%m Ehﬂeﬁha{s,tﬁn%éls extluaRpeRae Ksth d2thasy hav

an annul arly-shaped cross-section or any suitable non-annul ar
cr oss- sect inphyded dintitssaze alsp viclugied i thehryeation. The out er di aneter of a

m cro-needl e 12j ral ly bet about 0] e t
needl e, and gené}r“Z‘ngggf?’g Ot %We\gﬁg@fh%&qﬁﬂ%gﬁ el{tﬁ‘é@%@ﬁ&“#ﬁ&%&% egs €
out er dbampieahingfas Gbmmenliagdestobd bysong @hBFdidry skilltinveiRraretd GeHichL ik inoendidd p
and typi cal I% bet ween about 120 to 200 p, m The channel djaneter 13 or

A
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fluid (e.g., | ntersticéi ?I fluid, _gl q{gd or bot h%{ desired, for sanpl i,gg and

t he t hi ckn®¥sefgreneq© disclqse anq descripe thesrugiyres iapdfionmehads ifonpeqtioy Wil yaigh

such, tgrg eﬁ)ﬁ?i@%loﬁ‘nl’ﬁfesc'tl& i nto which the subject skin-piercing neans m
I'ncl ude the 1

be inserte erms, epiderms and the stratum corneum (i.e.,
t he out er nost | &ymeustdé noted thegpiasiesedihejein dmd igaheappended daioscthd Ismgulb? fdrmse a
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As nentioned above, nore than one skin-penetrating neans may be enpl ot{:d
wi t h subj ecefersaesstor theaneteEdnclpggs refigrangd focong nsimeare gretars andbequaadensstherzofray

enpl oy b h resent.invention. . Th pti mal nunber will depend upon
vari ouigf aﬁ%‘?’@‘fﬁ?ﬁf&‘iﬂ%‘lpﬁéﬁ %{‘Séﬂi’s‘bﬁ%‘ﬁg detected, the body surface

| ocation into wrhepublivatishscdicuseadr eftedlicteih RfeprbeidEd solelytfBEtheRidicbsre
accuracy desired. Regardl ess of the nunmber nicro-needles 12, they are 20
suf fi ci ent Pjiosteghe fliegidate ehihe pEaserirapalication o Nothing hereinds tohba canpigudsk asanum
corneum ca - t j ] |0y ral,
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to abo 2 t.ypical Iy, from about 10Q to 1000 um and nore typically fro
hbout 300° PEDIGHOR S mish iRy TE8S 4 broindeReRg P EoBEBEH s 12 and

ski n-contact surfaces 20, may define a bottom portion 18a of a housing 18
the top portion of which is defined by cover 18b. Housing portion 18a

provi des a support sOVER¥IEWe for constituent transfer nedium 22 and, as
di scussed above,wWth respect .t . cro-needl es 12 be made .of. i nsyl ati
or conduct i ve. nEPEPatEs Bigitetel SUEEHRRER FhphSs o heR S Vet S ng
material sypdleras agwell as tiethods for Lﬁﬁngpﬁd 4R, areRirévited. THe préeheinQentlt finds

el ectrochemcal cell. THE ELECT -EM CAL CELL As di scussed above, sens
devi ce230 #H8f inKbe acsesing of diolpgigal flusdie schras Rinpod;apd inferstival Huid, agd in the

el ect rochenj 3 r j syure cel |
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of one el echdlederof, aleesolgtes UpHanaceaficdld) éllioit dargs edndahe hkke. Preferably, the
el ectrodes are substantjally planar and 5 parallel to each gg&zrqﬂ The spa
lil

between the two BPEETA JORsuRA Arueesdalse a0 A nEensor dayiceh oital

fluld sampRdifg bAdRHercarihd e R aIBkt 8hd BIYcaPfbialcBRRienR Sath)ff: méhns e
reagent systemor materi al y be used to facilitate targeting target
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el ectrode is porous, having at | east one pore or hole through the thickne
of its planar structure. Each pore or hole is aligned with a m cro-needle
channel such that a fluid 15 pathway is forned fromthe access openi ng of
the m cro-needle, through the m cro-needl e channel, through the el ectrode
pore and into the reaction zone. The nunber of pores will depend on the
nunber of m cro-needl es enpl oyed by the sensor device. The second or
proxi mal el ectrode may be entirely conprised of a solid conductive materi
or may have a p@HOSKINSPENETRATE@N MEweh as a netal lized porous material, in
whi ch the 20 pores r.un through the,nF'oritg of the structure and are, nuch
smal | er than t hd8&slp-Pensiratiop sReags ichudgtiad 1Caphene RTloWsIICEQ-PRIIUSIOR. & g Bhie
el ectrode | Cd - ' TWa Iy
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configuration facilitates the contj nuous w ckin f the sampl.ed bi ol ogi ca
Frui d ana Bvest oo esenson e, Tnghanyemaedinats She e pERLNE Mar s of |
t her eby puggiplsedfan dirdPbPsiicAhidlotnedlefli N the cell. The presence of air in

the cell can interfere with the analyte nmeasurenent. Alternatively, a
conventi onal coph@pihjecs mierorpseieusieisor sueromneedice areicantigured tsf be mechapisally

i or ol ofapecht “uSshEh oot M tikuP YRR o B Beuihe hEAROEE 01

and f o10 hopsdifergblyhed i fie ofatbioceripadbleemteridd & hdvibtdo PALsE UFitafdnb ehel sk
el ectrode, as just, described, one or nmore vent holes may be forned or nad
Wi t hin t he Oh&fudndssirabls hesue response e Adihpugiuthe sepspy dryices PhHis subjeet iprention meayi c
systens an ' : [ and
measur em&*ntg © ?rgég%gl%éfr?g F%@é\gx B%/’B?%ngip.l{rgé{st %ﬁ‘ﬁl@{exr‘ﬁg\tth?{c}?\‘,& lﬂfaﬁecrﬁ Eéﬁ% n%rs? yst ens
that are angeilesrmtior mi¢ro-needle arragis ableus withstand sierilizatien cydes. i . ., measure

| ical ch i .e.., | Ex | f
Chese types of  PeERBIREA AN orhe Sr i THicwy Beedifs mad bt rRrkar A OB bed
U.S. Pas entyiios -iﬁsuflati%ggx%a}&-ﬁﬂ, shepda d84mic2pss si%.@@,?lﬁ;)?ﬁeraﬁlaé’iﬁk.l Eﬁ@m}ﬁ@s of

97/ 18465 and WO 99/ 49 t he di scl osures~of whic e herein
i ncor por at polymersrazé polyaarglateRedpoxics.mpl yegeispal yethdrethéikgione diquiderystalline

el ectrochem cal cell, showmn in Fig. 1A has a first or.bottom el ectrode, 26
2nd a secoRtIvEYers o AECTRRS e dkampis ! ARAPYCSTO AN B BEHE Sl AIE AT
bet ween el ggd siedaRin?6xiddd [ BthéLérhPfiments GRS iB-needies A/ of theRera§ OF nidrd-
which the biological fluid is tested for the concentration of a target

anal yt e( s) neeflips agempdmefioricgated sithiccopdertive maieriabdorh aesintered metal pamicnlate
mat er i sel 1 : nal S) . such he
o get 2naly oih et ietudehadis DShiabEHn ARt Bt AREE ShResn SBels Hidiughog
mat eri al . piecioaafietals grailloyotherebf.t he surfaces of the el ectrodes that face
the reaction zone are conprised of a highly conductive material) such as
pal | adi um gol dThpeeneral GARTiauratiag.of an exemplaly €asasSkvice shg ProsantiRYentianoxi d
stainl ess ghieRbw 3BdedchiBed With refBfenfe @%?é.qgtdngrlﬂ?fln%ggh&% Esesrhb%%'se;m)?
reagent material, conprising an oxidi zFng enzynme and a redi ator conponent
i s deposi t devion] (imeying anbaytdy 16fof tnierof meedley 12 separatedley skinfantast. suFfhess200des

and 28,are_preferably. s tanti al | arallel to each other to ensure .an

Rcur afs aFRtProracls L Baee snah ok B4l iy thEeAS TS Petheing irabgh e i

confi gurat ha ?db'hni?i 13 for accessing and allowing biological fluids to enter into the sensor device
10.

Fig. 1A shows micro-needles 12 have a conically-shaped configuration, but, as will
become apparent to one skilled in the art, micro-needles 12 may have any suitable
30 configuration: preferably non-tubular, such as a 3- or 4-sided pyramid configuration for
example. The shafts of micro-needles 12 may have an annularly-shaped cross-section or any

suitable non-annular cross-section, such as a polygonal shape.
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may have any suitable configuration or shape such as square, rectangular,
circle, etc. The 20 dinensions of the two el ectrodes are preferably the
- same, wherein the foot print of each electrode 26, 28 is generally in the
range fromabout 0.1 to 2 cnR and typically between about 0.25 to 1 cn®.
The el ectrodes are very thin, having a thickness generally in the range

Lo Aot 0 Sk Al i B L s e b 608 0T
el ectrodes thé nikaPt I%dl o antfl%nér%ﬂg?eég fh%mag?utalbﬁ laljih{a BB%QO%XaU}fa&{‘S’u@D r

typically from-abou : nor e m about

Ref erring n@méter &f Microlheedid 151 fg@ﬁerhl‘])} bawed gt momouﬁn ahd typtcans! | I y
supported by the surface area of an ay 16 between mcro-needles 12, i.e.,
the top surbieteeenabouthi204i200 uuntrac, thamgclpd:mnctenﬁ oinngx diaraeter offa mheo-lncghfb y

conductive material of firs ctrode 26 end IateraIIy 30 outward fr
an edge 327 (&ageneryly bepyeqsa H'e @rﬁgw é‘rtgﬁb thedieedieect r ode 26 onto a

top surface of bgfl tﬁ'BPﬁﬁd?&-n t&\PﬂPd’ é‘anerd%hr&leéﬁH%t‘ﬁ{s%r&&PgﬂSfe 3

for electrically coupling the tirst el ect e 26 to a control
(di scussed pacianarly, microespdes 12 hnvﬁlggtl&)andmmewnthtn ceethin, raﬁgassibpﬂmimgmt thee

tact 32 f t Fi 26
has. <paced-HpbetpoBical Tid Rof cintersian i Rist of balfyggsired bor.snnfing i e
di amet er s qhicReMseof the sRiRNEYe?d bthé padiulbf ﬁ’dﬁeﬁp&'ﬁ% #5ed 0AZQGchYVt ettsl(ﬂ'lgjf’éri y

between about 50 to 150 um and nore typically between about 10
Second 1&r tiofe whiek thestjectSkinapictsingcmeams mseefdaesoseeqesi insfudg the derpis, ¢pislermis

conductive 5 f or me the un u b. .or of a
o ous. condhe TR Brahith ep PR L; Ertnt B HBOTIAES: B ehtPml®l Ip drd mito. ne
case, a netkdles12 RHR lefth @NatSledsh BB 0. OtS"iﬁn bid fbregpicelly htaBash abisiit 09 b
(see Fig. IA) to provide a second conductive contact 34 for electrically

coupl i ng sedmndtfellmglh ol b2 8s greatascOftuno br gnaater, HRt typically deaschob exared abduiy
respect to Fi 3@ . The size of the pores within a second el ectrode 28
having a pdd e%mpwwawl&hd%n@w%q @WUF L08R £ om about 0.1 to 50 um

and typiscal ly fr

facili !tqat es the ‘%J(?rq?ﬁ%%%gb(}v&eé %"8‘“%)@ Eg)tieh g rF}I('?rre H% %u‘?éi#ﬂfl@%e J?or
consti t uentsapjettsensair detioeswi At smlt'albie nembéet mfcmiammmilcs délmayc liseesm;bjyyqawma g
di splacing air within t cell thr or, nore tiny air s wthin
housi ng coREFSCRGRVEIGR- %Bﬁﬂ‘)‘ma‘ﬂﬂ"g’e? &‘ﬁﬂif&?‘f’éﬂﬁ?“ Qg a%?féé'ei ngfhe ggent;

the cell cap; gueeercteer e Woll{ sirfiRe 3aLiYA fird WhiPRARIEFBAbedldd Hre HbIedd, RhENE
TRANSFER MEDI UM | n many enbodi ments, the constituent transfer nedium of t

sanpl i ng rrEmaISmSIﬂasmamyl @Bircyd d&@gﬂml% of ﬂ@ rexmber Husmmqmiesnﬂ they areact i on
zone, ?@ ;.fe gl the d t h g} rode t thg stt a ort| on of each
i cr o- Aded i TRe P{éFPa’%e ﬁﬁy"% BE¥art 1% P|e§)5“6F & H‘& f‘é‘F&F &%%y 19
channel to pgeh@rAe®ERoRRAMIY Wesshior@skin! UREendralafifidréneBmed L2 e Separated

preferably nade of a water-based nmaterial having a high affinity for water.

I n many entfER adiacent mi¢re-needies 7 disanee. ¢ cathsrlengthabiskitrcoryagraudaces 24 is

hyd hi | h I

oY scondi t1 RV BREL4eRh RLwATTh sbdlu 2 THF, (itaRf okt Solelod5 1880 b, ang more
preparati oqdﬁéalf)oﬁoﬂqlagoﬁlzggtté @@(h@ﬂgl cal neasurenent of target analytes. Th
transfer um's ability to absorb fluids, particularly water, is

depend@it upon tAmasek évluding mwidremeedies 12r andsskir-congagt smfacss 20 uayadefide grior
to being e sed to fluid. In.order reduce e tl mhlch

e or o oo BuBE holdar |86t s nollBk 181 ¢ BelsatiERot el s Rohed pY B tBo ot o
nedi um i s [H®@fsBiggdktionPI8a\préddes dsupp &uhdrwctaatfbtr@hgﬁiuamﬁaﬂstﬁf mediutr2] fRCES |
30 of the mcro-needle into the skln As such, only the non-fluid

const i t uentdiscupsed |abQNer+g1th FEPesh 0 @rcr%feféﬂfﬁalrl’getaé@e apds of ingelating ovenmduetived

the prel  mey e Rtlq il b5 MaidRie B insh ABRE el Mchh wphel BFp .

exanpl 80 i omertmA&Y] t@iselate thhelecte@hheﬁﬁanhcem di ffusion time through the
gel may be significant in certain applications. As between the constituen
which are able to diffuse into and through the gel matrix, the speed at
whi ch they reach the f{@%%&%t‘?[@ﬁ?&%gﬁ vary dependi ng on the size of the
nol ecul es of the cons , the smaller the nol ecule the
faster the diffusion rate through the gel. As many comonly targeted

anal ytes, such as glucose, electrolytes, ascorbic acid, uric acid, etc.,
have smal| nol ecul es, these analytes will diffuse through the gel matrix
faster than other conponents of the interstitial fluid conprised of |arge

nol ecul es. 10 Suitable gel materials include natural gels nmade up of
naturally occurrlng polyners such as agarose, gelatln nucopolysaccharld
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15 acid, polyvinyl alcohol, polyacrylamde, and copol ynmers thereof.
Referringo the Figures, the gel material of constituent transfer nmedium 2
-resides within and fills at |east a portion of mcro-needle channels 13 a
extends through pores 15 into reaction zone 30. In many enbodi nents, the
gel material conpletely fills the reaction zone 30 and thoroughly covers

d he faci f fi d 0 .2 28|,
Clch that 1 her o A RPOsotaraveylce P Tl SEPRER sichsPefikh{ RESR b o

zone 30. Aorstiétan deheLhdmieMtmédsaraient celleTheldfectrochemivaliRsasardmaéntvely f or
bi ol ogical fluid constituents to travel fromopen distal tips 14 to

reaction zep@pasEs tvpRISFuGIESRN REparedapartysiationshipsuchbain sirfaceet onsceleptrode
manuf act uri.ng the.devi.ces ' ' | ce
10" of i g, R QUGS OE B8Rufir ol ERkatl b AacS e BuBRaR BN Bkl
m cro-i fj ephrallel toeheh dtBerrhe Bpadébrtlvden thede dlérgroded dedines auaiction 28 inFi r st

a nold is provided having the desired _physical dipensions of hqusing 18a
and whi ch ¢&éHtha bglogiral Byid sampleds testeq ifordhe soncapirationf pdarssed apalxies 4 gdox

provi de a t j ) u t he
core pins \?\%qrgF’&cfgét?rrI\lg*ﬁaéaﬁl glr}'c‘)’tb%élgﬁf tg f%ﬂgﬁ%g@ﬁ%gﬂﬁgﬁglﬁseﬁ ﬁ;ﬁ | ed

wi t h nol t emedokasdgent matdeal ih defosivedearsatleastonk afftbefacimglserface®of theswfof i ci ent |
cool ed, the core pins. are remved, the resulting structure.is then. ejecte
from t he meleatodasrHrebp biolapieaiuid prssertin b geactien Aot chemisally Bttt e, b
are notol i Mottt hiterial. TRE PELREILLINHK RIaBER mdréritl sk dSiE ¥Sib@bd biyed BRMEMaBkS .
nyl ons, polyiide) epoxies, polyacrylaes, and filled or unfilled

t her nopl astargesed forr measwementy ode 26 nmay then be fornmed by sputtering a

suitable metal qr,combination of netal.s, such,as those nentdoned.above in
the descripti on(}ﬁileaﬁtt%‘e Z\El}fectgé’, clegtiodes i QOWPBXP%&T p%rﬁagar&, attlffét 58

m cr o- needkRgtrode if Broll9,Uiakitg al fhastrony pbre dFhlottatrdugh MRARRkAEss loh &s planar

m cro-injection process explained above. To formtop or second el ectrode
28, a net abtrpcuienfaeh pore os hels inalignaed with arpiceo-peedighapnglisu¢he@atbByid may b
deposi t ed - r f housi u |

dopost 1§ on PRWAF iRhOLhE et opd D oF he' oo UGN ofleBbBdle
second el echamek titBugiadic bctiddbepdiy andin&cthe eeaction goneg The inambsrdiaorgomiier .

means of applied pressure, a. 10 m xture of(gel material is then forced in
the pores §fParHOMtheRYLbEofMmicro-ngedlesemployedpetheSeRsor devi¢fe anal yte of

nterest, is depgs iy Brb@yif cledhodd fish bOURIEH collbriSed 8k EARIoHdREve
acconpl i shed by neans o nﬁet gep05|t|on. The resul'ting housing portions
18a, 18b mmatdriabor iney baal aspbrowsgsttubere, suchf asraometehized pateus matetial, ifFwvhsh thend
second_ conductive contacts 32 and 34 provide the neans for electricall
coupl | 20 S EHEs Ftiutiieh Moy o per Y a0t e TR gl hhn Rigshal (pé s

control unifecddedfTHelpdre zesfof i deYond d)EctiddE bR SUERIRS stiafl thictdaRth Wphilars
suitable gel material. REACGENTS In order to single out and sense the targ

anl yte or déonsen fluighin cortpetovitdhit thorebyrransing hedlyidwithin the regehen zangrie be t uent
in the sanmpled biolpgical flui = icall :

wthin ¢ ne PEinet GiReliRugh il deofhaEMbdk FRIR ot KEleRepbn HRALGR e vy
resi de on tbftinueacickigofitiicenpidd siolgieal it Andbecdnsoaents thergin eaitiir the S
acconplished by nmeans of an "inkjet" deposithg.Rrocess as i s comonly
known P9 t KEctreqhsmigal egl} thershy puteing ordisnlagingait within theieddl. K Fsviresence plair in

rel evant apf, Jaé}%%@lﬁélféi‘@ withGfe ar&ﬁ){lg Hﬁﬁém‘?@rﬂ&ﬂ? A%Hﬂii'\/é?,ﬁa &ﬁﬁeﬁt‘ioﬁ%@plwy”

and an option ator conpone e enzynes used the 1 nvention
oxi di ze t heleambdet pnirafanibatusedeinstead of thetop ededode.iBhetssbjetthde v myayefuctberponent

of the reagent . is an enz  Or a uraljty of enzynes that work in concer
to oxidize f‘}'}'édeeﬂw]él’"_iftoz “E#‘[;%Hg éTF'aé?%l OY‘H dﬂft %@?ﬂ@\gFﬁ\é{d"'ﬁ _ Sf@ﬁ'ﬂﬁr@econponent
the r eagentiesitSdhefidad caTRaH féph&jsir% thé BeNige. Wh%hﬁo@%ﬁé?&gﬂﬁ%g%ﬁdfﬂﬁs or a
collection of two or 30 nore enzymes that work in concert to oxidize the

anal yt 80 of praximaledectrodie\ay pust described, one et mprectentieolesanady be forméd loy dradg withire s|,

| i pases, Kkinases. di.aphorases ui noproteins and the like. The specific
enzyne predl oupﬂgfﬂ@g?ggg %%%“ﬁ?ea depends on the particul ar analyte for
whi ch the el ect Magbeyiyped oftedtrobtmic systerdesndinedotiOcthbsly knbRB S the art
representative enzynes incl ude: gl ucose oxi dase, glucose dehydrogenase,
chol est er olof anal e detectinasidangasuremenbdngnbeemplopeshbvtheipresentinvention) ipeladivr

ki nase, gl ycerol -3-phosphat e oxi dase, |actate oxidase, |actate

dehydr ogenase) pyruvate oxi dase, al cohol oxidase, bilirubin oxidase,
uricase, and the like. In many enbodi nents where the anal yte of interest
gl ucose, the enzynme conponent of the
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5 reagent systemis a glucose-oxidizing enzyne (e.g., a glucose oxidase O
gl ucose dehydrogenase). The anobunts of the various conponents nmay vary,
. where the anount of enzyne conponent typically ranges fromabout 0.1 to 1
by wei ght. An optional second conponent of the reagent systemis a nedi at
made up of one or nore nediator agents. A variety of different nediator
agents are known in the art and 10 include: ferricyanide, phenazine .

et hyl sul phaYSEmp¥aiars ARBETORERA (6 MEAITe HHESHY), EPRIaMEiFic{be-, measure elecirical
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is ferricyapoffratéd befefér@m@ent s that may be present in the reaction area
i nclude buffering agents, (e.g., citraconate, citrate, phosphat e%, " Good"
buffers and theRefermng agam SEhSERuBYINERIerHochemicad peibshosinsindg.dA Rasa fimsese
i nvention, t referen and worki.ng. el ectr 20 are | | ectri,cal
communt cat PORCTARE EGRE 03 ANBEhe Y i SEfoR BF BitsisBal Bpf} Sk bR s
transm tt egreh ®efwien elcedded CBaN 28 ldefifds|a redctionizems 30 bEthe WEIPiH whicH®te from
the el ectrochem cal cell and then derives the concentration |evel of the

target ed ahiplqgical Eyid s tasted forthe sercsntatipnaf 3 tagetcanal e(s). dlhercsthmayefugherput
si gnal ;4 €. - i i :
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observed chargeh, the tanger @nalyté withinaeaioa@ohe 30 clemicdll yaeadty with phieeagdnt i n t he

el ectrochem cal . cell. The co~tcentratiOn of the analytfe in the patient's
bl 0od 15t FEFFOh: ALiEist APEHAMRS (MRS O PoreRiEt tahagh epaAtion FoBs 21 ui
accessed, q L b i ; hglt  signa
to a displ g&}ﬁ%ﬁ?ﬁﬁgﬁ%ﬁdgﬁﬁﬂg ogﬁﬁeﬂ?}s{ ,a?P %lgar dg}gf#]?g? g‘f%gaﬁ@nﬁfgg ay means
ar e i nt egr aidiymhaomisond depedhindium t80oxide) dtaidésd steehandahe liké, tor 8 eombamtivmef such
illustrated in EI% 2. The control unit pref rablé al so provides a neans
securi Lg oP’aFFS‘Ia i 1ge SrAgSHy Mg, ?ﬂ%l’}geﬁ’oqxé Zigg ATt ¢ E‘Fd‘moﬁroneedl es
in a posi tb&ﬂ?@ﬁﬂt,w@agmton%wrbatw&tﬁ@ﬂacihggleeaaad $ufadds, sanpl i ng and
measuri ng application at hand. Referring now to FI?. 2, there is shown
repr esent at i on Blecuodes 26@nd 2§ erecprefoabdy subistantally pasalle] rveash jother tensyrsran
system 50 ¢o | se and- hel.d. con it.5 . @ S or _device such
dovi oo, 10 U BifyeE pRR e e b e VG 2 3ptielly BENGFCorBlBn B
52. Contr omayhate /3 snasblé chiEfifiratbnT0 shapeshet addguarepatetabular, Relecat. Thade

plastic material or_the 5 |ike, havi g‘lg a lowprofile configuratiagn which
houses2® neERISIOAY L B é‘MﬁPleF'&Pdeé arenreferabhythe semeeilereia thefoohpam of 6achsenso
devi ce 10, .j e [ 1t 1] ' t f - i to t
el ectr ocheﬁ%le%ta dec%f @fgﬁé%gg@gﬂ%&%%ﬁg@ gg&ggt%ﬁtaﬁgggéﬁl n‘%%éezll gnal
from the cebdut 025301 tewdr Fheklgotrodes arepveny thamimeingiatthicknese génevllyLinithe HAge
aut omati call al cyl at nd det erm ne he conceptratiaon of the target
analyte | nTPHRERBHOIbLEI1030 A pus GorRicans L8R AR08 e aPB . aRd Fiege BIRGHY

si gnal . ThgoaOibesNis0abi300 A MRl sph@iP Batwebm e cHRELAGS géﬁc?ﬁlf?ih'tﬁ@hngéfrbﬁlen
transmtted to an external display neans or screen 587t hat “di spl ayS

i nf or n&% i oAbaud 1ttdr&0Aswm, ardonoredypitallydrdmebowslitoA80 Bo, ahd mare typicayfromo
i nput informati(gn ggthe control neans, such as the type of analyte

t arget ed f BPOU Qs BNt . Sensor device 10 is el ectricall y and physically
coupled to cont J £l aeteLCal 1 i i
est abl i shed by ﬁgi}aeﬁg@o‘#o‘%%n% b??’\}’gbtggr?f) ggrtnge gg géngégfzfﬂg%ﬁﬁﬁe%ggpéfgﬁ byte
descri bed surtdee peeapéatray b6 Betgeerl miaoaecedies E5 pentherigp airfece of thel skin-cometifgo

h i t hi |_unit 52, ferably, device 10 and control ynit 52
e physi cEPRORESH R gt e Bigh by Sandleiv ool S5 et AleBions Zhsns e N o

ar e cosgronbywhiRPHEmanEdpa e (set Pfgd)le HEfe shddcedrdlSTdira RN b 48p Pe
easily renmoved and replaced. Control unit 20 52 is preferably reusable an

usabl e wi t burfasy ofibetisen hofsingelfade prwidecirsbéondhetiveidontact 33 fov elecirisally These

of 11 0i ont SopipR HieFiniTosaP0e 28 45h ponlred B Sa OGR4 PR SS e

aut omat i calligrmaatelyl fadeonandive @bmactiz2ean bben teREGRIJTah erfen@dd dng eFifstt ed
analyte in biological fluid and/or in the patient's system such 25 that

user need only insert a mcro-needl e of the subject invention into the
patient's skin and then read the~final an~lyte concentration result from
di splay of the device, is further described in U S. Patent No. 6,193,873

entitled "Sanple Detection to Initiate Timng of an El ectrochem cal Assay,”
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25 derives the correspondi ng concentration | evel of the selected anal yte(
in the patient's blood. Any ar all of these val ues may be di splayed by

. display neans or screen 58. KITS Also provided by the subject invention a
kits for use in practicing the subject 30 nethods. The kits of the subjec
i nvention include at | east one subj ect sensor device having one or nore

m cro- needl of inventi Kits al so_include. a
reusabl e or B%égg?ses"f}% ‘TPS‘F PORs® Orﬁﬂra?f Tﬁ@vc’%?é“’&g@% 'Wlaf?l arregulsIﬁgﬁleang}ers of
di sposabl e @%Slqr%gﬂeeény %g@ffrohhﬁ)dﬁt b5 & 2007191 9piday Béttvecrpébduhso s P30REh

i nvention. ‘These kits may i ncl ude sensors having an array of

nm cr o- needl|and nivaw typicallp detwaer aboutd00 tetHhpml engt hs. Certain kits may

i ncl ude various sensors each co |n|ng t he, s or different reagents.
Al so, nore than St?ﬁ%“dr%fa{@%ﬁlﬁ"‘ﬁ%ﬂfr%@ SﬁﬁlgﬁFW of aZloRROEOYS; Wlaﬁl%ﬁ‘é@dl e

array, Whergiigh A86miid dﬂﬁ@uﬁﬁer&ﬁ@omﬁ hQus“ﬁ‘gaﬁﬁbeér 8f £patb@edHatctiVel Mardridll I St

reagent for testing a first target anhalyte and one or nore other mcro 5
needl es ar eugh asvd sintdredimétaltic hmterraéagmnthsr ¢ase, amst'allngnswrtraetcndaﬂgemsﬂhe

anal ytes. Fjinall t he ki.ts prefera inel ude i nstruct ns i t he
ub) vct - sertirusst b ERGofpE B faf Fiin L&) (ol e s RrdRESs etipeta e

physi ol ogi Gctrfl b@uph BREENARKCIHEE 1 28)fb'5a EBRroPEniP5 2 fBstius$Ra beIdRy With padpectof
t he packagin abel iI'nsert, or containers present in the kits, and the

like. It ido %xg denThe mmftthep@mwethmewﬁmpi ¢lesirodn 28 h@weggmgjr@@tconf\wm@mn

are ea to use, 10 el nat i | | ar ent nC|n the
arount 10r VEPGENY Bfe bimRor LR b ahd n R AR, R B Ihsns e ¢
the negati Rrdts@off: Lemm fabilitatdsiiRe édﬁunuoﬁd\dickingwkﬂeysanipm &yﬂagiestﬂuld

i nventions provide he rapid exchangg and repl acenent of sensors,

reduci ng t tadfor Q@She@e%s,:)ahe,remdo withirhthe glegirpehgmigad celb theraby purgingon dlwlﬁc;mg

Simgle pat rinrch HecsnatoRRt BAEEHRuRind R IR FhER bR e EOLE, SRRl

t he subj ectThigwe emportdnt aememeﬁ@ of aftiif) mefdeuamﬁ iterfdre mbmtth@mdmet he field.
The subject invention is shown and described herein in what is considered
to be tlAe FPRASUIBMERY | cal, and preferred enbodiments. It is recognized,
however, that departures may be made there from which are within the sco
of the invention, and that obvious 20 nodifications will occur to one
skilled ~n the dmmggmgnrmaadﬁngyEWMQﬂﬂuuclosure. Al t hough the present

i nvention is useful r appl i catjons e sappli of various
bi ol ogi cal fl ui %”&Hbﬂewﬁgg@éﬂ&ﬁ%ﬁ“%@%ﬁ?ﬂ %B%‘Im Ogﬂ}ﬂ ng feans
i nvention Rhagghgan t@é.\‘g{éstl?ﬁéjerﬂ{ré vaﬁfn'ey)f m@ rtemoﬁ%ﬁ@me ﬁHrest mheigfsﬁweg??ﬂ

analytes in |nters flurds, and bei'ng particularly use
det ect i26n @hd gt la@sbgeportmm qfteecﬂsmnqm-aeed“let chaainelmusmaycSnrbstammiiyfqrcomled@yi ces

d nmet hods_di t id
i scussed. RerbngrEede vt Paenll] RS crPlileddnaRler methhPListhrieRpl.” ' ©
Modi fi cat i qidlelofatwatd? Basell hieRaltHaQindRHIEH SFfiARY férandier. Th nemyevdotithéntthd h
di scl osed concepts, such as those ich would readily occur to one skille

in the art COBYEUGNA{raRfiRrgnediumpds mads ch?elwdmmhqngl neteeé)pem@m& Hehedyydeaphidis
cl ai ms. tﬁ?a ! Il%ssto%‘lg omqoh ﬁ'} e etect/0dtd HaFedtiruld e gea%@rﬂ%dt&‘l’aqnﬁ ptseﬁggﬁllbrpg

and concen asure
25  for the electrochemical measurement of target analytes.

The frensfer 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 insertion

30  of the micro-needle into the skin. As such, only the non-fluid constituents, including the one
or more targeted constituents, contained within the biological fluid are transferred, thereby

eliminating time for the preliminary transfer of biological fluid. As interstitial fluid, for
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device, said device conprising: 5 (a) at |east one skin-piercing nenber
conprising a biological fluid access opening; (b) an el ectrochem cal cel
. for neasuring the concentration of analyte within the biological fluid,
wherein the cell conprises at | east one porous electrode; and (c) a
constituent transfer medium conprising a hydrophilic material in fluid 10

communi cat i on t | east, on Kin nber .and.,with the at
Comet o et i phoh 0Bl 18", elTadysBion i Bl fh A TRGiEh o Se! sy be

hydr ophi |'i §lgﬂﬂ‘fcgﬁtllﬁ.he@@ﬁrﬁ§¢]ﬁﬁﬁoﬁ gel matrix. i 15 3. The device of claim
wherein the el ectrochem cal cell conprises two Efgaced apart el ectrodes

defining a reacﬁscbntchqaﬂmonswm@ﬂémlcétaﬂ? ale to GHusemirandgheough thenged matrixyg
bi ol ogi cal yf| §L-é%1 a‘i%%;éﬂ t‘nggﬁ:t c?ﬁ{é%éc%n% Wil a?ghéfe%gﬁxgo% %@HF{EE el
sai d devi ce conprising a) an array of m cro-nee S, each m cro-need

havi ng sin amt&aks @pmalcogstnﬁdm)s aGemyatly, e smallelahb imoletulpahe fmtee theadiffasien t h
array; (c) a first layer of conductive material over the |ayer of

hydr ophi | i &at@éwroq@tt@? s%h AsIpgpeSommondy targesed anplaes, schas gHeoss. gleckakyissi al
porous and r h iC
ol mat or' 2O HREEIA o B fe SEAPORERGE Whese Wby YA UG L
const i t uengeltmatris faster pizntotizer ,compdndntly of-thainserstitiad ﬂhﬂi)/mmpﬂsedoﬁlitgdrl ve

mat eri al , vvhg{?e{en the first |ayer of conductive nmaterial and the second
| ayer of cHRdGEtPve material are spaced-apart) wherein biological fluid
presenjpat the 86ieiSgdd Rl ineluB@HABFA] 58 Rdt LadEhaLFAY oEéhrhhg polyiess
between the first and second | ayers of conductive nmateri al

devi ce of suchianagarbse; gelatin, cwq@pob'sa\?gh@deagtench@nd thmeaandvg'n&ntlegclalmadver

the second | ayer of ¢ uct teria 6. A syste

ool ot ot ub Y st &R dt s Gt Pt abich an Snyons Y Ml A v BRRINEP, g ac
| east one E)@llyﬁ\@i&s drPoBlelcctt6tes\U.4. hdy'ﬂtﬂeﬁ@ oﬁﬁdfﬁ’ﬂaﬁﬁol?m@}s%lél@forﬁi i6h#@ charges
constituen he syst em conpri si n? a at | eas one devi ce accordi ng to

claim1; awhesdissplved ipovateryisuphasio mn:élpe@phd@m pelyethyilene ghycelnpoliyadrylihe a
st PEe S8 SRl IRIcER0, bRk FSNTAC BHREARYMers rblegfans For sendi ng an

el ectrical &I ce 5 fecer i I'ng an el ectrical

out put si gnal fRemﬁﬂgeagdﬁMbclee Figofts (tBe gél mathialaf eomstigRht fritisfemedtium 22
automatical | y cal cul at es and determ nes 10 the concentration of the targe

anal yte i nresigss &’85@5%‘55‘ lsiap|easfianartion f mictgyBee Fee‘élép'ﬂﬁ s b3 a‘!%@“@l‘@ébfPP%}al
out put sig (g],piﬁ | | & sk
of a pati eR&JeS (J] t?b\gérzag anp "%2’8 %gﬁ%tﬁﬂa @g?@g{% 'P ﬁer glggﬁgﬁ%hgl lét@l:y'fgfs{? ﬁee
concent r at reactiaf zoat 3D@ad thowlfght)amcg'ets and@bythets e facing aunfids bﬁﬁrseaml setbmd

gﬁ:ng??% O ngléhsqggg ﬁ(t) 2%%5 Wﬁ'{%@ﬁ &he&ﬁ gregl\é)l a(iirI [g]o%kcts w1t?1?ns tthe %Qle anrcTi1 \Slrttgn r"he: reacuon

zone 30. As such, constituent transfer medium 22 provides a pathway for biological fluid

constituents to travel from open distal tips 14 to reaction zone 30.

MANUFACTURING TECHNIQUES
25 An exemplary method of manufacturing the devices of the present invention, such as

sensor devié? 10 of Fig. 1, includes the following steps. A fabrication process known as
micro-injection molding may be used to make the bottom housing 18a. First, a mold is
provided having the desired physical dimensions of housing 18a and which contains one or
more core pin‘s having selected diameters to provide a structure over which to make the

30  micro-needles. As such, the core pins will define the micro-needle channels. The mold is
then filled with molten plastic under high pressure and then cooled. Once sufficiently
cooled, the core pins are removed, the resulting structure is then ejected from the mold.

Materials suitable for making the micro-needles include, but are not limited to,
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" channel theret hrough; inserting the at | east one mcro-needle into the ski

to a selected depth; absorbing into the m cro-needl e channel constituents
. present within 20 biological fluid at the open distal end; and diffusing
t he absorbed constituents to and through a conductive nmaterial into a
measur enent chanber. - The nethod of claim7 further conprising the

8.
steps of: 25 -- causing the sanpled constituents to, chemcally react with
sel ect ed rBﬁ'&Eﬁl?Fre?ﬂef “ﬁ’et H‘é“‘afgg@@é’l?rpé’ tters_cﬂglﬂﬂ%rp,oly PN a first
signal to Pbl?a&?ﬁ%é!ﬁﬂqmedﬁﬂ%ﬁhﬁéd th@ﬂﬁodﬂﬁéﬁ@é.vﬁfﬁ eRcEESOTHmEY Eea belfo@hadt he

measur enent Chafber, wherein the second el ectrical signal is representati
of the conbgsputieringa suitabidmetah pryeambinatioptad mietals,isuchacibessaentionedgbove in

bi ol ogi cal fluid. 9. ‘ hod dir im7 i Si
ctops ot - Weelpinity of W 48FIoRS Py i bt bt HealB cal i i o

presentsin the TepabERAETED xﬁgly?lﬁé)ﬂfoldedw rhdaf 6f BE Mib®-ihjeetisapivced explained
constituents through a second conductive material. 5 10. A nethod far

sanpl i ng bReAVEgTedPrm fap of seemsialactrede 38,4 mefalicimpaterial; sych ps anermergtof gioge f
measuri ng f. e i r r I Al

Therel n ¢ HEB SRR, BE blfbafita G e BoulRFyehe¥ G3uGRALES 67 oo bAE Mma
a first codejositionrr ckeanpidepusitiondechnixugs focexaamid. r Altéroati vebyg Sevondetdctrddy 28 e
according to (cblsai m 31l and a control unit, wherein_the 10 dev'h_c is

oper at i vel ¥ 56 Fhady by dnieetionappiding usingreetal Rowdsr.; B means,¢f app 5de PIRESUS. As t
devi cejg o t.h i S Sl i t K e LEAt (rSnifi
b1 of og 2o TPuRERrgEDnaeriBtik eHTGiced fub e pofek AR Bled S ARAEHL srbcific
nor e t ar geto thaahalytesf interestj is;depesitod onty thdwpfelectpdel@8.i ‘Thiscameasilpdepat i ent '

Kin, 15 ing the first device f trol unit; . tiyel
coupi i g oS BBIIRTATS o (ki BpasitPT RBE SRR Bowsii borsibt | G 15 mby
measur enenthed By isCeAOEANEH tBYoindséikdd dbviket10, Fing a6@8ddoRl comtivkiivadshticgPeat i n

t he above steps until "the desired nunber of sanplings and neasurenents ha
been per f oamkdd prRgide the means for electrically coupling sensor device 10 to control unit such as

aon M (e s sop s e AR U iR ples ndBifed Wi e

V] cMa] ca] cadigadieddical ca] ca] ca] ca] ca] ca] cal]ca U c”a]ca]ca U c”a]ca
U c”alU] caV[cTa] cTa] ca z3 >Rc9

Tyl U x"4##] $r SNU86 | wr ngb] Xca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
aJcalcalcalcalc ]cal ca]calcaV]ca]calca]calcalcal'' "' 2((9)))Q++t,,
-ORt--.t../J/ k22} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca

U] c™a] ca] ca] ca] redrder to single out and sense the target analyte or constituent selected for analysis

cha ca] ca) ca] ca] ca] ca] ca] ca] cal.ca] ca] cal ca] caV] ca] ca] ca! 23w334] 44/ 6N
7\ 777 oG8 buabens cther cpaeiis R BERTRET boTleic BRCA KGR kR iy
V] c"a] ca] cahprleAiRInGRE FALEM £fhe within the electrochemical cell. The reagent may reside

on the reactive surface of one or both electrodes. Typically this is accomplished by means of

]
9

an “inkjet” depositing process, as is commonly known in the related art, but other suitable
techniques known in the relevant art may also be used.

25 The reagent comprises one or more enzymes and an optional mediator component.
The enzyméjs.i;;ed in the invention oxidize the analyte of interest. In many embodiments,
the enzyme component of the reagent 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 analyte oxidizing enzyme or a collection of two or

30 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 device is designed to detect, where representative enzymes include:

n =

0 Q

[e2)

c

6



V] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! >>?] ??) @a@

AAABBNCg CCDWDDBEEE9FFF{ HHI ™ JgJKKN#NP} xr mhc] X] ] ] caV] ca] ca] ca] caV] ca] ca] ca]
. Jca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
P QYQQBRRS\ TvTT#UyUU- Vr VWWWWKUYZ\ Z[ O[ [[[\\% F] c] {vagkf [ V]] ca] caV] ca] caV] ca

a] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cq
i{ ﬁgk?qaf/\\/] Casi- (’galfc%glfggl(}g%%gnfsgecﬁf efsﬁrcn |yjst%#alse Fhbfesterol oxidase,

V] c*a] ca] ciip q&b@&i lc;aa]sc,eglmhﬂ &jrasd, g@ébmﬁ%@;ﬂi&ﬂ]mﬂmd&wa&mﬂm}dm& dadista] ca]
] ca] ca] cal x9IxK{{{]|| W~M@ % <~yr mhb] Xkf a] V] ] ’é‘]caV]( ca .ca
V] c*a] ca] ¢ QT}WQIQEP%] R3S E’ét‘flés&] elaTr&]Pngca}:ﬁ bin oxidase, uncasc and the like. In

e Lol CRRgRBLERRNARC AL AT ofhficRslH Miebie, the enzyme componentofthe

] ca] cal£a] mg&ﬂts?a@maﬂ Egmcwd]m@c]xzmgeazyme (e.g.,a glucose oxxdase or glucose

a/]g/a]i](:;]i!(:a 8862%5\]@/5: ]hg;]xlt?éﬂ‘@%@% ca]og%l%%gl} gca ca Cal“&“%q @ng] ca cfa] ca

Zgck>8S67| wh iRt chnthoktdt ¢ ol Qaiu@ehqahg@d%ﬁ]a hca] ca] ca] ca] ca] ca
a] ca] ca] ca] ca] ca] ca] ca] ca] ] cda] ca %éa] caJ ca] ca] ca] ca 2 S10%&' () - @ 10%&
-10%&' ()- 109%& (\)’mpmgms d&gmponent of the reagent system 1s a mc iator made up of one or

109 (). 7 BOSRnpgioEheEn %E%ffa%ﬁy Q%%i%%f%aé%za@o‘y%% B

" 10%& (0 - Fidctuble&rridyanidé Phiéndzine gyl %&%e methylsulfate, phenylenedlamme
& ()-! N$10%'|( H(& ()-!S$L09%MMVE () - $10 "$109BB& () -! T$10%EEL () -V8J
r zX6YNCS! X1 9nabamrphenagingmythyiso Faerke:dim kl Sbonamvimene )Zid\chlom 14-

‘:’{% ‘?AOB% 52/53?3 {’Qﬁéﬁ,@g"/%? 4114‘;&%0 /%b v%? %8&)&%&%@ é&fmﬁbxé%g fitRedRin Q)m%lexcs

and the like. In those embodiments where glucose is the analyte of interest and glucose
oxidase or glucose dehydrogenase is the enzyme components, mediator of particular interest
15  is ferricyanide. Other reagents that may be present in the reaction area include buffering

agents, (e.g., citraconate, citrate, phosphate), “Good” buffers and the like.

THE SENSOR SYSTEM
In the sensor system of the present invention, the reference and working electrodes

20  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 targeted analyte(s) within the accessed
biological fluid from the output signal, e.g., a means for applying an electrical current
between the two electrodes, measuring a change in the current over time and relating the

25  observed change in current to the concentration of analyte present in the electrochemical
cell. The coﬁcéntration of the analyte in the patient’s blood is then derived from the
concentration level in the biological fluid accessed, the numerical value of which may be
provided as an output signal to a display means.

In certain embodiments, the control and display means are integrally housed within a

30  hand-held control unit such as that illustrated in Fig. 2. The control unit preferably also
provides a means of securing or holding one or more micro-needles or an array of micro-
needles in a position and arrangement suitable for the particular sampling and measuring

application at hand.
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10RBRB 10RBRB 10RBRB3' zdExY: S!, |y "109B& ()- 3
109B& () -, @LOYBE ()-12z109B& ()-1"4"109B& ()-1!1098B& ()-3 dEXY: SI, V.
. 10988 ()-2Z - $109B&' () - Y&" 10%&' () - YU4109B&' () - Y#Z109B&' ()-Y"! 109B& () -
>RAEXY: S!, Y8! 109B& ()- 7&L09B& ()-y5109B& ()-Y3' | 109B& ()-3Y@ 109B& ()-
0 109B& ()- c9 bCS!I- 10%& ()-3 10% & ()-@10% & ()- 10% & ()- 10B 10B

5 e ) e B A B g
"10% & () - lstbiSdtQfveRtion.- BefisdOotet SO Sdrftideda hiand-hild QBAED] [nit' 52(ap8 )a)skMbO* aB7

I 10/11:"10% & ()-18Z2"10% & ()-3.6 . _
10% & () - FIdRBi#‘ié}zK}‘/a&d(-‘in swéﬁg&l operpiivaly moppted yo distal end, 34 of conggy ynit 52.
i‘-g’/f[&_ f ) - 10%‘%{,}&\? %Q;}f/ gygu??gggfqrégﬁgbggﬁgﬁé 6 4 mediQaiBrhde pldfic m&rial or the
@L0%&: ( 5 Sﬁ&&ﬂ%r{g)&lﬂ)@%&b(ibe cBafigiragay which honsks /a/xmasrwovsnm)\fpf eontrolling
%1 0%0$03& -+ 109K } F 9*S109&' %’1 %& ()-, Y% 10‘V§¢/&L

Yo%k () - 01 ARSI ER) mets ofseuigr P4vids 10 e ireraing AGsghTitineppeelryicep

10%& () - 0" L{}%&is ¢d the electrochemical cell of device 10 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 fluid

10  accessed 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 allow the user to input information to
the control means, such as the type of analyte targeted for measurement.

Sensor device 10 is electrically and physically coupled to control unit 52. Electrical

15 communication between the two is established by means of conductive contacts 32 and 34
on device 10, described with respect to Fig. 1, 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 and
understood) such that a used sensor device can be easily removed and replaced. Control unit

20 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.

A device such as control unit 52 which automatically calculates and determines the
concentration-of a selected analyte in biological fluid and/or in the patient’s system, such

25  that a user need only insert a micro-needle of the subject invention into the patient’s skin and
then read théjfiﬁal analyte concentration result from a display of the device, is further
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 METHODS OF USE

Also provided by the subject invention are methods for using the subject devices and

systems to determine the concentration of an analyte in a physiological sample. A variety of
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10 over a selected area of the patient’s skin, and, with slight pressure, the micro-needle(s) 12

of sensor device 10 are caused to penetrate into the skin. The depth to which the micro-
10  needles 12 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.

Upon insertion into the patient’s skin, an amount (i.e., a sample) of at least the target
constituent(s) within the biological fluid present at the open tips 14 of micro-needles 12 is
caused to enter through open tips 14 into channels 13 of the respective micro-needies by

15 means of a diffusion mechanism due to the concentration gradient of the hyrdrogel. The
sampled constituents continue to be absorbed by the gel and to diffuse in a proximal
direction through channels 13, through pores 15 of first electrode 26 and into reaction zone
30. Once in the reaction zone 30, the targeted constituent(s) or analyte(s) chemically reacts
with the selected reagent(s) to form electroactive products. The electroactive products are

20 then either oxidized or reduced by the optional mediator or directly by the working electrode
28. The resulting output signal level is then conducted to the control unit by electrode 28. A
software algorithm programmed within control unit 52 then automatically determines the
differential between the output and reference signals, derives the concentration of the
targeted analyte(s) in the biological fluid accessed from this differential value, and then

25  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.

Kits
Also provided by the subject invention are kits for use in practicing the subject
30  methods. The kits of the subject invention include at least one subject sensor device having
one or more micro-needles of the subject invention. The kits may also include a reusable or
disposable 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
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10 eliminating ancillary components for enhancing the amount or velocity of fluid flow within
the skin in order to compensate for the negative pressures within the skin. Additionally, the
subject inventions provide for the rapid exchange and replacement of sensors, reducing the
time necessary for each sampling and measurement activity which is particularly
advantageous when administering multiple tests on a single patient or having to test many

15  patients consecutively. As such, the subject invention represents a significant 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

20 modifications will occur to one skilled 1n the art upon reading this disclosure.

Although the present invention is useful for many applications, the sampling of
various biological fluids and the detection of many types of analytes, 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

25  devices and methods disclosed and the applications, biological fluids and analytes discussed
herein are c'&j_—n"sfdered to be illustrative and not restrictive. Modifications that come within
the meaning and range of equivalents of the disclosed concepts, such as those which would
readily occur to one skilled in the art, are intended to be included within the scope of the

appended claims.
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within the biological fluid, wherein the cell comprises at least one porous electrode; and

(c) a constituent transfer medium comprising a hydrophilic material in fluid

10 communication with the at least one skin-piercing member and with the at least one porous

electrode.
2. The device of claim 1 wherein the hydrophilic material comprises a gel
matrix.
!
15 3. The device of claim 1 wherein the electrochemical cell comprises two spaced-

apart electrodes defining a reaction chamber, wherein at least one electrode is porous.

4. A biological fluid constituent sampling and concentration measurement
device, said device comprising:

20 (a) an array of micro-needles, each micro-needle having an access opening;

(b) a layer of hyrdophilic gel material over the array;

(©) a first layer of conductive material over the layer of hydrophilic gel material,
wherein the first layer of conductive material is porous and further wherein the access
openings, the-layer of hydrophilic gel material and the first layer of conductive material

25  provide a constituent transfer pathway; and

(d) ‘ “a second layer of conductive material, wherein the first layer of conductive
material and the second layer of conductive material are spaced-apart, wherein biological
fluid present at the access opening is caused to be transferred to the space between the first
and second layers of conductive material.

30
5. . The device of claim 4 further comprising a layer of insulating material over

the second layer of conductive material.
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', %0%: & ()- 8 {Y N@ 1Ot {east one device according to claim 1; and
5 (b) a control means in electrical communication with the at least one
device, the control means comprising:
(1) means for sending an electrical input signal to the device and for
receiving an electrical output signal from the device, and
(2) a software algorithm which automatically calculates and determines
10 the concentration of the target analyte in the accessed biological fluid upon receipt of

the electrical output signal.

7. A method for accessing a biological fluid within the skin of a patient, and for
sampling constituents therein and determining the concentration of at least one target analyte
15  contained therein, the method comprising the steps of:
providing at least one micro-needle comprising an open distal end and a
channel therethrough;
inserting the at least one micro-needle into the skin to a selected depth,;
absorbing into the micro-needle channel constituents present within
20  Dbiological fluid at the open distal end; and
diffusing the absorbed constituents to and through a conductive material into a

measurement chamber.

8. - The method of claim 7 further comprising the steps of:
25 - causing the sampled constituents to chemically react with a selected reagent
within the rﬁééguremcnt chamber;
providing a first signal to the measurement chamber; and
receiving a second signal from the measurement chamber, wherein the second
|

electrical signal is representative of the concentration of the target analyte in the accessed

30 Dbiological fluid.

9. The method according to claim 7 further comprising the steps of:
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therein, the method comprising the steps of:
providing a system comprising a first constituent sampling and analyte
concentration measurement device according to claim 1 and a control unit, wherein the
10  device is operatively coupled to the control unit;
operatively applying the first device to the patient’s skin wherein the system
samples the patient’s biological fluid constituents and measures the concentration of the one
or more target analytes therein;
removing the first device from the patient’s skin;
15 removing the first device from the control unit;
operatively coupling a second constituent sampling and analyte concentration
measurement device according to claim 1 to the control unit; and
repeating the above steps until the desired number of samplings and
measurements has been performed.
20



