;e3esls. 6TI. DEVI CES AND METHODS FOR ACCESSI NG AND ANALYZI NG PHYSI OLOG@ CAL
FLU D Field of the Invention [0001] The field of this i nvenmml’ te
concentration detection, particularly physiological fluid a mmﬂm g
determ nation of one or nore analyte concentrations thereof. Bagkggound of
the Invention [000?] Analyte detection in physiological fluids, e.g., blood

or bl ood derived products, Fh siological fluid, etc., is of ever increasing
i nportance to today's soPE¥ ¢MF§OB§F@EﬁWS§§§a%@H nd use in a

vari ety of applications, indNAYBPNGPHKSIOADGIGHOFIIBry t esting, hone
testing, etc., where the results of such testing play a promnent role in
di agnosi s and managenent in a valj of _di sease conditions. Anal yzes of
i nterest include glucose for di a@%ﬁ%@%, chol esterol) and the
like. In ‘[(ﬁﬁﬂpnse U qht ek & tﬁié‘iﬂﬂan'tigﬁ?sr&rﬁ}}ﬁ@c&{ce@tpﬁio\ﬁtd%tééﬁhﬁﬁah%’larﬁ'

0 and

variety of analyte detection protocols and devices tor bot I nica
hone use have begioldgival fipddccesatBihe datedmination of oy drimeore @analgret r at i on of an

anal yte in a physiol ogic S | e, a physi ol ogical sanple nust first be
obt ai ned. CbtaF%FﬁB“?ﬁﬁ“a%ﬁﬁ%gpoften i nvol ves cunbersome and conpl i cat ed
devi ces which may not be easy to use or may be costly to manufacture.
Furthernore) the procedure for obtaining the sanple may be painful. For

exanple, pain is often associ flagigmounid afitke Biveatioh t he needl e used to
obtain th si ol ogi_cal | e.and the depth to iich, t needle is
i nserted. Fqg@gzndi ng%ﬁ%’t‘%g&gﬁﬁnﬁQgﬁ%‘gﬁogﬁ@p{l‘i}ﬂ%e \M]’tl‘é%q O@aﬁ’ﬁweda

relatively lar 9Fodu§tisﬁﬂl}@idl‘@gﬁ9dl?luﬁf efd1§s bf &&r irrdking MmpdRshck o Bdayact the
requi site anount of sanple. [0004J The anal yte concentrati on determ nation

process may al seci¢tpydinakytedetedtiontagsieys bind ssepsa vaFierysel applisatigns antlydiagcessed
by use of a skipn-.pi,erci mechani s e..q....a needle or .l ancet Ni C
accessi ng nay ﬁllnygalﬁﬁ}?%%g Eegtglmbgr%ftesgg ’5%1 ‘é‘ﬁ%rSItl?eergﬁ‘flgnor}ﬁ%%}wﬁ%%grﬁqa)é. g.,
a capillary tub@rorNe¥it roldia draipéie ahd flanidedienbR 4 vaRsf 6f diskdsé Soridd@st | ng
device, e.g., atest strip or the |like, and then oftentines t he test

strip is then tnalysssexirtgresoinglude ghigesefgr diebsteemgnagamest, shofestetol, aFRthe, t he
t f i | , ing th ferring th
sanple to a b Db ERBoRTB s ef b ShiAtaLOR SOME Qeeld R LEREY DY | €

sanpl e are of t emipedbectidpasocdtpadale@ices i dotdlinkal sidipaneviderhavabeaus
device and instrunentation. (0005] Because of these disadvantages, it is
not uncommon fé‘?"’eﬂ)‘?ﬂeﬂents who require frequent nonitoring of an analyte to

sinply be non- CoMRLARhinkDRULARARA dETRAVKSR 2 pUBIBIAPEHS o | OF
exanpl e, f‘@gﬂ ailure to rrealsngr et eCI r g{bgcosegﬁe el or?wg 1pr scr%gg ’lgasi S
results in a | pieysiabgicafsampe most fiveidtessbaaiyed Oprinprerthy saople often ifheldesvel of
gl ucose. Uncontroll ed gl ucose | ev%lds can be ver d%n%er ous and even life
threat eni ng.  cumbersomean complicated devices which ma)y not be Tasy tO use or may be

costly to manufacture. Furthermore, the procedure for obtaining the sample may

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

to obtain the physiological sample and the depth to which the needle is inserted.

Depending on the analyte and the type of test employed, a relatively large, single

needle or the like is often used to extract the requisite amount of sample.

[0004] The analyte concentration determination process may also involve a
multitude of steps. First, a sample is accessed by use of a skin-piercing
mechanism, e.g., a needle or lancet, which accessing may also involve the use of a

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

be transferred to a testing device, e.g., a test strip or the like, and then oftentimes

.\ ! VRN
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[ 0006J Advances have been nade in anal yte detection technology to overcone
t he di sadvant ages of the above described testing protocols. A primary
advancenent is the integration of the nmeans for accessi ng physi ol ogi cal
fluid and the means for testing the fluid for the presence and/or .
concentration of the analyte of interest, e.g., glucose. Mre specifically,
such integrated devices include a biosensor having a skin-piercing el enent,
such as a ni cr dhelEesl SIip inhey Harderradierantashringdeticesisiss ameterevibaashar e

Nos_ 001 023 oosftws b MRsfine b 3alBle, SV ing 15 snlrp Sl BRI A g e
entitled "PhysibidsegictpdndSaemRufinE el ekiOsbrPami£i08 iR sybiphogds oftkn Usi ng t he

Same" and filed on the sanme day herewith; the application having Attorney
Docket *No. LI FEeegnedas epRiate, capsaryiive skps with wnens deviechanvbingiadmdndationng

Bl ade" ided . h ith:. and th | cati.on havi
At torney E90R1T N B ERRGTI AR YR H et R PoRER o Tplcts WRY' 1O
Physi ol ogi cal SaqidesréRche@bhiestidoasiag@salynd sfrhpi9beding An-SeHBlidRYn

herewi th. [0007] Despite such advancenents, there is a continued interest
in the devel opmaititoghg hesinsgiies c ¥itindidbatiss Hodexdnaple.t8e [4ilure loamepsursrthdinat i on

of anal yte concentrati ons | iological s le. O particul ar interest
woutd b t he_ dETRPaDREo BrefertEags R RER o arnBRA B 4 o

havi ng i nt egr atpeshetllyWodraCie $&ienNef @0ehsk € Shnch@rdlleaglicepsievalsdans herds of use
t hereof, that are automated in order to mnimze manipul ation by the user,
conveni ent, easpngaiousdd Qepdfc@eeminmdi |ity.  Summary of the Invention

[ 0008] Sy , devi (o} Ssi Ng: Lol.ogical | & and
determ ni Zgﬁ{gﬁe con(f‘fecfl\vtaf1 %{gﬁlggggg%g%%&eo& a?‘ﬁ%l&ge Cgér%a 3? E%C%%‘ ﬁlgggl(t)(fgvef%derhg s%ﬁj ect
systens provi ddisadeartiges df cheddov € describédiestinpdpratoeblsr @ primagfadshmghentise

bi osensor/ skin-piercing/fluid access devices. The cartridge devices of the
present i nvent itinintRgraiion of thy mgansfppangessermptysiplegical fidandk 188 MI5R0S ioave a

di sk shape but V& : :

bi osensor/ ski n-t%?ﬁe{% ?l?e nlg?l? :}%Iﬂggggeg&e@g agge)ﬁ)g%%c-gg?%tl%nr%f\/tlh%lg%lalz\ﬁetoﬁlmrﬁerf %’e
cartridge in aesergladoseoMdrgspezificaily, spekrieeghiey deviced ingludpabededsoom each

other, parallel to a path along which the cartridge.is caused to ve or
rotate. In di sREYPEASFHGP'EL 1S %B’@‘E’é‘; SUSEICH aduFToRee ?’rlaﬁé’é“ﬁeéi'gerieg"taggﬂ& a
circunference QkehPRrFddviddsdeedisdORQM, fEP@xzﬁﬁﬂ}bﬁﬁé foIalifs.d. Whleher include

a housing structure within which a cartridge is operatively |oaded. The
housi ng st r uct Wpplipatadnsr Jdria) Noas049EK0I3; thecd pptjcpmnt Hayimgakithroey Daekeade. whi ch

appositions a | cariri.dge |.gade it hi 0.a section he, user's
SR ne The housiBE syt p Ry O3ae irtale Cob&uRpIS St dnd iy S Gai nst
the skin for exisanoad Spee’ aas filefiontthé Sartéday hdiew g Ubé BgplitalohRMEng

"wat chband” configuration to be worn on a I'imbic reqi a wist or

ion, e.g.
forearm of thétipseay, Detkendlp. hERF=038, eolitledyiAralyte Testslementsvith Maldadanti al | y
pl anar confi gurat i.op; by i ve Lth.a Sul : | e.g.,
A e e
bi osensor/ ski npicetiesi Dodket NModLEH:033 eflaned gvbhsdaoiFabsieasny Physiodegiatied wi t h
a skin-piercing or lancing elenment for piercing, cutting or |lancing the
skin and, in s%ﬁﬁlp %‘g‘?cﬂgﬁ&e,‘”cﬁf sﬁ‘difﬂéﬂﬂaétéesé‘“ﬁ%b’d‘e?d‘g?hecti on channel or
transfer Wﬁd’mﬂy Tobésgﬁ@ﬁcﬁraﬁbﬂth@ﬁtssﬁ lied cBhtyie@liRgtesdh thd ui d wi thin
the skin to the biosensor portion of the device. The biosensors may have an
el ect r ocheni caldevglbmphentef new dervicenhmt inatbds for wenini thedeteiminatyn eftdnglyta o
perform a measurenent .on .the sanpled fluid. In so enbodi e t he
bi osensor devi CRRCSREGHODS If&PEY %fgroﬁl‘:ﬁ} %ﬁﬁ%ﬁle'cgﬁf’?fé‘ﬁ}q& }%ﬂeﬁiﬂ@“@# ﬁégﬁf | east
one skin-pierci 7 ; LS er IHaQincliftec@kddai n of
t hese enbodi msrclifg ge,l he soﬁﬁﬁélg?é%?g%{lngﬁ&%ﬁgeetr@@? gﬁgiysgﬁags@aﬁtci ale?% Wi t hin
the same pl ane flagd tdvesspigaraltessingSensimns ceedi oeghodsifluge therapf.ghatere
enbodi nents) the ski n-.gi erci ng .nenber extFnds bi n_a direction substacp
transverse to PROTRISHEOTAL P FTYDIHET BANEHAIAR DYt WiFE SPOURTES2 KB %
specifically, in some enbodinents, the bhgsaihafte sambagy. are configured as
test strips wherein the skin-piercing el enent extends froma nenber or
conponent, e.g., a substrate, an el ectrode or spacer |ayer, of the test
strip. Certain other enbodi nents provide a frame nenber having a pl anar
configuration having a biosensor pad or ;strip and a m cro-|anci ng el enent
nounted on and integrated to the sane planar surface, but are spaced apart
fromeach other to facilitate the function of that particular device. In
still other enbodi ments, an angled structure is provided Wi ch extends
distally into at | east one mcroneedl e formati on and whi ch supports a
bi osensor chanber at a proxi mal end thereof.

tially



[ 001 1] The subject systens further include a neter housed within the
housi ng structure for analyzing the physiological fluid obtained by the

bi osensor/ skinpi ercing/fluid access devices. Connectors or contacts are
provided to operatively couple the biosensor devices with the neter whereby
the neter provides the requisite signals to the biosensor devices to
performthe assay neasurenent and includes neans for determ ning the val ue
of such neasurenent. [0012] The subject system further provides nmeans for

operatively noving, e.g., adva .n'ﬂ%a ngl L ersitn a subject cartridge
relative to an aperture in the%&%ﬁ&w}—@ or exposing and

conceal i ng0@08]i ndi visiyemshbil©sensad hdthdits FoeicebR gl phykdlaiee Ssida ce

t hrough the aperture to an access site on the user's skin. Alternately, at
| east a porti oflelrmites hiscrpernd@tion osenaperanerg @nglkesitkereafv ddisIsubieet expose

and unexposed Lndivi I r [.n-ni ergi ngl I; ess devi.ce.
Such moverent of PRSP BlREFIERLe BN BLABK A BPEERRESYY
operative ' CcORRicpieRing/Miid accannaeticsss Thadagaddeddvices b tHe Yrestat BN ent{dd013]
Wil e the biosensor devices translate along with the cartridge device, in
some enbodi mentgve afahonplanag sepyirugbané eraferablydinye # diskywhane ki iay hage ame
cartridge devi el ative ] Vi Ge SO as
ooty 0 2o hE RSl AR B AL A e SRRl et

ski n- pi er ci ng REEHIS thetdaetiapy ior eshdial EghfipatatiohOpreheadptq ey spackdiffasant 0 t he
skin. Such novenent invol ves deflection and/or rotation of a biosensor

devi ce about aRtheki Raralkil éha Bxthalng which fhggrerifge iscaped s AAVE QF &tateoln he
pat h t hrough i i r . r st on of
the cartridge g%?%ggﬁ¥ﬁggﬁg®%ﬁﬁﬁfﬂé zﬁﬁgﬁﬁggggﬁggg%géayges r%%g%#e%éto t he
cartridge is prarmdgd.y acconpli shed passively such as by conponents fixed

within th si ng ructure relative to. the cartridge for. advancing or
defl ecti n§0®§ih @ndislfhe&ﬂ FC‘bﬁYB%%ﬁé‘b‘rﬂ}eék?%‘é% %?%SH‘@/SFfaE‘iuae SBRCENER o
through the ho‘é§hﬂ§gee§i§%§&ﬂdﬁ@e19WE&’.STﬁfh&Eﬁ&Sﬁruﬁiuﬁ'@g&?erﬁﬂ? hd$ & Kkin-facing

penetrating the ac ite with the skin-pitercing el enent and then

wi t hdr awi ng or poeimantdiargutfice whivh egpdsitions & headad cassdgsi loadedSuithin ¢@aponent s
include but are not limted to r structure d clip mechani sns. (0014]
The subject sySEEiE RS ‘FSGFtSﬁg‘F" ?fﬁglhﬁﬂﬁn%lsc%ﬁéf%& %qr{ffgg{ﬁfwogg ‘¥R the form
of a m croprocesRhinel ApaiARNhd ik Ep@xldnged t@ﬁd‘s?@o@ﬁis khe iehelsingay he
movement of the cartridge and the bi osensor devices, and for storing data
rel at ed ther et bavernewatshband! cenfigusatnogrbaraabloa alliebie bsgieme. sssaYistTot ocol
and the tim ng.thereof toplzed according. to s 1 Laorithns.
Such al gorit hmgérﬁfgrcr)’\?;io éaﬁ Soellr:)’e(l)tr Er(gl?"h%g%n icﬁﬁ%rﬂa“%ﬁ‘?cthoagiansglg%t caglﬁgbén%{ ation
of an anal yte iconfiguistidn, for. slhesiveOtonddet ithta suthbly [eGad6nrd NQtotdoe thigh, hip,
concentration of an analyte in a user according to a predeterm ned

schedul ed, e. g&tc 0 hGHse5S Beg¥e points over a given tine period. The
systens SO pr @Vl - f 1 . i el "o o
thereby o eorl?:]di ng %gggg)ﬁ‘tgl{sﬁggﬁglb?ﬁcg%lfl%@ru?d;g&grot })"%:Cgl% géﬁgﬁe?ﬂsﬁgf@t% o4
concentrati on neEtisaslénmpidrsngoelastiapeténtent fdreidrtiag oqutirgesslancing thetskiar nmenory
storage neans for ,imrediate or later retrieval by the user or a si ci an.
The subj ect sy<SPend SHR§ CF’&?P?W% Alsp ud&’séifg‘b‘i ﬁ‘%ﬁleﬁﬂ%ghaf“&fﬂ ctfitéaﬁ?'g%//i ng the
resul ts of the agsay faNdatdihg iR!saNAR hhkiBldTRhl Afid Withif ¥d &idto th

enbodi nment s, sgch%gésten% incI%desﬁggnsI#gi C nnunicatﬁﬁg W th é&t%rna

devi ces for théidsersospertioard theedsyiqet Tk biosknsomminap havenah elegtepochemigaled to t he

ssay sl e ohaeaRtan BiSH AR rohSett . s B RRAAEL Bl ANE,
whi ch invol ve Lassaonnay $h Rk B8bdifdeHisdihbbhiddk fios dBe cd v agendraldki N
wi th the skinpiercing elenent, collecting the accessed physiol ogical fluid

to within the pplapseegdizueation gstin ahigastioge okie-poercimgmeennkar gatendnpitas

wi thin the physiological. fluid. Each assay protocql involves the

advancenent or %Hﬁslé%éﬁ?wé? f[thcgrtsxgr rﬂil?fﬁ gm%o 1men?s, fhe s'km-plercmg member
extends substantially within the same plane as the planar biosensor device, while




or an aperture associated therewith in a first direction that causes the
skin-piercing elenent of an integrated biosensor device to penetrate the
skin, followed by novenent of the cartridge or aperture in a second
direction that provides for renoval of the skin-piercing element fromthe
skin, where this novenent profile provides for physiological fluid access
and anal yte concentratjon determ nation by the biosensor. Advancenent of
the cartridge BYOhpesmbRBMaRY. the slarmYringdnerabrigKiopdbin & HEccli®Br or driven

by a notor con Q r. ch_.adv .

ski n-penetrati %Lglb%%gﬁglég%a%%mﬁ?%Hﬁﬂ#n%éf?r%g&l&@?ﬁ Egee?@%é‘f‘gfg%ﬂ%gﬁé%d
schedul ed or agpdctfcally) in sofmetetbodiénts, [HROBiBenitiedeside) eflconfigtiRGs tedevi ces
and net hods for using the sane find use provide a repeatable fluid

accessi ng and SEfpMhaEpin hieskingpierding ¢lempntexkings E050F MgAdeROR comgammestki n site
for determning a _chem.cal characteristic of t ampl.ed~fluid,, typically,
t he concentrat ?‘gh ast géz}]ra\%egrapee?eﬁr(g?egﬁpfuéq,rg%er,pﬂgg? %Fto F%‘ape‘ft?‘ﬂiogleénal ytes,
and nost typi cambydibdatsqRoeias bfaihedie AbertaiRSEpladdteoflifireGén Bugigm and
devi ces can be used in the continual neasurenment of an anal yte of interest
Wit hout the pr bigsHsr B3hestamarda Wi¢rn-lpnginsaelempntenoyried or ardkinsegraed Ror
exanpl e, becau i ngl.e- tial inle Y, ment
means. are ompl DR Rl FRTRE AN S o RO AR BB T e, ¢ e

i ndi vi dual neagimceo®of thaeparsceapdericed 1A el othet edbodiglenfs| ai exhl@t dtaictr® use.
In addition, with respect to the glucose the subject devices and net hods

can not only b REaYIHe vaichexieads disiallyiatoss taastans|miceaeedle fommatiga éud r ence of
a hypo or hype o) i st It Gl i or intervention,
but they can aﬁg%ﬁ%@ﬁ%&;& %@géﬁ%\e%g&gﬁf F)% ap‘?@&%*%‘l@?%%@urrence of hypo and
hyper gl ycgdiit] condi Themshjeangstéhe figther thchide\a ri&edf lnrusedrpttbinatle ramagemrent  of

bl ood gl ucose netabolism assocj ated . di sease .conditi gns such,. .t he
subj ect invent?tﬁ’r?“_f'réﬁ?re%”é‘ﬁfz?“ §PBYﬁ‘?qP%’éiﬁltﬂ‘%ﬁP§ainﬁgt%ydhe 9’;595?%89%1?‘?1 j 0017]
These and othe iefmgﬁhﬁ,aceeéxgfaehe&eSc?fﬁx@e'm&e&tc%aas%e %ﬂ%@ideﬂ‘{@ﬂ ety ||

h ed inth g the

beconme apparent to ose persons sKki e art upon readi
detail s of theconpidihddiesanisosdsvieeswith tiehmetpr ebamby thevaeted povidhs e are nore

fully described bel ow ri.ef Description of the Drawi ngs [0018] Fig. 1A
is an expl oded™ArE’F Blﬂng]ﬁ t%&ﬁ&’d?%?ﬂr dSch%mé?eEg@frPE&&%%Sﬁ‘i‘yc%gsurémem 2ha

bi osensor / ski niRj RS MBAAS fok eteARIBRTShE OXLE Bf SibhirAdisrefRhr. Use Wi th the
cartridge devices and systens of the present invention. Fig. 1Bis a

per spect i 0812 ew of Thésubient eyitérn duntlesy ipoevidds mgags faropeoaively moyng,2/.i s an
expl oded vi ew o({) an errbgdi ment of @" ctol orimetric gr ghoet Prret ric .

bi osensor / ski n>PPRFRE ABF FTVT4R8 & SuRISCt ragidee WiitaaP AT ARFTHE 1P (F PRUTRE
cartridge devi gagnaddorsakpbsing atd céltealpiLHEnlividhEbiob@Ror/Hig pie2Bng/Sluid

perspective view of the assenbled device of Fig. 2A [0020] Fig. 3

i |l ustrates yetccassolavise taroysl thecpertare tgan afeess pisceelie aagr's skin. Alternately,
bi osensor/ ski n: Qi [ | 44 e [ | he
cartridge devi %tgéa%gr&]g&gg?&tdgrtr% %%?ttﬁﬁe? }%ﬁ\é@éﬁgﬁﬁh{}%gbﬁ) gfr:]z%lf g%%ﬁ\%%:iﬁb& 4
i | lustrates aneidxposedrindddiviziugl bibsensordkersbieed hg/fitiadccess device. Such

bi osensor/ skinpi ercing/fluid access device suyitable for, use wt

h the
cartridge devi FEY¥CTfRE A JA% GHEIEE Prares (hF exRaned PIGEHCT BRVICTSaBSPTRIy. 5A
illustrates:an @Eti&r,‘b&dd:oﬁﬁé'ﬁt%@fanécpﬁtg ENS ¥ mktep- pi ercing/ fluid access

e

device suitable for use wth the cartridg evices and systens of the
present i[00&Bl i on. Wijle thBbiosergondgyicesitradsleiceongf withtheskitridgd davadenip el ement

of the device of Fig, HA [0023]  Fig. 6Ais a top view of nbodi .nent of
Che system of T PHERERENPnVERISHIRAFHES & EBEYP A o Jor CRBE"
configuration. 4&ji@ sdb th Be tovadR r¥iaVS &f thd BEtSuRiRMe ko é & ofttnikaleen al ong
lines B-B. Fig. 6Cis a bottomview of the systens of Fig. 6B taken al ong

lines G C. Fi ganghbby whishtthesids is tecbespistcedrbyp thefskipspiesiy)g BRasntheBdyi n an open
condition, reveali.ng a cartridge. device of the.prgsent jnventj
operatively posi ?18%881%{% %a%t%%a otﬂaéli“?‘?gtodﬁe ?elﬂlg Sﬁ%} rg?:‘fé}%s(%/ngtlﬂev%ﬁlves

deflection and/or rotation of a biosensor device about an axis which extends



[0024] Fig. 7Ais a schematic representati on of one enbodi nent of a
cartridge device of the present invention. Fig. 7B is a view of an enl arged
cut-away portion the cartridge device of Fig. 7A operatively engaged with a
bottom portion of a system housing having an enbodi nent of a bi osensor .
novenent neans of the present invention. 7 ., [0025] Figs. 8A to 8F provide

a schematic representation of one enbodi nent of a bj.osensor m)venﬂ]?'; nmeans
of a system ofrathdy pr per@endicHertatthepath farou g wsich S YOO G B Mt a

bi osensor/skin-piercing/fluid access .devj of mFi f e bloRhscr
cartridge of ttﬁgveg}l%%‘ﬁ?“s}aﬁ‘\?&ﬁ? ﬁlgnciﬁﬁgg%gﬁﬁ'ggﬁ [géAvetnlcl)enéé preov(i) de a
schematic reprgsent allhon ©fthaaeitige iepiadilyaotonplishcpesseresosuchnoy drent

means of a systemof the present invention and the Stﬁgb%f- s(igegf movenent of
a bi osensor / skéamprinentsifixgd Mitinithghessias gevqtes rBlptiys 1 9 CHIGEIF tri dge of
the present invention. [0027] Figs. .. I . . O] ferheeBdi C

representat i Onac&anqlﬁgog qcébgg%%n%g}g@lé%&%&g&éﬂ%g tridge of the present

i nvention enpl gygd Widubhtiiendispgeneaid kidds ph acasngtd dnuihd uaacpesirdind ce of
Fig. 4. [0028] Fig. 11 Aillustrates "wistband" errboﬁli ment of %hcg subj ect
system Fig. 1B actdsssits withsheskingicseingalgmeahdnddheriithd MpREOoGHPrAe syst em
which is used with and in,commupi.catd ' Rle puP et ligekd &8-

Det ai | ed Descr%t e?ﬂ’r‘feg’i‘o“f W& 3 %eeeﬁlgﬁ'o%@cﬁﬁwn%& fglre the present invention
is described, jdnd dnicurBfaddliprfécanisiigat this invention is not limted to

t he particul ar enbodi nents described, as such may) of course,. vary. |& is
al so to bEOlIAHer st odte ﬁmcttsme%mwﬁw%ynﬁ%%a ﬁ%‘r‘ré’;lﬁr’ iS%C‘%%?r‘“;ﬁ?ee%H&r‘%ose

of describing_parL| el At PIROCFRNIS BBhctBRE (e rér dotlipaiederbenias

limting, sinc cope o e present 1nvention will be limted only by
the appended cli daBridpO8aDhe Biwsessoa deviogeamt for aloging dat rplatng thergto- ke s

understood that each Intervening value, to the tenth qf - Uni e

lower limt unkesollenis Rf@gﬂamabgq %lg?rrs?y the@ssaydEooesl '“s‘ée{,}&b%réﬁf ‘PFL%E

upper -and | ovet, Ll i b 2h abdiking BO0A0 aRiBYi ki Suchlaffoetins plovidetilanihag
ed’r

val ue in that ange 1s enconpassed wthin the invention. The upper
and | ower |ini tgom@ubiisgorireing ©f commrgestioeyf anrrdelytmidentsel ise Phcl uded in

the smaller ranges is al so enconpassed wi.thin the.j i j to any
speci fical |y erBloguéigally mFasufipe ¢ C@F%t@ﬂopgﬁé%?n tg\rﬁgg%hée}rkg%%?@gq?gnge

incl udes one or hath of qthe duidd &3, af GROGSMERGouds beerei divrer time pbiddy of
those includedfimts are also included in the invention, ﬁhg‘ggﬁhﬂml ess

defined ot her wiTde systbins tray atsoqub vide fordbe vyer i ineplempen AS¥Y ave the

sanme neani ng as, conmonl y .under st ood by I ak hdiftei N the art to
which this i nvebgrERO €‘I¥%‘H§§r.‘ec “ﬁﬂ‘g%ugﬁng‘ﬁ@“?r‘étpﬁ‘gggaaﬁgcﬁg‘? eir’tieal s simlar or

equi val ent to theseudessmebasediaitehrr seaed by s tierapsectssar of RECHMEEINLe or
'ﬁ]ga’t Idggc(r):c bteg_e sFt)orrae;eer?lteanlsr%gre irr];ulngdr;z’ltetorr]?atgrrrggri%%l%dy the Elpe?%% a%ﬂ?sigﬁﬁ.errhgl S are
subject systems may further include a display means for displaying the results of
the assay and other relevant information. In certain embodiments, such systems
include means for communicating with external devices for the transfer and receipt
of information and data related to the assay results, the assay protocol, the user, the
disposable cartridge, etc.
[0015] In practicing the subject methods, assay protocols are implement which
involve accessing physiological fluid by piercing the user’s skin with the skin-
piercing element, collecting the accessed physiological fluid to within the

biosensor and measuring the one or more target analytes within the physiological

fluid. Each assay protocol involves the advancement oOr movement of the cartridge



[0032] It nust be noted that as used herein and in the appended clains, the
singular forns "a", "an", and "the" include plural referents unless the
context clearly dictates otherwi se. Thus, fox exanple, reference to "a test
strip” includes a plurality of such test strips and reference to "the

devi ce" includes reference to one or nore devices and equival ents thereof
known to those skilled in the art, and so forth. [ 0033] The publications

di scussed her epnamaperprosdsdedted dieeetvyﬂtlf wra fitsedirectios chat sawses prel sin-pierdinpe

filing date of the sen i.cation, Nothing her const rued
as an adni ssi ofi® WBF{} %P@&?’Of%@rﬂevlfﬁ 19 gerrgated, ﬁ??lf’ ﬁ’tnf’&'egm'edate such
publ ication bymeyEkbgt FthOEdBldgk BY SHriuddin féé%rlft?&recrn@ﬁ PR EESi@ds fpubl 1 cation
provided may be different fromthe actual publication dates which may need

to be i ndependemadval obtheiskimeplerc{myGdetierT ienpthe skint wheneahisimeyeniednt prodite be

d bed det In.fu h b th t t I
[t orat ed bi oBitss AR ARk e e aBir e QY Frepngagd e

Wi th the preseffe Hisieastri @Iﬁv@ﬁ&nﬁ%swh@eﬁ’n&d&e%ra pedtt mdyn® ReRirged Systens
and cartridge devices are described foll owed by a description of the
vari ous met hodmaoﬁalbsbm@emher CE'@D'JVEICbY smmnanwedjewtf@@gnasllmeISIucias met hods

for controllln thetet| %2 Bh%%loo ({ rrP ractelstlcs w | |
then be _deSCI’I 5 pg? Fogés l?ep oAU a&p% HEQ P the subj ect
kits, which Kipgp dg@mﬂledts&}edﬁlébloeshhs%ﬁBfﬁﬁﬁ%exand/ or systems for use in
practicing the subj ect nmethods. [0035] In the follow ng description, the

present i 6l i on wilhe sigectesdempaldvices ardgnetbodselot using élmﬂa;rteeﬁnﬁdncent ration
measur enent applicatian such and

Those skill ed Providict SPeaule Mo oresding aad Suitting BleEEF el el B [, o

and net hods ar gnd/s eirght skif sith GorBRaFHHIEAE B théthicl dMaFacRii¥ 6t 68IhedBgpledchem cal
characteristics of biological substances, e.g., blood coagulation tine,

bl ood chol est eflsid, [yicslly, 1B conqerEatnIRf\a \Bmtye?f%ﬁfﬁtrskti physiodegicd fupd yi d
Access Devi ces ] r o]

bi osensor/ ski n- r%)a?)ge}g%|aﬁgﬁc|sp&§/§1cqjlite}§sc Ieevn?%ggg%gﬁ%ésf e;relf rs‘é%ie%‘ Y ﬁtgxglezﬁng as

bi osensor devi é&&Jesivay bbeasahipltioyeshtiniiilindaberepieasefiin dnalyendf aterest without

Bi osensor/skin-piercing/flujd access devices suitable for use with the
present i nvent fh§PreBIpTE SKpeyieReasavish Hnplariakle andlyierenoRt: Fiop ¥ HRPIE iRt a
test strip o gageasushogmually HARL AERATHERLre ol AT LI oy R BLATeL [ |
test strip, and Aave a skin- I’CI ng conponent 1'n t orm M croneedl e
or a m crol ancetitatiBafed pamgarmwldeai FugjsermbreAthelin@yvidAl m2&urdnent meads and 5B,

t here are shown such, exe ry devices. [003 and 1B illustrate
such an exenpl W?IOBP%EWS&‘%E CS PRRT (OISt SIL&FQ‘giPBs%H FESPEHEC B5pendi ng
U.S. Patent Appli&atth@subj&h ﬂéﬂ@&%d@ﬁ%@?f&ls%ﬂhﬂgorﬁ? bOEMPYYLR ek Elpidip and 35,
herei n incorporated by reference Bi osensor device 2 includes an

el ect r ochemi cakcouensely sleieripthe opdurtgaecaef myport hapergbicomeeeneat wlthmté@ﬁfat ed

h h he_bi. |
havi ng two SpaRUlC BB orRiF pbn: g ey Eae FsB e GEIRR Sl metiO B

referred to hej@uRedse &lﬂiyb@ﬁh@h?ﬁérél@@'&m% cBRditibey atd qewf@ﬁeprawdé\tforl east the
surfaces of electrodes 3 and 5 facing each ot her are conc])rl sed of a
%

conductive | ayemprev%@mlfe)emegcgfé&wd/eusosemarboézgmaaswnaé dla@qé@m%oren an

| nert substrat ﬁséu&”ﬁejs%pec 1%98&%0&1‘48 r¥,Se Ihaesx%)lﬁgﬁrn% ﬁ%ﬁ-‘i‘o\ﬁﬁ@t

el ectrodes is a resu resen acer rayer posi |oned or
sandwi chef)0hZf ween Eh@etahd@d&r Bbﬁﬂd ﬁvaﬁp@asennd faymresb:ftmﬁ iaf entidnl willhas
doubl e-si ded adhesive to hold electrodes 3. and 5 toget g e qu%

i s configured BICORIGaPERCRLIOBOS RS PARSkallebindhs &k UpRhES2 Wgé% elglis gL t dox
reagent syste i nd

poci 11 cal Iy S SOREERPS/skanibrife BieRaE e ek AR Ay MR
sanpl e during belomssay of the sanple. The redox reagent systemis deposited
on the conductive |ayer of top electrode 5 wherein) when in a conpletely
assenbled form (shown in Fig. 1B), the redox reagent systemresides within
reaction zone 9. Wth such a configuration, bottomelectrode 3 serves as a
counter/reference el ectrode and top electrode 5 to



serves as the working el ectrode of the electrochem cal cell. However, in

ot her enbodi nents, depending on the voltage sequence applied to the cell,
the role of the electrodes can be reversed such that bottom el ectrode 3
serves as a working electrode and top electrode 5 serves as a .
counter/reference el ectrode. [0038] Mcroneedle 6 is integrally forned with
and extends fromand in the sane plane as bottomel ectrode 3 and term nates
distally in a sharp tapered tip 24 which facilitates penetration into the

user's skin. Mcroneedle 6 further provi d?% ans acedefining configuration
in the formof a concave re ~Z9 e MZer f ace. Such recess
creates al[(mllsy esponqhig!qpsi_@aa@@xﬁqoum R hinlenTRUEnsHI QP aR BREEb et Of
m croneedle' 6 into the skin. This space acts as a sanple fluid collection

reservoir or pbulsemgr/akigspievamgdiuid atagsdidevidesageble dprarse pathethe agitidgei s pool ed
wi thin the spagle .Eri or, to tra??{?(rar into the eIFectrochem' cal .cel.l.

Optional Iy, ni EPUREEISYECHEY! Ff RTAER IVERiRTe Fa3 [pisri RRGPSSU Yenviy of the
comuni cation WidehplRCeRSRedft Hi® (faaci litate the pooling rate of

physiol ogical fluid within the defined pooling area. [0039] Bi osensor
devi ce 2 {Bher i ndligiddsisansaploded fiewi af anremrtwiionensof explogimetmnopat hway or

channel 10 which extends from,recess .20.to wthin the.biosensor.. | east a
portion of thepE?%ﬂeﬁﬁcldblg%e&lsiréséqri)'f’lefﬂ%g/gﬁﬁfﬂﬁé Srdg‘éﬁcﬁélélpi\kﬁ?ﬁﬁfﬁsetﬁgﬁ Sosensor
portion of devigeridge ®RREs hh€ fstembiithé Prek@RGiveRoR.ORE. 9B igdferdpdeais i on of

distal end 10b of pathway 10 resides within mcroneedle 6. Pathway 10 is
di mensi oned so viesv eigthe Resemblededgyidelddie.2dr ce on fluid within the pooling

area defi recess .2 nd d or w cks physi i - le to
within reﬁ@&.‘)@% zon 139.3 1&%@5 iyﬁggﬁ\{@{l%rreélf\,ﬂ@@“??@r# ﬂ? gi??‘?éﬁ%%%%?@?gn 10a of
pat hway 10 to widsehsor/skiRQidrcidg/Miid hRsELddvidetuitatile féBe MeMChE Oirtdpae 9 are

sub-channel s 15. Sub-channels 15 facilitate the filling of reaction zone 9
with the sanpl devifssand. systomaof theipyesenpigvemttbnB i | | ustrate anot her suitabl e

enbodi nen a bio i 0-RiBrCI | uj o j [ &h: ]S
al so di sci%@gh in C%?%%glﬁél%%g% Oglgf éﬁ?é’%&%hﬁ%% |cg§&ﬁ?g§e}ﬂr%gl@€s§\ﬁ€%§ﬂﬂic ket
No. LI FE-035. Drviing/flalll dvasssalepirotsainatile for/usovith ititedariricgh desiesssod systems
configuration and a mcroneedle 32 integrated therewith. The colorinetric
or phot omet ri c ObIGEFEBY Ve lneral |y made up of at |east the fol | owing
component foa2y SUPPOH .%keimﬁ@&ategarﬁ,m%&x%&n%f BBS5i08dns 6t/ piedéin b MG
material, "such as p agstlc, or a netal material, a 11 matrix area 36 for
recei ving a sampess deviceesmjfeble foumposiitt iherarttridde delvman amb syatestsrafchaipmbent

merbers of an SHENES FoRHLb O BHLY TP BT EREmER o JHES ng
port (not ShOWBfF%UQA@ top layer 38 which covers at |east matrix 36. In

ot her enbodi nents, top | ayer 38 nmay be a nenbrane containing a reagent
conposi t i 623hpr egnﬁ&?é&%@rtép Mie\mgﬂaex Qm@dha@ntioitt@rséatewfﬁhgpwemg not
adneei ve | ayer HGOARY DapbER watr bRk prfble SR BB SR BUE YRS

t hem t oget her . (Heosybletr & Fgdb Adikes altdglliageB-BOFRASCas & bbttorWiewpof theon 42
whi ch corresponds to the area covered by matrix 36 and defines an_area for
deposi tion of syemuppliedoBisnalwgilinas CreuFie. SRAIpYFaes Ee gafeasHigénber s
oxt ends f rom aga o1 G 3k oot ARREE L uilae Biclof B At 106
space- def i ni ngimenfibgopeit iy positidiedivwitiin afe Rsiapgoitiegsubdecnbysedm.ext ends
transverse to_a di mensiaon, e.g., wi dth or thickness &;@mc oneed] e 32. As
with recef®2dd of niFig dRelsd sehemalisreareseann R} 0ag eFbPINeRh Ok eHTss c o
wthin the tis At d idn O 18l 10968} §f AedIfhOd Ltk ddrtisCh
open space act sﬁg‘ggygpﬂggﬁpﬁggﬁtflﬁ&%@%gbh%gfﬁilgﬁ resgr vo?r wher ei rﬁylﬂ&lcli

rﬁl eaﬁed upon n/a:nmlrnrid_gé dewi@:esoﬂcﬁiig: ’é@opbxtahkﬂy_tehgxgsﬁa&dmdqobthm pmtiﬁnaﬁsf er into
Sampl 6 f1 U1 d t PYHEREPUBTE BRTPGER FERODAEANAA RESHAM RO TG SEAT SHAS 46b

whi ch ext ends widhin,fperti on of mcroneedle 32 and termnates at a distal
openi ng 48. Atw}-east a portion of the proximal end 46a of pathway 46
resides within the biosensor portion of device 30, specifically within
matrix area 36. Pathway 48 is dinmensioned so as to exert a capillary force
on fluid within the pooling area defined by opening 44, and draws or w cks
physi ol ogi cal sanple to within matrix area 36. Extending laterally from
proxi mal portion 46a of pathway 46 to within a portion or the entirety of
matri x area 36 are sub-channels 50, which facilitate the filling of matrix
area 36 with the sanpled fluid.



[0043] Fig. 3 illustrates another exenplary biosensor device 60, disclosed
in copending U S. Patent Application Serial No. 091923,093, herein

i ncorporated by reference, which is suitable for use with the present

i nvention. Device 60 has an 12 el ectrochem cal test strip configuration
simlar to device 2 of Figs. 1 A and 1 B, having a first electrode 62 with
an associated inert substrate 64, a second electrode 66 with an associ at ed
inert subf¥Rle 68 &Hgs 8ALPAEPFOVidyepchpmatipssnsessataiior Al arg embodimentafta vel v,
forma reaction: ' [ - m, | nst ead
of a single m @‘r%g%?& evgl@éfétn ?ng 0? rggﬁe an ogfh%ér?s%ﬁémg?ﬂ%ﬁﬂ@dﬁé?ét%{)—ﬁéf eof,
as described wistep niceeprat oft dbibkedisotdskit pRrdhg/Rudisaccdssavdice of BRI L &3 has a
plurality of skin-piercing elenments 74 extending fromand in substantially
t he sanme pl ane°a§%ﬁﬁé&f’r0119‘§98F35?‘U.1“‘$@F1ﬁn-pi ercing elenments 74 may be nmde of

ki i or A or ool 74 R aGrPr gL o teatbich BN B IO 8K Boosimer

proxi mal 'y int ef 8 pRg€&isol a@EmERL theank 888 byt 200R pfesenEaebntidnind thhaapnel 76
is open to the outside environnent along a substantial |ength of a first

side 78 and a Spskpdnavegengof ppiosensor/ edpoiarting/fluid arcpisederica 9f Figdemta and
term nates prox| t i j of the skin-piercing el enment 74.
Channel s 76 ar éé%?&r%nogiﬂgén%?%%me@%& " a capillary force for collecting and
transferr [0027physi oFtgi D ts 80D bty vadecesbehaldy réphededtstion pf e ciepdbyedtgmrent 74.
Whi | e each skin-piercing elenment is illustrated havi ng a.single fluid

pat hway 76, a BIUYFRERYS ASRrigdenolyhe RigsoRt In¥sntion empdey el vidhiba DYSERIOH er ci ng
el enent 74. [0Q44].;El ¥ nptsher suitabl e enbodi ment of a

bi osensor/ ski nglélﬂ #%F%éml%%%gi%eggscg%ég?ge 90 having an angl ed structure.
Devi ce 90[0028] udes Fim 1pAalustragsffwristbandirpibodjmencofahe edijes sgemekigh
including a fl pat hway 96 extengdin %}iroma i stal opening . 94.to

reaction zone grﬁﬁ@‘lsﬁiwgér ggts?@@gopmgo 25 %‘geﬁ‘i‘t&%ﬁgﬁiamg%.”ch' Héjsé‘?gl ed
structures areykuhind3h LymfhARIALPHIALIHELY BRLCIRAG! eri zed by the presence
of a single bend located proximal to the center of the elongated structure.
The nunber of skin piercing structures, and thus the nunber of flow

pat hways, may vary, typica S ing f.ro bout 1.to 5, usually from about
1 to 4 and nore usually fra.e1¥a' @ﬁesfg?i’o‘?r&ﬁﬁw‘éw nunber of piercing

el ements tomebeal |y redieRshé peBent idvendon 3 ¥BHbeA MR AtoBRNingersibog ta@lie of the

single bend typically ranges fromabout 135 to 150 and nore usually from
about 140 to 1rrtv.enq¢nexsmehgmﬁe¢ totie paBichian ambodimeats\dgssritedpasofuch Imgyedlongat ed

eal 1y irom aboiie 248 ipls e/ BR Rerrb i Wb lecumtabBeluSebohJCR R 0, o

capillary di m?ﬁ@@%oﬂdﬁﬁﬁﬁiﬂ@pﬁrﬁcmlﬁr eapodimanty ohlygwndfs mt tmemted to be

physi ol ogical fluid fromthe distal openings 94 along the |ength of the

fl ow pat hway t B, Bines HsssPPae thavgresens invegiion #ilh be §miisd ophyaY thas

capil lary di nepsi flow path typically has a dianmeter at any point
along its Ieng?@cﬁﬁéﬁﬁéﬁﬁinge fromabout 80 to 150 um The flow path may be
t ubul ar of0038ye sonWlatderangenf vauesisippsvidel, ¢.is uadeestbdrbthapeashiictes/ehing a
cross-sectional shape that is a square, rectangle, oval, star, etc., where
the confi gurat FgHe-dP “Eerfé“"i’lot’;\ﬁ?ep%‘tlhoﬁ e lﬂﬂergﬁfmf FRlsgs tg%c?lﬁ?fﬁ cge':‘?ﬂ?'td“ﬁ?tﬁ%/i des
for the desi regth@?vpi%é,|b%{v)’eefn|tﬁ’é"{-1pﬂe99€'cﬁo§@r?i?rﬁpéﬂﬁat%n&e)/zﬁid%lﬂo‘fhér%taf%%‘_ up of
a sensor chanber that includes da transducing neans which pfoduces a signal
i n response toitéreemngsane & thansdatty pingalid gncompessad mathinhedhvensinnl Yhe in

physi ol ogi cal fluid esent .in the chapber. The chanber, | pcat.ed at,the
proxi mal end of‘pré@F‘ELO‘@ﬁS l’t“ytfi F4hsSg Spaderyanens inpy linﬁeﬁeﬁge?tg/ﬁ%eemdll”g?ﬁ Whout
100 to 300 uL. ;hEhenalieARagsics ABo BRAGEpATEH PRhidMNe HOBMEN, Sibjedt t@asduci ng
means that is capable of generating a signal in response to the presence of
anal yte in fl ubgecificeBeascliided limit iththetstated sange. eWihare the staicdgargsingladese t he

t ransduci ng neans duce a_signal ,that .i,s indicative o pr.esence
of anal yte, ino%%r@%?gf%??%tsewg Fsiane i rf’fg%tg(ﬁ%(t:}}oﬁaut%%%gh:%é?sone

t hat gener at esg@a SdodRa@udddiatthé mveR@RPrtional to the anount of analyte in

t he physiological fluid. [0047] One type of transducing neans of interest
that nay be present in the subject sensors is a photonetric transducing
means. Photonetric transduci ng neans of, interest typically include one or
nore reagents of a signal producing sysgemthat produces a detectable
product in proportion to the anmount of analyte present in the chanber. The
det ect abl e product is then photonetrically detected to provide for a
detection of the presence of analyte, and typically a neasurenent of the
concentration of anaalyte, that is present in the fluid inside the chanber.
Phot onetric transduction neans of interest that nmay be enployed in such

S - L, e o ~




[ 0048] Anot her type of transducing neans of interest that may be present in
the subject sensors is an el ectrochem cal transduci ng neans.

El ectrochem cal transduci ng nmeans of interest typically include an

el ectrochem cal cell that includes two el ectrodes and one or nore reagents
of signal producing system where these elenents work in concert to produce
an electrical current in proportion to the anount of analyte present in the
chanber. T983Yener at Ealesd eadineil ottlerwise. rafirtechmiaay aatbscidndificdenies wet herimf t he

resence of anal yt and typi.cally a asurenment, of th oncent.rati on of,
gnal yte that i?%?g@eesrﬂneirﬁg{)%’ég ‘fslMﬁ%?ﬂ@rftﬂ‘éé%a%gf.@@% ‘ﬁé‘&ﬁ’éﬁ‘ftcal
transduction meanshieH thidt@ERRn Heltlos MRYhEE SR AMBSHS dhdgﬁ,ﬁeﬁ%%ﬁrn&? br

devi ces include, but are not linited to, thosé described in U S Patent
Nos. 5, 834, 224;eqmj @t ipthoseadrdcBbediiRrdoan aso heldedds the, SactRatendsting of
Application Serjal Nos. 091.333 793; 091497, 269 and 091497, 304, t,%?e

di scl osures of %P?ﬁerﬁﬁgwﬂ PRithe PW@%TE&JP%[P%% W“?aé?%ﬁ%ﬁ’@é‘.o“[ %@&”9 edrj gs. 5A
and 5B il lyggszat e anpihial bexREPIAL ¥ KEPRLERMI inth@apgended claims, the

bi osensor/skin-piercing/fluid access device 110 suitable for use with the
present i nvent isomgulagforns ‘Geviang, aml ‘el dhdséuiplurel rdfereatspmbass thye don®xt Pat ent
Application the,referenced, above Vi Att or ney Docket, No. 058, herein

i ncor por at ed bfl?aé{yeci:l%tﬁt(%.Othﬁé‘@]is?:'elf%is@?‘%ﬁé?’%%sr TR aiterséﬁtélpl_irflu P a
bl ade portion IodraBfdofeusie R8O tripPad reftrdnck & "ML QE AL CiRcRTES ffrEhRdo BY: f I ane
112. Bl ade portion I14 includes an internedi ate wedge or raiser nenber 118
upon which i s rouneredeulces andeequivaleatsahergofnemarto thawe siilied hn dhetashdad so
substantially ':fe}gsverse to planar frame 112. Menber 118 serves to el evate
bl ade or | anci 8[ lement 120 relative to a skin-facing surface or face 122
of frame J@@33jRai serTHEsubEEatiohs divagssad haBfl £6 pfovaled sBlély A% ehedF dis@BRurdOr ti on
124 which allows_ for snpoth translational novenment of device 110 relative
to the skin of privs ttwediling dagaefitheyprgsens applgatien. pNelirilepreifdn ks edaststedde
120 is specifical k nstr . Of ' to reduce
frictional for Ca&a&%d?ﬁ%é%@ﬂﬁtg%?ﬁ ?Qg{gilﬁr)l\)g\rl\lﬁ&fles qoggétletgegité\ﬁgah%ﬁ%tgggl ity to
conpr ess ti ssugublicitivg 3wdrtud bEpridriitntioe. Fitiedethd dfkes af putdichtediprolided a
triangul ar shape having a | arger base and substantially vertical side
portions, howeVBRY b&Hifigeent A aetiglepubgationdates WHuem3E 884 140 s r obust
enough to avoi - of f r portion 116 is spaced apart from bl ade
portion 114 toqgﬁ)‘{pg\;ﬂv&énu sctogntl al'ly 15 flush engagenent by sensor portion
116 with t[he34jut ar eBheqfredeheinvemionswiblkiow béSdazsbeduardetadln I Hrthpt dedctibmga
sensor pad or area 128 . for .receivi t he access physi.ol ogical_ fluid, i.e.,
hterstitial 1 IF BB GOHON SSRRBR LR B ARy Ray QU wP el o Acces

el ectrochem caldeQfcePNQBEEOF e RN fHePERH R RPnABS&dsABEH BREVRext] @50]

Wi I e specific configurations of biosensor/skin-piercing/fluid access

devi ces sui t ablsubjeet systsasving kathdgesdpyicgsrareatesarthed folkayeat by mdesstipdon ofave
been il lustrat and described, it is understood that. f

bi osensor, e. gﬁge STETY oeglﬁ%%oggfl,ngﬁlheo ug’ﬁéf ?XSLe,mScagfl od?é %lﬁg:fn%sl %?IIP(%%&C%@C{S

enpl oyed wi th gBecetroliieehs tistiad bepiskidlogidil 8irfipleGhehelEria will thérckeoneed! es.
Additionally, while specific shapes of skin-piercing elenments and

ni croneed| es halgecrisdn Finallysa paglcigserimion dspiovisied of HigysuBigrt kit whighdie of
ski n-pi ercing el ._he V. W I . I as | ong
as the shape eﬁg‘glfqgé;&lf E@%g%%ﬁﬂ@é@@%ﬁ{o&%@#&ﬁ){ ﬁg%&ﬁé}%@{mgﬁh%@e?the
patient. For exagpbds. the skin-piercing elenment may have a substantially
flat or planar configur a%i on, or may. be substantially Ci?(ll i ndrical -11ike,

vedge- | i kd0833t r i andfiths follgwanggrscuption. B presspbiay aiionayitlyperdeseriter dy the
triangle-like copfhour ahicoRbAYRiANARSHRY: JRNERRY: RIWIRE: SHEE RlE
shape. The cross-sectiondl s%ape o# the skin-prercing el enent, or at |east
t he portion of islehdedoiodedinmignghedrthose skid¢d inghpemetill apprecintettbattthesubjgch, nay
be any suitabl e shape, including, but nof |[imted to, suhstantial.l

rectangul ar, oWIe8KES S¥¥erar and gyods aresgiubin the meATEmeRtq é’H{fﬂlph}(s,m%taﬁq,
etc. Additionally, the skin-piercing elenment nay be tapered or may

otherwi se define a point or apex at its distal end. Such a configuration
may take the formof an oblique angle at the tip or a pyramd or triangul ar
shape or the like. The dinensions of the skin-piercing el enent may vary
depending on a variety of factors such as the type of physiol ogical sanple
to be obtained, the desired penetration depth and the thickness of the skin
| ayers of the particular patient being tested. Generally, the skin-piercing
el enent is constructed to provide skin-piercing and fluid extraction
functions and, thus, is designed to be sufficiently robust to w thstand
insertion into and withdrawal fromthe skin. [0051] In each enbodi nent, the

o o o o o v




Systens of the Present Invention (002] Referring to Figs. 6A 6B, 6C and
6D, there is illustrated a physiol ogical sanple collection and neasurenent
system 200 of the present invention having a conpact, portable structural
configuration. This structure includes an ergonom c housi ng 202 having a
top portion 204 and a bottom portion 206 hinged together by hinge neans Z08
whi ch allows top and bottom portions 204 and 206 to be opened apart and

cl osed upon nambaimicd tharastemstice bf bioprgiss siiisankesy ¢22®laxd dhgulbiidetimej g. 6D
illustrates ho n %gez N8 h an open condition while Figs. 6A, 6B and 6C
illustrate hou ‘t}jP SiteﬁoaleYﬁ o¥fd condition. Together, top housing portion
204 and bottom housi ng portion 206 define an interior corrpartrrent into
which a cartridge device 210 of the present invention is operatively |oaded
and t hen revaﬂMﬁﬁmwﬁerhegﬁésdﬂcbm Daviggseat er detail bel ow
with resp o Figs, artrld e, 210 contains qor provides one or
nor e, and%{ﬂﬁ]cal ly ?ié[‘?qrtegteﬂ OdHP?fgg AERIPs TS o FinsRteEd s/ g@\?’l ¥ESS 220.

[ 0053] When pr i en@ﬁllg ousi ng,
t he bottom sur ﬁgggb%dléggﬁﬁﬁlw%%ﬂe&ﬁ %?lgﬁﬁrs&g‘ég?t nlged acllj0 aécde\;r‘l,{!ﬁt[

i nternal side qﬁesmmetnﬁmnvvaBlbsemalaﬁn -pietdingifliduscesy dpaces aunalil@(ﬁor use

Preferably, bottomwall 212 has an .external surface confi ti.on ichis
snoot h and cont%‘g}f@&pégseﬁtel%%rg’gwyﬁlﬁéb'ehafvfs&st}ﬁosﬁﬁ%ﬂrﬁgppan%”g dormphy of

the user’'s ski Rest\WripbrhaRoducRRy H@Eiec@é&xehﬁca@%o@&ﬁﬁétﬂ& 8r gdtomegicTBRWRipl N
Fig. 6C, sized and positi oned such that a single biosensor/fluid access
devi ce 220 nmy dvd hav¢ geldd-pigreimganthpergdse thetfhmo afjh ndgreneagiccomiontri | e t he

bi / d d 0 d ted
W thin bottom G2ttt edfSr BRES A Baty 2 & S 3R SR SRR el ot
shown), e.g., %h@}@é{dnqlﬂhryhﬁaﬁ;@s or an anal ogous neans, for conmuni cating

el ectrical signals between device 220 when positi oned at aperture 214 with
a neter of06Fdsur endfigs.hdaans! (Fholusisaiowngh amexsawlary bitsenseodeviey2 sdixh isuch

For i ni ¢t ng iR hiESpboiRile PRl dbAb 08 sffieiion Bl BrlfY ¥ Cagent

within 1~ deVAt@(ﬁ'na)ZDokat Vot 085, therede irbifoRfe b Fefdfeficdl. Bibevhasidiicelli C,
e.g., analyte (e.g.) glucose) concentration, of fluid accessed and sanpled
from the user' Snaliqés anelecroplemicaldeysrinconfignratipp prghp migroResdie;S iftegread
means has the r th the
fype of bi osenanreann AvEREHIHEL, BRies By RR BRDkSur RicaF eAP PR Yl
photonetric or twolspaaedmpart(anéeppmng adtiodan3 ah@ﬁlnespﬂaamlyaﬁtfeﬂne‘d;md]erem

measur enment syst th em cal measurenent t y vary
dependi ng on tﬁé%f’ngﬁ%’é‘ eg‘?‘:trﬁggé ?}?%P%lﬁt aMdeashie et %S@iﬁfﬁ E'?‘é‘%?n%éma
dependi ng o~ Wsefabﬁ e otﬁéﬁﬁé!cb@gﬁ?é&'&%hh& uv@r@%&@rxﬁanscﬁ%amely,

potentionetric. ctrochem ca urement will neasure
charge (coul onBUch as) a rm;md,rdepml(earqn@monm subsratert qmdtléntasmcn@plat é’r’mbl onetric),

usual |y over a given erlo f.ol n intreducti o the
reaction area. B/E‘E‘ﬂfa fetwegy Wf’r?&%%ﬁgesalﬁé\f %e@gli‘n%)%rgﬁfng? 8@?’ PRSCRe Y %r;itz
neasur ement  ar gokifioh&€6r Aa8HIchBE BetiweMeRctr&ifts 8Nind MO Bpace 1274 12 psferably
4,545, 382; and 5, 266, 179; as well as in International Patent Publications
WD 97/ 18465 andiandogge-4igd adhasks teiheld eirogss Mnmtmtlﬁr eSprseelager 12 is
ncor porat ed by ohBhGEOr Sy sk b BIRIRTELLLEORLOL HEL D! & ASSEKGzen

opti cal type metQPEERFe use assays afd net hods
and instr urrent Ssybtem d?%bfn@bﬁhﬁ@1st;f't@se$1&W&hm3d’e@ctfo|drzbh£9 adﬁsspémﬁemyl salekcked.

Pat ent Nos. §4 360; 4,900, 666: 4,935, 346; 5, 059, 394; 5, 304, 468;

5. 306, 623: 5, 4|tg intaract with tegeserbeompanestsiy the fuid sgmplp guring ap 8ssgy of the

5. 846, 456, 5, o685 RIS Rl 1 b P PR R o1

i ncor porat ed byldcebods 6Nﬂﬁre1{1 w&]xnsmh@mamsimmmormmm Figal®), ther
operatively noving cartridge 210 w thin housing peratively
move cartri dge To4QK [CASEH STerR sesides e HER EﬂaF‘W‘bthl 0 “Bé‘(’:‘ﬁ‘ SHEGPRA | Ui d
access device 4gfl, el@c{tro'a@l?;as&vﬁ?ﬁg @Hﬁéﬁr‘éfe‘?er%é%lec§8@arﬁﬁ% Ele@ﬁ@dé@vemsnt
i nvol ves advancenent of cartri i n one direction . 9., clockw se,
and reversal of cartridge 210 in the opposite direction, e.g., counter

cl ockwi se, relative to aperture 214 to align a device 220 Wi t hi n aperture
214 and to remove or conceal a device 220 fromaperture 214. Such cartridge
novenent neans may be a notor-driven system or the like, or may be
manual |y driven by the user by neans of a ring or |ever nmechanismls
external to housing 202. In a notor-driven system cartridge 210 may be
provided with a drive wheel 232 such that, when cartridge device 210 is
oper at| veI y Ioaded and posi ti oned W t hin hou5| ng 202) dri ve V\,heel 232 IS

1. . NN A . o ~NA N "




[ 0056] System 200 al so i ncludes bi osensor novenent neans (not shown)
associated with cartridge 210 at aperture 214 for applying a force on each
device 220 that is positioned at aperture 2| 4. Such bi osensor novenent
means noves a device 220 downward from the bottom surface of the cartridge
on which all of the devices 220 'are positiaqned, and thxough apexture 214
So as to operatively contact device 220 with the selected skin area. Such
oper ati ve cont &ves #nb¢ weeskipg eleetfrerds, of s eleetrpabemicaheslhgHeweveskinmthaur f ace

wi th a skin-piergi epgent .provided on each device ,220. Any convenient
e ans o ann SR T e Y e o0l SER o CT o159 36 e e R Sl e
wher e repr esentiridlaterodBadim Herreldrckal Bk tHig bR 1R fro@d3kageds I WEAEHY cal

neans, and the |ike, which are described in greater detail below. [0057]
Syst em 200 f ur eleeirodeand o sleatredsnt sesvdseas alvauntagreferenes dptttndessor f or

control li eratiqnp. easur enent ans, dat r Qcessi N ans,

aut omat edﬂg)ggf ri dge%rﬁﬁ:\% eteﬁg ﬁé‘ﬁ%%ragigmgggi“é@ Mﬁ%%f g‘r"“&ﬁ‘%‘g‘ﬁég‘?‘a s
measur ement dappn@adb&idigelet@bdt Pehdiatmina®s distallydniath@fphpdied uﬁgn wMign al l
of the devices 220 have been used. The microprocessor may further be

associ at ed wi t facditptespenptration miethenwerss skin. Mieroperstie 6 further provides @-spegem
storage of nea enent Mdata. System 200 may further,include a co ni cation
nodul e for th_ea%ﬁrapg 8%#?%5%1“6%%&% SR %VFﬁec_a?Sﬁ“%(?rﬁ’tltbmclgsntppgf%vi ce or
and other devi §gh re€esd crealds aWoE@k;ﬁ)%ﬂir%asEéceC\Qﬁﬁi‘ﬂrkkﬁﬂﬁdsQ@ulbﬂiﬁ;ﬁbil_etrﬂicg} of
telenetry neans, such as by infrared (1R) transm ssion or radio frequency

(RF) transni ssmagongegie’ @ o terfkimiTdns speae adts as 8 sgmple dlusd enllestoryrespryoind
e a . . . | . _ . t
ond o1 ke o bline e i3t R Rcas i Bord SnEl I i pbp ME SRR IAGELE,

202 to al | ow t pottserantfer 21 the eldctrschetitaldella Optiopaltyg mEt@hsedld 6 mayenus

di spl ayed on the di _spll%\é, or to activate novenent of the cartridge and an
assay pr ot ocol furthst #51ude 3n cpeRing ¢ W flugh comangmeationgyigh rsess 4040 faalitatg
system control her : . - V) : audi bl e al arns
whi ch al ert thgl(é Ser aZénrbl S t%l(fffdgm‘%gﬁﬁ%&sg%/ﬁr%/égspg)glufé?%g'r med, when a
cartri dge[0088Hs r epBimsemyr dewien2 &untten ddcjides aasiplecidd transferonrtestrdeticefl saf e

range, etc. A power suppl d a battery are al sg proyjded o suppl
el ectrical pO\AB?‘t}Ilv‘t%?JY Ph@%ﬁ?% ‘_M]ij‘éh FEEBYES fr‘?fﬁée‘?ﬁsﬁ?%&?ﬁbé‘s‘g? glgﬁﬂ’sg‘ﬁIXt
conponent s confebglyl Rehidly of fE pRoShARHACRE SPthe pAAPS] rediass SMBHAN GREDRBENT S

just described may 'be housed in a protective, seal’ed conpartnment 230
wher ei n t he nepasisapydelata? spesficalbl withinesacnay zoum9, andra poxtaorpdfadisthlramdn

conmpartment 230.in.t housi n ortion. 204 thr hi nge. 208 to bqttom
hptrjns)i ng porti oﬂ(_)tﬁ?)%?a%?ye %?P@F@W@H‘cfﬁma%&eaé ré? Relay:iod ﬁf’ﬁé@mﬁ%mﬁ BAdvi ded
W thin top hougj dx@rtRdabilRby RRée sifillidiwiatin iHepootiafRrdatlefin€dby fekssBO And
correspondi ng data or signal lines wthin bottom housi ng ortion 306 when
the housing i sduaivsar siidkserpyeighngioal sample 6OBGhinRercsionrgnpBwEREIfing.  7A, there
the present i niGbREd P b EBRsBTIBE F PR ay 17 S ihin BB Lt 68 SO0 ©F

bi osensor/ ski nemiretyaifnigy fehctich 0e Ose saviiapgelofl S FSg6-chhnnel EBnfdcilitatéaet ri dge
devi ce 300 has_a cartridge boda:1 or frame 302 and a plurality of integrated
bi osensor / ski nfiBingEirsagHPR gpre Avdedke wapledluigos (also referred to herein

as bi osenggigflevi cese PR i ONEul BRL ERMlne L BLEE Aplobdinibrfioper | al

arrangene erei n dévices 304 are evenly spaced apart from each other.
The cartri dgesbiofersheskhn-peecing/ifinideacesnieniy 30ogticlaispleudisddied imunber of

Anges. {1 om abBRFERBINED S0l TP HsABPERY SRl LOFEar at1 on of

Fig. 7A) cartrpdgee BOdYs PRotbmedRIdMNEHnLYic SREHRE kbt furalBa dnkings) out er
frame ring 302a and i nner frame ring 302b. R ngs 302a and 302b are fixed

relative to eamicrondedie 33yintegeated biereavifhl. UFtel dolgrirodtrit or phaynmbiiciGBasas ch

extend between rin 302a a 02b. Erane 304 is de of a riqid materi al
such as inj ect PO IIB%%’ H ‘ggatt?ec?ms@?: Iqoﬁg'“ﬁg 58@3%%5&35@%%&? 10 whi | e
torsion bars 3Qfgi@ 3&&&{@0@leituer%qge@&a?ed{mts@éﬁ & plhaii BPa RiePafatdrRS aand/ or

di nensions so as to be flexible or tw stable about their |ongitudinal axis)
e.g., stainless steel bars having a thickness in the range from about 50 to
75 ~,mand a width in the range fromahout 0.5 to 1 nm Each 20

11



i nt egrated bi osensor devices 304 is operatively attached to a torsion bar
306, preferably wherein there is a one-to-one correspondence between

devi ces 304 and torsion bars 306. Each torsion bar 306 allows the
correspondi ng attached device to rotate relative to frane 304 at |east |
partially about the |ongitudinal axis defined by the torsion bar. As such,
this axis of rotation is perpendicular to a path along which cartridge 300
is caused to rowrkixaren 36 ferveteiviGg mtsainghpe a 3@ ehtyqoimpakitipn ljast shodhasat er

rangi ng fromabout 3. to 4 cm ere the di % nce bhetwee he center of the
Sk and the brOLAHALITHRATERH el 3 1 gt IO BOUES Pregr owen

[ 0061] As nent} SSHFANE ‘1 [ o alel drive
wheel 308 fbr ST echmanr wnabe QKGR FEH FRerdta Rk T Ll Be B W cn
the cartridge stovimend@0op kiyen3bhwhichadeets atlehst mmetik 36] In ottiet srebodimehts 308
may al so be separ ate houged Wi tbhi n the.sXstem housi ng and . be confi gured

I
to recei ve and Oé’r]r%eq’)é\mﬁyh TAFEMOHRYE CRMRNSH seagplicom P ipEenaed udes a
hub 310 and a inty f f y f i-ng 302b.
Rot at i on of dr?l\%{é%\%helell tlgo%gég(tr]%%&gﬁ{%?g%?rgggfﬁgg(?%nﬁaéfg%%gw({) cgi:tltogi dge body
302 and, thus, Funtheat tegtrsédip 80 hmsd daubiersidéd adhesive $ay8040 sinotied batye@il 0. (0062]

Fig. 7B illustrates cut-a ortiaon of cartrid deyi ce 300 operatively
posi ti oned wi t tr%#’%é_@f‘&%“@%@?%%é E?ﬁ?"tlgg}?“é@ﬂe‘b?ggo%‘ﬁﬁ?é’@?gé‘g%@ﬁ]l%\‘h ng
an aperture 31gg nhdhecim it Bodfonap&rHitt 801%&?5901'1& t5 v dréd ESVerd My bigiigosensor
devices 316 to pass through, and typically ranges fromabout” 3 to 8 nm and
usual Iy from absldefines an aregior depnpitioenf the320aled plly §2igica fleidzindferher

novenment neans_are oper.ati vgtggé{?i d within the system housi ng and | ocat ed

e
proxi mte a fof ¥y SRFTSY "Bé(lé’rP \FrseYSEe 318b of aperture 316,
respecti vgmq Conpongiton2die 30as fRmwe de@threlRR dn8 s Bl A ia_@dbs@aﬁmg%t 320b
has a spring-loaded clip configuration. As best seen in Figs. 8A-F,

bi osensor novesnsie plaghisorubratg 3 and bes aspop-dpfizing configuraiins 1820 fova of

nas a topclt pureimglt 4oHhiehRReNe aklheg o'y PRSI, AP TS s SRPRRRE R,

menber 328. CompefeiedleINaAd ithecdebd 2060mRtorkelle Bavhoe sipegingautibans ahl4 and
under cartridge device 300 while conponent 320b is posjtioned such that the
pl ane in whi choREASPReIYEIIALNS HEsugupom prichprberpEBIcToRegfieSs iBipshe gtiat e passes
between clip . . . by a
bi osensor 3042§ %ﬁ&%&%éﬁ%ﬁég% agé %grf%?iep%ﬁul[jggﬁ%](glﬁliq%e%\\;vﬁggés}%? %g&%@%ﬁd
reference to Fugs.peléiritionGapdoledgathiteshe apacd(jor thransterdatoithe, is preferably
positioned such that aperture 316 is free and cl ear of biosensor devices
304 so as to pPW‘é‘ﬁ?mégﬁioé’rﬁler%?F?}h of the biosensor devices and inadvertent
i nj ury topgohgy user . BlEABEEENESI) RS @Lﬁxﬁlgﬁuﬁp@ﬁ&r%ﬁhm@aﬁeﬁf}atma 46
substantially planar position relative to bottom housing portion 34 by
means of the tEvsigadisiaheadi4@nwhich edtenils vithBOxipdation of Biicyandsdies3 2308,

Ad i tati tridge.deyice in the di i f 330, i.e.,
5 count er cPUTRAESEC BRI PEHSENS R s ieton 8 b Podmal i el se °
bi osensor devi g2hBAA6 teRidRe VaMGEthe hidsehRk PoftidntdTde Fid&BO,HpeElgitAldNwithiar eby

approachi ng conponent 320b. As device 304a is advanced, it is caused to
wedge bet ween maiixcirgdp3@2Batayay Bdis dimeosipped3Rals t¢ seast Frapillgmyforcaondlyid cl i p

dg n TOGHH: eotin | orcAO
{ricti onal - conb At U PROLbtE Far hried SipmihiR ot PR B iR Bulothlien)

nmenbers 326 anghndiSto WIRIA iR ARG, dBtéfien SRdealiystret fpbd:dimanpdioadsasted in
the direction of arrow 332 such that its back or proxinmal end 334 is

bet ween clip nextbersd@rewihia azstion onibe sakitet3PoBalpK 262830218 SilyRkangpliar d
force or press i r i 4 VA i ice 304a to
rot at e about t%q’gxl’hg%] gg %gg%a%lgﬁgrogﬁ}aﬁ%r%ﬁéggﬁgﬁgﬁ%%%ggﬁgvi ce 304a to
defl ect d@onsir d towag. @ iHpsardies aodikd exarslafy igose8B)r.detise d8ydisdo@d4a i s
advanced further forward, in the_direction of ar &/%32?1% .defl ected, front

end 336 is pau@@ﬁn@iég &ﬁt%?é?“té%éﬁiqual 56r 9%{8230 ‘zfelr%/\)é’ﬁa@_(?mémnent
320a (see Fig. re?eg%ncet RELaRY Q@bf&qfoi Wi Qfh H‘fe er?ﬁ%qt Aediffol §5dvac dohR afownwar d

and forward directioh. At this point, suc ection and forward notion is
sufficient to cause the skin-piercing el enent 340 of device 304a to pierce
the target skin surface of the user (not shown). During such piercing,
physi ol ogical fluid, e.g., interstitial,fluid or blood, is accessed and
drawn up into the bi osensor portion of éevice 304a for testing by the
system s neasurenent conponentry. After sufficient tinme for accessing and
coll ecting a sanple of physiological fluid has passed, the cartridge device
300 is caused to nove in a reverse direction 342, e.g., in a clockw se
direction, (see Fig. 8D) until device 304a becones di sengaged from novenent

e ~ NN o ~raesl o o ey . NN 2




[ 0065] The novenent undergone by bi osensor device 404 throughout an assay
application is now described with reference to Figs. 9A-9G As wth the
enbodi ment described with respect to Figs. 7A and 7B, bi osensor device 404
may be operatively attached to a cartridge (not shown) by way of a tension
bar (not 23 shown) or by way of a rotational pivot attachnent to a

hub/ spoke (see Figs. | 0Al OC) such that biosensor device 404 is held in an
origi nal bi asedegEraheminal test SiHP epnfimyratinn smilantedslenivg 207 Rigsyil deangddB.i s fl ush
with top surface.4 n . A402b. In Fi.g..9 e i osensor 404 is
moved h afirvi s OB eBRTRRET i R Rsvoxid e 30bu AR s R IR B 206
of conponent 4€2kithkinGissRBuGHiQWS stibiddatedss dnden ?aeérqﬁlyéaim&ms BktwAed whschoved
across the spaci ng between conponents_402a and 402b in the direction of
arrow 424, it emisesvalpvierm aireactine zepehd hayindher epiyepiwie redonsedgent wsieny

sl oped surface; 410 onent 402a. At.this poi he directjaon of
travel of ang|%‘8%8?§£%§§‘g¥é rﬁ%ao ”F%&F&m‘%‘&a, 1o 5)%ﬁ%&%o#enorgpgs'tragehefeﬁgt he
forward directidestrisbidoaitte ebshact & the\Wedidbs offaeauSMIT, deVice dOWMWRpErdiey ce
applied by the cartridge, angled biosensor 404 continues to nove downward

al ong sl oped seffskicpiencing slgernts H4texpodingriram nfid esuboBnodllystheg sede plape enhsor

404 becones flush with rgeted skin surface .expose hr ough erture
201, cont | nued S 0o SENERERIE SrBeEs A HS R BT AT RENSIRERE 60 o
arrow 428 (seesgateh1a@d?)70 diof BdTdrehatetidlf 3xm-fibikind clamehed4basensar 404
into contact with inversely sloped surface 416 of conponent 402b. This

cont act f or cesflidsbaned /6 Aticty gxtends preramalim itto spreer layeyr 10+@ reagtigngong ace to
the target ski#ys i $4: t LN-piercl i i 0 of
bi osensor 404 fbo' %%%‘Zt?‘?gf gﬁtﬁﬁleﬂ?gr g'tl%; hIEI’?B tssetr}{r‘i:f‘Jlalllggm@gﬂé’g}»‘tle e egﬁgéflﬁﬁl ayer,
e.g., the der nieagtheyfiadastside 7&atddesetdisd siéé 80 of tHeaespeytivacskérspictdng he

physi ol ogi cal fluid of interest, _e.ag. , Interstitial fluid_ or blood, which
fills the capitPReYt MOJGYBALES BrOXBNAl d@ At tip$2 of trsowds) PEET IS REMSLS Khpl | ng
and fluid fill i j r . hi.@gsensor 404
is again mvedcﬁélnﬂ%ﬁg]%?glt&%ﬁbg%é %\én)&gtts?% g\lﬂéng& ?ﬁgm.cog%ﬂlgggggdi ng to
arrow 432. Contramstetingphysicngicafsatnplesansned §0 4 skit-hierding slementeiderWaile

di rection causes, renoval . of biosensor 404 fromthe ski.n surfage/ sanpling
site and bri ng&°BisEide ﬁﬁf“gﬁﬁﬁmﬁfﬁ}s ’i’ﬂfft“‘t‘)t_f’d an‘én%béﬁg}?g&%aﬂ’wg‘&'ﬁyggni‘)onents
402a and 402b, ;1381%8hch Paftivdys Hay dRAst D &ah SenPledinb Q3f 74 OnCe the

angl ed sensor s brought out of the opening, as shown I'n Fig. 9G the fluid
present @084k bi osEigséilluskratehenotbensulteblasswpdinent of a bpgenser/skiner e desi red
the fluid can he assayed whil.e.th ensor is.still in sjtu ependi ng on
the preferred gl&;?&?ﬁéﬁﬁé&?&?&%%?o %?Vd{l%%fm%‘éc; a1 ?ﬁéﬁ?)gaélg@t}l Brocess
I's repeated W {ifb gifrcing?Gia sBinpl ﬁ@dro@&\dié@@%l%h\i\ﬁ@ﬁuiﬁaamsﬁ%atm ggol is
activated by the I%s_er. When aFI@d_evi ces 404 are used, T.e., ave@t)een

enpl oyed to pesstendingfromgsdistabepsningd4, totareacimacosa of madearahObef & enpved
fromthe system s. hqusin erly di sposed of.. | artridge
may then be | oA ﬁ:t}%?éosex?sﬁg@gygﬁ g%lglf%é%'ﬁ%&?a%reééélf ?"@d%ggﬁ%%?c/(ﬁﬂn@%{ur%eans of
t he enbodi nent cidestsrized @y \thd presedsPori singlefiegd lochtedrdobmabtd the téreter of the

illustrated in ternms of a re;%resentati ve rqtary cartridge gevi ce a% shown
in Figs. 10A t¥oagated stopcirg Thopumpeyiof skingiergingistrughufss; %tjet usiheinymPEhes 8

i ndi vi dual ang [ h ] i L LR 1198, &fualPEhgm sur face
444 of housi ng(l)f(a@l%v?bg%gv\%if’ rﬁaﬁ%qgﬂcﬁgegggfpg f%ﬁggtcﬁ'@rei n. Iural ﬁse,
cartridge 44b iteiual es4iand moké nsmlly foekwhee [ do B eehéretheddh8nlxs of pzwning n Fi g.

10A to operatively position a biosensor 442 relative to the bjosensor
moverent neanstlaBERS AyRicAlyFangegdrom A ta 4 dn gny ¢MBOGIMEDL, | a&ﬁletoigh%artridge
rotation is th - j ' ' wn in
Fg 108, whi cl B e e e B P

bot t om sur f acel#®4o WhEr dihe l¢dgeh framybe bekd o thevéyaip artbaclosggpedanguthrand
physiological fluid is aCﬁessed &n transggrtg%l to tae chanb rfof i osensor
442a. Then, t hETYEEPPEATHFANEEY HPPAROSE =2 49 £ 4 G ERA BT BSBEAIP™ 8% sed to
a clockw se disgghhen 452 as shown in Fig. 10C, which w thdraws biosensor
442a out of the skin, foll owed by subsequent neasurenent of analyte in the
accessed fluid. [0068] Wth m nor nodifications understood by those skilled
in the art, the biosensor configuration described above with respect to
Fig. 5 may be simlarly enployed with tfie cartridge enbodi ments of Figs. 7
and 8 or of Figs. 9 and 10 and their respective cartridge and bi osensor
novenment neans. As such, the cartridge as well as the correspondi ng
construct of the subject systemnay be configured in a nunber of different
ways, so long as the cartridge device can be mani pulated in a forward and
reverse direction for performng the assay protocol, and as along as the

o o . o, o o




25 measur enent neans, processing neans, display neans etc. are all
present on the sane structure. In yet other enbodi nents, one or nore of the
conponents may be separate fromthe other conponents. For exanple, the
measur ement means may be separated fromthe display nmeans, where telenetric
communi cation or analysis data transm ssion peans, e.g., radio frequency or
RF neans, are enployed to provide for data conmuni cati on between the two or
nmore di spdP@dd conpoiterfiud diow pachwdensi d6ehave 0 DiryChmengprsetbenteatli me subj ect

system enbodi nent..i s a "watchband: enpodi pgnt, as shown jn Fig. 11A in
Wi ch the devi capulsty faw SZRfeau e TE 8w B o i sl P s saddongn 02,
e.g., a forear e ichgdh dAANAEw PMAGA Thd RoRntH A Aslie ﬂbwgasg{;g%Qb MRhas A |

of the_conponents of the devi ce may present 1 n one int unit,
the unit is maicapidliaredimensionhthecfiowipath typiealdkhas aodiamhter htosty paist adong its

adj ustabl e str 4 or other retenti.on ans. [ 0071 ere it . is desirable
to have a subj 3@95‘2%&8&?‘}%‘5&%&?&%% it9 ﬁg@“ﬂﬂ)rﬁ 0%#"1%{‘}%83)(12%['“{1??59”_3 not
readi |y vi ewabltye Sorfle other EsHiiguPitiof e, b NBnd\EaL ﬁ’ro‘?fde,@w}%{ crBRLdel bl ?ﬁa&)g' S
typically covered by clothes or otherwi se not readily viewable, a't

conponent syst déhgt ing sgaowmedtangtd, gvall 4By, eraywinee eheploofigaativit ohtheiw gath
enbodi nent, the cartridge .device and asurenent, neans, .i.e., the
bi osensors and l?rﬁ?téin,“cﬁl?sé) [B?%§Selrt|f’rwqe:ﬁr§ﬂr [gﬁge%’i?ﬂ'ﬁﬁﬂ%fy, flewy. . a "wai st band"

conponent [6645] and tHigscdk&idsypRAL KARAdAlo FRARAR BaRbESERT inflRdés second
conponent of the system e.g., a hand- helg, remote control unit 508. The

t wo conponent s teosFHgHigcAcs W ieh pradhcestaségnabind@msponse tmiha ipeestnen ambans,

where the data co nicati.on neans J4s typicall wi rel ess. data

communi cat i on &%%%@?Y Ceo.ng‘.a'rftmﬁlgntoglaé’?ié’ferﬁnﬁwggl?gcaﬁgﬁlﬁﬂreﬁeﬁg’td[ﬁ&ch%%%di ment s
of the present ThaainberlocdtfatehdpR&imakaH e Hee 90ty pi@dlyiNas adoRamdinor
strap for attachnent, but instead? may be attached to an appropriate skin

area by neans dhe @npe Gengbatt HGktoAdRedi-vEhe manshucisg sleaph@appesent | nventi on
0073] Th bj i .fi i { f i Ni
057S) 1 S S 3t T B BB ™

characteristic , suring

concentration elie praseno@byirealyta irflpldyséseh o th@thdohber AWhils ipttedrbalefGehdae
subj ect nethods, a device 26 havi ng an integrated_ biosensor and

ski n- pi erci ng éheHwMHUCIEE F5aRSMANBroghes o signaliBeds difadive o5 eimsegnedve, is
provi ded and pQsiiti0 | : ' r t he user.
The i ntegrat edgg%ﬂg{seé@?ﬁggé?é(%ﬁieg%gghé%gﬁ ltée ﬁn%rlvsguc;i#é In?egﬁssfgaot%g rtom an
initial or ret gandredts peignhl that it praposiomaht, the xnenntexf analyskinrtbo physoadlogical

posi tion skin gléﬂegei n the target surface is pierced, and physiol ogi cal
fluid is acces ‘and transported to the biosensor portion of the device.

The transligiq7gn or mReasBObf WinsiiEngRbhfCor iftefRY @hEREdy be pfRsmve tand retract

it fromthe skin. [0074] Wen used Wth the subject cartridge devices

descri bed aboveubjactsengass istayjphotometric transducing means. Photometric transducing
means of interest typically include one or more reagents of a signal producing
system that produces a detectable product in proportion to the amount of analyte
present in the chamber. The detectable product is then photometrically detected to
provide for a detection of the presence of analyte, and typically a measurement of
the concentration of analyte, that is present in the fluid inside the chamber.
Photometric transduction means of interest that may be employed in such
biosensor devices include, but are not limited to, those described in U.S. Patent
Nos. 4,935,346; 5,049,487, 5,509,394, 5,179,005; 5,304,468; 5,426,032;
5,563,042; 5,843,692; and 5,968,760; the disclosures of which are herein

incorporated by reference.
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of such integrated biosensor devices is provided in operative engagenent
with the cartridge device. The cartridge device is provided and positioned
planar to a target skin surface area of the user. A novenent neans is

enpl oyed to nove or translate the cartridge in a first direction which acts
to nove or translate the biosensor device froman initial or retracted
position to a second) extended or skincontacting position wherein,the
target smoi4ste i s piretieedypepifysingdusyigontant ofimers thal R RPTESAt T Bhispor t ed

to the biosensor portion of the devi.ce. The nov t ah&el hen
activated to ﬁ%ﬁléCt@FnstOF%\ﬁﬁ“ﬁﬁ%“ﬁ’%@anﬁlﬁzﬁtt@f‘ﬁ@@%@?@g' }IEIEEa sgclgg%éld or reverse

direction whi t QedTRVE iftErebitamedInt @clube abbRoeatmital orll thik s second,
ext ended posi {f@g?}cﬁ%ggkﬂ%o a #etrrgac?ﬁeld g}f)si tion. Such novenent of the
bi osensor deviiggudes awo alecabdascinddnt or enoskieagesnobngnah §raysing sypeMand vi sa

versa, may be further defined by.defl ecting,the bj vi,ce froma
subst ant i ;I |y WheshBessHsERS iV ‘%?%‘F‘érgkooﬁ’r%@é‘fel aé]c‘ltlgcgﬁg%glﬁglg%ﬁhf or

contacting ang (%ioq:{igﬁ Rt h&0akKl dF-anh QR ftkseNRthe sEanbiért The lgensrutsiiect syst em
as described ab ve, the cartridge dévice is provided within or |oaded into
a housing st r widctrical bavémgraviddsifor 4 deteettpnvedithe Prasanag R HWEr 3 EPERE ei n.

The external surface of t skin-faci ng. wall_ i Rsd tdsered flush
with the targé‘t@%@%ﬁ@?“é@?&’&c?@“%ﬁngﬁn%qgft’ﬁ‘éalzutgetﬁétl? g?e{:ngrﬂ% %hledge device is

positioned w tjhi EhdJ?x\EA’%é?.i BgcSidheEicAl Basidabtiddh@taristof irterebiethairmay bh t he skin

facing surface an efeln the translation of the plurality of biosensor

devices is in empaydiviaythalbiosmispydayicss inchuleabetrarg pe I torr%\?é%‘ﬁf“%erd

transl ati on of the Pgart ri dg 3 255(:54 . Q&X@ﬂztlb@ JVaBnY sopaded | ection
AL S S e £e T R PO oA,

of a parti cul ap By veS passage of at |east the
ski n-pi ercing 6&{3@&:@1{1& EBA AU, bYYB3RAPET; 109149 71269and DALIOT I04; (be disclosuigs skin
surface. [0076] e subject methods further include providing a neter or
measur enent meafnghiels awtderein bre@rpaseioe by refei§asat i ve contact with the

bi osensor_devi ce for. neasuri . Bhodifdest &fa t he sanpl ed
physi ol ogﬁogﬁ?] flui d%ﬂgsaﬁg‘faéxp@dﬁlpgrﬁﬁé@%gé%@g{a%ﬁéevi ce upon accessing the
physi ol ogi cal 6'b§9n@or/mﬁiefr¢ihg/ﬂnm afedshieviceatd swimbleolos uey Wit il Besgnba of

t he bi osensor dlevi ce with the sanpl ed physi ol ogé.cag%y aitgitﬁgn %L%ﬂgllthgs

appl i ed to theinvewimnwbichrevidgds Aiselesedd MrorPREdDE oF> e sabfect system
and the chem cal. char.a | Skl i t . herél @hadrporadbgnt r at i on,

i s made and th@f?ggﬁfﬁtaﬁégg@%'?‘gégﬁ gtﬁ % l\iIos'Q}gig’spl ayed via a ga?spl gy
provi ded on t hafsysieeMvaesi ldinelndes splstarfedd hiZoandbarblage periqnilédrdte or

| ater retrieval. [0077] The subject t hod evi c : i nd use
in a variety ofengpfpastiend LgpoLR Qtofld‘gg C?Weaﬁygﬁnﬁeﬁeacffin g%é%@hgﬂqgﬁal yte

and/or measur enenly0f, ANAEE RRERNS kR hberdl 18phoitdgh Satodtiad @ i s

k
desired. The sHbj ect systens, devices and net hods fjnd &S{rti cullgr use in
anal yt e concenbladt botnoingiclamdnt d20 phidhextandn sustastially FAVSYRTSHE? PBEYof ti me,

as described in copendi U. S. ,Paten | i [ I t 180P/cBfive &2D,

t he di scl osur ef@mewic Mg‘gbq{ﬁrléisﬁwleﬁtooﬁg\gart%@ggé gﬂ;lal;ig?%réigﬁgg, wher e t he
physi ol ogi cal B'swngfaéﬁmhffﬁk&/ SPEASAT BN Tian@C T12. Raaser oxemtbie A1 B papsrangled
continuously according to a predeternuned schedul e. %}9278%1&5&&?1%% ent

moni tori ng applfionasirtacs or t4vep peEige A4 viidralioss ReSEEN SAB8Yed o:gr(‘ag
conti nuously nonitar anal yt S e t natty hfad389s plveiddwpod a
di sease condi tiogﬁ‘?‘“%‘? Sfb rql@g%_tg}h 3?&%@%%@1 aAalIa%&E%ood sugalr), di sorders
such as di abet g Bhds 020 isrhgecifitaliynaoudted, thnarat arstupil Viehadhit at i on
is associated wth a non-di sease physiolo i_r(I:achondi t@g%@%ii{%f est, e.g.,
y

al cohol i nt oxi ceducedtictignabfpaeesayithythgaiger'y ARk honi for t he

concentration of a therapeut j ugddberepyprapidkd edth omiangeerc.
[0079] Where tf?@“ﬁ’ﬁ%f‘rs%se‘gi%&}ééag%ggmméﬂ%r esent iryvpenti,on finds use.in a
variety of diffgsekavanph legdribassamiehubstamipllyoctivel ideaiHeRt: hoMEV fraREgement

of glucose associ ated di sease conditions, e.q. i elased
condi tions. |n {20a8ey kavssaY TERRESYNASHGCAUNRT LY O%r%s?ﬁo gﬁéaghgvl{rces find use

In providing f O§en%§r portion 116 is spaced apart from blade portion 114 to allow substantially
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"continual" glucose nonitoring, by which is neant that glucose levels in a
patient are neasured intermttently and automatically according to a

predet ermi ned schedul e. The subject nethods can al so be enpl oyed to detect
and predict the occurrence of hypo- and hyperglycem c conditions. In such
applications, the pattern of continually nonitored anal yte concentration
measur enments can be enployed to determ ne whether a patient is experiencing
hyper- or hypodluyk ergagemgnicsnisasqrmgridnel ifavite the wt aieaaf theaisenis skinsul t s

stored within tih r.vi storage ans t control or reference

pattern. In adéef{?ogry?,%hgdggl 126'3&%8 Y%%ﬁ(a HY L &R lgfgaf%%gﬁy%ﬁ? &°GPtd conpare
It to an appro@hyﬂbbgmnﬂﬁiﬁl i.é?,ri_nfe?sftﬁiraﬁﬂﬁi% RM IR Eeh%rﬁfa@qlzgtmaty%v@(éﬁwrrence
of a hypo or hyperglycenm c condition. The subject nethods can be part of a

nore conpr ehengh¢ecirnelieapgal pr gheleaketithezingigarition apdesgahed ayeoccur rence of

hypo and gl ycery,c..events, e.q...b rredi cting the occurrence of such
events wi [[’%dﬁ)ﬂe subjr{%algltle é@gﬂ%&gngg‘ghg% C@é"%ﬁﬁasqfﬁg’é“r‘%‘}‘f# i 9758d sugar
net abol i smin deppeNQiitabledbr WeeMENths syHEMPBEMEPRAER: iRTedtioa navedidyt ed event .
[ 0080] The present invention may be enployed with a variety of different

types of host s iNwseatedand(dpscsibadrit isomidergtood thisany &e ofibiassnsst, 4.m1 er est
i ncl ude) but ar | 1.m,t Q..m ls. Manmmal s of jnterest include
val uabl e i vestegeg f&hee.“{glg%l’ ﬁ%rt‘gsnel%tpc’%m%tﬁl&elﬁgy ‘S’%F%‘Pﬁ"yﬁ‘ztw ét,% Oep.eé’.r ,moa%gs,

cats etc., and shitdBskinlpierting tlea®BBb MEibicheedlBE ARIMBABLyOWhilbkgdRifidhe
subj ect net hods areOFract iced are humans. Kits [0081] Also provided are

kits for pract iSEinss of HENPiRIFias clementicus micrprepdeehtysdeap Hiusrplgd ard t s
el ud h DJ ¢ e . _ b
S nole. i nt oyt alarsbd ing St 0 b8 B SRR Fing UGG Bty bEMASRISAUTRY DT °

g., a renote-coidsemdor davceli, sploay astRpansdnabled tik skiaRbespiemctd eithpaingm. The
kits may include a sjingle disposable cartridge, device, or two or nore
di sposabl e car PRiIndEERe RRUSPE FOT examplesidie shiBpialsHgLlsment jdy RGVER t he subj ect

system Finall i | j u j I i LN he

subj ect syst enéu}g?\%ﬁ?gi lﬂ%ﬁ%‘f#%@é\‘?@é%ﬂ gﬁﬁg%cﬁwﬁﬁggy Fgl?%df%hgg%%t of
t he subj ect 29wedgg-dikeor triingsler inshhpaistichana subyartiallp flacened tdanglediker nore
of the packaging,_a Iabeglinsert, containers present in the kits, and the

like. [0082] ACPHEIGRIIMAEIAEERYGIHRY HaNe anY PORT HALOISEAPY St SRR Per o Ebne
detail by way Ql_flaﬁe!dflﬂﬁé §1@i‘r§-‘roféﬂci§§gle§1>éﬂlrf9}§tl€£rt tHWIPOSESE sqgln—ﬁie%ifll YeRbnt

understanding, it is readily apparent to those of ordinary ski in the art
in light of théehat éopsnewaige gfto theiskin, mayriteiany stiltattle stepe dinpludingnpgsioand

o et oS S BRI S B b LA R
triangular, star, etc. Additionally, the skin-piercing element may be tapered or
may otherwise define a point or apex at its distal end. Such a configuration may
take the form of an oblique angle at the tip or a pyramid or triangular shape or the
like. The dimensions of the skin-piercing element may vary depending on a
variety of factors such as the type of physiological sample to be obtained, the
desired penetration depth and the thickness of the skin layers of the particular
patient being tested. Generally, the skin-piercing element is constructed to provide
skin-piercing and fluid extraction functions and, thus, is designed to be sufficiently
robust to withstand insertion into and withdrawal from the skin.

[0051] In each embodiment, the biosensor/skin-piercing/fluid access devices are
configured so as to provide a repeatable interface with the physiological fluid

access site and with the target skin layer when operatively employed with the
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A systemconprising: a plurality of devices wherein each said device
conprises' (i) at |east one skin-piercing nmenber configured to access
physi ol ogi cal fluid beneath the skin surface; (ii) a biosensor for
measuring a characteristic of the accessed physiol ogical fluid wherein said
skin-piercing nenber is integrated wth said, biosensor, and (iii) a
physi ol ogical fluid transfer pathway extending fronlsald at | east one

ski n- pi erci ng rARBIEES HeVise apdisy yemnabihe papsenbinmeniios, MEIChmsy noy desaztvedin sai d
plurality of dqylﬁps in a manner that provides for angled penetration of
the skin surface W'th said at |east one skin- pi erci ng menber followed by
renmoval of said at |east one skin-piercing nmenber fromsaid skin surface 2.
The systen1accord|ng to cIa|n11 wherei n each said device conprises a planar
conflguratlon C fghe Hregent|lpygationne ski n- plerC|ng menber extends

L el amindd ==t s IR BRSO RO O B

pl anar confi gursampwcollécﬁdsrear&mmm@m@wbtaﬁ 20@ of thRipres3ntAQERidh Rind a0l anar

devi ce defines a
compact, portable structural configuration. This structure includes an ergonomic

housing 202 having a top portion 204 and a bottom portion 206 hinged together by
hinge means 208 which allows top and bottom portions 204 and 206 to be opened
apart and closed upon manual activation of depressible key 226 or the like. Fig.
6D illustrates housing 202 in such an open condition while Figs. 64, 6B and 6C
illustrate housing 202 in a closed condition. Together, top housing portion 204
and bottom housing portion 206 define an interior compartment into which a
cartridge device 210 of the present invention is operatively loaded and then
removed after use. As will be described in greater detail below with respect to
Figs. TA and 7B, cartridge 210 contains or provides one or more, and typically a
plurality of, biosensor/fluid access devices 220.

[0053] When properly loaded within the interior compartment of the housing, the
bottom surface of cartridge device 210 is positioned adjacent the internal side of a
bottom wall 212 of bottom housing portion 206. Preferably, bottom wall 212 has
an external surface configuration which is smooth and contoured as necessary to
be flush against a selected area of the user’s skin. Within bottom wall 212 is an
aperture 214, as shown in Fig. 6C, sized and positioned such that a single
biosensor/fluid access device 220 may be aligned with and exposed through
aperture 214 while the remaining biosensor/fluid access devices 220 are concealed
and protected within bottom wall 210. Associated with aperture 214 are contact
means (not shown), e.g., electrical leads or an analogous means, for
communicating electrical signals between device 220 when positioned at aperture
214 with a meter or measurement means (not shown) housed within housing 202.
Such electrical signals include input signals from the meter to the device 220 for

initiating the chemical reaction between a sampled fluid and a reagent within
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bi osensor having a test strip configuration and said at |east one

ski n-pi erci ng nenber extends fromsaid test strip. 5. The system accordi ng
to claim2 wherein said at | east one skin-piercing nenber extends in a
direction substantially transverse to said planar device A system
conprising: a housing structure having a skin-facing portion and an
aperture within said skin facing portion, B, F & F Ref' LIFE-021 Lifescan
Ref: LFS - 117 deyicDQ2d iMENTE (o dedarOdd 4 tﬂamieﬂrhaqapﬂei’ism ieqgn, dnatytaétg.onal
phase filings. cartri ecei v thin sajd hoysing structure
and conpri si ng giucgp rCQPF?’XVaBP“o‘ggf”é‘iécceé% [0 éﬁ“ﬁplﬂgg"oé‘bt d’ﬁfﬁﬁ%‘?‘ﬁaya sensor
means for mas‘f{xéaﬂ@o?aﬁ@ﬂ&@?i ristic of a physiological fluid, a
skin-piercing elenment and a physiological fluid transfer pat hvvay ext endi ng

from sai d [8054)- pi er Qualy nedasuremenamears diasl trearsesanyzans ruoread sothponeim\fbing

said cartridge c\cl)mmtpgtlllghtsya\lvﬂh q?eutifi)g gf blogel}llgct)ruerrgplgycl)edaosn }le?/lgeps)%28t elc\g/? |ar>1/
electrochemical, photometric or colorimetric sensor. With an electrochemical
based measurement system, the electrochemical measurement that is made may
vary depending on the type of assay measurement and the meter employed, e.g.,
depending on whether the assay is coulometric, amperometric or potentiometric.
Generally, the electrochemical measurement will measure charge (coulometric),
current (amperometric) or potential (potentiometric), usually over a given period
of time following sample introduction into the reaction area. Methods for making
the above described electrochemical measurement are further described in U.S.
Patent Nos.: 4,224,125, 4,545,382; and 5,266,179; as well as in International
Patent Publications WO 97/18465 and WO 99/49307; the disclosures of which are
herein incorporated by reference. With photometric/colorimetric assays, optical-
type meters are used to perform the assay. Such assays and methods and
instruments for performing the same, are further described in U.S. Patent Nos.
4,734,360, 4,900,666; 4,935,346; 5,059,394; 5,304,468; 5,306,623, 5,418,142,
5,426,032; 5,515,170; 5,526,120; 5,563,042; 5,620,863; 5,753,429, 5,773,452,
5,780,304; 5,789,255; 5,843,691; 5,846,486; 5,968,836 and 5,972,294, the
disclosures of which are herein incorporated by reference.

[0055] System 200 further includes means for operatively moving cartridge 210
within housing 202 so as to operatively move cartridge 210 in order to
sequentially position each biosensor/fluid access device 220 at or relative to
aperture 214. Such cartridge movement involves advancement of cartridge 210 in
one direction, e.g., clockwise, and reversal of cartridge 210 in the opposite
direction, e.g., counter clockwise, relative to aperture 214 to align a device 220
within aperture 214 and to remove or conceal a device 220 from aperture 214.
Such cartridge movement means may be a motor-driven system, or the like, or

may be manually driven by the user by means of a ring or lever mechanism
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position each of said plurality of devices relative to said aperture;
met er housed within said housing structure for applying signals to said

sensor nmeans for nmeasuring a characteristic of physiological fluid and for
receiving signals fromsaid sensor nmeans. 7. The system according to c

6, wherein said neans for
relative to said aperture in a forward and then in a reverse direction.

and a

| ai m

noving said cartridge noves each of said devices

8.

The syst em acc@K@imagta ousing 2926 In fammqthledrl‘mmrﬁylsaem, ngtmr%l Ofroay eoprorided i ng

th t of .and.th id t t
Syst om acoor di RAELEE Sy 23 SaGRRR, UnPReRETGe o8 Viet A0 e S oo
to be worn on and pshii6nddegitian hdsind D2, Syt Wneélcmr@bﬁ@gw“ﬁ hay dH\@ shx@er ein

sai d housi ng

structure is configured to be worn about the waist. B,

Ref: LIFE-021 EB4 é@crawtl%ﬁmm@ ZIOIQTOIWaTMLrtNEISH\iirNt@n@ZDIMehz(f2234 is

: : L
a&pkt}ci}]gogl_f 2\[ ?"ltl Iro ed bE') h%?lve motorngfso?ocate 2w1tkﬁn compartm Aéxyt ﬁ% A

[0056]

[0057]

System 200 also includes biosensor movement means (not shown)
associated with cartridge 210 at aperture 214 for api)lying a force on each device
220 that is positioned at aperture 214. Such biosensor movement means moves a
device 220 downward from the bottom surface of the cartridge on which all of the
devices 220 are positioned, and through aperture 214 so as to operatively contact
device 220 with the selected skin area. Such gperative contact involves piercing,
cutting or lancing the skin surface with a skin-piercing element provided on each
device 220. Any convenient means for applying such downward force on a device
220 may be employed, where representative means include spring means or
analogous mechanical means, and the like, which are described in greater detail
below.

System 200 further includes a controller having a microprocessor for
controlling operation of the measurement means, data processing means,
automated cartridge movement means, and a display 218 for displaying
measurement data and other related data, e.g., to inform the user when all of the
devices 220 have been used. The microprocessor may further be associated with a
memory storage means for the short-term or long-term storage of measurement
data. System 200 may further include a communication module for the
bidirectional communication with a remote control device or and other devices,
e.g., by wireless data communication means, e.g., telemetry means, such as by
infrared (IR) transmission or radio frequency (RF) transmission, for the
communication of assay protocol programs and information and for the immediate
or later retrieval of measurement data and the like. System 200 further provides
user control keys 224 on housing 202 to allow the user to enter or select data or
parameters from menus displayed on the display, or to activate movement of the

cartridge and an assay protocol, which representative data signals are sent to the
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A h,.Ah?. AU. A{?. A ,.A[?.AUR A ?. A h,.A?. AR AUR. A{

. AA3. A?. A?. A3AR Ae. AhR A{e. AR A AE\,*d | Nol

""~$&&) **. X/ M2} xsnhc”Y] ca] ca] caV] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca]c™al]c
a]J ca] ca] ca] ca] cRa] ca] ca] caV] ca] ca] c”a] ca] c”a] cal]cRa M2778 ,
=>?? CCE<HIKNMP2@BM Q@ YYq[ ~al crcgUi | | xr Av~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca
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&()- 10%% (s)eéfegi%(g%lm(&néﬁftl?}méréihl th necessary data or signal lines may run, for
example, from compartment 230 in top housing portion 204 through hinge 208 to
bottom housing portion 206. Alternately, such data or signal lines may be
provided within top housing portion 204 such that they come into contact with
corresponding data or signal lines within bottom housing portion 306 when the
housing is in a closed condition.

[0059] Referring now to Fig. 7A, there is shown a representation of one
embodiment of a cartridge device 300 of the present invention suitable for use
with at least the biosensor/skin-piercing/fluid access devices of Figs. 1, 2 and 3.
Cartridge device 300 has a cartridge body or frame 302 and a plurality of
integrated biosensor/skin-piercing/fluid access devices 304 (also referred to herein
as biosensor devices) positioned thereon, preferably in a serial arrangement
wherein devices 304 are evenly spaced apart from each other. The cartridges of
the present invention may host any suitable number of integrated biosensor
devices 304 wherein the number of cartridges generally ranges from about 6 to 10.

[0060] In the annular or disk configuration of Fig. 7A, cartridge body 302 is
defined by concentric frame rings, outer frame ring 302a and inner frame ring
302b. Rings 302a and 302b are fixed relative to each other by means of a plurality
of torsion bars 306 which extend between rings 302a and 302b. Frame 304 is
made of any rigid material such as injection molded plastic such as a
polycarbonate material, while torsion bars 306 are preferably made of a material
having properties and/or dimensions so as to be flexible or twistable about their
longitudinal axis, e.g., stainless steel bars having a thickness in the range from

about 50 to 75 pm and a width in the range from about 0.5 to 1 mm. Each
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integrated biosensor devices 304 is operatively attached to a torsion bar 306,
preferably wherein there is a one-to-one correspondence between devices 304 and
torsion bars 306. Each torsion bar 306 allows the corresponding attached device
to rotate relative to frame 304 at least partially about the longitudinal axis defined
by the torsion bar. As such, this axis of rotation is perpendicular to a path along
which cartridge 300 is caused to rotate or travel. Cartridge 300 typically has a
diameter ranging from about 3 to 4 cm, where the distance between the center of
the disk and the biosensor devices typically ranges from about 7 to 9 mm.

[0061] As mentioned above, cartridge device 300 may further include a drive
wheel 308 for attachment to a drive shaft housed within system 200 in which the
cartridge device 300 is to be loaded. Alternatively, drive wheel 308 may also be
separately housed within the system housing and be configured to receive and
engage with cartridge frame 302. Drive wheel 308 includes a hub 310 and a
plurality of frame bars 312 fixed to inner frame ring 302b. Rotation of drive
wheel 308 causes rotational translation of cartridge body 302 and, thus, rotational
translation of devices 304 about hub 310.

[0062] Fig. 7B illustrates a cut-away portion of cartridge device 300 operatively
positioned within a bottom housing portion 314 of a subject system having an
aperture 316. The width of aperture 316 is sufficient for the biosensor devices 316
to pass through, and typically ranges from about 3 to 8 mm and usually from about
4 to 6 mm. Components 320a and 320b of a biosensor movement means are
operatively fixed within the system housing and located proximate a forward side
318a and a reverse side 318b of aperture 316, respectively. Component 320a has a
wedged configuration and component 320b has a spring-loaded clip configuration.
As best seen in Figs. 8A-F, biosensor movement component 320a has a top planar
surface 322 and a downward sloping front surface 324, while biosensor movement
component 320b has a top clip member 326 spring-loaded or biased against a
bottom clip member 328. Component 320a is positioned on bottom housing
portion 314 and under cartridge device 300 while component 320b is positioned
such that the plane in which cartridge device 300 and biosensor devices 304 rotate

passes between clip members 326 and 328.
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application is now described with reference to Figs. 8A-F. Cartridge device 300,
when inactive, is preferably positioned such that aperture 316 is free and clear of
biosensor devices 304 so as to prevent contamination of the biosensor devices and
inadvertent injury to the user. Furthermore, each device 304 is maintained in a
substantially planar position relative to bottom housing portion 314 by means of
the tension placed on the devices 304 by torsion bars 306. Advancing or rotating
cartridge device in the direction of arrow 330, i.e., in a counter clockwise direction
with referenge to Fig. 7B, will cause biosensor device 304a to advance or rotate in
the same diréction thereby approaching component 320b. As device 304a is
advanced, it is caused to wedge between top clip 326 and bottom clip 328b (see
Fig. 8A). As the clip members are biased against each other, biosensor device
304a is in frictional contact with component 320b when positioned between the
clip members 326 and 328. When biosensor device 304a is sufficiently advanced
in the direction of arrow 332 such that its back or proximal end 334 is between
clip members 326 and 328, component 320b places a slight upward force or
pressure on biosensor device 304a thereby causing device 304a to rotate about
torsion bar 306 and front or needle end 336 of device 304a to deflect downward
toward aperture 316 (see Fig. 8B). As device 304a is advanced further forward, in
the direction of arrow 338, deflected front end 336 is caused to contact sloped
front surface 324 of wedged component 320a (see Fig. 8C), thereby being further
forced or deflected in a downward and forward direction. At this point, such
deflection and forward motion is sufficient to cause the skin-piercing element 340
of device 304a to pierce the target skin surface of the user (not shown). During
such piercing, physiological fluid, e.g., interstitial fluid or blood, is accessed and
drawn up into the biosensor portion of device 304a for testing by the system’s
measurement componentry. After sufficient time for accessing and collecting a
sample of physiological fluid has passed, the cartridge device 300 is caused to
move in a reverse direction 342, e.g., in a clockwise direction, (see Fig. 8D) until
device 304a becomes disengaged from movement components 320a and 320b and

is caused by torsion bar 306 to return to its original planar position relative to
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cartridge rings 302a and 302b (see Fig. 8E). Finally, cartridge 300 is again
advanced in a forward direction 346 until used device 304a completely passes over
aperture 316 of Fig. 7B (see Fig. 8F), at which point cartridge 300 may be locked
in place so as to prevent inadvertent movement and possible injury to the user.
Such process is repeated with each device 304 when an assay protocol is activated
by the user. When all devices 304 are used, i.e., have been employed to perform
an assay protocol, the used cartridge may be removed from the system’s housing
and properly disposed of. A replacement cartridge may then be loaded into the
system.

Refeiring now to Figs. 9A-9G, there is shown another embodiment of a
biosensor movement means 400, particularly suited for use with the biosensor/
skin-piercing/access devices of Fig. 4. The biosensor movement means 400
includes spaced-apart components 402a and 402b present within the housing of
the subject systems. Components 402a and 402b are spaced apart so as to straddle
an aperture 401 within the bottom housing wall, as described above, and provide
surfaces and edges to guide a biosensor device 404 through aperture 401 for
operatively contacting a target skin surface area of a user. Such surfaces and
edges match the slope of the surfaces and the angles of the edges of biosensor
device 404. More specifically, component 402a has an angled surface 410 that
matches the back surface 412 of angled biosensor device 404. Angled surface 410
typically forms an angle o with the bottom surface 414 of component 402a that
ranges from about 40° to 55°, and more usually from about 45° to 50°.
Furthermore, component 402b has a top surface 406 that engages a bottom surface
408 of the angled biosensor device 404, and has an angled back surface 416 that
matches a front surface 418 of angled biosensor device 404. Angled back surface
416 typically forms an angle 8 with the bottom surface 420 of component 402b
that ranges from about 30° to 50° and more usually from about 25° to 35°.

The movement undergone by biosensor device 404 throughout an assay
application is now described with reference to Figs. 9A-9G. As with the
embodiment described with respect to Figs. 7A and 7B, biosensor device 404 may

be operatively attached to a cartridge (not shown) by way of a tension bar (not
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shown) or by way of a rotational pivot attachment to a hub/spoke (see Figs. 10A
10C) such that biosensor device 404 is held in an original biased position in which
bottom surface 408 of device 404 is flush with top surface 406 of component
402b. In Fig. 9A, angled biosensor 404 is moved in a first direction according to
arrow 422, across top surface 406 of component 402b. Fig. 9B shows that as the
angled biosensor 404 is moved across the spacing between components 402a and
402b in the direction of arrow 424, it drops down into the opening there between,
moving along sloped surface 410 of component 402a. At this point, the direction
of travel of angled biosensor 404 is rcverséd, as shown in Fig. 9C, in the forward
direction indicated by arrow 426. Because of the downward force applied by the
cartridge, angled biosensor 404 continues to move downward along sloped surface
410 such that bottom surface 408 of angled biosensor 404 becomes flush with a
targeted skin surface exposed through aperture 401. Continued forward movement
of angled sensor 10, in the direction of arrow 428 (see Fig. 9D), brings front
surface 418 of angled biosensor 404 into contact with inversely sloped surface 416
of component 402b. This contact forces biosensor 404 further downward and into
the skin surface to the target skin surface, causing the skin-piercing configurations
430 of biosensor 404 to penetrate the target skin surface to selected skin layer,
e.g., the dermis, epidermis, subdermis, etc., thereby accessing the physiological
fluid of interest, e.g., interstitial fluid or blood, which fills the capillary flow path
of biosensor 404.

[0066] Following sampling and fluid fill of the capillary flow path of biosensor
404, biosensor 404 is again moved in the first direction as shown in Fig. 9E
according to arrow 432. Continued movement of biosensor 404 in the first,
reverse direction causes removal of biosensor 404 from the skin surface/sampling
site and brings biosensor 404 up, out of the opening between components 402a
and 402b, as shown in Fig. 9F and indicated by arrow 434. Once the angled sensor
is brought out of the opening, as shown in Fig. 9G, the fluid present in the
biosensor chamber can be assayed. (Of course, where desired the fluid can be
assayed while the sensor is still in situ, depending on the preferred

sampling/measurement protocol being employed.) Such process is repeated with
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the used cartridge may be removed from the system’s housing and properly

disposed of. A replacement cartridge may then be loaded into the system.

[0067] The cartridge movement means of the embodiment described with respect
to Figs. 4 and 9 is further illustrated in terms of a representative rotary cartridge
device as shown in Figs. 10A to 10C. In Fig. 10A, rotary or disk cartridge 440
includes 8 individual angled biosensors 442 and is positioned on top of bottom
surface 444 of housing (not shown) having an aperture 446 therein. In use,
cartridge 440 rotates in a first clockwise direction 448 as shown in Fig. 10A to
operatively position a biosensor 442 relative to the biosensor movement means
according to Figs. 9A and 9B. The direction of the cartridge rotation is then
reversed to a counter-clockwise direction 450 as shown in Fig. 10B, which brings
the biosensor 442a into the aperture 446 within bottom surface 444 wherein the
target skin surface area is pierced and physiological fluid is accessed an
transported to the chamber of biosensor 442a. Then, the direction of rotation of
cartridge 440 is again reversed to a clockwise direction 452 as shown in Fig. 10C,
which withdraws biosensor 442a out of the skin, followed by subsequent
measurement of analyte in the accessed fluid.

[0068] With minor modifications understood by those skilled in the art, the
biosensor configuration described above with respect to Fig. 5 may be similarly
employed with the cartridge embodiments of Figs. 7 and 8 or of Figs. 9 and 10 and
their respective cartridge and biosensor movement means. As such, the cartridge
as well as the corresponding construct of the subject system may be configured in
a number of different ways, so long as the cartridge device can be manipulated in a
forward and reverse direction for performing the assay protocol, and as along as
the biosensor devices can be operatively manipulated the biosensor movement
means of the system so that the biosensor devices present on the cartridge can
pierce the skin surface and access the physiological fluid therein.

[0069] The device and systems may take a variety of different configurations. In

Certain emhﬁdimf‘an the devirae ara Single lntegral devices’ in Wthh the
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measurement means, processing means, display means etc. are all present on the
same structure. In yet other embodiments, one or more of the components may be
separate from the other components. For example, the measurement means may be
separated from the display means, where telemetric communication or analysis
data transmission means, e.g., radio frequency or RF means, are employed to
provide for data communication between the two or more disparate components of
the device.

[0070] One representative subject system embodiment is a “watchband”
embodiment as shown in Fig. 11A, in which the device 500 is configured to be
worn around a limbic portion 502, e.g., a forearm, in a manner analogous to a
watch. In this embodiment, all of the components of the device may be present in
one integral unit, where the unit is maintained in contact with the skin of the host
via an adjustable strap 504 or other retention means.

(0071} Where it is desirable to have a subject system in contact with a portion of
the user that is not readily viewable, e.g., a portion of the waste or other portion
that is typically covered by clothes or otherwise not readily viewable, a two
component system, as shown in Fig. 11B, may be employed. With such an
embodiment, the cartridge device and measurement means, i.e., the biosensors and
meter, are present within one component, e.g., a “waistband” component 506, and
the display and control means are present on a second component of the system,
e.g., a hand-held, remote control unit 508. The two components communicate with
each other a data communication means, where the data communication means is
typically a wireless data communication means, e.g., RF telemetric means.

[0072] In other embodiments of the present invention, the subject systems do not
require a band or strap for attachment, but instead, may be attached to an

appropriate skin area by means of a biocompatible adhesive.

Methods of the Present Invention

[0073] The subject systems and devices find use in methods of determining a
characteristic of physiological fluid, most typically, measuring the concentration

of an analyte in a physiological fluid. In practicing the subject methods, a device
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having an integrated biosensor and skin-piercing element, such as the various
embodiments described above, is provided and positioned relative to a target skin
surface area of the user. The integrated biosensor device is caused to move or
translate from an initial or retracted position to a second, extended or skin-
contacting position skin wherein the target surface is pierced, and physiological
fluid is accessed and transported to the biosensor portion of the device. The
translation or movement of the device is reversed to remove and retract it from the
skin.

[0074] When used with the subject cartridge devices described above, a plurality
of such integrated biosensor devices is provided in operative engagement with the
cartridge device. The cartridge device is provided and positioned planar to a target
skin surface area of the user. A movement means is employed to move or
translate the cartridge in a first direction which acts to move or translate the
biosensor device from an initial or retracted position to a second, extended or skin-
contacting position wherein the target surface is pierced, physiological fluid is
accessed and transported to the biosensor portion of the device. The movement
means is then activated to move or translate the cartridge device in a second or
reverse direction which acts to move or translate the biosensor from this second,
extended position back to a retracted position. Such movement of the biosensor
device from a retracted to a skin-contacting position, and visa versa, may be
further defined by deflecting the biosensor device from a substantially planar
position to angled or deflected position for contacting and piercing the skin.

[0075] When used with the subject system as described above, the cartridge
device is provided within or loaded into a housing structure having a skin-facing
wall having an aperture therein. The external surface of the skin-facing wall is
preferably positioned flush with the targeted skin surface area of the user. The
cartridge device is positioned within housing structure such that it is planar with
the skin facing surface and wherein the translation of the plurality of biosensor
devices is in a pathway directly over the aperture. Upon movement or translation

of the cartridge as described above, the movement or deflection of a particular
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biosensor device involves passage of at least the skin-piercing element through the
aperture to contact and pierce the skin surface.

[0076] The subject methods further include providing a meter or measurement
means as described above in operative contact with the biosensor device for
measuring the selected characteristic of the sampled physiological fluid transferred
to the biosensor device upon accessing the physiological fluid. Upon filling of the
reaction zone or matrix area of the biosensor device with the sampled
physiological fluid, a signal is applied to the biosensor by the meter componentry
of the subject system, and the chemical characteristic of interest, e.g., analyte
concentration, is made and the resulting measurement data is displayed via a
display provided on the system housing and is stored into memory for immediate
or later retrieval.

[0077] The subject methods, devices and systems find use in a variety of different
applications in which detection of an analyte and/or measurement of analyte
concentration in a physiological fluid is desired. The subject systems, devices and
methods find particular use in analyte concentration monitoring applications over
a given period of time, as described in copending U.S. Patent Application Serial
No. 09/865,826, the disclosure of which is herein incorporated by reference, where
the physiological fluid sampling/measurement occurs automatically and
continuously according to a predetermined schedule.

[0078] In these monitoring applications, the present invention may be employed
to: (a) continuously monitor an analyte whose concentration is associated with a
disease condition, e.g., hypo-or hyperglycemia in blood sugar disorders such as
diabetes; (b) continuously monitor an analyte whose concentration is assoctated
with a non-disease physiological condition of interest, e.g., alcohol intoxication,
illegal drug use; (c) continuously monitor the concentration of a therapeutic agent
in drug therapy applications; etc.

[0079] Where the analyte is glucose, the present invention finds use in a variety of
different applications relating to the treatment and management of glucose
associated disease conditions, e.g., diabetes and related conditions. In these

embodiments, the subject methods and devices find use in providing for
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“continual” glucose monitoring, by which is meant that glucose levels in a patient
are measured intermittently and automatically according to a predetermined
schedule. The subject methods can also be employed to detect and predict the
occurrence of hypo- and hyperglycemic conditions. In such applications, the
pattern of continually monitored analyte concentration measurements can be
employed to determine whether a patient is experiencing hyper- or hypoglycemia
by comparing the pattern of measurement results stored within the systems
memory storage means to a control or reference pattern. In addition, one can look
at a pattern of measurements and compare it to an appropriate control or reference
pattern to predict the occurrence of a hypo or hyperglycemic condition. The
subject methods can be part of a more comprehensive therapy protoco} designed to
prevent the occurrence of hypo and hyperglycemic events, e.g., by predicting the
occurrence of such events with the subject methods and device and intervening in
blood sugar metabolism in a manner that prevents the occurrence of the predicted
event.
[0080] The present invention may be employed with a variety of different types of
hosts where analyte monitoring is desired. Hosts of interest include, but are not
limited to mammals. Mammals of interest include valuable livestock, e.g., horses,

cows, sheeps, etc., pets, e.g., dogs, cats etc., and humans. In most embodiments,

the mammals on which the subject methods are practiced are humans.

Kits

[0081] Also provided are kits for practicing the subject methods. In one
embodiment, the kits include a system for practicing the subject invention. The
system may be a single integral device or made up of two or more disparate
components, e.g., a remote-control and display component and a measurement
component. The kits may include a single disposable cartridge device, or two or
more disposable cartridges devices, as described above for use with the subject
system. Finally, the kits typically include instructions for using the subject

systems and for loading and remaving cartridges into and out of the subject
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system. These instructions may be present on one or more of the packaging, a

label insert, containers present in the kits, and the like.

[0082] Although the foregoing invention has been described in some detail by

way of illustration and example for purposes of clarity of understanding, it is

readily apparent to those of ordinary skill in the art in light of the teachings of this

invention that certain changes and modifications may be made thereto without

departing from the spirit or scope of the appended claims.
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1 A system comprising:
a plurality of devices wherein each said device comprises

(1) at least one skin-piercing member configured to access
physiological fluid beneath the skin surface;

(id) a biosensor for measuring a characteristic of the accessed
physiological fluid wherein said skin-piercing member is integrated with said biosensor,
and

(iii)  a physiological fluid transfer pathway extending from said at least
one skin-piercing member to said biosensor; and

a means for moving each of said plurality of devices in a manner that provides for
angled penetration of the skin surface with said at least one skin-piercing member

followed by removal of said at least one skin-piercing member from said skin surface

2. The system according to claim 1 wherein each said device comprises a

planar configuration wherein said at least one skin-piercing member extends therefrom.

3 The system according to claim 2 wherein said at least one skin-piercing

member extends substantially within the same plane as said planar configuration.

4 The system according to claim 3 wherein said planar device defines a
biosensor having a test strip configuration and said at least one skin-piercing member

extends from said test strip.

5. The system according to claim 2 wherein said at least one skin-piercing

member extends in a direction substantially transverse to said planar device

6. A system comprising:
a housing structure having a skin-facing portion and an aperture within said skin-

facing portion,
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a meter housed within said housing structure for applying signals to said sensor
means for measuring a characteristic of physiological fluid and for receiving signals from

said sensor means.

7. The system according to claim 6, wherein said means for moving said
cartridge moves each of said devices relative to said aperture in a forward and then in a

reverse direction.

8. The system according to claim 6, further comprising means for controlling

the movement of and the timing of said movement of said cartridge

9. The system according to claim 6, wherein said housing structure is

configured to be worn on a limbic region

10. The system according to claim 6, wherein said housing structure is

configured to be worn about the waist.
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