Field of the Invention [0001] The field of this invention is analyte
concentration detection, particularly physiological fluid access and the
determination of one or nmore analyte concentrations thereof. BacKghuieh of
the Invention (0002] Analyte detection in physiological fluids, e.g., blood

or bl ood derived products, physiological fluid, etc., is of ever increasing
inportance to today's socjety. Analyte detection assays find use in a
variety of applications, PHHCIHET WP VETHARSHOR ABRsayi 4NPest i ng, hone

testing, etc., where the resulALYZINGRHYSIGE&AIAYL PLEY a proninent role in

di agnosi s and managenent in a variety of disease conditions. Analytes of
interest include glucose for diab managenent, chol esterol, and the |Iike.
In response to this grow ng irrport-éﬁéé’_wl‘iﬁ&!&% detection, a variety of
anal yte de kon pr i LAl C 0 use have
been deve}[g(ggl]j. [008131}% Cf?@%&gﬂf{?lgsr%%ﬂitﬁ)gﬁ% %Igﬁ%tg%é{gcﬁ #rg[?éno%ét% ﬂ)ghlﬂ %ﬁgﬁﬂﬁﬁ% in a
physi ol ogi cal sahpiiseloghal fibidsicodsoghd e detsimhimitioh $f ohid biSinokearabiai ned. '
bt ai ni ng the sanple often involves cunbersone and conplicated devices which
may not be easycperonbations theigobe costly to manufacture. Furthernore, the
procedure for obtaining the sanple may be painful. For exanple, painis
often associated with the size of the needle used to obtain the

physi ol ogi cal sanpl & and the dapidketsundéffie TheniRadl € i s inserted.

Dependi ng on the anal yte and the type of test enployed, a relatively |arge,
single ne8l0@]or theinalwe dptsctiin iarphysieldgios] Byids.axg.. blihed peblopd dewveount of

sanpl e. [0004] The, analyte. con tratian determ natian process ,al so
ool ve & mil ¢ PROMECOEFAGECERMA 3R o R i e BEaR e B BT
ski-n-piercing BEGOFNIATAytE detectich NEBAIRIAUse PN toty WNigHlicAEERSHCRAiTRY al so
involve the use of a sanple collection nechanism e.g., a capillary tube.
Next, the sanpl elingsllabgratery wsting. Anskdestiod, ¢to, whereshe regulgiend sueh testing plap t est

strip or the [i lé%tone}l%%ntt r% eninoc{iggenrcl)gi's TRa mlangge%t 12110.'9 9ariety of disease conditions.

Analytes of interest include glucose for diabetes management, cholesterol, and the
like. In response to this growing importance of analyte detection, a variety of
analyte detection protocols and devices for both clinical and home use have been
developed.
[0003] . In determining the concentration of an analyte in a physiological sample, a
- physiological samﬁle must first be obtained. Obtaining the sample often involves
cumbersome and complicated devices which may not be easy to use or may be
costly to manufacture. Furthermore, the procedure for obtaining the sample.may
be painful. For example, pain is often 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



the test stripis then transferred to a neasuring device such as a neter.
Thus, the steps of accessing the sanple, collecting the sanple, transferring.
the sanple to a biosensor, and neasuring the analyte concentration in the
sanple are often perfornmed as separate, consecutive steps with gailgis
device and instrunmentation. [0005] Because of these disadvantages, it is not
uncommon for patients who require frequent nonitoring of an analyte to:

si nply beconme non-conpliant in nonitoring thenselves. Wth diabetics, for
exanpl e, the fahd wsesttip imhers tragsférhed © a i9éds6A8L dbBVEuchnis A ntes CTHREHe basi s
results in a lack of information necessary to properly control the |evel of
gl ucose. UncontSEeF PEACGFURSHEE SPEplsy olleghing thevsemple, angeringshasrnmoena | i f e

threatening. | made_i.n anal yte detectign technol ogy
to overcome t h%g)&ggl%égﬁ\@%gaéggﬁ%& e?ﬁglgéebcoo\%e%{eaélgpil%é‘& Sta%‘éjgc] Er‘{g Ogt_%t ocols. A
primary advanc ?Eﬁﬁim&tcﬁas deperatent@geaitiveRtedl withe,areageVied ariagsishétation.
physi ol ogical fluid and the neans for testing the fluid for the presence

and/ or col®¥ r at i oBeshuserd thasadisrévantagentieis ast yncogmmon foglpadeosewhdbr e
specifically, such iﬁnt egrtat ed devi ces iacl ude. a .bi,osensor haﬁ;&r}g.a
ski n-pi erci ng ETEWEATCIUERIHOHIOTRE A AR GRS 18 SimplY SgFARe BO-AYR ¥ Such

exenpl ary devi 6gs)iRfifg tekeRSedWith difKd h | ;pat ent
Applications: Ser i’lal1 %los. 09/ 923,109%;%t1ﬁ§¥gg%{a?ﬂcpe{%’i g%faﬁlgtfﬁ#gﬂ%tsﬁgﬁ%ﬁ Docket

No. LI FE- 035, gbrbsd legel dnRhprséanibedbess reSaitpine 16dt beinférontibeveessarand Met hods
of Using the Sane" and filed o e sang day herewith; the application
havi ng AttornBV’HﬁBIXIEQEUN&LC Eqvﬁ%gtl(gg%c,os%n PEqTitEplled ghjcopele §FarEE%Yﬁ§Mt with
Mol ded . Lanci ng,Blagda"snanded iifeq@[reg&n;@e; sane day herewith; and the

ket :

pplication having Attorney Docke LI FE-073, entitled "Methods of

abri cat i [P0Bhysi ol dgivemtes hSempied pleliratilpre d3ectior &chanldgy id edromd the sane

day herewith. (0007] DespLte such, advancenents, there is a cantinued .interest
in the devel oé’r‘?@‘f geﬁg‘t\ﬁ‘ﬂé‘&)%‘?s REd eIt HEE0o6P 1S SeP TR RSV IRSERER That i on

of analyte cORRantbAkioRE iideuRySIabaci:al SRIRLE fud ardAht hEhor | Nt er est

woul d be the pment of anal yte conc ati oh determ nation systens
havi ng i nt egr atestng fHeufludd drabks piesgncandd/oessrcagrftiomodfitbnsnalgn df medreads of use

thereof, that are _auto ed in _order to. mnimze mani glul atibon'by t he user,
conveni ent, ' eaS¥- &HFOsH AMORRSATEEICARY. s 4sh integrated devices include a biosensor

having a skin-piercing element, such as a microneedle, integrated therewith. Such
exemplary devices are disclosed in, for example, the following U.S. Patent
Applications: Serial Nos. 09/923,093; the application having Attorney Docket No.
LIFE-035, entitled “Phys.iolog_ical Sample Collection Devices and Methods of
Usin g the Same” and filed on the same day herewith; the application having
Attorney Docket No. LIFE-058, entitled “Analyte Test Element with Molded

&

Lancing Blade” and filed on the samé day herewith; and the application having
Attorney Docket No. LIFE-073, entitled “Methods of Fabricating Physiological
Sample Collection Devices™ and filed on the same day herewith.

[0007] Despite such advancements, there is a continued interest in the
development of new devices and methods for use in the determination of analyte
concentrations in a physiological sample. Of particular interest would be the '
development of analyte concentration determination systems having integrated
fluid accessin g and testing functions, and methods of use thereof, that are
automated in order to minimize manipulation by the user, convenient, easy and

and enhance portability.



9 NUV 2006 Summary of the Invention [0005] Systens, devices and nethods for
accessi ng physiological fluid and determining the concentration of one or
nore anal ytes thereof. The subject systens provide a cartridgeqdy\m\(.i»;@C
containing a plurality of single-use biosensor/ skin-piercing/fl '#8%ccess
devices. The cartridge devices of the present invention have a flat or

pl anar construct, and preferably have a di sk shape but nay have an el ongated
shape. The bi osensor/skin-piercing/fluid access devices are provided wthin
the cartridge in a serial configuration, preferably equally spaced from each
other, parallel to a path along_which the cartridge is caused to nove or

rotate. In disked shaped cartri 4l h EANOR/r r angenent i s about a
circunfere f the rd T |:€C g ther include a
nousi ng. stroBhre w Ph A ke ey P baE SR bR SR BT AN LR 1 O

housi ng st r uct ug@epfiamngrabtonchagatbndfione bagiofdanap@ed ihereodNThOkutgestf ace whi ch
‘appositions a |oaded cartridge | oaded within to a section of the user's

skin. The housi sigtenes ppere agpitidgodavieurostinng apluralityef sipglauss iewnsgai nst

t he skin for extended . i ods. To,this d_th Qusi n have a..

"wat chband" conﬁwﬁ'ﬁ}eé?lggﬁuf%a%gss &y ’r?e%nﬂ_;e ‘F%f%fgs Iaf”élﬁ?so%f, tgg.%be.s?r?tdm{/ﬁnflg‘_? or
forearm of thendigerflatQr plMir QA HRYEBHLA] hBR 2 GYIEEhae bat dPshwidd al |y
pl anar configuration, for adhesive contact with a suitable |ocation, e.g.,

torso, thigh, hilppgatet shape.ohhe biesenser'skin-pizdsing/floo GfceBatshices are provided

bi osensor/ ski n-‘gi rc'hng/ Luid access dfevi ce has 2 BJI 0sensor 'né]gl%rate W th
a ski n- pi er ci ng™ B BRHEFTHY S8R AHTA CORIFITab) REFICRRAR SAHG D rPACER EPHF e ski n
and, in some enhgi gmna,toalpsiﬁl 1183 WHR tBe Edrtdde GOLABED IPROFOGN BRI O
transfer pathway for transferring the sanpl ed physiological fluid within the
dkin to the bidsknshapgbrariridgesn fudhrserideariangemditds bb@¥ aressnmieragcedviee an

el ectrochem cal hotonmetric or colorinmetric configuration by which to
perform a neasurEEBREf- on the sanpled fluid. In some. enbodinents, the

bi osensor [ggydices hayge igRPeys¥rhyturBbANBhdE QRbhaHs b dikeWAEHif Whichla | €ast one
ski n- pi erci ng 'menber extenhds Tromthe biosensor device. In certain of these

enbodi ment s, t harsidgaispireraively lreddde Thedwtsing strecibetmaeleradly Jasva gkin-facidge same

plane as the pl&qggn Erlm gresrl]J%Parce gv%}/c Ca%bogliwt?(inlsea l%aded cartridge loaded within to a
section of the user’s skin. The housing is preferably configured so as to be
maintained against the skin for extended periods. To this end, the housing may
have a “watchband” configuration to be worn on a limbic région, ¢.g., a wrist or
forearm, of the user, or may have a configuration, such as a substantially planar
configuration, for adhesive contact with a suitable location, e.g., torso, thigh, hip,
etc., on the user’s body. | |

L [0010] Each biosensor/skin-piercing/fluid access device has a biosensor integrated

| with a skin-piercing or lancing element for piercing, cutting or lancing the skin

and, in some embodiments, also includes a fluid collection channel or transfer
pathway for transferring the sampled physiological fluid within the skin to the
biosensor portion of the device. The biosensors may have an electrochemical,
photometric or colorimetric configuration by which to perform a measurement on
the sampled fluid. In some embodiments, the biosensor devices have a generally
planar configuration wherein at least one skin-piercing member extends from the

biosensor device. In certain of these embodiments, the skin-piercing member

extends substantially within the same plane as the planar biosensor device, while



Y NOV 2000 in other enbodinents, the skin-piercing nmenber extends in a
direction substantially transverse to the planar configuration of the

bi osensor device. Mre specifically, in some enbodinents, the bLj@gﬁ@ﬁr
devices are configured as test strips wherein the,skin-piercing:j ' t
extends froma nenber or conponent, e.g., a substrate, an el ectrode or
spacer |l ayer, of the test strip. Certain other enbodinents provide a frane
menber having a planar configuration having a biosensor pad or strip and a
m cro-| anci ng dnetErtembodiments,de siigpiantieg raneer txendhie astinetiphanar surf ace,
but are spaced agart.f om each other to facilitate _the . functjon of that

particul ar devi¥ stapial ttirqqsv%rts%g)rt & RlGaT Sratigp Ogﬁ'{ﬁ Rigsegsor Aevifce M‘F%
provi ded which s?é%ﬁ@&ﬁ?y,q'h%rﬁéle bbnRnfl He8ASEn %eWgQ{ﬁ‘gﬁggfg@ur%%{%}f on and

whi ch supports I osensor chanber at a proxinal en The
subj ect syst ensstfipy Wheein the bkidepiarcimgtetmdin eseddirdii amebelmusnipgne®f r uct ur e
for anal yzing the physiological fluid obtained by the biosensor/skin-

pi ercing/ f1ui d %gce8sdbsialp, dbslecueisraspeanes layer, ob Hiedesistan- Cofan pHer t o

operatively caouple: I rdeyices . with the .1 he meter
provi des the reéjﬁog?ﬁ%[l}lglgts ?#ﬁ’?fgﬁniﬂ? rggtr?\gee 5 gggﬁggrptf%lél\rr/r? %:rg{sgu\t‘&%%g@%bnrgrﬁ t he assay
nmeasur enent  anthiodeAsdridder IR Bl OmicHe I BicHgldfed: Rouveddien Afd iBteghated to
measur ement. [0012] The subject system further provi des neans for operatively

noving, e.g., thelsaneplagaseiface\pat sierspaced apemjfoo eashrothar dgéacilithigithse to an

aperture in the hqusi structure for_e sin nd..conceal i ng .an _indi vi dual

bi osensor/ ski n%BP‘glro@i %??tlpﬁft&u a1 deuice Hb%}ﬁﬁ%th?%?@{j@ﬁm? ﬂ%’ aélpaéltg. P SN

access site on jf pRVIRRAMWECE Ekt@nds“di&ﬁﬂfﬁit@'ab’least%he h8&®hellPRria@bn 8id t he
rtured housing structure is noveabl e to expose and unexposed an

itndi vi dual bi osenshsupgert afiesegsarghimbérdit apressmatiend thereoBuch  novenent of the-
cartridge es the.exposed biosensor .devices in,operative . connection, via
connect ori&étﬁé cont :]E:kfess?l%i%g?}ﬁ_henﬁetﬁgg?r_ 1[’%‘65%%]'1 %?rlhé’af%feiwﬁ?%sflé%g%qﬂ%evi ces
translate al ongidhe M%nﬂ?ii‘h? iclOShyA R K&l fiufl ottBA BRI FRALS/skaACh

bi osensor device 1s operatively attached to the cartridge device so as to be

movabl e rel at i \peertimgtfhed eegess dalgessd &pnoertem oasottacts preiprpvided feopesiyely by |
which the skin is to be '

pai n 1o the paPBRE L HORPRAT Aot PHE GRS R MG HERE TOr/e

defl ection andlgfy;gied @daMtothe BidRbRSLASEesHS hEFSmARR ks A mas LML & ext ends

includes means for determining the value of such measurement.
[0012] The subject system further provides means for operatively moving, e.g.,
advancing and reversing, a subject cartridge relative to an aperture in the housing
structure for exposing and concealing an individual biosensor/skin-piercing/fluid
access device through the aperture to an access site on the ﬁser’s skin. Alternately,
C at least a portion of the apertured housing structure is moveable to expose and

unexposed an individual biosensor/skin-piercing/fluid access device. Such
movement of the cartridge places the exposed biosensor devices in operative

i connection, via connectors and contacts, to the meter.

[0013] While the biosensor devices translate aiong with the cartridge device, in
some embodiments, each biosensor device is operatively attached to the cartridge
device so as to be movable relative to the cartridge device so as to optimize the
angle by which the skin is to be pierced by the skin-piercing means, thereby

reducing pain to the patient and trauma to the skin. Such movement involves

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



4 WNOV PAN radially or perpendicular to the path through which the

bi osensors are caused to travel upon translation of the cartridge device.
The novenent of the biosensor devices relative to the cartridge is primarily
acconpl i shed passively such as by conponents fixed within the hOgggﬂpzmﬁ
structure relative to the cartridge for advancing or deflecting ‘

i ndi vi dual bi osensor/skin-piercing/fluid access device through the housing
aperture towards an access site on the user, penetrating. the access site
with the skin-pi eadégllypraicerpadiculinéd tha@athihrcugh aviielythebiesensase eierrgusediie devi ce

fromthe access site. Such 0 ts Include but. are not |imted to ranp
struct ures and cF heEhaAr SR 90 Srtiee YEinr o Cof bpuPBier 4t Plnerier

i ncl ude a controlid\ges reldfifle ASth Barki@yeli9 bAREly accBmiSEAY 968§ Qhch 4y
controlling the function of the neter and thé novenent of the cartri'dge and

t he bi osensor devimpwentsritketlovithin dre mysidgtstructeteatetad ve he thetaartritigeforcont r ol | er

i s progranmabl e ereby the.assay protocol and the tim.ng.thereof may be
cust om zed accoréé]vﬁﬁ?Wé % §f %@Wé eﬁﬁb‘&m"f gloé‘?ﬂ,sﬂr/%}?l@t?ﬁrglﬁﬁgf%‘f@?ﬁe&ed for the
"continuous® mONkded Mghudh tH@H&fsﬁIgra}ghﬁfé A aﬁ%@&el)ég Sitd B Fhe IREL pederfiting for

aut omati cal |y neasuring the concentration of an analyte in a uséf according
to a predetern thedcssheitvet the skigpieradhg tlamear amithen pathdtasving er rearactingen ti ne

period. The systens nay.al so provide for the user to_ inplenent an . assay "on .
demand, "t her eb{peSiGEicE f@iﬂhgletaﬁ%esééﬁi%@H}Pﬁﬁ?ﬁ%mcﬁﬁg&%f‘@c‘%ﬂt ﬁn@lﬁeﬁo anal yte

concentration mﬁwﬁﬁﬁﬂﬁés At RES, Ryt he m croprocessor or other menory
storage neans for I‘mmediate or lFater retrieval by the user or a physician.

The subj ecfo0s¥st ens TWhy subjedt hesterhnalay dertteer thcdypdeay conemiisr, soch aki ia phefprm@ft he -
rﬁﬁul ts of the assay and other relevant information. In ceﬁtai n enbodi ments,
stich systems i ntPUGIBPIPEESTST: AQF CoRERHIRSi teatunalompE the &3ate AR Y BPVEBEDHO%r t he

transfer and vecgRhridle ddfRE FRELAR: BMA MR £LLakRg b rralt*ageﬁﬁ%ge{)s]rﬁ?ﬁ' ts,

t he assay protoco user, sposa cartrrdge,

practicing the sgjteiler Bptdgrasumabseergiothe agdag pastechlrpt enetmingthedof may ol ve
accessi ng physiological fluid hy piercing the user's skin with the skin-
pi erci ng el ementbe ewstqneged argordiag gb@@é‘@éﬁalﬁﬁ?@WF ok alzopthmyprogidaf efithe t he

s ensor and M Ehihs® BontBfinfbe (BHkEnd Aol Bl R ARAYESR JU:LNLD, Fhe
automatically measuring the concentration of an analyte in & user according to a
predetermined scheduled,. e.g., at two or more points over a given time period.

The systems may also provide for the user to iinplement an assay “on demand,”
thereby overriding the continuous monitoring protocol. Such analyte
concentration measurements are stored by the microprocessor or other memory
storage means for immediate or later retrieval by the user or a physician. The
C: : ‘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 elemént, 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 or movement of the cartridg;-



fluid. Each assay protocol involves the advancenent or novenent of the
cartridge 5 0 NOV 2096 or an aperture associated therewith in a first
direction that causes the skin-piercing elenment of an int egraﬁqﬂ\ gmﬁsensor
device to penetrate the skin, followed by novenent-of the cartr (‘,11 or
aperture in a second direction that provides for renoval of the ‘
skin-piercing el enent fromthe skin, where this novenent profile provides
for physiological fluid access and anal yte concentration determ nation by

t he bi osensor. ¢whreapeeiremassefiated hecawitlr indgfrsbdiretion that eawsay theeskqe pieoringed

Such

Iy by th drj [ tor. trolled by th troller.
advancenent and® RERL GRS ARy Baetisndo BUFSAR e dEFy UERG Mg 1o 2
preprogramed sgReaukad ke Erirfdd€ oVhpdrtu intahs%cb‘&falﬁir%ii%%ﬂt T&'ﬁd%éi@% ect

systens, devices and nethods for usi'ng the sanme nd use rovi

repeat abl e fl ui gmsveksithagkiarmersmgprldnm: trohretht akia, bétwebin movnesepsdile and a
target skin site for effﬁé'm i ng ﬁ chem cal characteristic qof the sanpl ed
fluid, typicallBrovidss igiyentaeit e aseess apdapadyy copcegitpiion EFErpRIEeNOgi cal
fluid analytes ; t AL R 9?9% r.ati f, gl The subj ect
system and devtlhggjgéggg%%bé ﬁg%%ﬁ%ehy?fthtgggon |°mr})glaﬁ‘%rﬂg§§tﬁa rrk%r#?%?ﬁg% anal yte of

interest w thounaniddlle Pribbuesr®r déper benertorohliollebatieabheokdralSytie” sensors.
For exanpl e, because single-use substantially painless anal yte neasurenent
means are enpl c3AVARCAREY ang plintpERGLEEion meRy g 4ona BBloORASICHBHACPIHES & fror e, t he

i ndi vi dual measur nt I n gt _be calibrated prior to use.
I'n addition, \M.grﬁﬁﬁggaggg?@%]%egﬁg@og%tﬁtg%ggl?%@eé;ariect devi ces and net hods can
not only b@oesIp! Oy edThOsubidu: 6f Yerad)deviagcandah@hydsdet asihg tHesaprciid @ece of a-
h%po or hyperglycenm c event without host participation or intervention, but

they can al so herowidplagypitabde Reiddiceassipe and sampling intselage pelieen aigsgrer and

hyper gl ycem ¢ condi tions,. t efore provide for . enment of
bl ood gl ucose naé]t%aao%lfgeg%klgggg qréﬁ?@gnﬂy%&@e@gﬁl&h@ ag%-%lggé %ﬁgﬁgﬁBﬁ he subj ect
i nvention repres@n! §praly ané toreantrateanfhai RkkiyadT differehteptasiolodi€dl Hald These and

other objects, advantages, and features of the invention will becone
apparent to thosalyses sehmosiiypicaldy the copeengrtionpbglueesadiling subjectdysamagdof t he

methods and sy S{&iRs 2hn bO8sd iR AR Von iV HdaObetth Lt A" RallRE 8t ikl wiESG | Do
the problems experienced with implantable analyte sensors. For example, becau;;e
single-use substantially painless analyte measurement means are employed, user
irritation and pain are avoided. Furthermore, the individual measurement means
employed need not be calibrated prior to use. In addition, with respect to the
glucose the subject devices and methods can not only be employed to rapidly and
accurately detect the occurrence of a hypo or hyperglycemic event without host
C participation or intervention, but they 'Cén also be employed to readily predict the
| occurrence of hypo and hyperglycemic conditions, and therefore provide for
improved management of blood gluéose metabolism associated disease conditions.
As such, the subject invention represents a significant contribution to the art.
(0017] These and other objects, advantages, and features of the invention will

become apparent to those persons skilled in the art upon reading the details of the

methods and systems of the present invention which are more fully described

below.



6 9 NOV 2000 Brief Description of the Drawings [0018] Fig. 1A is an expl oded
vi ew of an enbodi nent of an el ectrochem cal biosensor/skin-piercing/fluid
access device suitable for use with the cartridge devices and. systens of the
present invention. Fig. 1B is a perspective view of the assenbledlté¥ice of
Fig. 1A [0019] Fig. 2A is an exploded view of an enbodi nent of a
~colorinetric or photonetric biosensor/skin-piercing/fluid access device
suitable for use with the cartridge devices and systens of the present
invention. Fig. 2B is a perspective view of the assenbl ed device of Fig. 2A

[0020] Fig. 3 illustrates yet-ﬁng@er .errbodl, ﬁﬂi of. an el ectrochem cal

bi osensor/skin-piercing/fluid ¢ } 1 or use with the
cartridge @gysces angi-Syslien® eRfloldeviPh 3 §h byt 8fan L i 4
illustrat esmano]tcher enbodi ment egé *an elP\gct ro%ﬁllg?n&g%ﬂ bf]e(l)lzsensg%'}]g‘léit‘c%E
piercing/fluid amosssodsvi-persogilabl ctardeuize suitdtle fdhese aithrthelgetritigei ces and

systens of the present invention. [0022] Fig. 5A illustrates_ another
enbodi ment of a HivEEEARDFYSRIROLINE PEgSAR/IRYENAN. Hig: dBds adgrspectygiigbpithieor use

with the cartri j anfzsystens of the present invention. Fig. 5B is
a magnified vi e\%gg?g@é%ag ?%Bg}:%r Zik‘hg el ement of the device of Fig. 5A

[0023] Fig.[06#9] s a tPip. YAevaméxmodanhediorentmebditea: systaonabiddhe present
i nvention -having a user-fri endlé _portable configuration. Fig. 6B is a side
view of the systhemmeiriFibipsensriskinariersingAipi inpeess & vace wilghleder uss witlhdet om

view of the systens of, Fig. | ong |ines C- C..Fig, 6D l]ustrates
the system of Fi C&%ggge\ﬁ%% agngy%%%?# ) éeﬁhggﬁr&ﬂni'g 7 Zﬁ?’e{?eaa‘fe’lrﬁ?ﬁc%ve

cartridge devi ceyigl of ke Brasklat devioy efFigopaoperativel y positioned within the
housi ng go the subject system [0024] Fig. 7Ais a schematic representation
ofl_one enbd@0#Hnt of Hecaillusiraige yeigampihse embodimsnpeletediectioshetnicabn. Fig. 7B is

A S
enmbodi nent of a &givggggﬁ@gyst@ﬂsemﬁé pfgg@fﬂgn@ntibﬂe present invention.

{0021] Fig. 4 illustrates another embodiment of an electrochemical biosensor/skin-
piercing/fluid access device suitable for use with the cartridge devices and systems
of the present invention. _

: ‘[0022] Fig. 5A illustrates another embodiment of a biosensor/skin-piercing/fluid
access device suitable for use with the cartridge devices and systems of the present
invention. Fig. 5B is a magnified view of the skin-piercing element of the device
of Fig. SA. *

[0023] | Fig. 6A is a top view of an embodiment of the system of the present

C invention having a user-friendly, portable configuration. Fig. 6B is a side view of
the system of Fig. 6A taken along lines B-B. Fig. 6C is a bottom view of the
systeins of Fig. 6B taken along lines C-C. Fig. 6D illustrates the system of Figs.
6A, 6B and 6C in an open condition, revealing a cartridge device of the present
invention operatively positioned within the housing go the subject system.

[0024] Fig. 7A is a schematic representation of oné embodiment of a cartridge
device of the present invention. Fig. 7B is a view of an enlarged cut-away portion
the cartridge device of Fig. 7A operatively engaged with a bottom portion of a
system hdusing having an embodiment of a biosensor movement means of the

present invention.



7 NOV zoos [0025] Figs. 8A to 8F provide a schematic representation of one
enbodi nent of a bi osensor novenent neans of a system of the present invention
and the step-by- step novenent of a biosensor/skin-piercing/fluid access
device of Figs. 1, 2 or 3 on a cartridge of the present inventippgy j0026]
Figs. 9A to 9G provide a schematic representati on of another enbodi nent of a
- bi osensor nmovenent neans of a system of the present invention and the step-

' by-step novenent of a biosensor/skin-piercing/fluid access device of Fig. 4
~on a cartri08g2l of thEigsr%senBF provide d sshemp0O&pleskitgion 6Ddne aniic@impntafiade a
schematic representation of th steg- b&ssteg novenent of a )%a{ltri dge of the
present i nventi ofOSPOVEETFT PPREOhT Bistans BE the PeeseRLIBY SO AFA RS T EP-Beces s
devi ce of Fig. i 2 bideAnd tr AT eY ' t..af the
subj ect system %é?%%z%%ﬁicﬁaust r aétder}sfklgl1 ﬁl\%%%/%%é%ée%ﬁgggfﬁgﬁ?gggﬁ ? hoer%subj ect
syst em whi ch i s esedartridgelof almdpresenc oventidrcat i on with a renote control device.
Detail ed Description of Eé}g IE%ent i.on [0029](_ Before the present invention is
descri bed, P26k to PESINHEI%STEBELFRR SRORIMGTIC repressRiagAn P 2pRiben qpRodaaetto t he
particul ar enbodi i ' Voo alit Q.S al so
to be underst oo%ﬂ%@%%ﬁﬁé&%@ﬁ%éﬁ%ﬁ%% %fﬁr?e' gé%fg %tfiﬁﬁn\éi%ﬁag 6%65%%&
descri bi ng partiwubtap nmeivbedhnent idoenbot/skangietcindiBtid Rt@ndedict of By, 4lshm ti ng,
since the scope of the present invention wll be limted only by the ‘
appended cl ai ns.catp@8o P! NSt in¥eRj®nof val ues is provided, it is understood
t hat each i veni Ng.. l~ue tenth of.the unit.of | ro.limt

unl ess the [@gﬁ{]ext c?%lg%/'ﬁyﬁdﬁoc%ésg%dgt% ﬁSHW%tg, reBréetS%\r}etéethont%%H%%e )ﬁ?ésﬁeé" | ower
limt of that rangemil ol Yalhdel of ShapReem®invehRbEmpIyBd withl itHebioBerdshat st at ed
rfigge i's enconpassed within the invention. The upper and lower limts of

t Hese smal | er r akiesicraye/lndasesrddayicy obEig icl uded in the smaller ranges is

al so enco d withi.n Jhnventk.on, . subject to an speci fi | y-.excl uded
Cimit it A808lat ed P‘?ﬁg{eﬂf SIS bRt gs erﬁn&ét%ed@?ﬁ%%r‘?%%é?ﬁﬁ%t h of
the limts, ranges gxsiated N0wakHERT ShbdRhbniQlf thdQfifedt BEtdid @hid Biub&d are

al so included in the invention. _ _
‘ with and in communication with a remote control device.

Detailed Description of the Invention

[0029] Before the present invention is described, it is to be understood that this
invention is not limited to the particular embodiments described, as such may, of
course, vary. It is also to be understood that the terminology used herein is for thg
purpose of describing particular embodiments only, and is not intended to be
limiting, since the scope of the present invention will be limited only by the

C appended claims.

[0030] Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limit of that range and any other stated or
intervening value in that stated range is encompassed within the invention. The
upper and lower limits of these smaller ranges may independently be included in
the smaller ranges is also encorripassed within the invention, subject to any
specifically excluded limit in the stated range. Where the stated range includes
one or both of the limits, ranges excluding either or both of those included limits

are also included in the invention.



O NOV 20 6 [0031] Unless defined otherw se, all technical and scientific
ternms used herein have the sane neaning as comonly understood by one of
ordinary skill in the art to which this invention helongs. A though any
met hods and materials simlar or equivalent to those described héfgi#fiican
al so be used in the practice or testing of the present invention, the
preferred methods and materials are now described. [0032] It nust be noted

that as used herein and in the appended claims, the singular forms "a",
"an", and 70087 i ncl ufldepldefiabd othbeviental twhheslsartdmxe@mﬁbems wkédekin di ct ates
ot herW| se. Thus, for exanple, reference to "a test StrQIJ,ﬁD i ncludes a

plurality of sudh'g %tsa%W%m&i’é CPEYRGEh pdersgood hieorpe Q,Témaﬂhé‘{lﬂé)‘égle art
reference to ong? Evv(ﬁfchqgfseim%% off ‘Bﬁloﬂpg Ogglir'éuFﬁ 8&%&&?%8 é’f@sﬁrﬁla% nose

skilled in the ications discussed herein

‘are provided soIe@ujyalfeﬁftotth@erde@brﬂa@mstﬁ@canpdlwﬁe ﬁs@dﬁﬂﬂﬁhefprbdtft@ ofadsen@bf t he
present application. Nothing herein is to be construed as an adm ssion that

the present i nvéretpresenf <VABEOMD MY pEfsared oncamde dad enasarihs @mbllol%@tsil@bﬁdby virtue

of prior i i on. Furt S ubl i ca y be

di f f erent W@%the a&lﬁﬁf ﬁdﬁﬁqﬁetggﬁ%ﬁlsﬁcgé n\/aﬂiié?lhr‘?’ef\? c? trga

i ndependent |y copbiifab®stms[“a034%h”, Hhe “Bie® $&/Mde ﬂ]ﬂﬁﬂ?éf&@nfé‘u'nics@mé’&ﬁteﬂ?scr' bed
in detail. In furtgher describing the present invention, exenpl ary integrat ed

bi osensor/ ski n- pleerlytldmgdtéﬂ ethervast €Bsis, ﬂ)eexampiesafdrambéomtesmiep Wirchidehe
pr esent |nvent|o }té g ribed. fir

Next j.eqt , Syst ers and
cartridge devi CB ﬁeﬁé lﬂscﬂnaﬁggﬁnﬁ?foa tg“e@%‘?? 1f“§ retergnee 1 Pi%ous

met hods of usi ng, hag §é@&e°s%d%b{§i§r§l€§ts%k{i‘ed¥%ﬁb%§o ﬁ?osw@hhe@%l m%tahogm sdf Or
0@ntrolllng the testing of physiological sanple characteristics will then be
S

cribed. Finafdnh. a brief description is provided of the subject kits,
which kits_ jnclude S artri es and/ or e far.use.in
_practi ci pg[Q%é] subj eElJB11 HE&?&HES qf?i“taFFePrf)Eﬂ’ldF% lﬁgs@é?fﬁf ‘ﬁf‘il%’fre t he
present |nvent| Howo the hﬁn%e%rdf%dprbg}ﬁt E@hc&@(m NSthH lﬁ%hyst@%%ﬁameaat' on
nmeasur enent app |cat| ons owever, ‘such 1's not intended to be limting and

those skilled ims thedmissionithdt teppresnt atventidnat nbﬂ”ﬁtﬁlﬁbjt@@mtedajewqhes syst ens

and net hods are useful |n the asurenent o t he
publ?cauon y virtue of prior invention. ]?Eurr%er t egat

Ll 20%n Srovided
may be different from the actual publication dates which may need to be
independently confirmed. '

[0034] The present invention will now be described in detail. In further describing
the present invention, exemplary integrated biosensor/skin-piercing/fluid access
devices suitable for use with the present invention are described first. Next, the

) subject systems and cartridge devices are described followed by a description of

( the various methods of using the subject systems and devices as well as methods
for controlling the testing of physiological sample characteristics will then be
described. Finally, a brief description is provided of -the subject kits, which kits
inciude the subject cartridges and/or systems for use in practicing the subject
methods. |

[0035] In the following description, the present invention will be described in the
context of analyte concentration measurement applications; however, such is not

intended to be limiting and those skilled in the art will appreciate that the subject

devices, systems and methods are useful in the measurement of other physical and



NOV 2006 chem cal characteristics of biological substances, e.g., blood
‘coagul ation tinme, blood cholesterol level, etc. Exenplary

Bi osensor/ Ski n- Pi erci ne/ Fl uid Access Devices [0036]: Various different

enbodi ments of biosensor/skin-piercing/fluid access devices (&lygp7ijeferred
to herein as biosensor devices) may be enployed with the present invention.
Bi osensor/skin-piercing/fluid access devices suitable for use wth the *
present invention typically have a bi osensor conponent in the formof a test
strip or pad, sh&hicabclRrecedrizeits oLtiemgial subeRhedsi BB biddodwoapheieehe] ¢ test
strip, and have a skin-piercing conponent in the formof a mcroneedle or a
mcro . |ancet bloRdfcdplesigepldenglicde-Fi gs. 1A, 1B, 2A, 2B, 3, 4, 5A and 5B, there
are shown such exenplary devices. [0037] Figs. A and IBillustrate such an
exenpl ary bi osensor device 2 which is disclosed in the copending U S. Patent
Application rebge@nred BaReN®iSaw-PRrcitFRLEDAYcdR PellceNo. 035, herein

i hcor porated by reterence. Bl osensor device Z 1ncludes an el ectrochem cal
test stri f036hfi gur Marons duterentsinboditesnds ef Hosens@lpkat-pidreingiBuigvdctess The

bi osensor is defi.ned el.ecirochemical cell generall avi ng.. two

spaced- apart aﬁﬂ"lﬁﬁp(é}g%ﬁéggfsggcﬁ f‘?fﬂlé‘sas 105505 deyig Q&yia[??eqyrglpq%@fdg‘glrﬂéaleto her ei n
as bottom el ec : t : : :

el ectrodes 3 ahéagg@ 1%%’&%8 gg%:sﬁh%;ﬁg&désgmcggﬁn%ﬁj?g%ﬁs g‘?ﬁg&?&&%ﬁﬁ?%el ayer 8
and 16, respeciithehy presattdiveasion tyyetaAly, hadepbidstesbr oomaondnnar the Sedosdfat e 4 and
18, respectively. The ;@aci ng between the two el ectrodes is a result of the

presence of a &ShHEEP OF BYESUADAS Fhelpetreshemicah CoRMGIRhaUPIPREES tet 88Pr odes 3
and 5. Spacer X : lce- sj : & 4909l d '
{ ectrodes 3 ah@ﬁﬁx{%asse%ge?&@%%gp aﬁg‘?mgigﬁ@w&gg%%?gﬁgd&or&c%t? so as to
provi de a reactdnoe. Rulariag nawea Fgs. AAL @BOAT ERgEAL SAspd b8nthere orlesposnti on is -
present within reaction zone 9, and specifically selected to interact with
target ed conpofEmteXemplarkgeYired d sanpl e during an.assay of the sanple. The

redox rea syst em |.S it Lye: | : . el.ectrode 5
wher ei n, @ﬁ’gﬁ] in a (@c#’?’p}‘g? g?éba@gset%gf Eelg:%fagl%%g%@ta%mf%}éﬁf %lecletB?R/h% é§ r edox
reagent systemijseiobéiel tht tdpendingdCSi PiteZagplRatioN tofersitzd aboeoldviggir at i on,

bottom el ectrode 3 serves as a counter/reference el ectrode and top el ectrode
.5 10 Attorney Docket No. 035, herein incorporated by reference. Biosensor device 2

includes an electrochemical test strip configuration and a microneedle 6 integrated
therewith. The biosensor is defined by an electrochemical cell generally having
two spaced-apart and opposing electrodes 3 and 5, respectively referred to herein
as bottom electrode 3 and top electrode 5. At least the surfaces of electrodes 3 and
5 facing each other are comprised of a conductive layer 8 and 16, respectively,
such as a metal, deposited on an inert substrate 4 and 18, respectively. The

(" ' spacing between the two electrodes is .a result of the presence of a spacer layer 12
positioned or sandwiched between electrodes 3 and 5. Spacer layer 12 preferably.
has double-sided adhesive to hold electrodes 3 and 5 together. Spacer layer 12 is
configured or cut so as to provide a reaction zone or area 9. A redox reagent
system or composition is present within reaction zone 9, and specifically selected
to interact with targeted components in the fluid sample during an assay of the
sample. The redox reagent system is deposited on the conductive layer of top
electrode 5 wherein, when in a completely assembled form (shown in Fig. 1B), the
redox reagent system resides within reaction zone 9. With such a configuration,

bottom electrode 3 serves as a counter/reference electrode and top electrode 5

10



5 NOV 20D6 serves as the working electrode of the el ectrochem cal cell.
However, in other 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 el ectrode 5 isgrvag; as a
counter/reference el ectrode. [0038] Mcroneedle 6 is integrally forned with
and extends fromand in the same plane as bottomelectrode 3 and term nat es
distally in a sharp tapered tip 24 which facilitates penetration into the
user's skin. Msenesegtleew@king diémtrodp odtHedbstachpaicel cellefliowagr,doprfiegur at i on
in the formof a caoncave s 20 within its top surface. Such recess

creates a Corr Hﬂﬁﬁs’é{?gge L PG VOKRARE $5048RRE APPERd peiecebainerplept
m croneedl e’ 6 i QethSies %hﬁ%?@e&eﬁ?ﬁqﬁé@qﬁoﬂ?elﬁct?@d@pj &chdsulsd Gl getion

reservoir or pooling area whereln el eased upon penetration i°s pool ed

Wi thi n"the spactectipdt and top dlécansgé Srseivet 8s 4 bourgdriretaramiaeidctatbe.cel | .
Optionally, m croneedle 6 may further include an opening 22 in fluid
comuni catlP&H1wi t h r Mieigseede 6 és integrallyifarmaed wHA apd sKicags rameangfin gigsaims| ogi cal

fluid within th efi p ' area. [.0039]. Biosensor device.2,further
i ncl udes a sanﬁ?%l%falstﬁggg reg%sséo grg 35‘1“@@%%% %ﬁt%l%éﬂ %\%ﬁaﬁpgﬁpeﬁﬁgt%g W;f{’f whi ch
extends from r geqR&ied peh@ralionhhid thésedis QRRINMcroledlel RRStheAplOIdet @8pLE- t he
~proxi mal end 10a of the _pathway resides within the bi osensor portion of

devi ce 2, specidefisimiglopniigwmaiion iethe foronofzoemmcaye maessaOpwithindts teyf suifastal end
"10b of pat hway S10 resi deg twi t h(i)n m c‘{joneedl e ﬁl Pat h.vva‘%/ 10 i s_dinensi.oned so
as to exert a CEPIEERS ot L &VOTPP UM SRACE K1Y f‘}ﬂnﬁlﬁ%e’l%&nf% aﬁlgflioﬁed by
recess 20, and pidfhedi@b iMdoGkssiBRY ThRlspatieChtls Sanfabmid Auit dok&tidngaedki@n zone
i’ Extending laterally from proxi mal portion 10a of pathway 10 to within a

ortion or the orgnolingarga pherciellvidacieassd upompeetetion supeadedwibinghd Space
Sub-channel s 15 facilitate t filling.of r ti.on.zone 9 w t he sanpl ed
Flui . [0040) Prige satsBiramidfs eibcrsehaissberlf Rap SHE BN sl ahe of o
bi osensor / ski npielGhd e Al tnazCeSS MHRY EGBmmiciibe WithSeds$ 20 & Sefiigaed in
copending U S. Patent Application having Attorney Docket No. LIFE-035.

Devi ce 30 has #hopmiingeateiof pbylioegicet fluid withos tesiefincdpbolingraitd.on and a

m cr oneedl| i ntegy.ated therew Th olorinetric, or photonetr.c

bi osensor [&g’%gener l?i?nﬁ%fd%v{fﬁ\%oéﬂg‘?r lpgg{gis %Wﬁ%ﬂﬁ%ﬂﬁp‘wﬁs&ﬁa&ﬂ?g: a
support el emn%ﬁwaywbﬁéﬂﬁlm%idﬁ%%na& fi®hd £28Ess 3D th WAftin FRIEEdeRlor. 2UCh as
plastic, or a tal “material, a ' ’

least a portion of the proximal end 10a of the pathway resides within the biosensor
portion of device 2, specifically within reaction zone 9, and a portion of distal end
10b of pathway 10 resides within microneedle 6. Pathway 10 is dimensioned so as
to exert a capillary force on fluid within the pooling area defined by recess 20, and
draws or wicks physiclogical sample to within reaction zone 9. Extending

C, ‘ laterally from proximal portion 10a of pathway 10 to within a portion or the
entirety of the reaction zone 9 are sub-channels 15. Sub-channels 15 facilitate the
filling of reaction zone 9 with the sampled fluid.

(0040} ~ Figs. 2A and 2B illustrate another suitable embodiment of a
biosensor/skin-piercing/fluid access device 30 which is also disclosed in |
copending U.S. Patent Application having Attorney Docket No. LIFE-035.
Device 36 has a photometric/colorimetric biosensor configuration and a
microneedle 32 integrated therewith. The colorimetric or photometric biosensor is
generally made up of at least the following components: a support element or

substrate 34 made of either an inert material, such as plastic, or a metal material, a

11



tt 91,0V 2016 matrix area 36 for receiving a sanple, a reagent conposition
"(not shown as a structural conponent) within matrix area 36 that téfn? Eally

i ncl udes one or nore nenbers of an anal yte oxidation signal pro%i‘i ﬂ@
system an air venting port (not shown) and a top |ayer 38 which covers at

| east matrix 36. In other enbodinents, top layer 38 may be a nenbrane
contai ning a reagent conposition inpregnated, therein while the matrix area
36 nmay or nmay not contain reagent conposition. Further, test strip 30 has a
doubl e- si ded adhaskwesa Hyker rebdiving asdreple heicagain compbsitiomimt Sdovamas aenbr ane 38
to hold them toget her. Doubl e-sig_ed adhesive |l ayer. 40 has a cut-.out portion
42 whi ch corre§g'BﬁtH§a1tC8mPH%e“é)r‘éé EghaFE s iRt tyRicaldy inghules ene pemoen ar ea

for deposition ity P?ﬂ*gﬂ k9L Qg Ll | for.the. yariou
menbers of the ng%nénaﬁopro u%ﬂﬁgggﬁétsl%?ﬁ"hf@dgﬂ Cﬂiﬁ Sé’r?%gﬂéélglmer ‘ggtlfl‘sp?r&?@d W th
and ext ends frehvanpaida oplisyeadBivitlycévees atsaremplaS. ds ShditRidandds and has
a space-defining configuration in the formof an opening 44 which extends

transverse to éOijf‘éfn BRY e agnembyane POTSRIN{G] IoRARES COpOSIvRTpTegites 32. As
U ecess S0, gl ATGEHL 508 0015, PRSTADA 48, LS A0 BRER Spece v (hi

the tissue upon penetration o ‘open space

acts as a sanpirerthbniadt gﬁh!m%h@@oﬁﬂ%%ﬁdéaiaﬁhéﬁi@e’ﬁyé}4fo|%Qgea%leg@e%ﬁd' upon
penetration is pooled within the space prior to transfer into the

phot onet ri ¢/ colerstuaie 34 endmpinbrang G429 hBidobem sogetieyv DosbBidristdhesive byal e -
fluid transfer ,or extraction.pa y 46 havin di stal end 46b .which

ext ends wit hi n4§ hﬁ%Pf:llté‘?'nm&ortfﬁn(:&gﬁgéglC@“§?°§H§i%~§ela@raﬁpﬁ%(?ggyé?at%}é\gﬁst al

openi ng 48. At ah@asfined sRQdd R dfosttR R idBle £ stidcieh muRabivey ub resides.

-t hin the bi osensor portion of device 30, specifi‘cally within matrix area
Pat hway 48 vamouh members wé thesagmas ptodueing systamcapi | lary force on fluid

Cwchin SRR |09 BRR el e e OB e A SR LSS
physi ol og 1 sanp ‘ t eet 36" ! ; yHfrom
proxi mal porti efnédfRnShs sMErQBlé@M aglg h%ﬁﬁ}éfg%@'—d%ﬁﬁin%%ohﬁgﬁ‘ra%n e 85 ?Ft y of

matrix area 36 are sub-channels facilrtate“the filling of matrix
area 36 with theopampg éd whiah ekterddGebB}veriego a3liinkhsist, kat egiddnat thisknesseofpl ar y

R H TR M e SR e T
open space within the tissue upon penetration of microneedle 32 into the skin.
Such open space acts as a sample fluid collection reservoir wherein fluid released
upon penetration is pooled within the space prior to transfer into the
photometric/colorimetric cell.
[0042] Biosensor device 30 hosts a sample fluid transfer or extraction pathway 46
.. ~* having a distal end 46b which extends within a portion of microneedle 32 and |
C terminates at a distal opening 48. At least 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 dimensioned so as fo exert a capillary force on fluid
within the pooling area defined by opening 44, and draws or wicks physiological
sample to within matrix area 36. Extending laterally from proximal portion 46a of
pathway 46 to within a portion or the entirety of matrix area 36 are sub-channels
50, which facilitate the filling of matrix area 36 with the sampled fluid.
[0043] Fig. 3 illustrates another exemplary biosensor device 60, disclosed 1n
copending U.S. Patent Application Serial No. 09/923,093, herein incorporated by

reference, which is suitable for use with the present invention. Device 60 hasan



reference, which is suitable for use with the present invention. Device 60
has an 12 9 HEN ' . 006 el ectrochem cal test strip configuration simlar to
device 2 of Figs. IA and 113, having a first electrode 62 with an associ at ed
inert substrate 64, a second electrode 66 with an associatedgigggnggssubstrate
68 and a spacer layer 70 there between which, collectively, ?o?hfa reaction
zone 72 having an appropriate redox reagent system Instead of a single’

m croneedl e extending froman el ectrode or substrate thereof, as described
wi th respect tclediewchenicebgstotriFigyigutatmndigilardeeeiee B0 ffags. AApndrl®, i ty of

skin-piercin | enent 4 extending fromand i.n suhstantially the sa | ane
as sBacer I gyg]ﬁ‘”f’@.a %§ZF{1§ ?%Cﬁc&nﬁﬁgﬁ%ﬁ%sﬁfléte‘mn%@“ g eaé%/mpﬁél%ggr% P
material as SpaCEfn hﬁ‘)i?sroci%%dgﬁerﬁgu@trlgﬂe];égear\}\lﬁﬁzs}q%%)‘e?ho tiRgE BeileBh Gt

el enents 74 each have a fluid channe ext eénds proximally into
spacer | ayer 7Qollectivehg tfomma zemeson Zéhe Baledvidd ani shpedaimetedds réagenypyteino t he
out side environnment along a substapntial length of a first side 78 and a
second si de 80 IBsteathef # YipecuLTRBeedls Axtendipg (g aeelerEqe A TP HARPRS

proximl to o sapisBaunkole skl B RLEL 08, 3Gk A oo FIAMASL/S are

di mensi oned to exert a capillary forcé ror corlecting an ansferri‘ng

physi ol ogi cal sHRRinepiaciBsdetety 74 betetding fRinehkd Gubeninly thé sandhplige agach
skin-piercing elenment is illustrated havi ng a single fluid pathway 76, a
plurality of suphRcesatendysSkiaypiprsingsdements ¢4 oty Skimadsi ofiths srgncemateaalas74.
[0044] Fig. 4 illustrat sui t abl bodi nent I r/skin-
piercing/fluid SB%%%@%”&Z@P?% é&gﬁﬁeﬁ#ﬁﬁ&ﬂf&aﬁ e erscfn%fé %‘F@? 9%)%%&2%%6

includes two giwdehdi@kl T6IivlichaRRntis froxiGiBNResiReeOdyeraaab réditbudbmg a fl ow
E@ihway 96 extending froma distal opening 94 to a reaction zone or matriXx
e

a 100 of a 7gr Bechaluidehnaaplsidris 9gen pHbe angidednsirenaeniratanga wbstppiaal | y

el ongated structures. characterized by th esence of.a single.bend | ocated
proxinal to th'ge%ﬁgg? %5% S{c%e ’a@ﬁ(ﬁlﬁﬁﬁ‘%@éﬁjﬂ%t %@tﬁ%‘?sljﬁle\’%nsur%g? 16%43" skin

pi ercing struct-fsnt add brinitisest R6xintalRLdistaPlip RY @tHeak By foindBI¥mERI M.
typically ranging fromabout 1 to 5, usually from about 1 to 4 and nore

usual Iy from athanndls /6 ag; diweasiensdie exartsenpibarpioseciongollestiaeand s t ypi cal |y
anges, {1OM e TN SRR e ThE AL SR LSV,
145. The | engt hafy aanipheciag Rt IsNBuMelisd hdvinPf sihbe fRii@paatag 7angul ar
plurality of such pathways may be used in each skin—piefcing element 74.
[0044] Fig. 4 illustrates another suitable embodiment of a biosensor/skin-
piercing/fluid access device 90 having an angled structure. Device 90 includes
two piercing/fluid sampling microneedles 92, each including a flow pathway 96

extending from a distal opening 94 to a reaction zone or matrix area 100 of a

%

proximal biosensor 98. The angled stiuctures are typically elongated structures
characterized by thé presence of a single bend located proximal to the center of the
elongated structure. The number of skin piercing structures, and thus the number
of flow pathways, may vary, typically ranging from about | to 5, usually from
about 1 to 4 and more usually from about 1 to 3, where the number of piercing
elements typically ranges from 1 to 2 in many embodiments. The angle of the
single bend typically ranges from about 135° to 150° and more usually from about
140° to 145°. The length from the bend to the very tip of the elongated angular

structures typically ranges from about 2.3 to 3.2 pm and more usually from about

2.6 to 3.0.
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structures typically ranges fromabout 2.3 to 3.2 gmand nore usually from
about 2.6 to 3.0. 13 [0045] The fluid fl ow pathways 96. have-capillary

di mensions that result .in capillary flow of accessed physiologj&ﬂﬂm éuid
fromthe distal openings 94 along the length of the. flow pathway to the

bi osensor 98. As the flow path is one that has «capillary dinensions, the
flow path typically has a dianeter at any point along its |length in the
range from about 80 to 150 m The flow path may be tubular or have sone

ot her confa@gf at i on,The.fluid floweativalys 96 M€l esill @ ddmeinss-Backignal shape

that is a square, rectangle, oval, star, etc., where the configuration of the
flow path is sarillawifiaveaf acsessed physelogicapfvdiftias tffeahstﬂh@eagrﬂs%édﬂmpi llary

flow. [0046] Biosensor -98 ically i de u f .a sensor chanber at
i ncludes a trghesaﬁ‘etﬁr%%ﬁe%%spa W@ﬁ_t%ﬁ‘&gﬁ%sggscg Qg'r é‘ﬁéﬁe ﬁ?\wrpé ISr?_g‘é&{%p%sh_e
preserce, and chyRhGalit¥nhORES BRUTAY bR tRfical HNRls et BarnBreP BYsiyY ot 0l ifsl Ui d
present in the chamber. The chanmber |ocated at the proxi mal- end of device 90
typi cal |y has &ngtl wrthe range fiven atang80 to b3 Ao (EhelflHy path304y be tubhkar br ansduci ng
means may be ag convegientftransducin qﬁans that .is C%Pable of generating
a signal inre %qu S 08PN S oPReiAAl BIPRIPHIGr 2 fToPSPELRA Sti4Ret he
chamber. Wil e ulfid IuBfORdeRES 808 star B, WIRRS BUCLRA: IRAGS o MY MREOREE 2
signal that is indicative o e presence o anal yte; in nmany preferred
enbodi ment s, t endtcatiedyoiloy aseemevides forehd bediredgemdegtfdsva signal that is
proportiopal. to the_amount of -analyte in the physiologjcal] .fluid. [0047] One
type of tH¥H8HuCci ngBiessRLrd tYPiF@\[Yﬁﬁnatdﬁé‘P %}F%@fﬁkﬁéﬂt&‘?tﬁ“@%@sasubj ect
sensors is a p iy i / j uging neans of
Foierest yp DB e e e R e e B ayot om
at produces gpiellgecbatdneragondljahalye ippapdologial fleidifreseaninuhe clofmiznal yt e

present in the chanber. The detectabl e product is_then Photometri cally
detected to prBeFerEbeslocatedat dha praringt cadel ppdecte brgrilyRat §velumeda

typical ly a measutemsnle Obout 6 6956 G0 PRl PBlciANRKl Enal BBl s Present in

the fluid insi er. rirc trans I'on neans i nterest
that may be enphoyaidnt Marsdeding hicasehsoks cagabl€ 65gdnacdtinge, sidgnal irareeponet td i m t ed
to, those described in U S._Patent Nos. 4,935,346; 5,049, 487; 5, 509, 394;
5,179, 005: 5, 3the pegncsolapglytspr: fluid present in the chamber. While 1n the broadest sense

the transducing means may produce a signal that is indicative of the presence of

analyte, in many preferred embodiments, the transducing means is one that

generates a signal that is proportional to the amount of analyte in the physiological

fluid. '

[0047] One type of transducing means of interest that may be present in the

subject sensors is a photometric 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 prbduct 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, 5,179,003; 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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5,563, 042; 5,843,692; and 5,968, 760; the disclosures of which are herein

i ncorporated by reference. 14 1lil\/r"i 106 [0048] Another type of transducing
means of interest that may be present in the subject sensors ijsHEMIDA

el ectrochem cal transduci ng nmeans. El ectrochem cal .~ transduci ng neans 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
el ements work in concert to produce an electrical current in proportion to

t he anounf0®#S] anal ytlenophersepd of tranisteciehmebarof idises ghaemay &d praabmdh tiecal
current provides for a detection of the presence of analyte, and typically a
measur ement of SEHECIEERER S AR §lesiroshemigplArapsduqipgmenns. flestapkenugal he 1 uid

nside the chaghel o bheakl @GNSINGab L ANSAUCLL O IBNS O dfliprest that my

be enployed i IFosensor devic are no imted to, those

described in thdhudeRawerlecioges Mmdbad o Afbre Rafdms 404 pnARdoduchis iRy, as wel |
as U S. Patent Application Serial Nos. 091333, 793; ~09/ 497, 269 "and

09/ 497, 304; t hevhéfespestlemants gforkin edncant &0 prodedaan dledripdcatent iy r ef er ence.
~ [0049] Figs. 5A and.5B i} lustrate another exenpl enbadi ment’ of, a
bi osensor/ ski npbqpé’Fté‘?rﬁ&tL‘? ﬁ?‘&u%cc?@ggly RIFEa thge a}[ﬁ/r{l%eﬁl ﬁF@Fne@Edw th the
present i nventjeemicallirfdht BRMIES hSa BiSGHRAEthd freddne GP&%%E,%CI calRat ent
Application thee r}ecferenceg atl)ove h%vi ng OAttornlgf?/ Do%:ket ) OSgyﬁﬁ%ry:i n
i ncor por at ed by meaefrementef thDevnasatrdtidh ofpehalyte shah ippraseant if tharfliid iRideand a

115, Bl ade por FIGHERREF EATHBERER FHORrHEaIBUE RO YN SGL ranbar 116
upon which is @Rxg . Qi@thetﬂi@ééﬁs&rde'\/ﬁ?ﬂn@ﬁd%'llfziﬁ‘%{/étbnno%%%Y&'E!' t6th83e ERESbed

Zﬂubstanti ally transverse to planar rame er 118 serves to el evate
-ade or | anci igUd. @aent No20,834,224; 5\0421162; andsk P72, 1 ¥y iamgretlasflabePaentf ace 122

o T AT 117, Tl ner Rbel 1o o, 20, Anekedo L PRy L Rce, af pamp bortion
e P11 A Ly 2Ry oy dod upon, anch bl ade 120 1
frictional00Ko} ces wiHigs.tSeands®B ilhusskierznuther exemplagasibodimdie ofbi | ity to
f ?,”g;,gﬁf a:' e ugiogéngglt}s 'g—vp?errcfng ﬂu? ggc%gsucge%'iceBll l%ds?]ita %g fcl)rsusg rwq%[hl t%ee%rgsmelgth a
invention, which device is disclosed in the copending U.S. Patent Application the
referenced above having Attorney Docket No. 058, herein incorporated by
reference. Device 110 includes a planar frame 112, and a blade portion 114 and a
sensor portion 116 mounted on and carried by frame 112. Blade portion 114
includes an intermediate wedge or raiser member 118 upon which is mounted a
blade or lancing element 120 which extends substantially transverse to planar
“ frame 112. Member 118 serves to elevate blade or lancing element 120 relative to
a skin-facing surface or face 122 of frame 112. Raiser member 118 has an angled
front surface or ramp portion 124 which allows for smooth translational movement
of device 110 relative to the skin of the user. A landing area 126 is provided upon
which blade 120 is specifically mounted, the narrow construct of which acts to
reduce frictional forces with the user’s skin while increasing the ability to
compress tissue ridiné over the structure. Blade 120 is provided with a triangular
shape having a larger base and substantially vertical side portions, however, blade

120 may have any shape whose geometry is robust enough to avoid break-off.

Sensor portion 116 is spaced apart from blade portion 114 to allow substantially "
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shape having a | arger base and substantially vertical side portions, however,
bl ade 120 may have any shape whose geonetry is robust enough to avoid
break-off. Sensor portion 116 is spaced apart from bl ade portion 114 to

al I ow substantially 15 9 ~NCV 2906 flush engagenment by sensorpofgi on 116
with the cut area of the user's skin. Sensor portion 116 provi des a sensor
pad or area 128 for receiving the access physiological fluid, i.e., :
interstitial fluid or blood. Sensor pad 128 nay have either an

el ect rochem cal flush guigegonett by cemsonporgon df 6 evithatke desoed bitttle abatseskin.[ 0050]
VWil e specific onfigutatafgs of , bi osensor/skin-piercing/fluid access

devi ces suitabl B PULRD WL ? RTQViflss dypsrorBag pr ke 1A% EXdRtCiViAg dhnacessShave been

de: ] S8 It e . een
el cot r oahem ol PUSRGTRRRErI € e e g pdor hage, S KRFLE ol RERIRE, D7

suitable skin, fideaingealaheni®taretit coomaest@sas doditdianaldy, while
specific shapes of skin-pierci n% el ements and mi croneedl es have been
i |1ustrat d80¥Hd desWhilesperifigegniurations ef kisagnsonsskinpiarcipe/diuid aegessl enent  may

be enpl oyed wi tJ] ! %?swgib%s%?%gf{ wﬂgﬁlecseyfsggn}as??éltlgegﬁqeg%{ %nhvleggﬁgrggagv&g]%g{? les the

skin to be pieré:é(éfwl ni ma in t he

ski n-pi ercing qligsrmdd smyddianisedait iSERREANd @b MlyftF'ﬁé oDFioRndtak, gconfi gurati on,
or may be substantially clyl indrical-like, wedgé-like or triangular in shape
such as a substedgrtiogh¢michl, ghetemetia colarigletid, imay becaomfloypdrwith ong obharde- shaped,

. or have any other_suitabl.e shape. The cross-secti.onal hape, of t.he

ski n- pi erci ng éluﬁﬂélﬁt%m&?lérﬁngl e@%@?&? ﬂ%mt%?‘ifiea Sofa‘dgﬁioﬁf‘% ’éﬁE}erﬁ_é’ece‘Pl%nent t hat
is penetrabl e igphgestdIQkRKbiBreidPeletn @ AYd kb AR s $AADBoenl iNGdMd 1 but not
l+mted to, substantially rectangular, oblong, square, oval, circular,

i-anmond, tri anigsdravred, styasu)tableshapeddfiskinepiatding elementskinbpémployedywehément may
be tapered or _nay otherw se define a point or ex at its distal end.. Such a
configuration r?é"}lsénf%{ VERS aFg%aéftheaWaBBFF tggéﬁ@.t.‘épe PlyEced ithymimimal r apni o
or triangular iﬁﬁpﬁt% Lt FbKSambie nll IBNSiPNSe Ofrdehemakhivd?l er ci ng el enent
may vary dependi ng on g var i etyagl} f’act%@gﬁisegcﬁggls themtgpe of physi ol ogi cal
sanpl e to be obubstamhllytftet or desireedfipengon,atrinmy whegpbbtasid] ytdy&intdhcat fikess of

(e skin avers, of e PRLLICHLAL . RaLLSIL bebng L Sptdc SEnersl e (e
extraction funghhRRSraA88 bldddUhapdd of fIeMRGDHS sBRabitEHpE! §RE Ldbss-sectional
shape of the skin-piercing element, or at least the portion of skin-piercing element
that is penetrable into the skin, may be any suitable shape, including, but not
limited to, substantially rectangular, oblong, square, oval, circular, diamond,
* triangular, star, etc. Additionally, the skin-piercing element may be tapered or
\ may othefwise define a point or apex at its distal end. Such a conﬁguration may
C take the form of an oblique angle at thie 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 {o withsta;nd 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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robust to withstand insertion into and withdrawal fromthe skin. [0051] In
each enbodi nent, the biosensor/skin-piercing/fluid access devices are
configured so as to provi-de a repeatable interface .with the physi ol ogi cal
fluid access site and with the target skin layer when operatively, app! oyed
with the 16 O NOV 20Ch cartridge devices and systens of the present ™

i nvention, which are now described in detail, Systens of the Present

| nvention [0052] Referring to Figs. 6A, 6B, 6C and 6D, there is illustrated a
physi ol ogi cal  sarpige dvli¢asand systemeloftha prasementensipst ehick 00 véw dheripedment

i nvention havi ng1 g{.l conpact, portable structural configuration. This
structure includ&¥an ergonom ¢ housing 202 having a top portion 204 and a
bottom portion 206 hinged together by hinge neans 208 which allows top and
bottom porti ons 204 and 206 to be opened apart and cl osed upon nanual
activation of d&psessidbliee Riesen2P6/eotion he |i ke. Fig. 6D illustrates housing
202 in suc open condition while Figs. 6A, 6B and, 6C il lustrate. housing
202 in a CIIEQ@&i condﬁ%e??}ﬁ?gf%gﬁsh%g&v%ﬁ N@u@?:ﬁbﬂﬁd? fjusiatoda physiglogisat om
housi ng portion L i i i I rtridge
dovi co 210 of 1 AR pr el i Ehleflent QIR 2ER np BBl Eh Braf ™k Brove
after use. As Wicbinphe, glasthid hadtidl @nfatRfiotleThis strbgu@indiutis 128 peESmit 0
Figs. 7A and 7B, cartridge 210 contains or provides one or nore, and
typically a pl dpasing yOhhavipg aéempasties RUt andebetéyn gevicacdodnnged/togrisy byhen

properly | oaded, w thi i I oL a nt of. th ! the bottom
surface of carI}Ll fn(ggeem X 5\%?@% i% Elhféwgggﬁ?d(’)%i}gméafﬁlg%?ﬂ%j%gds?(?]l?té)rbr?ﬁpeg‘?dge of a
bottom wal | 212 apdrt bt E1088dnGenicehuBDAdtivaifor2 e pRissibRY 1891226 JPakd loe. vy 212
Rgi an external surface configuration which is snmooth and contoured as

essary to béDrillusgihatesfiussng 292 de bedtancopgn sandition whilgegs. §AskRBand Lt hi n

bottomwal | 212.is an, aper e 21 S own.in Fig. 6 si zed .an

posi ti oned suchﬂh‘?g?{]ca{logglﬁéfzgﬁ Thit 8@@%@%@%&%‘ (}l 0§8@§g_§9%§%5&;‘§ %0280?729/4 be

al i gned wi t h andn@xeestdohdih@pahion 206 dbBfiEartihferith cb@phit@ehtai® WhitBa

bi osensor/fluid access devices 220 are conceal ed and protected w thin bottom
wal | 210. Associatidgewieviveddeof thepreseat mventiwris aperatindzdeadedend §gown) , e. g. ,

electrical |eads or an_.anal ogpus..neans, .for. . .
Zemioved Attt aseo W RiI'TEE R eribed in greater detail below with respect to

Figs. 7A and 7B, cartridge 210 contains or provides one or more, and typically 2
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 éingle
‘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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comuni cating electrical signals between device 220 when positioned at
aperture 214 with a nmeter or neasurenment neans (not shown) housed within
housi ng 202. Such electrical signals include input signals fromthe neter to
the device 220 for initiating the chem cal reaction between a sanpled fluid
and a reagent within 17 V NOV 900b device 220 in order to detenmppem
chem cal characteristic, e.g., analyte (e.g., glucose) concentration, of’
fluid accessed and sanpled fromthe user's skin by nmeans of a device 220.
[0054] Such neaslaviee@R0 inmesies tchitsertiiee M eleesisardacorsikiiciclg. aadlgeoganent s for
conpatibility with the type of biosensor enployed on devices 220, e.g., an

el ect rocheni cal SlpRetGRBETIURUGR. Sl psrssser @and saspled fiam Hicaisess #6r bBcheni cal
based neasu_rerre%eaﬁgf?mviw?ﬂgl ectrochem cal measurenment that is nade may
vary dependi ng On e type of assay neasurenent and the neter enployed, e.g.,

dependi ng om34fet her Subk neas@ymest @eAHs WAB el e ceBMYIASRId hd 6Smponents for
potentionetric. Cenerally, the electrochem cal neasurenent wll neasure

char ge (coul onecempitibilipivie He yappebiosanser aployeden davi¢eal220pogenri ometri ),

usual |y over a gjven_per.iqd e foll.ow ng sanple.introduction i,nto the
reaction, area. %Jﬁ@ﬁﬂ%kge?uf %r P hr?géﬁn%t& ¢ Otrﬁgjo ll%e\%g%?élég‘lr)i\gg aglege(gﬁp&%ﬁ?lcal
neasur ement _ar e phdediheisuftaRat kY28, the bleStrochBAt@N nehfement. tB4s &dde nthy 545, 382;
and 5, 266, 179; as well as in International Pat ent Publ i cati ons WO 9%/ 18465

and WO 99/ 49307 vamytdepdidisf 68 threelypopi sdsiye measugeméngrasd the meisr popkyed day,

reference. Wth photonetric/colorinmetric assays, optical- t _peters are
used to perfor it m@dggs%yvﬁgﬁgrht%gggsg%s. Iﬂ@%ﬁ&ﬁ%&éﬁ@&rﬁcﬁgﬁﬁﬁﬁgﬁ%tﬁfcr
perform ng the gRABNAS@ekltcirbeenden GhdRedment WhiSneatestarNORoulothef?4; 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, 526wid0;(aBp&681ed2 or FpBR021IgERENH IS BcY 2oyalky, OVEBa 4820 peBed 80, 304;
5,789, 255; 5, 843 691;fP£ 846, 486: 5 9&8,.836 an”ﬁl 5,972, 294;%% ' discl.osures
of which are hePEHRS| %‘?”_{5@?3@85 18_90 RSP e 1° TOER) 4§y st Ogﬁ&rf Her

i ncludes nmeans {QraRPEHAIcHKEH ¥lebRYdhRE CR il idoRet e fuMHePHE HBMSING.S202 SO as
to operatively nove cartridge 210 in order to sequentially position each

bi osensor/ f | ui dPaleceNes.dé24,e2220540,3&%; andb 266 @0tas wedlpasrin dnterrtignalSuch

cartridge mvemﬁgttenti Ig%?fc\éggnsa\g’ba&ﬁ?ﬁ&tan%fWE)ag&/@fi%g?ﬂ]%]d('i)sc.ﬁonsures of which are

| herein incorporated by reference. With photometric/colorimetric assays, 6ptical_—
type meters are used to perform the ﬁssay. 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; 5,8_43,691; 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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one direction, e.g., clockw se, and reversal of cartridge 210 in the opposite
direction, e.g., counter clockwi se, relative to aperture 214 to align a
device 220 wthin aperture 214 and to renobve or caonceal a device 220 from
aperture 214. Such cartridge novenment neans may be a notor-dr idviél] st em or
the like, or may be manually driven by the user by neans of a ring or |ever
mechani sm 18 N NflV 200E external to housing 202. In a notor-driven system
cartridge 210 nay be provided wth a drive 'wheel 232 such that, when

cartridge devi egreAllid SoudPRIALI VEkYndiSRdeetn FREnPeshAidREG Wht b {stobfa!ééi ng
202, drive wheel 232 is engaged with a drive shaf’t' 23"4_for rotating
cartridge 210 wathfeaofmierdheshd3? suphrtby, wherecariraigs dedice Ré0 sherfer@B4lyi lsadddn t ur n

rotated by a driye nptor, .al.so | oc Wi t hi n artment 230. . [ 0056] System
200 a1 50 1 nel utel FnuBwg MR Soiiine et oo P ERS e R BB ateaak
cartridge 210 at4 aReblaUhe cZdkided| 03R P WaRPadll feQLSE dRBRAS NDHRYISES: 2240 T hat

is positioned at aperture 214.” Such bl osensor. nobvenent neans noves a device
220 downwar d f romud featbd by edrisenfaarealed lddaedorititin cdgeartmendi30h al | of the
hrough aperture 214 so as to operatively

devi ces 2 e posi.tion “and t

co\rlllt ac;5 j)%gg{/i cg Zgﬁétﬁ?lt%%nta%@ IE‘QP%%EB%FE%QFHH%WEEM mears GEEHM Ve cont act

i nvol ves pi erci : Al i j ] j.t i:p-piercin
el enent pPovi d%%ggﬁtega%gkﬂ ‘5}%‘53%’8g@g%@%ﬁh}}%c%ﬁegaﬁg@@(ﬁgﬁ”g dtaoegcgg%jl?@e‘iong sucﬁ

downwar d for ce2z(that dewsitiene2&Cipsmyreldt 4 e SpLIOYREnsvh e MeNITRSR hRivey e Mmeans’
i nclude spring _neans_or anal ggous nechani cal neans, and the |ike, which are
described in gf®dees ety vard fomyihe bptomariageseldne sartridger amuhich gl iofithes a

troll havj he f t [ [.on _of t
reasuremont  moanace 2P S ERARRARAInd Bloue Wit o1 o R0 Bl AR renb Bt o

ans, and a dispéea3202dih tiersclitceplshin ek, STERSperaiRdontiat vahds pldadng,r el ated -
data, e.g., to informthe user when all of the devices 220 have been used.
The ni cr opr oce@¥bRE ARANFINE thekinuirkse vailia kin-pierding clemsnbpipvled oagechmeans f or

the short-ter ngieq’gcé ﬁbg'AEj nYEER ea}%]é f&g%%ryﬁggngtgzﬁld%o%%d ’%{'?é & 299 g2y

f_urther i ncl ude commni‘cati on nodu _ rectiona comu ication
with a renote ZInkapbe d@yldyed,0had eepRésatati e ea@Sinclube §pringdivieMsicel ess dat a

conmuni cation means, e.g., telemetry nmeans, such as by )
analogous mechanical means, and the like, which are described in greater detail
below.

[00577 System 200 further includes a controller having a microprocessor for
controlling operation of the measurement means, data processing means,
automated cartridge movement meané, and a display 218 for displaying
measurernent data and other related dafa, 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 eater 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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infrared (IR) transm ssion or radio frequency (RF) transm ssion, for the
communi cati on of assay protocol prograns and information and for the
imrediate or later retrieval of measurenent data and the |ike. System 200
further provides. user control keys 224 on housing 202 to allow the user to
enter or select data or paraneters from nenus displayed on the qupmy or
to activate novenent of the <cartridge and an assay protocol, which
representative data signals are sent to the 19 F. NOV ,'1100 system
controller. System 200 }/ f ther control visual and audl bl e al arns whi ch
alert the user W&WF?“@ i RESiFBL Qrﬁn%s@ﬁiieft(‘@ﬂbél yieudl gpdaddiblgmderns cartri dge

needs repl aci ngghmezﬂ' fheanal ‘%gﬂ TRasl eI é‘sﬁaé{ tg thg)lF of s fef}g[‘:%ﬂg et c A

power supply an ter are al'so provi

the cartridge mmi@urepladaeg,rwtcan@mram@sesmasafedn@qlt hs &ﬁﬂ@@ﬂﬁﬁ%reﬁl@@t&@'ked by the
m croprocessor. [0058] The system conponents just descri bed miy be housed in

a protective, BE¥EYPBYAYErhwiaty o3alsoparedad ch@PpiE@hﬂ@mﬂypwcratodne si gnal
lines may run, fo om conpart t 230 into portion 204
t hrough hi nge 2(ff§{r{d§%>%ﬂp{ ?hrﬁlﬁ'b %Rfﬂifng Hg‘ﬂ COBEONHA L gqrﬁgﬂlgﬁfpy tg%ch data or

signal |ines mamidigpropésayd.ded within top housrng portion 204 such that they
cone into contact wth correspondi ng data or signal lines within bottom
housi ng pdPPs&in 306 '\Kh@ﬁ]‘ystmCOIhDQImntsgua;tsiesanbadmaysimchmleﬂ:rﬂlnta potectif€059]

Referring now to {;,d F ﬁ) sho a reprgsent at i of one odi ment.
of a cartridge ¥& 3:8 m&n % %‘?r t DEGRVERE FHA og@,gpglg}ngsp@yrﬂg, Ofwith at
| east the bios L bhyi nd 3.
Cartridge devi ;eég@g{o ifadgn gélggﬁr?i&ﬁ 250 Hg(@%%lﬁ gﬁgﬁi&%ﬁﬁfj&%g%ﬂ# azlolgttcsll of

i ntegrated bi osEtimor h@lﬁuﬂg—pﬂreomw@lfkltumdteacsmﬂnsdadrem gesl Bads fiay b referred to

rein as bi osens ces asi tioned thereon, preferably.in a serial
[’ﬁ’r angement  WHEP¥ ﬁd H"é %E’E)}@g@nﬁpgrt’é’ﬁ )?u%tbg@%@g&ﬁam? l?tP%ﬁ?@ﬁth%t her. The

cartridges of djpespiReNath BYERAl Med il @%
i ntegrated bi osenS(S)IF% devi ces 304 whgr elyrn1 ?%tgonu cartri dges gener ally

ranges from abdpusBgtipiniDclof@ioBaglition. t he annul ar or d| sk configuration of

]lc: Ir grm?'ra‘l ngﬁ‘@%&;dgﬁd bl?%%}éﬂ:rgnogle}oé{‘fs@ ﬂg;jg&etgcrg is s(,:h%r»]vcnez{] 1'Eerplrecserfltléltzilcr)’rr{a 0 (Ianrt]:gs outer
‘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) positidned thereon, preferably in a serial arrangement
wherein devices 304 are evenly spaced apart from each other. The cartridges of

B the present invention may host any suitable number of integrated biosensor
C; 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 tersion 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 frorn

about 50 to 75 pm and a width in the range from about 0.5 to 1 mm. Each
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302b. Rings 302a and 302b are fixed relative to each other by neans of a
plurality of torsion bars 306 which extend between rings 302a and 302b.
Frame 304 is nade of any rigid material such as injection nolded plastic
such as a polycarbonate material, while torsion bars 306 are pigf éilabl y made
of a material having properties and/or dinmensions so as to be flexible or
tw stable about their longitudinal axis, e.g., stainless steel bars havi'ng a
t hi ckness in the range from about 50 to 75 mand a width in the range from
"about 0.5 to 1 mtegriadiddendor Nekicdd 304 ik npagt adledithihes ens cirsidebac 836,304 i S
operatively attached to a t.orsion bar 306, preferably wherein there is a
one-t o- one cor r BEHTANYYEETHE LR I HeRA-PeneFomreaprndenesy bet weenpdevices 864 amhch

torsi on bar 306,al: ty ' t Vi . to rotate relative
to frame 304 at ‘Faasrsors, SH RTINS e RO R Rl RUEES, " e
torsion bar. Astestths rddtive taXiamed@04r0laki pRtidlsy aupeRdbedhdinad 8xia dP@idy al ong
which cartridge 300 is caused to rotate or travel. Cartridge 300 typically

has a di amet er bY B8gPHE ¥ FasnAdiseeh, this psis of cotptiomispermendicdlas tampathbéingeen t he

t f th i i i t ypi cal | f bout 7
Colo mm [ 0061 REh ARl S RaERAR e G R CreRead S RRERRE bR el ude
a drive wheel @Q8ictddramidGbmRnbul Piod i WEeRRE BishausBadwbbd tHetesitsbem 200

in which the cartridge device 300 is to be Toaded. Alternatively, drive
wheel 308 may athsdliskeanddepbiosgnspydevaces dypivillyhiangaseoms peowim thdusimg and be

fi d i\ d. i th cartridge f 302. Drive. wheel 308
SO N SOt e AR N LR e AR A et
ring 302b. Rotafihan 308 f&Htﬁé%mM‘%@h_d%Q@sHﬁHE&?se{i%ﬂd Hdm Q@@ﬂﬁ&ﬁgg%&aof

Kﬁrt ridge body 302 and, thus, rotational translation of devices bout
b 310. [0062]caFiryglge A8vict BUSisrtatbe domledund amayivelgr dilenwiodel 868 traydipe tdevi ce

300 operatively _positjioned w,thin a bottom housin rtion 314 of subj ect
syst em havi ng’ aﬁ‘?Pg%ff@f b‘ﬁﬁ?&g?’i 1n *ﬁéyW’é‘]‘th@Pgé‘BébPngg@I@?FOsre%‘?}Y?? ent for

the biosensor d&gag@aitﬁ%ﬁrt%agb ﬂ?ﬁ%@gg@.g@#?hgwgggp}d%mlﬁéésl yhﬁwgﬁaglg{)a[)om about 3

to 8 mm and usually from about nponents 320a an of a
bi osensor novengntaliteelifsarae bars 3p2 fiatd welnyef frarael ring BAR2n Rbetisy sf énvenousi ng and

| ted i mat d si 318 d i 18b of tur
32%?' ?esgregi(: Ug\ygqe?é%%%éﬁosté%y qxi%%s?ag%pl of %arrtr? g%rbso%y%log%ng,' tgus,?otaggnearl ure

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 td 6 mm. Components 320a and 320b of a biosensor movement means are

C~ operatively fixed within the system housing and located proximate a forward side
318a and a reverse side 318b of aperture 316, respectively. Compoﬁent 320ahasa
wedged configuration and component 320b has a spring-loaded clip configuratiof.
As best seen in Figs. 8A-F, biosensor movement component 3202 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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wedged configuration and conponent 320b has a spring-loaded clip
configuration. As best seen in Figs. 8A-F, biosensor novenent conponent 320a
has a top planar surface 322 and a downward sloping front surface 324, while
bi osensor novenent conponent 320b has a top clip nenber 326 spring-| oaded or
bi ased against a bottomclip nember 328. Conponent 320a is podik(iVoiéd on
bottom housing portion 314 and under cartridge device 300 while conponent
320b is positioned such that the plane in which cartridge device 300 and

bi osensor devices 304 rotate passes between clip nmenbers 326 and 328. 21 S
NOV 2006 [0068B] TheThewmvemeniundergyomby bypiaehicawséas tirodivat ahaseghout an

assay application.is nowdes ribed with refere tridge
devi ce 300, wh&RPUCALM ]iS\Pé’W rgbeg]fwléfﬂfvebﬁstiot %fngg‘g gﬁ“ﬁﬁ ?dﬁbﬁ%e 316
is free and cle ¥o) t tion of
t he bi.osensor dgé?ﬁégcgid naquf¥gﬁ?&Fﬁﬁﬁ?§HM?ﬁ?%guﬁgggﬁq%ﬁ%@ﬁégﬁ%gg each
‘devi ce 304 is npiodmabnéVides 384 ss up st Eravémbbytapliraunan of dsi Hibwnsoraleaicey end 0

bott om housi ng portion 314 by nmeans of the tension pI aced on the devices 304
by torsion bar sma@@rte;\amaw.t%&wd%ﬂerr oﬁ‘ﬁ%ﬁeﬁgmec%cbrqetdﬁé 385 maintaangdia adi r ect i on

of arrow 330, to Fig.
7B, wll cause %u%ggél{r%gsi&ﬁp lgg#:béogltlggiagw tgg)\?a ce or %(ﬁo%(gedqﬂ]ﬁf{nﬁg&sdne

di rection ther efpy t@RRMgAGIEING HOGPOSRB4HY0Brsi AShade J06: eAdARIngor radiiagnced, it
is caused to wedge between top clip 326 and bottomclip 328b (see Fig. 8A).

As the clip rren@@trlglgandewse isibg dirgelansef asmen3, her In Browuersdeckydsd @@chsma is

in frictional nent 32 when posi tiQgn t clip
nenbers 326 and” gé W%%&’b}fas GEA 85%%acpcvéce 3{98 ?%?&;V% ¥\§ 8\/aa?1]5]ed in
the direction %e@ﬁrﬁ@\i&rgé’t?on&ﬁ%b rohdh$n P@skpdHenPI 6L 18 dedid B34i§ s bet ween
Cﬁt] p nmenbers 326 and 328, n(gonen 320b pl aces a S|1:M?ht upward force or

e g2ale

‘essure on bi ozbrsed, Heviae Wedgﬁéleéwndaplshm b@t@mlap 6%8trﬁ§t=¢ate about

torsi on bar an needl e e evi
downward t owa6%‘ g‘é ‘8? h’ ﬂ%’ ‘?%%effcﬁf&dm%%? AZHOSFACH 8@‘35%&0&'%?5“ 8V13?1ced
further forwardygdais 1rfﬂi‘f%tlgh:ﬂ%§hﬂa@tr\w@ﬁ C@Yﬁ% ngﬁb Weéd positshelibeicegigt 336 i s
caused to contact sloped front surface 324 of wedged conponent 320a (see

B

Fig.. 80), therediip beinhersfdfuhép28.f Bicadicenseilrece é@"rﬁ i salfermtinead daren

forward directi 1(1)1r%he c'?itregu%n of Fz)uQrIOQVtBBZ sugh 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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deflection 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, physiological fluid, e.g., interstitial
fluid or blood, is accessed and drawn up into the blosensor portion of
device 304a for testing by the system s neasurenent conponent®yi(y Alber
sufficient time for accessing and collecting a sanmple of physiological fluid
has passed, the. cartridge device 300 is caused to nmove in a reverse
direction 342, earftidgeirthgd 30LRGKIBER @ééﬁet8®“1F1ﬁ§§Ecﬂtr%0 iyagdih device
304a becones dlsengaged from nmovenent cofporients 320a and 320b and is caused
by torsion bar gb\@nﬁﬁihﬂeﬂt@rwﬂndcdmet:tsoroﬂ(’gmmalusqﬂ davige Pogicoinpretelyipassey evaro 22

NG 22000, oo o e [4 B8R 3FR2 208, 20 (325 PPl PSS, ©o°

conpl etely passﬁiplgé’eeofo asQQ%Fé\ﬂéﬁﬁng’cﬂ\@r@ﬁt ﬁb&meﬁ?aﬁ@@@ssﬁil&m i&F)to 1@ ueefli ch poi nt

cartridge 300 | ocked in place so as to prevent inadvertent novenent
and possi bl e i npuehyprocest hferepszﬂcd witBeeadh gavicee®el wisenrapmssdyeptowicohisaeatvatetbvi ce

304 when an assay pr ot o ctlv ed by the user. Wen_ all devices 304
are used, i.e Y\Q\?élsﬁ%c\% Waest 41@& 35ein angsyeﬁpayseé@pew@ used
cartri dge may b sed of.
A repl acenent cgﬂr rid %qonéogq%g%at%ﬁﬁhgﬁ}ngy gf?ds?ggtg%g%%%ggi‘&%ferri ng

now to Figs. 9Aafimropdrdy eispesed bOVA raplatdissnt em’a\iﬂ:germ@t thefi ba lodaied $rero siar
novenent neans 400, particularly suited for use with the biosensor/
ski n- pi er ci ng/ a®8E¥% devi ces of Fig. 4. The biosensor novenent neans 400

o' u0e JRRGEL, 2Par RAATRONPICEAS A BEKIUAIZR ROGR ERbY Lkl G9USI N9 Of

t e subj ec ents 4 are sp ace apart so as

raddle an apabgenrs@r xﬁaitemﬂtrmneans heo, lp@tticermrllycsuﬁemgxwaé Ivithake Hmsmsbﬂed above
and provi de surfaces and edges to ui de a bi osensor device 404 t hr ough
aperture 401 fofkin-gpariagiacenydedemssbHishid. dhediopensosimqyeasnt BeansAtla of . a

user. Such surlatRRelifl.CUgRe MG,k 2 hAPRAl L LOG: SHHIFRES AR, bhe andl es

of the edges of M5i"0&% re speC| A 'y, conpone 402a has

an angl ed surfage séﬁjecttslyﬁttemsn&bﬁip@ﬁeﬂtbmm £1bhaceaddlamit angltedrdds ensor
devi ce 404. Angled surface 410 pically forns an angle a with the_ bottom
surface 414 of m@%@ﬁOM‘@g@nt% ottom 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 ¢ 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 P with the bottom surface 420 of component 402b
that ranges from about 30° to 50° and more usually from about 25°to 35°.

[0065] 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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ranges from about 40 to 55, and nore usually from about 45 to 50.

Furt'her nore, conponent 402b has atop surface 406 that engages a bottom
surface 408 of the angl ed bi osensor device 404, and has an angl ed back
surface 416 that matches a front surface 418 of angl ed bi osenspr, \ﬁﬁ ce 404.
Angl ed back surface 416 typically fornms an angle a with the bot 8 'ﬁj rface
420 of conponent 402b that ranges from about 30 to 50 and nmore usually from
about 25 to 35. [0065] The nobvenent undergone by bi osensor device 404

t hr oughout an astsayn) cabylwayatfi aotatinalgpiveesachhed twh hbispdler @acBigs ol 0Bi-gs.
9A-9G. As with th enbodi nent described with respect to Figs. .7A and 7B,

bi osensor devi céoébﬁlcﬁé]%t biesepyoE dayics &DY istieldirasrrigng baased Ppeifen mishic hown)

by. way of a tepsi (vt 9. b ' a :
rotational pi vo[J 365@?3%@{%n@t05%§v%%1p gg%@‘ésh'(\@@‘emiﬁgﬁ%ﬁ%&ﬁcd’%i ggltéth t hat

bi osensor devi ce0Z)4niFg oA dingleddiosehiddiqoalis RoR&eth PHSE Bir@lionAckdiig to bot t om
surface 408 of device 404 is flush with top surface 406 of conponent 402b.
In Fig. 9A anghmewii2dswaasiopeyiics 46 wédomponent 108 Kigr B shows Betwrtié ng to
arrow 422, across,top. surfage A06 of co nent .402b. Fig. 9B shows, that as
the angled bi o%l?ﬂgcggmﬁ?ﬁof 4%%%’655‘?{95@akeﬁga‘élﬁ%g?Wﬁe%g?%%l}nenéso%@gﬁéﬁt s 402a
and 402b in theotl masd HREctRh TRiOW 4241t drbpsHRRSINAPIE obedifg tiee BRASBLNY there
bet ween, noving al ong sl oped surface 410 of conponent 402a. At this point,

the direction wbvingaleig depesrgtiack i befrrsmondds02s. Abthispraef, theslighdem i n
Fig. 9C, in the forwar irection jndicated.b rrow 426, -Because of  the
downwar d force %‘!ptﬁﬁe BPW(??&;@OSG@&?’%‘I‘({}‘Q‘Qé‘?veési‘?ai %‘CF%B}”(%% Sr Cﬁ)ﬁh Eiﬂ?‘{%es to
~move downwar d ah@élﬂioﬁ'i&ﬁ@ﬂeéb'¥ b6 4261 MR of Rt dRRRITSE henrd48nof

apgl ed bi osensor 404 becones Tlush with a targeted skin surface exposed

t hrough apert ur earttige, Meted hoeasdretOdanodtinsseoentve dofvnaard ddng sloged sutficei n t he -
direction of arrow 428 ee Fig..9D). brings front rface 418 of. angl ed

bi osensor 404 i At Eﬁlfag ttmsﬂrfia%%(}%%{as;lgqudﬂgﬁngq;r@g@gcqggs ’bslh% onent
402b. This cont apleid LHGESuPicOe8pSA tBhal yﬁaértﬁm@pm\mﬁ@lecﬁﬂa@wwrﬁoye&ﬁeﬁtskl n
surface to the tatget skin surface, causing the skin-piercing configurations
430 of bi osensoof aled senpeift mate dirbeidnarfgetows42&n(seuFigagl), thoingefreot ed ski n

ohyst ol ogi al  Hircas oF of le<bSbtendor O infy G-t Ginvartiny Sepe SPERRE i cn

fills the capil | Al dneyy APHNThis 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.

(*"b [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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of bi osensor 404. [0066] Follow ng sanpling and fluid fill of the capillary
fl ow pat h of bi osensor 404, biosensor 404 is again noved in the first e
direction as shown in Fig. 9 according to arrow 432. Continued novenent of
bi osensor 404 in the first,. reverse direction causes rermval gj hiosensor
404 fromthe skin surface/sanpling s$ite and brings biosensor "4 X up, out of
t he openi ng between conponents 402a and 402b, as shown in Fig. 9F and '
i ndi cated by arrow 434. Once the angled sensor is brought out of the
openi ng, as showachblioﬁdngor @Bicet40d vf/lhdmiaﬂxe@&?fe‘;&ﬂﬁoeblﬁshﬁ@vatéﬂ@ﬁ&i&&@ér. Ghpgtper can
be assayed. afourse ere desired the fluid can be assayed while the
sensor is stl 11 Alfegee0vupenet g BAva bren st wied e peerm RN AfRITRER etch et
prot ocol being eﬁg)]é dedg IS gReat ed th.24 Y NN tlili[ each
bi osensor devi ce S%M\A%tgl An a gége%gcr%% fI ssy%c?‘fnl %?Ugglcba)pdtﬂggqu When
al | devices 404 digpesddssfd A tepﬁcembﬂ\b@xtﬁﬂe@m@me‘ﬂ%qoi&dﬂﬁfoftﬁé 5y s, assay
protocol, 'the.used cartrid may be renoved from t he system's housi ng and
properly 9%ddsed oflhesara ea@eh@mnt@mam pidge emdydiniram dpwribodaed respect t he
system [0067] The. i e t ans of the enbodi rren descrjbed with
respect to Fi gl Eh’%g{\%]%g%fu ?“ﬂe%‘}rqter §?%0§&IFWGP§%VC&P@F%—HF Sentative
rotary cartri dgeevid@¥d ¢@vasinFheymoino FDas in FRAI1OR, Hedey ok i sﬁlﬁm&%d otary or
di sk cartridge 440 includes 8Q%mhd| vi dual I<151ng"Aed Eosenso?s 442 &nd ,
posi tioned on t ephetes BontﬂlﬁtﬁuabmiﬁaideomzmebMJSmg)sy(tmotd o oyt blmﬂ;umng an
aperture 446 ther artri 446 rot ates first clockw se
direction 448 af" %Sﬁ4oﬁﬁﬁflsdng O{‘ﬂ’qvﬁg%ﬂﬁ‘é‘gé‘?ia@%ﬁtve 4&5"??8‘1‘? bBfosensor 442
relative to thechQERnEOroBRy e Hest TRRRNiscAGCefisH 148 10sHEWgSin FI4 193G, 9B. The
, gectlon of the cartrldge rotation is then reversed to'a counter-clockw se
ection 450 aspghovely pesifipya bm@;somMZ:nldnwemtgﬁle Hibeenkirosevesmnt 42 i nto t he

t 446 within.b he t ski f
S i or ced and BIRFEHDE SLRGRUA ot OB, Lheiatcr oW Ca{t’f‘ﬁ%“g%é?tisoéllc}?ff{sﬁg[ e chanber

of biosensor 4423¢rsthena cédlﬁerddléﬁ&ﬁlké)@ir&ho{{'%@ﬁé Qﬂ)vﬁf in E&IUE }ﬁﬁ% sS again
reversed to a clockwi se direction 4 as shown i n Fig. ‘whi C hdraws-
bi osensor 442a dlﬁtbl‘oﬂenidné@kmm ﬂf@cﬂpbxtmd%ﬁywﬂudnbeﬂmemﬂrfa@e%hm%mtthmf
analyte in the access. er
farget s Rin surfact area is pierced and physmloglcal 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

Q : employed with the cartridge embodiments of Figs. 7 and 8 or of Figs. 9 and 10 and

.their fespective 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 emhndimenf: the dAesrirac ara Single integral deViCeS, in Wthh the
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(0068] Wth mnor nodifications understood by those skilled in the art, the
bi osensor configuration described above with respect to Fig. S may be
simlarly enployed with the cartridge enbodi nents of Figs. 7 and 8-or of
Figs. 9 and 10 and their respective cartridge and bi osensor VBBt means.
As such, the cartridge as well as the correspondi ng construct of the subject
system may be configured in a nunber of different ways, so long as the
cartridge device can be manipulated.in a forward and reverse direction for

performng the aSSHY PO SEBF:- PARRESHLS BICRRRy deiBlay tRanp s RIS PTERep! eethecan be
oper ati vel y mani Aiceeirfan BeOSROSRRLMUEIEN . TBANS 0Pl DR LBHSL LML 9 L hat
t he bi osensor devices present on the cartridge can pilerce e sKin Fface

and access the plysiatd fognchd otheriangdnesite For ck@RER] thEhtederenear aRensSys) BOS Ay
take a-variety of different configurations. In certain emhnriinentc the 1--;
--- ,w singl e i neayrid TR iteedisplpnmapise Wheredelpmegiowommpuicgiomeranalysive nt

nmeans, processi Al spl ans;.et.c. are a resent on,th sane
structure. In yretgl tz{)ﬁ%[eb?m%%%%%e%h?g ;,'P%dﬁgrfrggu%y QIB:F rﬁ%%lst%ﬁﬁ@ﬁé%teg Yray be
separate from t heoiibésr enpanRNhiSatidibet REANBE 8wo bR BIoREAS I BFRBMpIRANS ofTRY be
separated fromthe display neans, where telenetric conmunication or analysis

data transnissi dhe B@des, e.g., radio frequency or RF means, are enployed to
provi de for, a co nicatio etween the two. or. nore disparate, conponents
of the de\;p@] [00701" e@r‘?sg%f]&e_eﬁ\ﬁ\@beﬂ Vétegbﬁ?lg‘&‘img’ﬁ}éltg@mwéﬁfg@@ nt is a
"wat chband"  enbegliodBAéntas sEOWMEh Fid. F.4:in Weh ihe dabics Bod tgeco@lﬁgh&a 989 Is

configured to be worn around' a |linmbic portion 502, e.g., a forearm in a
manner anal ogousvars agounge lembic|pertidy ¥02e afgo difmeaty, ialal mafnet healogsoment s of

t devi b to [ I it, re.th it is maintained
i cont act it e o sl SO EcomPansicelaht 40 s MY borsmidRnor
retention means.onkQ@téddal }M&@,rvﬂuéré tHeSinfl§ S inaffdiBed B oAVt #ith WY GEh oBMBLBE | N

contact with a portion o the user that is not readily viewable, e.g., a
portion of the wastreadjpstablnsrapdi4 dwothertrhtantiosmeypi cal |y covered by cl ot hes

T16 mmy bIOWHSI oyed Vi SUEHEH RurbbashaRr STRE A PArdEL AG0TEe Snd -

measur ement Meangs uder that is dHR rHdAS NSALR:, 879 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
einbodiment, the cartridge device and measurement means, i.e., the biosensors and
meter, are present within one component, e.g., a “waistband” component 506, aﬁd
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

C each other a data communication means, where the data ébmmunication 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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neter, are present within one conponent, e.g., a "waistband" conponent 506,
and the display and control neans are present on a second conponent of the
system e.g., a hand-held, renote control unit 508. The two conponents
conmuni cate with .: each other a data comunicati on neans, where the data
comuni cation neans is typically a wireless data comuni cati onyneapgs, €-9..
RF telenetric means. [0072] In other enbodi nents of the present invention,
t he subj ect systens do not require a band or strap for attachnent, but ’

i nstead, nmay be attached to an appropriate skin area by neans of a

bi oconpati bl e aBRERS JeINAELESGBPsefsOr ed fhiepimeing nlearent,shclf @0MB vaiities subj ect

systens and dev i N t hods of, determ.nin .characteristic of
pKysi ol ogi cal f‘%lﬁi&? l&ﬁggtdégc?/l&egg PP IWS&‘}FSH@‘fP%“Wﬂ(TgWPV%EQ DIreehkian

analyte in a physiiok egaodthdlset. dThd A dRrAed Bﬁgaﬁoﬁmi&ﬁgjcg&tedr{gmqggr a device

t
26 having an integrated biosensor and skin-piercing elenent, such as the
various enbodi fmEnstate Hemoni ipidnl abeuected pogitiav ickestcand] epasided onddnt el ative to
t egrat ed, bi osensor device is

a target skin surtf ce ar.ga OL% ':the user. The i C

caused to nove GFUAHPARETHYRSTR SHRACHAD i (1S4} SWFACE &t RECES R EPIFIRb a
second, extendeml;iahs sdekdted g ' Lttt on ski | e target surface
is pierced, angﬂi%h)l/ssi ol ogi Cg@ﬁﬁﬁpgﬁgd ?g&gtgﬁz%g%%gbgﬁﬁgﬁf%é;%%ﬁt&éﬂeo t he

bi osensor por t i tomskation e mdewinert, of Fiede viceain $¢vatdedno esmomvaidaniracdfit frdie p@evi ce
i.s reversed to SEk:lermve and retract it fromthe skin. [0074] Wien used with

t he subject car¥tldge devices described above, a plurality of such

i ntegrate yQpsensor | i rOMj j r.af.l nt_ .with the
cartridgqugﬁace. Th@gg'}@?‘%@ es\g}{jggp%n{giggggggé&&égﬁp}%}l%g ?ig}ﬁepéu%fl nar to a

target skin suwffsacteinageatedbicstrsotidelicesAs pRWRIFENH op&ratie ¢ifzagtpb@YEeh the nove
({‘transl ate the-c,grtri dge in a first direction which acts to nove or
transl ate the BrELEHIBAC lhec@rtridgaarics wiprewfedand rasitinred glapaston target o a

|are the BRBSEIGFCacUidrrkianinncs b . Siod atiet o
o1 or oot physi ol sg et FraPaTart 08 dRRR b A=Yt EBib B BWRhr b ocancor

portion of the tohavineahe Tiraidpe\e odirét diffeans whichtdagno asdvie\aitedsihe thove or
translate the cartridge deyice in a second or reverse direction which acts
to nmove or trafdessRrdREcHIEHSBIA PhFAtiaRied posisiond @ seoendriéandedsr thion back

to aretracted cBHﬁl:ttiﬁgoﬂosit%hC»bh&Qi\ﬁ%Hg %gecefsurtfgc% i? ip%?c%'a,sﬁﬁysiological 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
C 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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device froma retracted to a skin-contacting position, and visa versa, nmay be
further defined by deflecting the biosensor device froma substantially
pl anar position to angled or deflected position fer. contacting and piercing
the skin. [0075] Wien used with the subject system as descri bédiwboge, the
cartridge device is provided within or | oaded into a housing structure
having a skin-facing wall having an aperture therein. The external surféace-
of the skin-facing wall is preferably positioned flush with the targeted
skin surface ab@acesor dpdce gwplveT hassageaoftat ladgethel ehingeercmgpdsheiitamedgntehi n
housi ng structure sugh thatt i% is pba ar with the skin facing surface and
wherein the tr 8REHEE FOFOBC RS PISTAGAF P So¥a%i osensor  devices is in a
pat hway dj ly ov o) | At t he
fooge] The s 06je AL hHsFurdsBARCITY G R meri&rb%fn@égglgegﬁe&f

cartridge as described above, the novenent o ®Bction 0 Icular 27 0
NOV 100E bi osewmsoy asdiestitieed abowt inespepabeageatacf will tHeddssenthralestdefopi er ci ng
el enment through the, erture:to contact and pierce the skin surface. [0076]

a | > S

The subj ect nef“ﬁ%%’émlglfﬁ‘f’ priccisheliamptetstie of Hierpgmaledatiysiofsiva Auid wwsfaredmeans
as described a ; i ' A h i ok jce f
measuring the %e gg%dgaﬁsgﬁgﬁg%’ggﬁgﬁgﬁgﬂg%%Eh)g%mgg é:glsfgﬂ%pgﬁgé%l@n Oﬁfwﬂi d
transferred teattien pomesemsarix deviof eheliosnssicRs&E M the spiykdol ogi cal fluid.
Upon filling of the reaction _ zone or matrix area of the biosensor device

with the sanpl B#sigipgisalgiuagiacsigna s anplicd tosthg higsenser hp e water eompencpirpsensor

by the neter c WA L ect st .and. t he chem_cal
characteristi C@Q?ﬁt@%ﬁ;es&t?&é%ﬁhﬁgﬁg f%ayaﬁ%ﬁe?esﬂgf)gfn}t%%?t’ f'é"ﬁﬁ%émand t he
resul ting neassymesmmdtionaisanide dspd AYEEny nRasiredlesiladyisRligliydaedion the system
Q‘o_u& ng and is stored into nmenory for imediate or later retrieval. [0077]
he subj ect medippldy prayadadcnsthe systery dpasing g stpsed into mempry &aryimptedisitd f er ent
appl i cations ié}l }(r\%rig\?atieCti on of an anal yte and/or neasurenent of analyte
concentration in a physiological fluid is desired.- The subject systens,

devi ces a0d77]met hod¥hé sutdedpatetioele] dvides and §ysend fidEuednaentieat dfefseR t ori ng
applications over —a given period of tinme, as described in copending U S.
Pat ent Appl i caafpbfasesiiawhigicletatoseb asamlyte hed/ar sicrasementst applyish i s herein

neorpor e o0 B A SR Y0 i By g0 b s, v
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 incorpprated by reference, where
the physiological fluid sampling/measurement occurs automatically and
cbntinuously aécording 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 associated
with a non-disease physiological condition of interest, e.g., alcohol intokication,
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 relaﬁng 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

28



continuously according to a predeterm ned schedule. [0078] In these

. monitoring applications, the present invention may be enpl oyed to:

(a) continuously nonitor. an anal yte whose concentration is associated with a -
di sease condition, e.g., hypo-or hyperglycem a in bl ood sugar qdj\“ﬁpmqﬁsrs such
as diabetes; (b) continuously nonitor an anal yte whose concentration is
associated with a non-di sease physiological condition of interest, e.g.,

al cohol intoxication, illegal drug use; (c) continuously nonitor the
concentration GtominmhErgpmse monitgeng, byi whick isgnsdne trapygluap leeelt innpatieat C.

[ 0079] Where the anal %/te is@gi %glose, t he Hresent invention finds use in a
variety of di PfePehtredipiraatangiand antqmanepl bace preing A PredttcaMachanagenent
of glucose as ai.e i ( it ] i -el.at ed
conditions. | n§t ggfeﬁ q}}éﬁ%‘gﬁi@&rrg%etq@&tc gggégjegg%iorﬁtgﬁggg&gﬁagﬁggﬁ@e@éfi nd use
in providing feotcuzfnbe BVy[OERd hypsaplycaibizl conditivansk swhiappelidatigns, e which is
meant that glucose levels in a patient are neasured intermttently and
automatical |y aetsnaf pepttnyially pravdferesrasplyearonseniedionaneaf e megisican e met hods can

al so be enpl oyed 10 nd predict the. occurren of hypo- and .

hyper gl yceni c SWRE’.YF ?géng&gﬁr%%gt?@‘r?ﬁlaeﬁglpf‘t&%ﬁso%??n?lhcéngc %%Retr e?rﬁglgf)"@%?’ianual ly
noni tored anal y{ @ogpRGeNthediatierh dTRASIYERARAL BsHRNKtdI8d weilit @¥edsttAs det er m ne
whet her a patient is experiencing hyper- or hypoglycema by conparing the .

pattern of measWIETEAOTEEEINEAns t& & epriclwr refenenechpaticys t Brasditpaneng cantlorlage
.nmeans to a control?{gr rgf erence att(fr n. ln. %dditi on .C{Q%Ocaqol o&k at a
pattern of rrea@t.LﬁB Sht &8 BngEe ¥ &0 GOTRRATS, [} 1 A PRI OPTAFLE c?)tﬁ?r(glr 6F"f%f erence
pattern to pregdhgdm tdpreake te @RGRee A alhyPO oPhy R BIGEShY CORUiCoROTI ti On. The
iﬂbj ect nmethods can be part of a nore conprehensive therapy protocol designed

o prevent theubjed matkodseanie pppof ambraypopghyesivd bermpy preoca dgsigndgyto
predi cting the occut[arence of sych evant.s

and i nt er veni n§ravRRt (B 85HTETERPT RGNy Bﬁ;ﬁgﬁﬁﬁﬁgfg'g ?‘i%y %%%Cg@%%tt é]'? hge\“ °
occurrence of LAgRHEISCIRH evertsWith thOQBRHct FRends a8€BEvibONRIntedveni@yinbe
enployed with a variety of different types of hosts where analyte nonitoring
is desired. Hoblosdehgirmasaledism mc mamer bat pervents tte odchmeragditls pradnietds ..
Manmal s of int ee‘;een%t i nclude val uable Iivestock, e.g., horses,
(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 mést embodiments,
the mammals on which the subject methods are practiced are humans.
C 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 ’remnm'ng caru-jdges into and out of the subject )
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cows, sheeps, etc., pets, e.g., dogs, cats etc., and humans. In nost

enbodi nents, the manmmal s on which the subject nethods are practiced are
humans. Kits [00811 Al so provided are kits for practicing the subject

met hods. In one enbodinent, the kits include a systemfor pradtilyig the
subj ect invention. The systemmay be a single integral device or nmade up of
two or nore disparate conponents, e.g., a renote-control and display
conponent and a neasurenent conponent. The kits nmay include a single

di sposabl e cart &jsige TRME GRtrubions Woiyde prERhoslbaPosAblELofaRE bﬁdk‘ﬂg}%@ glevi ces,
as described above for use with the subject system Finally, thekits

typi cal | y i ncl ubbel instrr, gonfamess frosenusi thg kithendulg Bot. systens and for | oadi ng

and retnnyj artri s i,nto and out of the subject 29 fdEli X006, system
These insth@ggfons nggtBﬁg%&@ggﬁﬁaﬁﬁ1%%@“8?ﬁﬁ%?%%dés?ﬁﬁdﬁﬁg%aﬁéﬂﬁﬁb& | abe

i nsert;--contain o [ ike. bt gh the

f or egoi ng invenﬁ?iﬁpﬂggﬁgggkﬁgggggﬁgggrPﬁﬂggﬁgﬁ5%¥ggpfEg&gﬁgyﬁ%Tngﬁlustration
and exanpl e f orrepdilpasmsemfto dloae bf yrdofarysidl s tiaendt indighi bf ihe teackads bfthéppar ent

to those of ordinary skill in the art in light of the teachings of this
i nvention that BEEREIMNALEEGECIERZESASEimoiEEations M PedBadRelleretonEia%s wi t hout

departing f £ ] - 2l ai ms. 30 9 NOV-2008.
WiAT |5 CLA VeSS b 6 o B0RSeRe (o ARRSIRERTE) 01 Govi ces whor e n

each said device conprises: (i) at |east one skin-piercing nenber configured
to access physiological fluid beneath the skin surface; (ii) a biosensor for
measuring a characteristic of the accessed physiological fluid wherein said
ski n-piercing nenber is.integrated with said biosensor; and (iii) a-
physi ol ogi cal fluid transfer pathway extending fromsaid at |east one
Ki.n- pi erci ng nmenber to said biosensor; and :
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a nmeans for noving each of said plurality of devices in a manner that
provides for angled penetration of the skin surface by said at | east one
ski n-pi ercing menber followed by renoval: of said at | east one skin-piercing
menber. 2. The system according to claim1 wherein each said dev@mqnﬁ)ri ses
a planar configuration wherein said at |east one skin-piercing 10
ext ends thepagfAons CLAIME® [SYStem according to claim 2 wherein said at | east
one skin-piercing nmenber extends substantially within the sane plane as said
pl anar configuration. 4. The system according to claim3 wherein said planar
devi ce defines a bi o%ensor havi n%ga test strip configuration and said at

| east one skin- p erC| & HEREOEPT 8 8ends from said test strip. 5. The system
according to claa W{”‘%f@éﬁcei%ﬂérélﬂeﬁ&?sﬁdme%}[ﬂ;brﬂb?rC' ng nenber extends
in a direction su sta ially transverse to said planar device. 6. A system
conprising: a housi ng(lktru@tlawéOhasklmgmcmgmmbacwnglgmeduommmd an aperture
W thin said_skin- n NUV 700 a cartridge receivable wthin
sai d housi n@ﬁss%ql%f.ag&@ 'gh% M?F@Pﬁﬁrf ®olurality of devices, each said

devi ce conprising a Sﬁﬂsora'ﬁﬁﬁeﬁsof%rrﬁ@a@&ﬂ{r%{‘&xﬁa& RLkfld REbL! 2
physi ol ogi cal fluid, a’skin-piercing elene physi o oglca fluid
transfer paplmsasw}ogleadtfhmdjwﬂlgreﬁr sad skan-ghiesking nppnebee ingtegkeekwith axd béakessos.ensor
means; means for noving said cartridge within said:-housing structure so as to
operativel y*%bosition each of said plurality of devices relative to said
aperture; at |east on a o I

el enent through said ﬁgz)e?tg ?gﬁ%gﬁﬁﬁéﬁgaﬂg‘g@ﬁ%@%g@%ﬁ@g@%&%ﬁ%@%ﬂg

posi tioned pat skinpeerciog swintbea pesdidibieseraog aad net er housed within sai d housing

t t f | yi s t f :
Character’ sti ¢ of ISSIBRNESrsRI) PO AR GOt ﬂ?ﬁ?@m&y@?iﬁﬁ% fagai
Sensor - Means,, ity oI o SF BIAS SORAL ROl Pu LA I B JARESI il d means for
noVi ng Ssail d g P dae noves evl ces | ve "said aperture

in a forwar ol:‘omw@bdtbheanovalcﬁsaldavleassmaikmqne;rmmerﬂ)eﬂhe system according to
claim®6, further conprising means for controlling

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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t he movenent of and the timing of said novenent of said cartridge. 9. The
system according to claim6, wherein said housing structure is configured to

be worn on a linbic region. 10. The.system according to claim®6, wherein said
housi ng structure is configured to be worn about the waist. 32
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a cartridge receivable within said housing structure and comprising a plurality of
devices, each said device comprising a sensor means for measuring a characteristic of a
physiological fluid, a skin-piercing element and a physiological fluid transfer pathway
extending from said skin-piercing element and said sensor means;

means for moving said cartridge within said housing structure so as to operatively

position each of said plurality of devices relative to said ‘aperture;

at least one ramped surface for deflecting said skin-piercing element through said

aperture when one of said devices is opera,ﬁvely posttioned relative to said aperture; and

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

sald 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 thenina

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 wom about the waist.
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