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Background of the Invention This invention relates to apparatus for"gnwNZDUS
met hods wefy,aeasuring certain properties of a fluid partiegirargoyosalt hough
not exclusively, bodily fluids and the 10 concentrations of certain anal ytes
therein. At least sone aspects of the invention relate particularly to the
measur enment of glucose |l evels in blood-aidd-other body fluids such as
cutaneous (interstitial) and sub-cutaneous fluid. 15 Over recent years

t here have been two obvious trends in diagnostic device devel opnent:
simplification of the test procedure and reduction in the volunme of sanple
required to performthe test. Test sinplification allows the assay to be

. perforned by relatively untrai nggaR@TpemsasuorkEMENTA "non-| abor at ory"
“..setting. Thus, for exanple, cardiac marker tests configured in a |ateral

fl ow i mmuunoassay format with | abelled antibody allow for early assessnent

. of potents al InyBgakdrahndnbér che Theedtiivnng force for the devel opnent of
-tests 25 requiring smaller sanple volunmes is the reduction of disconfort
of the patient. This is particularly inportant in honme tests where, for
exanple, if a glutbse ipEsntion| gsdapgisntal apperases Wwidn ansktmaidrals

frequently. &Lt heaBow; sl t:egesgﬁe?&%getr%tesdb;@bat FGS W QAN ANy 130 their
bl ood sugar frequently achi eve better glycaenlc control and so avoid
| ong- t er m copFedsRoRStofXFhES1YPd¥as &N ¥ h FLHEE St REGYINS n nind, a nunber

of conpani esohay¥rceevebapedrt estrrdevi aaslieqsi thageipr.ogressieeady snal | er
Sanpl e VOl UMESe L SLERY ML 1151 96,37 103 D1 SOTPRLeRRRAS e, Bggn mmde
measurement of glucose levels in blood and other body
fluids such as cutaneous (interstitial} and sub-cutaneous
fluid.

15 Over recent years there have been two obvious trends
in diagnostic device development: simplification of the
test procedufe and reduction in the volume of sample
required to perform the test. Test simplification allows
the assay to be performed by relatively untrained

20 personnel in a "non-laboratory" setting. Thus, for
example, cardiac marker tests configured in a lateral
flow immunoassay format with labelled antibody allow for
early assessment of potential myocardial infarct.:

The driving force for the development of tests

25 requiring smaller sample volumes is the reduction of
discomfort of the patient. This is particularly
important in home tests where, for example, if a glucose
test 1s less painful the user will test more frequently.

It is now well documented that diabetics who monitor

30 their blood sugar frequently achieve better glycaemic
control and so avoid long-term complications of the
disease. With this thought in mind, a number of
companies have developed test devices requixing
progressively smaller sample volumes, thereby minimising

35 pain.

Some proposals have been made to attempt to reduce



WO 02/ 49507 PCT/ G 601/05634 2 the anmobunt of pain involved by with §% ﬁﬂ”h@d
mnimally invasive devices (e.g. Integ US patent nunbers 5, 746 217,

5,820, 570; and 5,582,184). Unfortunately, such devices appear to be unabl e
to provi deVOWRFI ¥ ent fluid sanple to 5 provide a reliabl e Fe¥GBPV&REH t hus,
as yet, none has been commercially realised. In the context of glucose
measur enent, so-called continuous nDnith§ are al so known and these have
certain advantages over the 'snapshot' devices outlined above 10 since they

provi de a cl earer |n5|g into trendlig the effect of_food or nedication
and overal |l gl yeaeteUIEoRt rBRINSEEKCkRDINCYeVi EBsSRomelerdstitReiPadtym a
nunber  of draM@@EkSvenﬁtmiyeaS$écgatedtMgtUStb&téﬁednhmbef§05|VbEaQQ7the -

Conventi onal 1882000 105 28 €. 68A"RB6Sr o PARYTON"Ehe RavanFAgRe oFSaeing @ -

cont i nuous devappearnte bheuusblelSOSprbvldelseﬂfupnentoflﬁa&esampnentbn

order for the g¢§§ Z%inggf gggﬁty n Fyﬁ&her b§ %hengccuracy of the

devi ces tends o driT unpr edi Fweah [ ong. RSt ar
finger pr|cksC@m@ea¢S®lbﬁ|ﬁ¢@llSE§anples of contlnuous nmoni tori ng sensors

i nclude Internationgh pakesbneapplbe 19&55’@&%@&%9&4@@ (st ggnptyonal
Publ i cati on WD 00/ 22977 publ ished 27 ril 2000) ,and Internationa 25

patent appli cafPORLIPETFTSBOR1BIYE £FRt 2t 7L FBAYR PdbFRest | Bavereoraus32
publ i shed 3 Fe@au@ﬁya§8Q0¢verltheSugﬁapyh@md &byecés ehitiheedinyesteon It is

an obj ect .of the invention to.proyi R ved enent apd when
vi ewed frog%a TIPS BRpRcPTOvhES |nvg§ ?Bnrp%%%l g%v?ﬁg ?E?gnegg%rlng
t he concentr até¢bheotf @ﬁ Boaflybe nadacqt uon, an@npvesahg @lycaemsapport
menber , analytgoﬁgpglng §§@HSkH§QM'Qgglégérﬁ8@e$9£ ORABYLT PP RA dnu?%er

concent ration an a m crochanne l uid communication wt
anal yte sen3|d@ neEdeb3@fs, mainly associated with the need to

recalibrate the device regularly. This entails

15 performing regular manual tests u51ng a conventional test
strip. This can negate many of the advantages of using a
continuous device since the user is still relied upon to:
take action in order for the device to operate properly.
Furthermore the accuracy of the devices tends to drift

20 unpredictably between calibrations. The regular finger
pricks are also painful. Examples of continuous
monitoring sensors include International patent
application PCT/DE99/03126 (International Publication WO
00/22977 published 27 April 2000) and International

25 patent application PCT/US99/16378 (International
Publication WO 00/04832 puklished 3 February 2000).

II. Summary and Objects of the Invention
It is an object of the invention to provide an
30 improved arrangement and when viewed from a first aspect
the invention provides a device for measuring the
concentration of an analyte in a fluid, comprising a’ Cj
support member, analyte sensing means provided thereon
for measuring said concentration and a microchannel in -
35 fluid communication with said analyte sensing means for

conveying said fluid to said sensing means.



conveying said fluid to said sensing neans. AN 200Z WO 02/ 49507 16 JUN 06
PCT/ GBO /05634 3 Thus it will be seen that in accordance with the i
invention a mcrochannel is used to convey the sanple flui { he_sensi ng
means. As USEW/Hefein the term "microchannel” refers to a gCEﬁEWH§r$4of any
sui tabl e cross-section, whose lateral dinension is between approxi mately
10-500 gm Such m crochannels are beneficia .for a nunber of reasons in the
context of an anal yte sensing device. In the context of the nmeasurenent of
a bodily fluid a smgl |l 1Q sanpl.e volune i s beneficial since it neans that it
is easier to provrggug it #iidilemtt VHUNE o 18 $55°F PeGe wﬁﬂ&sg%e

i nportantly theénwentienofa fidirdchaguieled o msear ity coutvedn tags ampS e

correspondi ngl y.snal |, in_additi.on t i crochannel allows to handle flow
rates between %&Ugﬁdtf5t%60%ﬁfﬁ&ﬁ \ﬁ% n%; hi gh resol ution of the neasurenent

over tine, due to Bleused bkariel thel eem The canghpneelsensifegsmtans can be
arranged i ns anypsiinkabl g caRf isguraiien dependieng ;e t hedsePe 0k 58nsi ng

means used (electrochem cal,; optochenical etc.). Preferably the 20 anal yte
sensi ng means EdMSPS4EE diFe PEEVREINe APEIFEHTSLESY REacL Ot sai d anal yte and

thereby give a neasgiabl &icedtpdhneIuchr® Heagentiamy £be Loeaked ragywhere,
but preferabI%Fthe reaﬁen% or | east. one of _the reagents is. provided on
el

at
a wal | of the FEEPOBRanReltPeTRPE & Falde@nf28Y S SEREERS SVeffice i means
that no additi ahal coakewe b thequierstirementderf hobotlheéysdiplid hi gwiadlt o be

brought 1 | LgL9.conbagt Wl Boife aagent i ¢ (Lhgcontact, qrea is
opti m sed. ef"viewed from a second aspéct the “invention providés a device
for nmeasuring erei8@ convervidei ensof farigngl yrduime fofrl @ dalédnpeissi-ng a

support nenmber yand anEbekaghagneherhRdhdrd @nrsaid raHRREh FBMREL Hor

conveying Saldotkugg ggggisig gorrespondingly small, in addition the

microchannel allows to handle flow rates between 10 and

15 500 nL/min with a high resolution of the measurement over
time, due to the low channel volume. The analyte
sensing means can be arranged in any suitable
configuration depending on the type of sensing means used
(electrochemical, optochemical etc.). Preferably the

20 analyte sensing means comprises one oOr more reagents to
react with said analyte and thereby give a measurable
output. Such a reagent may be located anywhere, but
preferably the reagent or at least one of the reagents is
provided on a wall of the microchannel. This arrangement

25 is beneficial since it means that no additional volume is
required in order for the sample liquid to be brought
fully into contact with the reagent - i.e. the contact
area 1s optimised. When viewed from a second aspect the
invention provides a device for measuring the

30 concentration of an analyte in a fluid, comprising a
support member and a microchannel provided on said
support member for conveying said fluid across the
support member, wherein one or more reagents for reacting
with said analyte is coated on a wall of the

35 microchannel.

Preferably such a device further comprises means for



support nenber, wherein one or nore reagents for reacting wth sai d1 gnﬁhy,b[g
is coated on a wall of the 35 microchannel. Preferably such a device="" "
further conprises means for 1 6 JUN 2005. \170 02149507 P 4 4
sensing t NEO4HA e - for exanple an el ectrochenical or a%@ggg%ﬁé% »
detector. The devices set out herei nabove may be used for - neasuring any
suitable analyte in any suitable fluid. 5 wever the invention, inits
vari ous aspects, finds particularly benefrcial application in the
measurenent of analytes in human or animal bodily fluids. OF course, a

sui tabl e sanplsenfibgdihy &haldtemy berappiinpliet canheledeviochenPoefleabl y
hovever the deyige,tSmbplegratedcwhth 10 neans for extracting the fluid.
Most preferably this conprises nmeans for penetrating the skin - in the case ,
where the sanple f1THe #8VHFeddSeF PHEeRereiraPoYeundy PRbysepréP&rably it -

conprises a skidhfeneigadhpPnsuerhele sHshyas heliew seedhBlesehiidg.ance or =
the like. 55 I accorda}rllce.vm'th epbodi nent s, set out above th%s devi ce
b

t he .
can be use W ot Pect PY R $QHipl 71 10 dVahtPU o®fR&SHFe £RB .
concentrati on wirtiheularygetbanaf yteal eppl atatastigi vieeaneagupatnehtosErwhi ch
t he concentrat, can red. V)l froma_further _aspect the 20
pr esent inventalfnganr!L pro%/igﬁs}qg ev?gea orﬁg%reﬂé(g%\f?%gff]ﬁlegsConéén‘nfcrblalfflggn 8f an
analyte in a fduiithbonprisiegoh besdppyrilwedbery bearmsppioed dedtba t he

support nmenbergdiice sensidife Sabthy anNahyter VhEr &k Sai ds SUpPaLtafBALEE (1,
further conprises fluid extraction nmeans_arranged to 25 direct fluid to said

anal yte séfisi MpaRanoyi ¥ 2ohtdt thont b supfort peaberabnushie will be
seen that in acefdodee wmedhsthos paspecit Digthee iswentiopnachkukdse

extraction means, o ANGL LARLYe 3 PKI R PENSILEYI O f1BADS. . IPSL, PERLEaP! Y 2

Most preferably it comprises a skin penetration member

such as hollow needle, solid lance or the like.

15 In accordance with the embodiments set out above the
device can be used both to collect the sample fluid and
to measure the concentration of the target analyte - or
at least give an output from which the concentration can
be measured. When viewed from a further aspect the

20 present invention provides a device foxr measuxing the
concentration of an analyte in a fluid, comprising a
support member, means provided on the support member for
sensing said analyte, wherein said support member
further comprises fluid extraction means arranged to

25 direct fluid to said analyte sensing means via a conduit
on the support member.

Thus it will be seen that in accordance with this
aspect of the invention a fluid extraction means,
preferably a skin penetration means, most preferably a

30 needle, lance or the like, is provided on a support
member of a device for measuring analyte concentration. \

This allows, in at least preferred embodiments, the Xl
combination of skin penetration means, e.g. needle, and
support member, e.g. test strip, to be made disposable

35 and thus as hygienic as possible. The preferred

embodiments require a user merely to puncture their skin



30 needle, lance or the like, is provided on a support ‘nenber of &g glewi gp:
for measuring anal yte concentration. This allows, in at |east preferred
enbodi ment s, the conmbi nation of skin penetration nmeans, (ﬂﬁﬁQL&M and
support mEfb¥4Y g. test strip, to be made disposable 35 ana‘ us as

hygi eni c as possrble The preferred enbodinents require a user nerely to
puncture their skin JUN 200 WO 0214907 PCT/ GB01/05:634 5 wth a needle or

the |ike and then blood or interstitial ~fluid may be conducted
automatically onto or into the test member. Devices for extracting
interstitial Midild 2 areedifowr ithe helle crel emn opkdodnoegipheenat staall 5

I'nt er nat i onal ﬂﬂif‘d‘tma%pﬁéé @A&&Pﬁlm&%@ﬁl}claﬁ%n&' QH% pybl i cation
WO 01/ 72220 published 4 October 2001). In such enbodi nents the conbi ned

“needl e/t est nerfrSr m%&ﬁﬂ%}ruﬂqﬁﬂqﬁﬁtﬁ?ﬁnﬁ%?q%FQkﬁﬁuh%??ﬁﬁtkfﬂﬂlaf%ebﬁrate
10 non- di sposatee, sHmas Ui rtgdéj%/ﬁcﬁiﬁa-frﬁntni&ﬂrﬁéﬂlﬂgté@epﬁﬂ@hveeaﬁ@ncentratl on

e.g. by neans of the output of a .yt e-rea react | wher e

eppropriatg. THY i st Rﬁt%qé %?tﬁ%ﬂéf%%4U§§%}%?ge3nay be suited

"to the partic%kntennﬂuxnﬁdkn?ubkudaﬂiqnawyoIMWzﬁﬂﬂmpmbhiébedextracting

interstitial 4éﬂ) (Rﬁb“SEd with the present invention. Wile the present
e escrr

i nvention ed with reference to a shallow penetration
needl e, the i nvent ilgh Surhagmtiadinast- g ¢ henyrauchm quec¢dle/ obshi Memgen body

fluid. 20 For v@@rmlrelanaatla},ndﬁé d; P OALIIE IRA o SeVeER ak sgﬁgﬂe@tres in
I ength ¥ be enpl oyed. \Wilst the device may be used to sanEE
A ub%it aneous

interstit A AP BIBIE A= HHOS e G drer S hEP g
layers, in praferyed erhedivent sohaneyeny thaarpenet reté oounpabest i sn25 of

such a length that it netr.at bst an |y, the cutaneous |ayer of skin.
VWhen the ter maz%u sgt anlfeea tn Jﬁ EYea ol %1 v}he%Je applgoprlé

The dlmen51ons of the needle, lance or the like may
be suited to the particular application. In fact, any

15 mechanism for extracting interstitial fluid may be used
with the present invention. While the present invention
will be described with reference to a shallow penetration
neecdle, the invention is application to any technigque for
obtaining a body fluid.

20 For example a standard hypodermic needle several
centimetres in length may be employed. Whilst the device
may be used to sample interstitial fluid or blood from
the cutaneous and/or the subcutaneous layers, in
preferred embodiments however, the penetration member is

25 of such a length that it penetrates substantially the
cutaneous layer of skin. When the term "substantially the
cutaneous layer" is referred to, it means that whilst it
is the intention to sample fluid from the cutaneous
layer, it cannot be ruled out that some sampling from

30 the sub-cutaneous may occur. The cutaneous layer has a
high density of blood capillaries which helps to ensure
that the levels of analytes in interstitial fluid
reliably reflect those in the blood.

While not limited to analysing interstitial fluid

35 (ISF), the present invention is preferably used in

obtaining and analysing ISF. A further benefit offered



cutaneous layer"” is referred to, it neans that whilst it - is-the iniﬁn@j on.:
to sanple fluid fromthe cutaneous |ayer, it cannot be ruled out th cyn‘é‘}
sanpling from 30 the sub-cutaneous nay occur. The cutaneou has a
hi gh densi ¥ Bf**#ood capillaries which hel ps to ensure Aﬁ%g&lloé’ dl s of
analytes in interstitial fluid reliably reflect those in the blood. Wiile
not limted to analysing interstitial flui % 35 (ISF), the present invention
is preferably used in obtaining and -analysing I SF. A further benefit
offered 36 JUN 205 WD 02/49507 PCT/&JA /05634 6 by interstitial fluid is
that it is notbasieonpfextasl Rhohe Blsoddadnd tt Her efrsite adoemvte X fas

exanmpl e, suffefhofsom bsgmahAcCE hErblrdcluableensod SEA s a QW fer
viscosity and is nore suited to passage .t hrough 5 mi crochannel’s t han whol e

bl ood. The | ow S¥RpIRENBF Okl tr EQUFFEREAPTST 4 9F Gridthdifel® d¥b enables the " -
device reliablys¢®sitse hndeist nbiral shilived. tRephapsigorenriswnot antly such

shal | ow ski_n enetration, (cut aneous .or subcut gpeous) substantially 10

reduces theé pd hcﬁ?%%??%%%édtéﬁﬁcé’ PhEr gipg%a ﬁﬁ’@h%g&\ﬁ' mp&eensvlc‘th}‘ nerve

endi ngs than ateqiherelephhsopeaetniatredhbynedt aicar ¢ rdddises hehelevedder act i ng

bl ood. I ndeed,_ i | eas r : di ts, little or no pain is
normally felt .rél'ﬂ}%glrﬁ/akg(g %?%I g%g%%ggﬁg}%? rfg%gg?ed 15 penetration of the

skin nuch nore acceptabies ThreatmRAPLREAGYH Soicht Isdaddmet satiton means Wil |

depend on the gaglerati¥hi ¢But bnkduknbendgd @ e oud)sert@anthesif shal | ow
angl e penetrati og is intended, the I,engtp3 gal l()eyt%f t he order of _several
t m-

milimetréd 208 89YCept o BpploKIFRETEF)T? Firetted. "B eltoé“ﬁry
however substaidhadty @erpendecehdingBsehtinoati $hentdenpded paidttleddemgth is

| ess than 2 m Br.&1.28 3L Yal €35, h0AN extiBclThng BIBURE PHELEIET gmqdi ment s
least preferred embodiments, little or no pain is
normally felt. This makes prolonged and/or repeated

15 penetration of the skin much more acceptable.

The actual length of the penetration means will
depend on the angle at which it is intended to be
inserted. Thus if shallow angle penetration is intended,
the length may by of the order of several millimetres

20 e.g. up to approximately 7 to 10 millimetres. Preferably
however substantially perpendicular insertion is intended
and the length is less than 2 mm, preferably less than
1.5 mm. In some preferred embodiments a length of
approximately 1.4 mm is appropriate. However for certain

25 applications a length as short as 0.5mm may be preferred.

Of course a given test member may have just one skin
penetration member, or alternatively a plurality may be
provided.

The penetration means may comprise a sufficiently

30 short standard needle, possibly shortened if necessary.

More preferably the penetration means comprises a
microneedle. A microneedle is hereby defined as a needle L
with a length sufficient to penetrate the cutaneous layer
of human skin without substantially penetrating the sub-
35 cutaneous layer. Such a needle typically has length

less than 2mm, preferably between 0.4 and 1.6mm.



approximately 1.4 mmis appropriate. However for certain‘25“applica15g@ﬁ7mg
| ength as short as 0.5mm may be preferred. O course a given test nerber
may have just one skin penetration nmenber, or alternativel | u [ty may
be provi dE.28%E7penetrati on nmeans may conprise a sufficieﬁ?ﬁ§%oy%%g ort
standard needl e, possibly shortened if necessary. More preferably the
penetration neans conprises a nicroneedlq.7A_nicroneed|e i s hereby defined
as a needte wth a length sufficient to penetrate the cutaneous |ayer of
human skin without substantially penetrating the sub 35 cutaneous | ayer.
Such a needl e typi cAheyocnasr| éagmhtereds phgde2minl yplessr &blap BetSween 0. 4

and 1.6mm 6 Jhis 2200F £ VOL99/ $280LRCH. BAY09634 4, The outer diameter is
5 I

preferably less than 0.5mm “nost preferably between 0.1 and 0.3 nm The
‘penetration neans nEBH REPEHEALAPBYNERBS WEER NPhePsuppéEormefse 1 thut

preferably is.cHbescppoRbt HehbakoveutegakbdieRGHll $ sar r angerRstineapR! y, W th
the additional, benefit ngted hgte t hat grefe%red gnbodLNﬁn %§ of this
arrangement catPprovi 882A%EBHpLLE SdPEpELEEMENtdEVPLE  WhitE éi es rise to

substanti al | y addjpaionailnbasefiandoobdi Akes thetnpedftored esdodioenase into
contact 10 witheo eq, s odily i.d.can I agficul arly
G eenpeeR-ssRaphe oty st e epanaty L poRatal

preferred enbodi ment the yte 1s glucose. _ li nents of the
i nventi on use @€VieagehichbasédcReastrerencubphay tdpffer ant PRéRgedt- B&Sed 15

anal y_teI rr'eas]yrfxﬁ@n@m%{ge@va'{llea?}eegt @o&hasels%:fi Pcbte_@oin@ Elﬁ%oarcbntl@ilcltow ng the
principies o e | nventl on 0 n .de a Jd.caltl on. Qr exanpl e an
opt ocheni ¢8I - ¥1&? ©Fj £KEP FFEOFb@CQﬁ&QgV ﬁgﬁﬁﬁeEEBHFrpegr an

el ectrochenical techohquepasuliduberlyegdrez@riee pmbbeadmedtenbediameityte
conpri ses analyéegfgggggg
Preferred embodiments of the invention use a
reagent -based measurement. Many different reagent-based

15 analyte measurements are available to those skilled in
the art, allowing the principles of the invention to find
wide application. For example an optochemical- i.e.
either fluorescent cor luminescent - or an electrochemical
technique could be used.

20 One preferred embodiment comprises analyte sensing
means comprising é mediated amperometric enzyme
electrode. For example, a ferrocene-mediated electron
transfer from a glucose-oxidase catalysed reaction is a
suitable means for detecting the level of glucose in a

25 body fluid. Other enzymes, such as lactate oxidase or
lactate dehydrogenase and cholesterol oxidase
dehydrogenase may be used to measure lactate and
cholestexrol levels respectively. It will be appreciated
that use of the above electron-transfer mediator is a

300 non-limiting example and that other electron transfer
mediators well known in the art could be used, for
example, hexa-cyanoferrate (ferricyanide), oxygen or
components of the respiratory chain (i.e. cytochromes)

Preferably the embodiment will comprise an analyte

35 sensing means which operates in conjunction with a test

meter to give the measurement. Alternatively the member



means conprising a nmedi ated anperonetric enzyne el ectrode. -For exangﬁ%’ﬁwg
ferrocene-nedi ated el ectron transfer froma gl ucose-oxi dase catal ySe &
reaction is a suitable neans for detecting the | evel of glucose in a 25
body fl ui ?¥O®H&EW7enzymes, such as |actate oxidase or | act BE&/ MY Pdgenase
and chol esterol oxidase dehydrogenase may be used to neasure | actate and
chol esterol levels respectively. It mﬁll_bg appreci ated that use of the
above el ectron-transfer nediator is a 30 non-limting exanple and that other
el ectron transfer nediators well known in the art could be used, for
exanpl e, hexa-e3arePeprase ther pPeyanrdere vgypgentoor dowpdiments of the

respiratory chalprdimengCyt eehheirs} rPrefebabhy Lheenhedirent oM hi Hrmprise-
an anal yte 35 sensing neans whi ch operates in conjunction with a test
nmeter to gi ve THE hehSerBERAE. 1Al FBENEEFVelN§tERe miiber 136 LPURCZBOS hay O

02149507 PCT/ GBI 05684n8emBRY sCARBI £6Ast BEeAPPKWARH @he keagerevalcedye for
perform ng_a ggloriuﬁtric tggt in asso pation mﬁtg Iight en@itive means in
the test nBter-S119witPPBEaEEENSEREE “EhUCHCAF 1 EnGeRBRIS Safe CBRsPSPECN i th
the test devi ceechaeisiy, dsgpbsabl ehsi htght heensstliyeemempist, s edctthrensensi ng
mechani smsucty as, $he LEGht sEASLE ¥e.EANS, &l SEHL ARposahneut by etc., can

be placed in a non- posabl e test ter. Just sing nal'yte sensi ng neans
may be provi deestexl0 but preferably nore than one is provided. Thus it wll

be seen that in accpygdansenyhthahbigreaspreingf mbABs AUGNLORro@ 1Rkur al ity
of conduits direct fluid to be neasured to reéespective anal yte sensing
means. ThPs mMEdnPIRERT20HYuParft iher ARastifeREAV4d6F f1uid may 15 be nmade
by a single such demhge.idheisensengespansatityn becdirbbaceniyish a%iko
measure or ¢ oot fOl AhE Ehen nvBRRLYESS i iDE LY 8 Brelenall ushavever
fluid to be measured to respective analyte sensing means.
This means that a plurality of measurements of fluid may
15  be made by a single such device. The sensing means may
be different so as to measure or test for different
analytes. in the fluid. Preferably however they are the
same or at least are for measuring the same analyte. When
viewed from a further aspect the invention provides a
20 device for measuring the concentration of an analyte in a
fluid, comprising a support member and a plurality of
analyte sensing means provided thereon for measuring said
concentration, wherein said device further comprises a
plurality of conduits such that each of said sensing
25 means has a conduit associated therewith, said conduits
serving in use to direct said fluid to respective sensing
means. The device, whether it comprises a single or a
plurality of conduit/analyte sensors, may be used to
continuously measure the concentration of the analyte
30 over a period of time. Periodic measurements may be taken
i.e. the fluid is "sampled" at various periods over
time, for example every 30 minutes. Fluid may
continuously flow through the device or may be
temporarily stopped by, for example, hydrophobic gates.
35 As yet another alternative, the sensors may be of the

single measurement type, after which the device 1is
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same or at |east are for neasuring the sane anal yte. Wen viewed ff@”}uﬁ 0
further aspect the invention provides a 20 device for neasuring the .
concentration of an analyte in a fluid, conprising a support nenber and a
pluralityVP 024381 yte sensing nmeans provided thereon for mdsliFPHEEH; d
concentration, wherein said device further conprises a plurality of
conduits such that each of said sensing 25 neans has a conduit associ ated
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enabl es” TRasdr t%%@%’é%’eﬁlbr“fﬁéd‘%tt RRIE TSt MRRI-bIP¥F ¢ He"eL0 f1 ui d
extracti on or swiridaas, ha:wdhg dr@e netahi ata-itthe af&@rtsoer SpevbE o ArEiknown t o
drift after a%‘erlod fof A rgesu(%g to flactors such .as el ectrode fouling etc.
Thus anal yte i 6 i ng r’r'f:“Ir & on A Tru Y e thl%uous basis, w thout
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continuous basis, without the user having to recalibrate

15 or interact with the system. An advantage of performing a
single measurement, either in the case of a device with a
single or plurality of microchannels is that drifting of
the signal over time is no longer an issue that has to be -
considered and consequently simpler reagent chemistries

20 may be employed in the analyte sensors. For example in
the case of an electrochemical detection system, results
may be obtained in as little as five seconds or less.
Furthermore, such devices would not require storage
reservoirs for collection of the waste fluid, since the

25 waste fluid would be stored in the microchannel conduits
themselves.

In principle, there would be no upper limit to the
number of sensor/conduits contained within a device, the
upper limit being determined by factors such as the

30 desired total length of time for aznalyte measurement or
by the size of the device.

Whilst the above embodiments describe a flow-
through sensor, i.e. the analyte is measured whilst
flowing past the detection means, measurements may also

35 be coﬁducted whilst the fluid is stationary. This could

be achieved by the use of flow controlling means such as
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chem stries 20 may be enployed in the anal yte sensors. For exanple in the
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2005 WD 02/9 7 PCT.GBQ7/ 0 63 q ydrophobi.c gates being
activated to gﬁgnﬁgggrlly St loqlom/oeyﬁlu T hrou % é m cr ochanne
once it had passedAﬁhéeﬁmnmhﬁﬁrﬁﬁﬂuﬁ uhﬁﬂsﬁnsmpgnmqﬁmﬁtmﬁg béf a vol une of
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means may COﬁﬁPFggg gﬁage ectro in the case of hemical
measurement, or in the case of fluorescent colorimetric

sensing the sensing means would comprise a suitable
15 reagent dye. It will, of course, be understood that the
term 'sensing means' does not necessarily refer to a
complete assembly for giving a final reading, but rather
to a means on the support member which yields an output
which may be read to give a measure of the analyte
20 concentration, e.g. by a separate test meter.
Such devices accdrding to embodiments
of the invention as set out above could be arranged
to be used in a mode similar to conventional test strips
i.e. where a single fluid sample is placed on the device
25 and is measured.

In common with earlier aspects of the invention,
devices of the sort set out above may be arranged to
measure the concentration of any suitable analyte. 1In
all such cases, the analyte's concentration may simply be

30 an indirect indication of the property of the sample
fluid which it i1s desired to monitor. For example a
detection reagent (e.g. an enzyme substrate or an
antigen) may be added to the sample so as to bind
selectively and/or react with certain proteins in the

35 fluid such as enzymes or antibodies. In this case the

added detection reagent or the product of the enzyme-
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In a particularly preferred embodiment the measuring

device is suitable for measuring the concentration of an

15 analyte, e.g. glucose, in blood or interstitial fluid.

In such an embodiment the device is preferably suitable
for attachment to the skin of the subject who is to be
measured. The subject may be an animal but is preferably
human.

20 By providing a device which can be attached to a
subject, measurements of the concentration of the
substance in the subject's blood or interstitial fluid
can be carried out repeatedly over a period of time.

This means that inconvenience and discomfort to the

25 user is significantly reduced and moreover that tests can
be carried out at regular intervals and at a greatexr
frequency than would otherwise be tolerable. The result
of this in the preferred application of the invention to
blood glucose monitoring is that an improved insight into

30 glycaemic control and the effects of food, medication and
general trends on the glucose level is given. Moreover,
by attaching the device to the patient and therefore
making the device portable, it allows the patient to lead
as normal life as possible. It also allows for the

35 possibility of continuous measurements during periods

when it may not be convenient to self-monitor by



the concentration itself which is being nonitored. An 10 exanpl e of BQWZD@*
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alert or wake pati ent or any third party in case of a’particular
anal yte | evel interstitial fluid to one or more of the sensing means.

When viewed from a further aspect the present
15 invention provides a device for measuring the
concentration of a given analyte in a bodily fluid
comprising means for attaching the device to the skin of
a subject and a plurality of sensing means for making a
plurality of measurements of said concentration over a
20 period of time.

It will be seen that effectively this aspect of the
invention provides a device which can perform a plurality
of measurements in situ, that is without user
intervention being required. This has clear benefits in

25 removing some constraints on the number, freguency and
regularity with which measurements can be perrformed.
Each sensing element in the device is designed to be used
for a certain predetermined time during which the signal
will not significantly drift over time. In this sense

30 " significantly " represents the amount of drift
permitted such the measurement result would not be
affected by an clinically unacceptable amount. After such /
a period fluid is then switched to a new sensor and the
process repeated. Preferably the device is provided with

35 flow control means for influencing the flow of fluid to

the sensing means. Any suitable flow control method may
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hydrophilic, fluid may then be allowed to flow along the
channel. Hydrophobic gates may be used to control the
15 flow of fluid within a single microchannel or may be used
to switch or redirect flow from one microchannel to
another.
Alternatively, the hydrophobic nature of the gate
may be maintained as it is and a increased pumping force
20 {e.g. provided by a mechanical or electro-osmotic pump)
may be applied in order for the fluid to breach the
hydrophobic gate.
Preferably the device is arranged to direct fluid
sequentially to each of the sensing means. The timing of
25 the direction of the fluid to the sensing means could be
pre-configured for example by software within the meter,
such that the fluid is switched after a predetermined
period of time. Preferably however the device comprises,
or is adapted to interface with, control means to control
30 said direction of the fluid to the sensing means. Such
control is preferably automatic.
Additionally or alternatively however the control
means may be such as to allow a user to specify when a
measurement is to be made. This is beneficial as it
35 allows measurement on demand which is useful for example

in the case of blood glucose monitoring, as it allows the
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02/ 49507 PCT/ BBerfos5684h may be 1nd1v1gually addressable by a suitable
control means. This gives significant flexibility in

how such a device may be used.

15 Preferably the device comprises a common fluid
collection region in fluid communication with the bodily
fluid to be measured - e.g. via a needle - each sensing
means preferably being in selective fluid communication
with said common collection regicn. Thus when viewed

20 from a further aspect the present invention provides a
device for making a plurality of measurements of the
concentration of an analyte in a fluid comprising a
common sample collection site in fluid communication with
the fluid to be measured and a plurality of sensing means

25 for measuring said concentration.

Where not otherwise specified, any suitable conduit
may be provided for conveying the fluid to be measured to
the sensing means, but preferred arrangements comprise
microchannels as defined herein. Furthermore in the

30 context of a plurality of analyte sensing means, the
provision of microchannels allows many test elements to
be positioned in close proximity thereby enabling even J
devices comprising a large number of sensing means to be
made relatively small. This is beneficial in

35 applications where the size and weight of the device is

an important consideration, such as when it is attached
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substantially all of the analyte.

15 It has been appreciated that this is advantageous
over rate measurements since the latter tend to be prone
to interference, temperature and Haematocrit fluctuations
{in the case of using blood). Whereas such a measurement
method would take a prohibitively long time with known

20 measuring devices, by using microchannels in accordance
with the invention to give a required sample volume of
the order of a few nano-litres, such a measurement can
typically be completed in the order of a few seconds,
thereby making it a practical proposition.

25 When viewed from a yet further aspect the present
invention provides a method of measuring the amount of an
analyte in a sample of liguid comprising providing an
electrochemical measuring device having a sensor
electrode within a microchannel, introducing said sample

30 liquid into said microchannel, and measuring an aggregate
current passed by said electrode to give an indication of
said amount of analyte in the sample.

This aspect of the invention also extends to an
electrochemical device for measuring the amount of an

35 analyte in a sample of ligquid comprising a sensor

electrode disposed within a microchannel and means for
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defined hereinabove.
The needle is preferably shaped to aid skin
15 penetration. For example the tip region of the needle is
preferably substantially conical. Furthermore it is
preferred that the tip region has a reduced cross-section
- preferably less than 0.2mm in width, most preferably
less than 0.05mm in width.
20 Moreover the needle is preferably arranged to
minimise the risk of blockage upon insertion into skin.
For example the aperture of the needle may be provided on
a side surface of the needle, rather than at the tip as
is conventional. Preferably the aperture of the needle
25 is recessed, thereby avoiding contact with the skin upon
penetration and thus potential blocking and/or damage
The needle preferably has a bore such that the
sample fluid is drawn up by capillary action. Suitable
needle bore sizes range preferably from 21-30 most
30 preferably 25. Any suitable inert and biocompatible
material for the needle may be employed.
Examples of such inert materials include but are not /
limited to stainless steel, gold, platinum and metal-
coated plastics
35 Most preferably one or more microneedles is employed

as defined hereinabove.
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the concentration of the analyte being measured such as
blood glucose. Such display means may be coupled
directly to the measuring device, but preferably it is

15 separate from the device and receives data therefrom by
telemetry. This approach has the advantage that the
measuring device can be very light and thus comfortable
to wear. For example the measuring device may be worn
under clothing but monitored on a display means kept,

20 say, in a pocket or for example in the form of a watch
worn on the arm of the user, without the user having to
disturb their clothing in order to view it.

2dditionally or alternatively the device comprises
or is coupled to means for administering a substance to a

25 user on the device on the basis of the measured
concentration. Thus in the previous example of a blood
glucose monitoring device, rather than just being a
passive monitoring device, undoubtedly useful per se,
such a device can be used in conjunction with an insulin

30 pump to maintain the user's glucose level within a
desired range.

The insulin pump could be a separate device or
alternatively could be integrated within the analyte
sensing device per se. Controlling means present for

35 example within the meter could control the amount of

insulin administered by the insulin pump in response to
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telemetry. This approach has the advant that the_ neasuring_device can be
very |ight and thu%%éﬁ%%ﬁh%ﬁﬁt&p?%f%%%ﬁggk rwé§5ﬁp ec?ﬂelﬂﬁgsﬁrfﬁasag ice
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user, wthout the user having to disturb their clothing in order to view
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means for adm ni st eHuyy vh&SUbsi are® tLom a 2petSEhrORethgsgder¥icenen the basis
of the measured concentratlof, Thus, 14 the, previous, exanpl e 0t ,2.Logd,
a substance to a user comprising a measuring device for
measuring the concentration of an analyte in a bodily
15 fluid from said user, said measuring device comprising a
plurality of analyte sensing means and at least one
conduit, preferably a microchannel, for conveying said
bodily fluid to at least one of the sensing means; the
apparatus further comprising means to administer said
20 substance to said user on the basis of said measurement
of concentration.

In accordance with all appropriate aspects of the
invention, the measuring device preferably comprises a
means for attachment to the skin of a user, for example

25 in the form of a self-adhesive patch. This can provide a
secure but comfortable arrangement for use over prolonged
periods of time, and can be relatively unobtrusive.

The means for administering the substance may be
entirely separate from the measuring device or integrated

30 therewith. Preferably such an integrated administering
means comprises a reservoir on or in the measuring device
for dispensing the substance. In a particular embodiment
the substance, such as insulin, is contained within a
reservolir on an adhesive patch. The actual means for

35 getting the substance from such a reservoir could

comprises anything suitable such as a pressurised supply
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to a user conprLsi asurjn ice for neasuring the concentration of
an analyte in g]e%(%gigle@eﬁ %I'L%'d%#%uscﬁs ‘user, said neasuring device
conprising a pluralfhs,off canghspelsensi myikedds seyiste Meastconerisonduit,

preferably a npemneeharnglar dHolcmveping Salidy Pedidiy fldd didofalql east one
of the sensing neans; the _apparatus further. conprising neans to adm nister
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concentrati on. akitagcedr ddre® anhedld aaEPrOpkipaie taspeeis offdhe i nvention,
the measuring qg%%%%i%%gg%%%qu%.CO%%qéﬂﬁ%é%erred embodiment a single
pump, e€.g. a silicon micro-pump, may be used to inject
insulin from a reservoir on the patch and to draw
15 interstitial fluid over a glucose sensing means to a
waste reservoir.

Where an embodiment of the invention calls for
control and/or data processing means, these will
generally comprise electronic means such as an integrated

20 circuit or the like. A power supply is then also
required. Preferably such control/processing means are
portable. It or they may be provided in an integral
package with the device e.g. the adhesive patch.
Alternatively the control/processing means and/or power

25 source may be provided separately and communicate with
measuring device via a wire or wireless telemetry link as
menticned above.

The power source may be a battery or may be a
'‘renewable' source such as a solar cell or a dynamo

30 energised by movement of the user. O0Of course a
combination of these could be employed.

Measuring devices in accordance with the present
invention may be fabricated using any suitable technique.

In particular, where provided, the microchannels may be

35 made using any suitable micro-fabrication technigue such

as but not limited to embossing, plasma etching or
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since they can be used to fabricate microchannels which

can be formed close to one another, permitting dense

15 arrays thereof. Furthermore, where the device has flow
control means operating via electro-osmotic force, the
driving electrodes are preferably

- positioned in close proximity to one another. This
allows high electric fields to be achieved without

20 applying unnecessarily high voltages. Preferably such
driving electrodes are provided substantially on one side
of a channel. In one embodiment the driving electrodes
extend around the wall of the channel.

In a preferred variant of the method above, one or

25 more electrodes may be formed on a second substrate which
is then laminated to the main support member of the
device. Methods used to deposit the electrodes onto the
second substrate may be chosen preferably from a printing
method, more preferably a screen-printing method.

30 Alternatively, chemical or physical vapouf deposition
technigues could be employed. Generally speaking, the
electrodes according to all embodiments of the invention
may be formed of any suitable inert material such as
carbon, gold, platinum, etc. According to one

35 embodiment, carbon electrodes, optionally coated with

reagents are provided on the second substrate by screen-



may be provided in an integral package with the device e.g. the adhesi

patch. Alternatively the control/processi ng neans and/ or power 25 source

may be prdV® 8¢ ¥eparately and communicate with measuring WeVE88156% a wire
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battery or may be a 'renewable' source such as a solar cell or a dynanbo 30
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form ng a 3ec&AE CHATRA™FGC ddH¥eying the test fluid, the second channel

cutting across the 1ff rstsddwi®byubdthesebyi § oprbnpdd¢an spaduetbvg porisons

W thin respective oggosit Si deﬁ,hOf t he slecond c&aﬁnel. The conductive
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the abovementioned,d %er»aﬁcctﬂ '&WA& ﬂ%ef)(%%é?érﬁﬁ?h% ”%ecﬂ;‘&ydca” be

used to fabricate m crochannels can orned closé to one anot her,
permtting® desd¥&M®larrays thereof. Furthernore, where the device has flow

control means oper afanichatidrel SCtds osimid Lo f OT €8, ahbEne drivvi nthehest 1pdes
are preferabl%e carried out such that both laminates are perfectly

aligned and that no further trimming or cutting is
necessarxy. However, the device could be fabricated for

15 example by firstly a lamination step followed by a
cutting step whereby the second substrate may be trimmed
to the shape of the support member. Lamination may be
carried out by various methods such as ultrascnic or
thermal welding or bonding, or by the use of an adhesive.

20 According to one embodiment, the support member is
formed with an integral needle at one end and the second
substrate is then laminated onto the support forming a
channel and leaving the penetration membexr exposed.
According to another embodiment the integrated skin

25 penetration member is provided is open on one side. The
penetration member is arranged so that upon insertion
into skin, the skin itself effectively forms a wall of
the member to that it can act like a hollow needle. Most
preferably this is achieved by forming the penetration

30 member with walls tapering away from the open side - e.g.
a V shape. Thus when viewed from a furthexr aspect the
invention provides an apparatus for obtaining and
measuring fluid , comprising a skin penetration member
having at least one longitudinal side open, the other

35 sides being arranged so as effectively to cause the

penetrated skin to act as the remaining longitudinal side
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trimmng or cutting isS necessary. However, the device could be fabrlcated
for here an optical measurement technique 1s employe

as an alternative to an electrochemical measurement
technigue a light sensing means will, in general, be

15 required. In some cases a light source may also be
required, but is not always the case, for example in the
case of chemiluminescent measurement. Any such light
sensing means and/or the light

source may be provided integrally with the non-

20 disposable measuring device e.g. a test-metexr. According
to one embodiment it or they are provided separately of
the part of the device which is brought into contact with
the sample fluid - e.g. a skin patch. This means that the
device itself can be made disposable while the relatively

25 more expensive light sensing means and associated
electronics for example could be provided in a separate
test meter.

In preferred embodiments the test device comprises
means for optimising the light transfer from the sensing

30 means to the optically sensitive means. In a simple
embodiment such means comprises a lens, e.g. integrally
moulded as part c¢f the support member for the test
device. Additionally or alternatively the device may be
arranged such that the light sensitive means views the

35 sensing means along the conduit, e.g. microchannel, along

which the sample fluid passes. In other words the
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one enbodi nent, the support nenber is formed with an integral needle at one
end and the second substrate is then |am nated onto the support formng a
channel and |eaving the penetration nmenber2&xposed. According to anot her
enbodi nent the integrated skin 25 penetration nenber is provided is open on
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t he nenber whercnfigigenét £arineA Aenbee fiegabhzerhegen mo tchenaskimiserhus when

viewed froma yeghturhheusagheckt Ree=rrRL88aRE cknkentien QQvi des a met hod
of fabricating a5 dEVIQﬁ for neasurlgg t he concentratiqon of an analyte in a
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fluid conprising prévi 8tnd &s@ppgec?t fFePreng ard Leshe it on a

surface ofiot hecBdppehe BRiBegeartit Hagicrabiengadosecard Heayari ®M0 Sal fes
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10 devi ce fabrP¥8t &d90Si n§ SUCRTS *Wet ho§. Swe A5 Pdal SrE R T SEht |
techni que is efipboyedminimal sample volume and thus when viewed from a
yet further aspect the present invention provides an
apparatus for measuring the light from an assay
15 comprising an elongate conduit portion along which a
sample fluid is drawn in use and a light sensitive means
arranged to be sensitive to light coming substantially
from the longitudinal axis of said conduit portion.
In one particularly preferred embodiment a
20 disposable skin patch is provided with a moulded plastics
lens over the analyte sensing means. A corresponding
test meter is designed to be placed over the patch and
comprises a light sensitive element which sits over the
lens when the meter is placed over the patch.
25
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!Ont er es?bylctu T9O%8 apprdei é)thd Slb(f/n?ho%%ki Igl gwgm? n IHE &F t manO i e

arrangenent; gescdd bed aboveei sibenedigdalad Nn1ebst one microchannel for
conveying an interstitial fluid to one or more of the sensing

means and some of the sensing means are the same or are for

measuring the same analyte. The device may further be

15 arranged such that, in use, the plurality of sensing means

take measurements of the fluid at different times to enable
monitoring of the concentration of the analyte in the fluid

over a period of time.

A device for measuring the concentration of an analyte

20 in a fluid, including a support member, analyte sensing means
provided thereon for measuring the concentration and a
microchannel in fluid communication with the analyte sensing
means for conveying the fluid to the sensing means. The
analyte sensing means may further include one or more

25 reagents to react with the analyte and thereby give a
measurable output. The reagent or at least one of the

reagents may be provided on a wall of the microchannel.

A device for measuring the concentration of an analyte
in a fluid, including a support member and a microchannel
30 provided on the support member for conveying the fluid across

the support member, wherein one or more reagents for reacting



own right in enhancing the signal that may be neasured froma niniqgl -
sanpl e volunme and thus when viewed froma vyet further aspect the pr et 200
invention provides an apparatus for measuring the light froman assay 15
conprising an elongate conduit portion along which a sanple fluid is drawn
in use and a light sensitive neans arranged to be sensitive to |ight com ng
substantially fromthe |ongitudinal axis of said conduit portion. In one
particul ar ly; pr ef Ber egharhadi entc: 2 dbgpesabhel Skin PRk Chis-qurevirded.
with a noul ded plastics |ens over the analyte sensing nmeans. A
correspondifiy €testcretieryi Sudddignedncdube pk acdedrsyveil orhempasehingd the
conprises a_light sensitive el.enent which sits over the _1ens. when the neter
is placed 6v8¥9§heogaf%hFe§§%i8“J 3@%%? % eAi@%@i%gef6¥Kﬁeggﬁﬂﬁﬁf%ﬁﬁ§'
concentr at ife ofledDcanakyt eudther f Lk duabnehuding:g SUPROGLE AMRIIRE a Altha
plurality of analyte sensing neans provided thereon for nmeasuring the
concent r at AR SWHEPR| Xt hecHewy ce Pafvhétuidcfuges aahsmsinucgl ianinsfl dordui t s
such that e k?f t he sensing neans has a conduit associated therewith, the
conduits serving in use to direct the fluid to respective sensing neans.
The device may further include a penetration nenber, preferably integrally

formed, sufficientlyy short. only to penetrate the 1Q cut.aneous | ayer of skin,
most . The devi cé 8y PRt HEF THETHIE S G601 C6 IHOITA gt O 48t Doy 0

m crochannein fOre1 €0ayeyhaguaingnkessppbiral mbhed , t qetRe ¢r JRIE®dfort hene
sensing neans and sone of the sensing neans are the sanme or are for

measuri ng t$errEne afaPyre foTheseevice why famatlvere bewhsrainanged SiRprthat ,
in use, ;hhe plurali f _sensi ans .. .tak surement s of e _fluid
differ er%tb t] rr‘eséltao fg%é:%leé: Jhr?)nl %(Fgrlgngslol h%xg%%%gﬁ 1Pa?ﬁleoanns(')f g?ﬁgtng%éil y?&e in

the fluid owetca pentad wf theeanAlgew caeedoindreasdhkngsideaconeentirtat d:on
of an anal yte

the support member. The conduit may further include a
microchannel. The fluid extraction means may include a skin
penetration member. In the device the skin penetration

15 member may be of such a length that it penetrates only the
cutaneous layer of skin, not the sub-cutaneous layer and the
b}

skin penetration member may be adapted to extract

interstitial fluid.

A device for measuring the concentraticen of an analyte

20 in a bodily fluid, including skin penetration means, the
penetration means being sufficiently short so as to penetrate
only the cutaneous layer of skin without penetrating the sub-
cutaneous layer, and a support member, the support member
including an analyte sensing site and a microchannel for

25 conducting the body fluid from the penetration member to the
analyte sensing site. The penetration means may be integral
with the support layer. The device may further include a
microneedle for extracting interstitial fluid. The device
may further be adapted to measure glucose concentration. The

30 device may further include an analyte sensing means including
a mediated amperometric enzyme electrode. The device may be

adapted to utilize ferrocene-mediated electron transfer from



20 in a fluid, including a support nmenber, analyte sensing nmeans pquhﬁeﬂm
t hereon for nmeasuring the concentration and a mcrochannel in fluid o
comuni cation with the anal yte sensing mneans for conveying the fluid to the
sensi ng neans. The analyte sensing neans may further include one or nore 25
reagents to react with the analyte and thereby give a neasurabl e output.
The reagent or at |east one of the reagents may be provided on a wall of
the m crochangghcAddevkGaafr Rasuriseg t heaeeneent rati omef @, anal i, in
a fluid, including a support nenber and a m crochannel 30 provided on the
support merfbertifer ésAvayiengat e unadiidvace s ity seppers imsnbeeanaherdia

one or nore erve.acgeent]rgc,j\lfor}:)(raea%tuirn et;)_, .JaL]J_,Nra%QOeGd 2t50vm' }ngagﬂg anglnyt %r{as_t coat ed
on a wall oq‘ the ni'ctochannel . e device gmay further-incfudé™a means for

measuri ng tdcantpiiod aireaetiyon beathweeretie analyferandrt be reageMle
The device may further include an integral fluid extraction 5 neans for
extracti Ag &PhodytRFEIMENEr i athemericiot ahi fal SBBA§CLS 1fAd. maadeviiee fidie

measuring t&%&%ﬁ&%ﬂ%'&f o QHai’g@{ayES H;BELBO bluisdy 1 06154ding A SUpRof t
menber, means provi ded on the support nmenber for sénsing thé ana 3}lte,

wher ei n t heclseippadj ek menbahef ugeheeel nehyvdesufted extc necde ommamans for
arranged to direct fluid_ to the anal yte sensing neans via a conduit on the
support memberacirHed coriuievaay Far ther SkhBrude a  mi crochannel . The fluid
extraction nmeans may include a skin penetration nenber. _n the device the
skin penetration 15 nenber may be of such a length that it penetrates only
the cutaneous lAy&levefCskiRY nBEasRELIRED-AIR afOBESLIta Pl AhdOfhed <KiED

peret - AUETLIRILES TRy beeiont EAL10 eitimtiod MErS i ALupstenes
i ncl udi ng skéewnipenetr alneonsiEansf tehesulppnet r ahidlore nphmsa betngosuffarcdeng | y
short so as t%égen trate ko.rgll tahe C 5?2%9%5 Iayfer Igfagg}i:gmglggoutof the
penet r ati ng"¢ sup®r maxi P y © €
concentration over a period of time. The device may further
include a device arranged to take measurements at
15 predetermined intervals. The device may further include
flow control means for influencing the flow of fluid to the
sensing means and the flow control means may include a
hydrophobic gate disposed in a microchannel. The device may
further include means for changing the hydrophobicity of the
20 gate. The device may further include a hydrophilic base
material covered by a hydrophobic material and further
including means for exposing the hydrophilic base material.
The device may further include pumping means arranged to
apply a pressure to liguid in the microchannel sufficient to
25 breach the hydrophobic gate. The device may further include
a plurality of analyte sensing means, the device being
arranged to direct fluid sequentially to each of the sensing
means. The device may be adapted to interface with control
means for generating signals to control the direction of the
30 fluid to the sensing means. The control may be configured so
as to allow a user.to specify when a measurement 1is to be

made. The device may further include colorimetric

transduction means. The device may further include a common



cut aneous | ayer, and a support nenber, the support nenber includin?Ba;hal,mg
anal yte sensing site and a m crochannel for 25 conducting the body 200
fromthe penetration nenber to the analyte sensing site. The penetration
means may be integral wth the support |ayer. The device may further
include a mcroneedle for extracting intesstitial fluid. The device may
further be adapted to measure glucose concentration. The 30 device may
further inciudesap,anabyte sens r&gl@al;@n* deluding ;@ ned ated,anper eARt i C
enzyne el ectrode. o%e devi ce na;' a a{%ed to utll?ﬁe ferrocene-nedi at ed
el ectron tramsfeniftaomo? ELIwNe20b5dy2ﬁ$uadghundse m&adasedcataIWeedeV1ce
reaction. The devic may. further include a plurality of a te sensin
means. The MévieE éankgﬁer aFF&ﬁ@EQ'ﬂg CHRAsdre N éﬁgﬁ%fé' 21094
concentrati o, heebLY onThe cdevige amnofryrctchefecb&&w%@gi@& for attachment
to the skin of a subject for measuring the concentration of an analyte in
bl ood or interstitial fluid of the subject. The deV|ce nay further include

nmeans fors attacgl@%VEQ%(¥§%c§a%9néhln aquﬁgﬁf lH€§go£h§he

concentratlon of "a give ana |nc |ng nmeans for
attachi ng tbencdevreeiva tde SﬂlbﬁﬁlﬁtéUbﬁECé 3mmﬁﬁpﬂntahdnygohasenmmng

nmeans for naking a plurality of neasurenents of the caoncentration over
period of tPHEP ?h@O&éﬁQﬂ%Qﬁnﬁ¥iﬁtﬁ%rflPhéIG&@mﬁqﬁﬁﬁQﬁQ%uW%ﬁbeHhFof%&&@

”Eﬁsure”E”t%ane1§eB%%Q%be%Ekﬂ%ﬂﬁﬂﬂfﬁif%§5oﬂ*ﬁéﬂ%?%&ﬁmﬂ§ﬁsfHBEhﬁEaEBQEH%e
flow control neans for influencing the fl'ow of fluid to the sensing neans

and the flomheonbrobnmgamsomay |ﬁ&kudknafmhydnpphmbthegaincHuéposedenﬂlag

nicroch The device na furt i ncl neans. for chan t he
et ooholf eiegmar 1 36%aaYe. o THECEFr R oy Tae R RSP HEl I SN ¢

base materigk %&e&&dtlbytfoﬂy@rfopéwogb%s@%% al amk fyethee ndiel wdirRGer
means for exposing the hydrophilic base material. The device may further

i ncl ude punphadugeans aﬁﬁaﬁgéé tveamppl yoda pnessurenvo khgui donAengeation
n1crOChanneEu%gE h%&%ﬂﬁ hontlnuously and calibration sensing means for

performing at least one calibration measurement. The device
15 may further include a plurality of individual sensing means
to allow a series of periodic calibration measurements to be
performed. The continuous sensing means and calibration
sensing means may be provided on a common base member and the
common base member may be a patch or the like for attachment
20 to the skin of a user. The device may further include flow
control means associated with fluid conduits for conducting

fluid to the calibration sensing means and the flow control

means includes an electro-osmotic pumping arrangement. The
device may be suitable for attachment to a user’s skin. The
25 calibration sensing means may be a single use sensor. The

calibration sensing means may be downstream of the continuous
sensing means. The device may further include one or more
microchannels for conveying the fluid to be measured to the
sensing means. The device may further be suitable for
30 attachment to a user's skin and include a transfer means for
transferring the a body fluid from the user's body to a
sensitive part of the device. The transfer means may be

arranged to transfer a fluid to the upstream end of a



25 breach the hydrophobic gate. The device may further include a p FE%IL%Y
of anal yte sensing neans, the device being arranged to direct fluid” N 2005
sequentially to each of the sensing neans. The device may be adapted to
interface with control means for generating signals to control the
direction of the 30 fluid to the sensind neans. The control may be
configured so as to allow a user to specify when a neasurenent is to be
made. Thendewdeameyl f ur Ther tiraeliside cotaord meay | enclvanasduetseoi areantheThe

device may further include a conmon 1 JUN. 2005, 2 71 fluid collectio
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to be neasdi&tkadde deyd ceutrABY¥oliEr t hefet NAfudek an sensi g n@aANSheS &ib-
selective fluid conmmunication with the common collection region. 5 A device
for maki mgraptenal Layest mBPAsurErhts iyt fertikehceRElaticomrofaRer Batkyt e

ina flwid includi a,.cqmmon anpl e col | ion site in fluid c nication
W th tﬁe Tt uid Sﬁgﬁges§§é§ﬁfédt§ﬁg%§%blura?ﬁ%y % aé%ﬁgfngm%%%%s %%yu be
measur i nginkdei €oOnsenseal i onvadheedevhee damy cburihehamalide @i isense ags 10
means for making_a substantially continuous neasurenent of the

concent r af?BHn2BP Ly 18Gh SR BRTEL Y ThEdeVi R e UREY ' Furt'fiet 1fnctifle r&IdORsi A§

means for, oeasuring,t b epLAALEED subal ant irgll YagonLintays! . ande,
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cal i bratidhn sensing neans for performng at | east one ca ion

measur eneiric 1dde deviice 1By magahsr ther dirgdlude rgy ptiue akiohy eoft dandiori doél
sensing neans to allow a series of periodic calibration neasurenents to be

per f or Ped® TRE oAt F n RS e FSGATY n&ihd “B&l i BFaPieY BBARPng f¥anSSmay

be provi ded,on; - CRURRN hase Jenbge and the; LOAMD base; yeNhelr mynbeca
patch or the like for attachnment 20 to the skin of a user. The device may

further ifcdmdeyf lceweredntsr.ol nEass dessord atad Wit bhékuildcderntuia snéans

conducting, flyid.to Lhe callbrauion sensing means and,the f)ow control
means i nct UdeS Bh"EPEEE FB08moti e punpi ng arrangenent.h?he devi cé 6 be

sui tabl e hasi atbachnesbstioea HselySseSkiohcehieaZ23ogal | brati on sensing nmeans
may be a single use sensor. The

15 A device for administering a substance to a user
including a measuring device for measuring the concentration
of an analyte in a bodily fluid from the user, the measuring
device including a plurality of analyte sensing means and at
least one conduit, preferably a microchannel, for conveying

20 the body fluid to at least one of the sensing means; the
apparatus further including administration means for
administering the substance, to the user on the basis of the
measurement of concentration. The measuring device may
further include a self-adhesive patch for attachment to the

25 skin of a user. The device wherein the administration means
may  be integrated with the measuring device. The
administration means may be a reservoir on or in the
measuring device for dispensing the substance. The device
may further include a pump for removing the substance from

30 the reservoir. The device may further include a single pump
for both administering the substance to a user's body and for
drawing out blood or interstitial fluid, to a sensing means

for making an analyte concentration measurement. The device



calibration sensing nmeans may be downstream of the conti nuous senspQQMquz
means. The device may further include one or more microchannels for”~ A%
conveying the fluid to be neasured to the sensing neans. The device nay
further be suitable for 30 attachnent to a user's skin and include a
transfer means for transferring the a Bddy fluid fromthe user's body to a
sensitive part of the device. The transfer neans may be arranged to
transfer aey ufdrtberhelupsedeamendler tyo28smpitéfochiPiielCOMHEC t r At es
means may .ingGl ude needhe. _Th needl e j.croneedl e .0 ich a

| engt h thdfﬂﬁfggﬁéﬁeﬁraggs*?%é%gutggedﬁgga%§gr%%égﬁgﬁéé%Ut%ﬁg% ?ﬁ&%ﬁfg

cut aneous dlayairodde peddle payvidethesubachieeaany apeft vhe Ssodea SEdea
surface thereof. The transfer neans may be invasive or sem -invasive, the
devi ce furd®9lncl udi ng neakse f ord@ppiih ng BresstPEefo t HeaYiser '&B<EHKER in

t he regkon.. {i b tran r T i furt
incIudesaqﬁigﬁwgsgﬁég%§£?g¥ %?é%?%y%ﬁgé%ﬁgaggﬁgé%%rg?igﬁgo%ﬁfgﬁéﬁ”ana yte
bei ng neasixadantkt hendiiset aynaeads aayabe sspparat eefibem thel rreste@ind he

device and receive data there fromby telenetry. The device may further
i ncl udi ng ST 2 %%r LaBiArsferihgtaes FISsittant@PPer & G§8P6n t hB2d&AT¥ On

the basi %@s&i@ﬁ%‘éﬁ@r anal yt & SQQCSPtfn@%@aoéleéérédgéy%%mfe% thereon.

adm nistering a stance to a user including a neasuring device for
nmeasuri ng e ceracent r atbenrack anaanafwyttenem &ebodrkgnfkd dtbrom dhe user,

t he neasurin device jncluding a plurality of an te sensing neans and at

| east OHe %,piﬁ%ﬁg?%b?9 ghﬁi@?bﬁhﬁHﬁ@PthB?g%%ﬁveying 20 the body
fluid to at | east one of the sensing neans; the apparatus further including
adm ni stration nmeans for _ adm nistering the substance, to the user on the

basis of the rfeaStleREntt ot REHEENt MGt FOR. CPRESREESTiTY Yevite NG Y Ee
further ingludera,sel fradheshve patehdor Ahachneniide bheogeskinkofon

user. The device wherein the adm ni stration neans nay be integrated with
t he neasurdmga devicéeceThHderadA nilse r abboarreawsbrry Fardh ¢ eserwsid baver in

the laminated onto the support member so as to close the channel.

15 The device wherein the channel may be a microchannel. The
device including an integrated skin penetration member which
is also open on one side. The skin penetration member may be
arranged so that, upon insertion into skin, the skin itself

effectively forms a wall.

20 A device for obtaining £fluid through human or animal
skin, including a skin penetration member having at least one
longitudinal side open, the other sides being arranged so as
effectively to cause the penetrated skin to act as the
remaining longitudinal side of the member when the

25 penetration member is inserted into the skin.

An apparatus for measuring an analyte optically, the
apparatus including any of the devices previously described
for measuring the analyte and a separate test meter including
light sensitive means, wherein the measuring device and the

30 test meter are arranged such that, 1in use, the light



measuring device for dispensing the substance. The device may furth%r N, 900E
include a punp for renoving the substance from 30 the reservoir. Thé dg@V@%
may further include a single punp for both adm nistering the substance to a
user's body and for drawi ng out blood or interstitial fluid, to a sensing
means for making an anal yte concentrat(®n nmeasurenment. The device 1 6 JUN
20Uf 29 may further include an el ectro-osnotic flow control neans
i ncl udi ngsanpl i aki tyedis drilviirg ehectaedes.e t Reodri Vi ngheelraet r edes thei ng
provi ded substantially on one side of a channel. The driving el ectrodes may
extend 5 BEpeURtBEefEiVaFPy around an arcuate wall of the channel. The
device may further include a main support nenber and a second substrate
| am nated to the main support menber, the second substrate |ayer having one
or nore el ect rddesapprr@dus hef@on . meafh Sutodiss ubsohat efmay f ant hessbe
arranged to close a _ 10 channel provided on the mai.n support, menber. A
devi ce fo%nﬁgﬁgthnﬁu%h%fggﬁ%gﬁtfﬁ?F%ﬁgbfp%ﬁtﬁ%%If%gng H%%*?Fufﬁ Fﬁ@?&&ing a
supports nenbea haviaprgwan ieperechamdnel 1iemta ssfiacerd heseof 4dheasyppOLb
menber; and a second |ayer |am nated onto the support nenber so as to close
t he channkb. FEBRITEHE ideti cEOwhelriedt: t heoBhRfnel Sy Pt B2 M tr odhi@ihel thFhe
device in ggg%ﬁgdgnaanggg%a%%df%g g %QSRJqﬁhgpchnber which 1is also open
on one side. € Ski'n pénetration menber may be ~arranged so that, upon
insertion into skin, the skin itself effectively forns a wall. 20 A device
for obtaining I%id t hr h hunan or qpinal ?kin, inchdin A skind .
penetration neitbét FRIHY at “FédstPDre’ FBAgrEadPnat" sF 8“8%eﬁi tREB“Etter
si des bei pgraipangeths asichf feckhwely tolcausest herpenetinat gd=skidut g act
as the remaining |ongitudinal side of the nenber when the 25 penetration
nmenberld smpridpeeB1RAES CEhe 8K RV SAh taFparais & aOMeedur i my @RS anakyes
optical | yeotbhe, appanat ugel Rebudiag ankah, Lhe devices paewiously desgri bed
for neasuring the anal yte an separate test neter including

sensitive element arranged, in use, to sit over the lens when

the meter is placed over the patch.

A method of measuring the amount of an analyte in a

15 sample of liguid including providing an electrochemical
measuring device  having a sensor electrode within a
microchannel, introducing the samnple liguid into the
microchannel, and measuring an aggregate current passed by
the electrode to give an indication of the amount of analyte

20 in the sample.

An electrochemical device for measuring the amount of an
analyte in a sample of liquid including a sensor electrode
disposed within a microchannel and means for measuring an
aggregate current passed by the electrode in use to give an

indication of the amount of analyte in the sample.

NS}
(4

A method of making a device for measuring the
concentration of a substance in a liquid including forming a
first channel in a substrate material, fitting the channel at

least partially with an electrically conductive material, and



| ight sensitive neans, wherein the neasuring device and the 30 testaﬁggﬁémm
are arranged such that, in use, the light 16 JUN 2005 30 sensitive 2N
views the analyte along a channel of the nmeasuring device. An apparatus for
measuring the light froman assay including an elongate conduit portion
along which a sanple 5 fluid is drawn i3 use and a |light sensitive nmeans
arranged to be sensitive to |ight com ng substantially fromthe

| ongi t udi adrréixics of theahduiHarposli ew Asdi sposdbltersidar patreh iffictadi ng
an el ongate conduit ortion along which a sanple_fluid is drawn in use and
a 10 rmouldEdftlasti & %elré%)’ ovéPTTHEIcoNdtPt FOrRFHRL L A t eROTRLFHS f 0rCTuse

with the disposahle skii,ontchs Aok nokudingsa-bhahtnaseasitive el ement

arranged, in use, to sit over t e ens e nmeter i1s placed over the
patch. A nethod of neasuring the anmopunt of an analyte in a 15 sanple of
l'iquid includi n n I m cal ur dev

sensor el ectrode Mﬁt%#%{a%fﬁlggégﬁgﬁgg 8 |%tf%%ﬂ§?%g %ﬂ% s%éﬁﬁ%ﬁ|qU| “Tnto

the m 6r aohauwielsaanth n@AsHhi agaa@rt@ggmegaatﬂmremluass@dpbywmhelg a
el ectrode to give an jindication of the anmount of analyte 20 in the sanple.
An el ect r GEHERACal "eRYPEe £OFMHESs 1 P TheCRADBOAL OF &h S%ﬁ%???eoﬁn2¥°

sanpl e of AL} a% 'nﬂ'lé‘rhé’é’lg%né‘ $EASAL c ehgcLr 0de,ndi $RY8Sd WL LiR A FHBP e

m cr ochanne neans measuri ng an aggregate current passe
el ectr ode nemhiese 4@ ag vieo anlo285 thdi chdnonalof the anmount of analyte in the
sanple. A nethod of meking a device for nmeasuring the concentration of a
substance in a liquid including formng a first channel in a substrate
material, fittimg abpachanselfoat odtemsiimpardhdl bypaMizi nan ¢l eshpicablfy a
conductlve terial, and 1 6 JUN 2006 31 form ng a second channel so as to
|ntersé8t‘? flggﬁd. from a skin layer, the Tapparatus including a
support member, a channel formed on the support chamber, the
channel having an entrance for receiving the body fluid, an
analyte sensor carried on the support member and positioned
to sense an analyte in the fluid within the channel, a flow
15 controller for influencing a flow of fluid within the channel
to the sensor. The apparatus further including a fluid
extraction member for directing fluid from the skin layer to
the entrance. The apparatus further including a flow
restrictor between the fluid extraction member and the
20 channel. The apparatus further'including a waste reservoir
in fluid flow communication with the channel. The apparatus
wherein the flow controller includes a flow inhibitor in the
channel inhibiting flow of the body fluid into the channel
and a reliever for permitting discharge of the inhibitor from
25 the channel to permit the fluid to flow into the channel.
The apparatus wherein the flow inhibitor inhibits £fluid in
the channel and the reliever includes a switch for permitting
selective release of the inhibited £luid from the channel.
The apparatus wherein the switch may include a membrane
30 blocking passage inhibiting the fluid from the channel and

selectively controllable electrodes for removing the

membrane. The apparatus wherein the membrane is selected to



channel , thereby form ng two conductive portions on respective oppqqinﬁwﬁm,
sides of the second channel. A nethod of fabricating a device for neasur’ M§
the 5 concentration of an analyte in a fluid including providing a support
menber, form ng an open channel on a surface of the support nenber and

| am nating a second | aver onto the suppo2t nenber so as to close the
channel . An apparatus for obtaining and analyzing a sanple of a 10 body
fluid fromea ski nlkayer, ptlre iappar atestirngleddi bg aensuppartt ivenberf, ahe
channel formed on the support chanber, the channel hayin% %n entrance for
recei vi ng ST BORPS 1 ui'dl APPHHEYT eV RRTRLF CaF riRY BhtEHe FSUpFort Rerber
and positionedpd Q.s8nse ahahalyd exin thenflw doyithin t h‘?h%hép@%lpat%éc | ow
15 controller for influencing a flow of fluid within the channe to the
sensor. Théeapmpar dathes Flovt hevntnel ey ngnalddes e exdraphpbncnegaer. f dhe
directipg fluid fromthe skin er to,_ the entrance. The apparatus further
e udi Bg PGS QST | BT OBEPRSEn IARE. FREIATER radt SRORBABF dedtib 20
channel . T apparpbdsefurt hefhd nghydir-agua wast-e iheseld/ ok lowl BoldHs 1fdow
comuni cation with the channel. The apparatus wherein the flow controller

i ncl udes arfdlowldasmtd bhulpl ¢ ndi hposefananelthienlvbsinmieng W1 ow af vehe Bodyctd ui d
into the channel, .and a reliever for permtting discharge of.the inhibitor
from 25t RECEREnel® (B FRT T EoEREC PV aL BEC6 PIaR (1 o Hheb ehahROE ZorTidis
appar at us asereiin t henkl ewdaihithid orhénbihi taef ltuiddk i donthelthanmel-and- t he
reliever includes a swtch for permtting selective release of the

i nhi bi £8d Ui UiSs ofn PREPERENASIChanfa rargsngheéreilis t heowwepeh rrdye
include a fenbrang cki p i nhibiti i r : nnel
and selectively c5ﬁ$¥%+$ablggél%ééggggggpggé%%ggv%§§ %kgbqﬁéngggﬁgsu%%g
appar at us iwheragi n efllke trerorsane iics gelrect ed Thel6adpPbra@Ws 32hea cdin | edst
partially destroyed by energization of the, el%ftrodes. The %Hpar tus
wher ei n t R DI t BECPREEGT s B r 2@ Qdittch GBREECLRE &S P¥m tthe

channel . Thg,@@pparét US The apparatus wherein the pumping mechanism is
15 selectively controllable by a user. The apparatus wherein

the channel is one of a plurality of channels each formed on

the support chamber by forming channel defining walls on a

the support member and each having an entrance for receiving

the body fluid, the analyte sensor is one of a plurality of

20 analyte sensors each associated with a respective one of the
plurality of channels. The apparatus wherein the controller

operates to direct flow 1into a subsequent one of the
plurality of channels after a residence time of the body

fluid in a preceding one of the plurality of channels. The

[\)
n

apparatus wherein each of the entrances 1is connected to a
common source of the fluid. The apparatus wherein the
plurality of channels and associated sensors include at least
a first continuous sensor for sensing a concentration of an
analyte in fluid within the channel associated with the
30 continuous sensor and at least a first calibration sensor for
performing as least one calibration measurement of a
concentration of an analyte 1n fluid within the channel
associated with the calibration sensor. The apparatus

further 1including an administrator for administering a



wherein the flow controller includes a hydrophobic gate. The 5 appaygt HEy gﬂJﬂe
hydr ophobi ¢ gate i ncludes a hydrophobic |length of the channel. The ~° i
apparatus wherein the flow controller includes a bubble disposed in the
channel with a vent to the channel to permt selective discharge of the
bubble fromthe channel. The apparatus 3sherein the flow controller further
10 includes a punping nechanismfor urging fluid flow past the flow

control | esubHierapparat us Wieei baske puppilng neechaniremo i bagaad upon a

el ectro-osnoti.c punp. _.The apparatus wherein the punping nmechanismis
aut omat i cﬁﬁnySlcno(ﬁtc%Loﬁ%%laen%gy ~ TORtrorl er- The apparatus wherein the

punpi ng nmechanismis 15 selectively controll able by a user. The apparatus
wherein the channel .is one of a pl uralsh]jt of cllannel s each fornmed on the
C n

support chamber® by"STH n§ Tch&mhe "H i ithg SREPE "6 8% h&SATHortd nétber

and each haydingan entianes defriecehyi aor1thg bedy &l Ubfnohhe Analeon
sensor is one of a plurality of 20 anal yte sensors each associated with a

respect bveowrie olitdetipyurhei fyuof clamgels.clEreabpavatudswaer eine e

controller__operates to direct flowintqg a stubse uent one_of the lurality
of channelssergltrégr BRI dBRtECT B0t ﬁ‘e“alf’odyanf TR QeSISéI&?&]el%gf one of

the pluralidy ®futdhanselsenthe12) appacatug Wher &inbeash efiuthe feifd adiees is
connected to a common source of the fluid. The apparatus wherein the

pl ural ity @fardahne? s2anteassotiatearsehaonsli aératdeaafelréadn periqdiot
ti . f ' trat | in fluid wthi
con '”Uouzﬁﬁf?ef‘saor(d %ﬁ?@ﬂﬁ%&?h%tgggggg Lak},opy, of S‘Halggg ﬁe‘%]s'u’}erie‘%l W thin

t he channel  associ cont i nuous ‘Sensor east a first
calibration sensor for performng as |east one calibration neasurenent of a

concent;iati on an_analyze in flyid within e_channel SSQC] d with the
cal i br altpi on se(r)iis%r?p gagﬁgarfgtrus%tfau]ﬂlh% ‘?llrllégl ﬁﬁ?%zéﬁga}m %Tg@?;lgt cc))\r% f%r
adm ni st erdody a flluB d JPNoml7a 1l sid%h substancento sppeesitbasethepodiag, a
measuring based upon a sensing of the analdyte sensor A met hod. of .

cont i nuoust¥PRANpI MREPEAd Feastipihglarormed on the support chamber by

forming channel defining wall on a the support member, the
channel having an entrance for receiving the body fluid, the
13 channel having a minute size with a wvolume less than 200
nanoliters, an analyte sensor carried on the support member
and positioned to sense an analyte in the fluid within the
channel. The apparatus wherein the channel has a
longitudinal dimension 1less than 10 mm. The apparatus
20 wherein the channel has a lateral dimension less than 200
micrometres. The apparatus wherein the lateral dimension is
greater than 10 micrometres. The apparatus wherein the
analyte sensor includes a reagent deposited on the wall for
reacting with an analyte of the fluid when the fluid is
25 within the channel. The apparatus further including a fluid
extraction member for directing fluid from the skin layer to
the entrance. The apparatus wherein the fluid extraction
member 1s a penetration member for penetrating into only a
cutaneous layer of the skin layer and the fluid extraction
30 member has a fluid pathway for fluid to flow from the
cutaneous layer to the entrance of the channel. The

apparatus further including a plurality of the fluid



anal yte including extracting a fluid into a cormmon collection 5 poL L, JUR 706
directing the fluid along a channel towards an anal yte sensing means, WA
perform ng at |east an anal yte neasurenent on the fluid, sequentlally
switching the flow of fluid fromone channel to at | east anot her channel
after a certain period of tine and perfgymng at |east a further analyte
nmeasurenment. 10 An apparatus for obtaining and anal yzing a sanple of a body
fluid fromeg skict sl Ry efetBerappar ahys aﬁwﬂéddu@,w@eréyﬁpoaﬂe meehekradion
channel formed on the support chanmber by form ng channel defining wall on a
t he suppor meméreyery,s tmehOblmn@é@ﬁhm g tan aemorance fiore reeefivengettheibady

fluid, the 15 c in ute size with vol une | ess than
nanoliterst¥§h gﬂ At téﬁggwgg' car ‘%dagﬁafﬁ£h§uﬁ®6?¥eh%nﬁgFa 8ﬁ8e65§% °8ned
to sense amcarhytie i thed HaEd W tdpgbd ey shafnels éﬂgglﬁaﬁ%r ahus ruhgiei n
t he channel has a | ongitudi nal dlnen5|on | ess than 10 nm e apparatus 20
wher ei n % headhamneladtasvigh dther aﬂlxmdmawy essen hah 200exhetiomertesheThe
appar at us ereint | at er al |nen on is rea%f han 10 cronet%% The
appar at us Wi n t €EaﬁBPyF 3nso %%Tu& ]%5% dépo Ted"oh e

wal | for reaatideg Whédnanrapaliyhe oghdhe ifd ui ehvdes-t Be fduiidi i sradf whiehi n
the channel. The apparatus further including a fluid extraction nenber for

dlrectlng'ﬁhMij%Kﬁﬁt%% ke nenpyerceeo tThe @MR@ﬁﬂﬁys'Wh?%@b@réb@stHéﬂeln

the fluid rach HEH? el rati.o « ene [

only a cu%%%gghs ayer 0 gihiﬁcgugg$a§ggkang the q%ﬁ%d&QQ ?a%%?%%@g6 %gﬁb er
has a fll0i dlpatchweyorh oehtl wikd it ol &few teoomhicheenctdradeous | Blyer abpatrheus
entrance of the channel. The _apparatus, further including_a plurality of the

fluid 98 JURKSRISSR 340t riddtlichn REM st OThanAPPRF at HAC WRERE| nERES ~ foT
penet rati ofky, JEIher, do & diold o aead| oc il & booe ofotbes peedl e del nivao

the fluid pathway. The apparatus wherein the penetration is a lance
havi ng oppasitmgrsig f acddse defipsraprdhel df el 5ipal hivayg aad wilehttrhe ffligild

pat hway Ope%&é%ar1(”(é¥|§%1£ﬁlaplng the skin layer and urging fluid to
15 flow to the entrance. The apparatus wherein the fluid

extraction member includes an electrode which includes a
portion of the electric field generator. The apparatus
further including a flow controller for influencing a flow of
fluid within the channel to the sensor. The apparatus
20 wherein the channel is one of a plurality of channels each
formed on the support chamber by forming channel defining
walls on a the support member and each having an entrance for
receiving the body fluid the analyte sensor is one of a
plurality of analyte Sensors each associated with a
25 respective one of the plurality of channels. The apparatus
wherein each of the entrances is connected to a common source
of the fluid. The apparatus wherein the plurality of

channels and associated sensors 1include at least a first

continuous sensor for sensing a concentration of an analyte
30 in fluid within the channel associated with the continuous
sensor and at least a first calibration sensor for performing

as least one calibration measurement of a concentration of an

analyte in fluid within the channel associated with the

calibration sensor. The apparatus wherein the analyte sensor



| ance. The apparatus wherein the fluid extraction nmenber includes gﬁﬁ@ﬁ,ﬁ@r
i ontophoretic transfer of fluid fromthe skin layer to the entrance. g
apparatus wherein the fluid extraction nmenber includes neans for
ultra-sonic transfer of 10 fluid fromthe skin layer to the entrance. The
apparatus wherein the fluid extraction genber includes nmeans for
suction-assisted transfer of fluid fromthe skin |ayer to the entrance. The

apparatus furthges nel udi B9 AR-ehest kL fieslsdr genenat %rp#&"aéﬁé.. nyhatkng the

skin layer and urging fluid to 15 flow to the entrance. "The apparat us

wher ei n t hehkl @ind 1veoet reetson merbedesnel ydescaht gf ecfr edeoshicstes .ncl GHes a
portion of the electric field eneiator. The ap ar?{us further including a
f1 ow cont r 6PPEF3f° iWPFE@ﬁEingta FHW of°1F | {id Wi ehiﬁlﬁﬁéréﬁ%ﬁheﬁstoaphe

sensor. Thejappanakus20-yheret bybhechannel hepere el aip! Wil i EXafhel .
channel s each forned on the support chanber by form ng channel defining
wal | s onS aThiee sapporitwenberhearaireachhhaviaiprarekent dencefdomedr ecel vi ag t he

body fluid the analyte sensor is one of a . plurali of anal yte.sensqrs each
assbci at ed Woeh 4 28 ¥ e dpRtIS/ BRa TR T heL praFal T dF CHanel She Tha e
apparatus awher&id: eged oft tihe: enteaneg8eks cm@cggga&ﬁt@scqm@fbﬁeum@ of
the fluid. The apparatus wherein the plurality of channels and associ ated

sensors inéngdetal |seastora finstudesnt #nueasosemesr ifcor ssafsimg a The

concentration_of .an anakx%ghBO in fléﬂd wi thin the channel. %%_ckatedfg&th
a

. apparatus g n din a adminis
the contindo&ST%seénsor and-at | east 157 calSbrat FoREeénsdr Tor

performmg adas nlieastrioRe &alsuysldree measur eneat fasecongent rat neAsakean
analyte in fluid within the channel associated with the calibration sensor.
The appar atigd Wsh&esied el SATES S¥hstr thes JUN 20D; SeBS50T ncl udes an

el ectro-chem cal sensor. The apparatus wherein the anal yte sensor includes
a plurality of electrodes. The apparatus wherein at |east one of the

el ectrodes is afn d@rRANd e | yorordtetniadmarst i ana Heposdt éd eI ehafnel

5 The appa&ﬁkﬂ§ phetgi nethie chanpsl, ifa§8£UquhQ A paratus including a

support member, a channel formed on the support chamber by
15 forming channel defining wall on a the support member, the
channel having an entrance for receiving the body fluid, the
channel having a reagent deposited on the wall for reacting
with an analyte of the fluid when the fluid is within the
channel. The apparatus wherein the channel has a volume less
20 than 200 nanoliters. The apparatus wherein the channel has a
longitudinal dimension 1less than 10 mm. The apparatus

wherein the channel has a lateral dimension less than 500

micrometres. The apparatus wherein the lateral dimension is \
less than 200 micrometres. The apparatus wherein the lateral ;
25 dimension 1s greater than 10 micrometres. The apparatus ;

further including a fluid extraction member for directing
fiuid from the skin layer to the entrance.  The apparatus
wherein the fluid extraction member is a penetration member
for penetrating into only a cutaneous layer of the skin layer
30 and the fluid extraction member has a fluid, pathway for
fluid to flow from the cutaneous layer to the entrance of the !
channel. The apparatus wherein the penetration member is a

hollow needle with a bore of the needle defining the fluid



el ectrically conductive material with the material including at Ieggt ﬂ”ﬁﬁ
of the electrodes. The apparatus wherein the analyte sensor includ ~Q s
- colorinetric sensor. The apparatus further including an adm nistrator for
10 adm ni stering a substance to a user based upon a neasured val ue based
upon a sensing of the anal yte sensor. Ansgpparatus for obtaining and
analyzing a sanple of a body fluid froma skin |ayer, the apparatus
including @atsuRROrt TRabgppadathanngle fammaonpthetsHpRemt ridiaider i by 515
form ng channel defining maFI on a the support nenber, the channel having
an entrancéafge heyeingi mprdsa rsbdiudfiages defeinighantled hividgratheageand

deposited on the. wall f.or reactin with an analyte of the fluid when_the
fluidis mﬂ?ﬁ%n% eflgﬁﬁn&§E%W%@q§b aﬁﬁf@?\ﬁé§%5%9¥h%£cﬁgﬁng?nﬁgs aTbglune
| ess 20 th@?)p@@@tﬂl@;mfbiﬁt@fe% e appay af usther@itrd heeghappelnhaseacing

| ongi tudi nal di mension | ess than 10 nm The apparatus wherein the channel
has a | al eral f8pversi od luéss whahiBoOthen ehemeralestoThe appakiems Adhetdien
the | ateral_,di sion.is._less an_ 200 mcrongtre The,appar . in

t he Iaterafhgég%ﬁmﬁﬁh%ﬁﬁ?%géréaQbfﬂ%ﬁﬁﬁgaO nﬁ%F%n%Fnggt¥%eV§%%§$é ugEl
further ineheeineg ad ldiid ©xtsaptiuoal repber toantiglectdagh fouhddf bamtthe
skin layer to the entrance. The apparatus wherein the fluid extraction
nenber is &YPEREtr LhdMeenbEr LI enehranehg daftie e ywal éat &ecds thayer
of the ski t fLuj : Lan Ld, . pat

for fIuid@?%@¥%§mﬁg?%%%iﬁgﬁ%u%gggoﬁé%ﬁgée%gtggﬁﬁgggﬁ??gﬁgeéégégﬁéﬂacEgﬁﬁel.
The appad atasiywhEneid, tdeclpendt rtaid orhamendes psoaidkdl Wowheedreswethiaebor e
of the needle defining the fluid 16 JUN 2D 36 pat hway. The appar at us
wher ei n t hé SFEFT 441 oh ABADELPs &1l et avFRErBEpSsi ng Suff 8PRELAEMni ng
the fluid paiesy, andn W hddedd it pativay,.open-49 ap extemingh abuthe

| ance. The apparatus further including a flow controller for influencing 5
a flow of fdfui dhei thlwidhe chafhel 2mparporsi orhafeime thrhamdelr adoritvai wifng
the reagen%hagg%1%pp§£gagaeghgggiqﬁ%ﬂ; a first continuous sensor for

1

hn

sensing a concentration of an analyte in fluid within the
channel associated with the continuous sensor and at least a
first calibration sensor for performing as least one
calibration measurement of & concentration of an analyte in
fluid within the channel associated with the calibration

20 sensor.

2An apparatus for obtaining and analyzing a sample of a

body fluid from a skin layer, the apparatus including a
support member a channel formed on the support chamber by
forming channel defining wall on a the support member the

25 channel having an entrance for receiving the body fluid, a
fluid extraction member for directing fluid from the skin
layer to the entrance, the channel having a minute size with

a volume less than 200 nanoliters, an analyte sensor carried

on the support member and positioned to sense an analyte in

30 the fluid within the channel. The apparatus wherein the
channel has a longitudinal dimension less than 10 mm. The
apparatus wherein the channel has a lateral dimension is less

than 200 micrometres. The apparatus wherein the lateral



channel is one of a plurality of channels each fornmed on the suppof UN
chanber by form ng channel defining walls on a the support nenber and;édgh
havi ng an entrance for receiving the 10 body fluid, each of the channels
provided with a respective reagent on a defining wall of the channels. The
apparatus wherein each of the entrancessys connected to a common source of
the fluid. The apparatus wherein the plurality of channels includes at

least a fi a_s.;neﬁg%hn@ysg%%@wr fOkartS 19eN8] MoRe £RDGENt ratiEN 9fpaP.anal yte
in fluid wwthin the channel associated with the continuous sensor and at

least a fwhstecalilthati emesertsor dearsquer f armm Ingles I@@stebﬂetroahemnaaﬂon
measur enent of a concentr at on of an. analyte in fIU|dﬁmﬁtgln th chan

associ at edSGRERTt RO T B YenSortagh Aat aths fori6bt eﬁ?n@ gnd

anal yzi ng a)gaepke Qrflt@‘llnbctda\é fdﬂarghélr oM@ Skighd Av@ls FherapRatakUsIuia
including a support menber a channel formed on the support chanber by

form ng i:hamuélacaebmmmgnmrl ioh a tmen%wp@bx@nrremm@ent héo25 phaahebthavi ng

t f th fluid t nb f
directi ﬁgcﬁpﬁféﬁgﬁlﬁvhgg‘éw%@uﬁa aveto G dng, Phhact VAT b TR R RE &

mnute sizexwrbbtidnyddiied asss than1208 paeplbiersr aanal yd e‘§6x95@kom
carried on the support nenber and positioned to sense an analyte in 30 the
fluid vmththet h@uféai\raﬁm‘ﬁ Imverappar dths mérénﬁetr@f ¢hennehangsla  The

Iongltudlnal mensi on ess tpgn 10 _mm I%%a§us mherelfiéhe %h% nel

LUus .wnere 1 enet 1on
has a Iatergp 5inen5|on iSTess 260 M cronetres: SThe apparatus &rein

the | at gy alvi3€ JalJl\B&re3?>fdltrmmsm@@d1é gegahengt hate 1011t ar eribves;. Thehe
apparatus wherein the analyte sensor' includes an electrochemnical sensor
posi ti oned2PEaFE T cereERII W (RN TIA W GheRSFRET fi%i @ i W e hPAVERE

channel . T%%ﬁgagﬁ%rgaté'ér%@ééé' r&éﬂ%fﬂg‘“ tha eB‘ltJP&t %’Eh’&%@eén!is ith the

penetration nber for penetrating into only a cutaneous |ayer of the skin
| ayer and tthAeifd updthertr acbeon tenmzer kasexifdrui dfpatheayldncefl| ui d Toef | ow
from apparatus further including a flow controller for influencing
15 a flow of fluid within the channel to the sensor. The
apparatus wherein the channel is one of a plurality of
channels each formed on the support chamber by forming
channel defining walls on a the support member and each
having an entrance for receiving the body fluid, the analyte
20 sensor 1s one of a plurality of analyte sensors each
associated with a respective one of the plurality of
channels. The apparatus wherein each of the entrances 1is
connected to a common source of the fluid. The apparatus
wherein the plurality of channels and associated sensors
25 include at least a first continuous sensor for sensing a
concentration of an analyte in fluid within the channel
associated with the continuous sensor and at least a first
calibration sensor for performing as least one calibration
measurement of a concentration of an analyte in fluid within
30 the channel associated with the calibration sensor. The
apparatus further including an administrator for
administering a substance to a user based upon a measuring

based upon a sensing of the analyte sensor. The apparatus

wherein the analyte sensor includes a light sensor disposed



t he cutaneous | ayer to the entrance of the channel. The apparatus ﬁpemﬁwm;
t he penetration nenber is a hollow needle 10 with a bore of the needl e )
defining the fluid pathway. The apparatus wherein the penetration nenber is
a |lance having opposing surfaces defining the fluid pathway and with the
fluid pathway open to an exterior of the3Bance. The apparatus further
including a flow controller for influencing 15 a flow of fluid wthin the
channel totbhesensansiihiese appar at ighvwhekeinfinche shwmnelcisl pne ofod a
plurality of channels each forned on the support chanber by form ng

channel defiPrPA§URANEd ¥l tHe Wippotanehber and each having an entrance
for receiving the body fluid, the analyte 20 sensor is one of a plurality of
anal yte sensors each associated with a respective one of the plurality of
channel s. The appararer et ef ar eabhashninge &l ranedszinvg eorfdRlal ¢6 a

common sougee of Lheqf Iud, The gpparalys. wherel n,the Rlurality of: chagnel s

and associ ated sensors eas I Tst ont1 nuous sensor

sensi ng R scepeeltt madmesr of aamlanal yiwe, | 8ff ldHahndthi dathe felradi®lon the
associated with the continuous sensor and at |east a first calibration
sensor for SHEPPETN MPERST ehyt foaviad i Rarneh dRfdsurehevwelés gn a the

concentrat IS%.% %frtar?ne%}%%eeéghf bl Ay t Ol 0,30, Ehe %g%%n% a&g%éﬂ&@df\%&t h
the cal i bration sensor. e apparatus furthéer 1ncluding an adm ni strator
for adm nirgterivigga tSubdicanhce o &, useslbeskedtypoh anakasdr sagsobasedchpon
a sensing of the anal yte sensor. The apparatus wherein the anal yte sensor
i ncl udes a2FisQe asENs o i pad ed® $SBSI LNV 0055 € 38”iotﬁéaséﬂ%Pf?iét¥o Pitght

com ng sybstantiald y dJamas tepgkhugipal aX%i$,.Qf dhe chiangel ¢nansapparat us
for obtaining and analyzing a sanple of a body fluid froma skin |ayer, the

appar at us meobedi rgca pE iSupped trerdErse aaplanalyty of thanhéhsdeashhfior med
on the suppard chatberiB { oLl ng. chamnel dehning vel | &, h-gighe  suapy
apparatus wherein the channel has a minute size with a
lateral dimension less than 500 micrometres. The apparatus
15 wherein the channel has a volume less than 200 nanoliters.
The apparatus wherein the channel has a longitudinal
dimension less than 10 mm. The apparatus wherein the lateral
dimension 1is 1less than 200 micrometres. The apparatus
wherein the lateral dimension is greater than 10 micrometres.
20 The apparatus wherein the analyte sensor includes an
electrochemical sensor positioned to be in contact with the
fluid when the fluid is within the channel. The apparatus
further including a fluid extraction member for directing
fluid from the skin layer to the entrance. The apparatus
25 wherein the fluid extraction member is a penetration member
for penetrating into only a cutaneous layer of the skin layer
and the fluid extraction member has a fluid pathway for fluid
to flow from the cutaneous layer to the entrance of the
channel. The apparatus wherein the penetration member is a
30 hollow needle with a bore of the needle defining the fluid
pathway. The apparatus wherein the penetration member is a
lance having opposing surfaces defining the fluid pathway and

with the fluid pathway open to an exterior of the lance.



receiving the body fluid, a plurality of analyte sensors each assoiLg} d ..
with a respective one of the plurality of 10 channels, each of the h @%@&
sensors carried on the support nenber and positioned to sense an analyte in
the fluid within the respective one of the plurality of channels. The
apparatus wherein the channel has a mnuze size with a |ateral dinension

| ess than 500 m cronetres. The apparatus 15 wherein the channel has a vol une
|l ess than 20Q Rapehidtels.whehhe mpRadiatis yherehfirdheeghagnebnhastad to a

| ongi tudi nal dinension |ess than 10 nm The apparatus wherein the |ateral

di mensi on ESmMPess EREAC2000Hi ckoeetibBsldThe Fhrar aPWeraMver ewhepgd N atéeal

di mensi on s greater than, 10, W oronetres, 20, Jhe apparat us yherein the o,
anal yte sefsoF “incPudes an el ecttochem cal - Sensor positione to%be i
contact w &h ftihest fdomeimhenst Benfslw dds yehdingt e el radihen appakat us
further including a fluid extraction nmenber for directing fluid fromthe
skin | ayer apglyhe eafr aféeidThel Bppar athe ol asSRE HREH axtthacttihen
menber is netratj o er._for.p rating.i onl . e | ayer
o the ski aTSyor R PERECE GRS St F AsEbn rionber Shas L PTL H Bat RS For
fluid to floew peppothengut anedusadayenet ockhebeat i ancened sthemesbamn®el .a The
apparatus wherein the penetration nenber is a 30 hollow needle with a bore
of the nee@PECEEFTHTHPR h@f | aPd epalkngy. 1The lapghr ativd ithertdiesh chennel

penetrati on epher Js &; thAneghayl ngyopposhngssuLfaces defiy ngthe fil i d
pat hway an%S mﬁthtthe %P&id pa?hmay open to anséxtérior of ghe %g%keétl JUN
2005 390 THerapear atirsc Wheireg n eachadfhninhieterttivanceson s gdnnettedrioga a

conmbn source of the fluid. The aggar tus wherein the .plurality of channels

and associ F Se&TSor 501 | YFEYat PRESSt URCR| Pst MEBRLF ARGUusCIERG0rUR YT @

sensing a cRRCERY 3d ahofaamyp-anadyig-én fluid within the channel
associated with the continuous sensor and at least: a first calibration

sensor for performng as |east one calibration measurenment of a
concentration ofy anyapghyte den fhatk ooy thin §he; chanrgl.  peasuring the

concentration of a substance in a liquid, the method
15 including forming a first channel in a substrate material,
fitting the channel at least partially with an electrically
conductive material, forming a second channel so as to

intersect with the first channel.

A method of fabricating & device for measuring the

20 concentraticn of an analyte in a fluid, the method including
forming a support member, forming an open channel on a
surface of the suppcrt member, laminating a layer onto the
support member so as to close the channel. The apparatus
wherein the laminate layer contains electrodes disposed to be

25 1in contact with the open channel. The apparatus wherein the

electrodes are formed through a screen-printing process.



associated wth the calibration sensor. The apparatus 10 further inzh;ﬂm 0
an administrator for admi nistering a substance to a user based upon” L
measuri ng based upon a sensing of the anal yte sensors. A nethod of nmaking a
device for neasuring the concentration of a substance in a liquid, the
method 15 including formng a first cham®el in a substrate material,
fitting the channel at |east partially with an electrically conductive

mat eri al , fIorim my i S e ohtahoel osotlas btoawingersect with the first
channel . A method of fabricating a device for measuring the 20
concentration of an analyte in a fluid, the nmethod including formng a
Support Meighilis 015 DI AR AP GRANGl c ONoR_ HU T 66t bR SHPPOLbyRIE
|l am nating a | ayer onto the support nenber so as to close the channel. The
appar at us demrneilred heblyanramat e i ageampbrt avmisy el edttlodes fdrepasedt ¢ 0 tiee 25
in contact with the open_ channel. The a garatus wherein the electrodes are
formed thr QUPIPTREEFSEh-Pram 9y b?o‘é%%g. *1 6 JUN 200 40 IIl. Brief
Description of the Drawings Certain preferred enbodi nents of the invention
wi |l now be described, by way of exanple only, with reference to the 5
acconpanyi it ahrani hgshiowswhe chirBigemdoliglemis @f f ichst gmbeodi hemt of tties
invention, in the form of skin, patch, in cross section; 10 Figure 2a
Shows an &l TEPhati Vo Th-ct ceherel & rrARGENBRET 276 JUIN 2005 WO 02/ 49507
PCT/ GB01/ 05634 41- Figure 2b shows a nultiple channel/sensor arrangenent;
Figure 3 depicts a cross section view of the skin patch of Figures 1, and 2
attached0t ¢t sk Bfoheaysett A pAt 5va Boar PehRanednipE ranCssieed it o t he
skin patch; Figure 4 depicts a display unit; Figure 5 depicts another

enmbodi nrent of the invention,



10 showi ng schematically a skin patch integrated with a -needl e, “hiﬁﬂﬂﬂhﬁ@
acts as an electrode, in cross section; Figure 6a depicts a nicrocﬁa | H
and optochem cal sensor 15 in plan view, Figure 6b depicts a m crochannel
and el ect WIeP¥#®Al  sensor in plan view, 20 Figures 6¢ to RCHEBIHHES
sections of the m crochannel of Figurg 6b with fluid progressively entering
the channel; Figure Ba shows a further enbodi nent of the invention, in the
formof a single-use device with an integrated 25 puncturing neans; Figure
8b is a cross section through a user's skin having the device of Figure 8a

therein; 30 Firgunas 8 abdd depittiphe consheéucténboef aardayeaentsi mlar
to that in Figure 8a; Figure 8e is an alternative enbodi ment, shown in

perspective view, of a puncturing neans; 35 Figure 8f is a still further
enbodi ment of mrnres 3 A0 s a&&}&ﬁﬁ4@5@8i6ﬁﬂ%£801695684 s#2n phtemnnative
puncturing me p S tiyve e Fi e si de-sectional -
vi ew of the e%nr%scfsl%é LY ncﬁﬁ% tft‘?v}k CYVt o%lg I|S]F:1e]¥)(D§ ﬁhe uﬁeé wéF%
Figure 8h ¥s @<ﬂQﬁ§$Q#&ﬁﬁ(ﬂﬁﬂt\ﬁﬁﬂ@@hedkﬁpl@h@eSbiangtchBe in tissue; N
Figure Si shows an integrally fornmed base menber and 10 | ance showi ng a vent
and a caplllaEy sensi ng. channel , but _with upper |am nate renoved for
clarity; Figufddbxg i%ag ts"i)e\actcilJkr'%l:’1&/Ei‘ye\/¥r“b’fta m crochannel, 15 Figure 12b
is a close-up, partial, perspective view of a mcrochannel; whereby

el ectrodes are. provi ded, on Qoposing, 51855 61,8, ¢ | 4k ghapnel by forming a

10 show1ng schematically a skin patch integrated with a
neédle, which also acts as an electrode, in cross

section;

Figure 6a depicts a microchannel and optochemical sensor

15 in plan view;

Figure 6b depicts a microchannel and electrochemical

sensor in plan view;

20 Figures 6c to e are cross sections of the microchannel of

Figure 6b with fluid progressively entering the channel;

Figure 8a shows a further embodiment of the invention, in
the form of a single-use device with an integrated

25 puncturing means;

Figure 8b is a cross section through a user's skin having

the device of Figure 8a therein;

30 Figures 8c and 8d depict the construction of a device

similar to that in Figure 8a;

Figure 8e is an alternative embodiment, shown in
perspective view, of a puncturing means;
35

Figure 8f is a still further embodiment of an



is filled with a conductive material, and form ng a second -channel ﬁgrlj N
conveying the test fluid, the second 20 channel cutting across the i%gkd“
thereby thereby formng two conductive portions within resggctjve_ofposite
sides ~of W&/Y&¥nd channel . Figure 17a is top view, takehGHPHBAStdctive,
of a first 25 preferred enbodi ment of,a chip for extracting and
distributing a fluid sanple and havi ng 'a neander shaped waste reservoir;
Figure 17b is the view of the enbodiment of Figure 17a 30 nodified to
illustrate a colum shaped waste reservoir; Figure 18 is a bottom view,
taken in perspeetivearioke phectatipgohmekngure cdifa;ind3ped shectliNe?9Q ewWO

02/ 49507 PCT/ GBQ /05634 -43- Figure 19 is a plan view of a neasurenent
channel of the <chip of Figure 17a; Figure 20a is a plan view of the neander
-shaped wast e F5gpeseBgoils of stide-erbddirment vafewFiogutdel eapoligeme 20b is a

pl an vi ew of p@gugglg@nt§ﬂggeg1@@§tgingegetvgiQnoﬁibheg%nbodinent of Figure
17b; and 10 Figure 21 is a plan view of the sw tching mechani sm shown in
Figure 20& 15 |V. Detailed Description of the Drawings A. Skin Patch -

General Descriphie8 8ur Aisng @ okisgdeetiohher & iy showWheaiskice pat ¢gh L
suitable for asuring the level of blood glucose in a 20 user. Patch 2 is
made up of twl®l affeF$™84%and 3b The | owernost layer 3a is made of an
suitable mcrofabricated plastic such as pol yester, polycarbonate,

pol ystyrene, Ppobyrai de, shpwet her isuegabléy foscmetabaiseatmabbe rpakyner s of

sui t abl e 1di nehshoasshow25gakl ownitt ahd becwpnn legnf sehabhng fornaefr olkonged
peri od of with upper laminate removed for clarity;

Figure 12a is a perspective view of a microchannel,

15 Figure 12b is a close-up, partial, perspective view of a
microchannel; whereby electrodes are provided on opposing
sides of a fluid channel by forming a first channel which
is filled with a conductive material, and forming a
second channel for conveying the test fluid, the second

20 channel cutting across the first thereby thereby forming
two conductive portions within respective opposite sides

of the second channel.

Figure 17a is top view, taken in perspective, of a first
25 preferred embodiment of a chip for extracting and
distributing a fluid sample and having a meander shaped

waste reservoir;

Figure 17b is the view of the embodiment of Figure 17a

30 modified to illustrate a column shaped waste reservoir;

Figure 18 is a bottom view, taken in perspective, of the

chip of Figure 17a;

35



time, and optionally has an adhesive on its underside to- arIOM/the?mah hW&O
be securely attached to the skin of a wuser. An optional pressure riﬁg’@%&‘
is designed to apply pressure to the surface of the skin to _enhance the

f1 ow 30 o287 rom t he body of the patient into the devi'¢d/CB9HE Hr essur e
means may also be integrally fornmed ang;of the same material as that of 3a.
The drawing is not to scale and thus the various features nay be of a
different relative thickness dinension than illustrated. It is 35
understood that figure 1 is shown for illustrative purposes only and as
such t he undeFspdeeofl Ba srey e rofviiedd UNLEDSe A 0eh®S 0Th Paie B 1065634
-44- any shapeyt hal, pweulfd fagi-d tate fixing of the device to the skin, for -
exanpl e when tﬁe pressure means 'is incorporated. The invention is not ]
limted as such to a pressure ring and other types of pressure extraction 5 -

desi gns coul drhgutteed.0zA iperetNall el dedCe ) ndatie? sHESEheyad@ncet or
cannul a i% attached to the | owernost, hﬁﬁg%%3aﬂ throu&? which fluid passes
0

into the Col | BEEFENOEn® Y IFhiSd SEHAEAS o HEEFibiti on port (7) forned

in the upper surface of |ayer 3a. Layer 3a has on its upper 10 surface

m cr of abri cat chan s.. Paqr 7) i.s _al f.or ne t.he s

m cr of abri cat ?gﬁuggogglgs lzfs%t %’tal(arl)mvt:lregcr?zfﬁntel?es.C{laun?q’ynaﬁ%aop?%mf;%sét? ower nost

| ayer is a substraveir mferthdbemposfiaratt wof diimureofl tthe sade material as
that 15 of the | owernost |ayer. This serves to close the mcrochannel. The
m crochannel and penetration nenber may optionally be coated wth a

hydr ophi Ri°c nBE€RFSl 2andFo Pagtantievc Sdgulhts ik dg dneelpriri §t ath@thed to
the inner sugfhace such that during use it will not diffuse away. 20 Al so
shown is the gicrochg%nel system 8, corresponding electrochem cal detectors
11 and opti onat Py Fh& el ectro- osmotic punp systens 10 and the hydrophobic
gat es

15 IV. Detailed Description of the Drawings

A. Skin Patch - General Description
Turning to Figure 1 therxe is shown a skin patch 2
suitable for measuring the level of blood glucose in a
20 user. Patch 2 is made up of two layexrs 3a and 3b
The lowermost layer 3a is made of an suitable
microfabricated plastic such as polyester, polycarbonate,
polystyrene, polyimide, oxr other suitable
microfabricatable polymers of suitable dimensions to
25 allow it to be worn comfortably for a prolonged period of
time, and optionally has an adhesive on its underside to
allow the patch to be securely attached to the skin of a
user. An optional pressure ring (5) is designed to apply
pressure to the surface of the skin to enhance the flow
30 of fluid from the body of the patient into the device.
The pressure means may also be integrally formed and of
the same material as that of 3a. The drawing is not to
scale and thus the various features may be of a different
relative thickness dimension than illustrated. It is
35 understood that figure 1 is shown for illustrative

purposes only and as such the underside of 3a may be of



12 Each of the el ectrochem cal detectors 12 and electro-osnotic pun‘g .
systens 10 are electrically 25 connected via conductive tracks (not’ hHWf‘r)DG"
to respective termnals (not shown) at the edge of the patch. Not shown in
Figure 1 A¥Q@O¥H80T | uid reservoirs. Fig 2a shows another er§dd¢B¥iE6Ither eby
hydr ophobi ¢ gates are present on ei t_h434r_ side of the sensor. 30 Wth respect
to Figure 3, a controller unit 102 is brought into contact with these
termnals so as to make electrical contact in use in order to transmt the
measur enent out put signals between the patch and a display unit 103 (see

Fi gures 3 andad)y. S3mpk adidd obowind tfdE2) fosité heipatgho? tBe showhcd nco Fi gur e
3. As may be een, tihisfscjitsefanmtfgwf r’gh&gat%}sgufJUN AKV WD 02/ 49507
PCT/ GB01/ 05634 - fé( and isTsecure 0 upp 5T de of "THe® p%l?ch in a

‘sui tabl e nmanaacErgorsii®sh) . THRhel moemtrodn uns tnaerVesited contswth tdheafl ui d
punpi ng nmechapi,ems pednaphol 6 gatinsy dhudd %1}]&&&% BANs, @nt,anal yte

sensors. The control unit.71s 5 also pro idedovm_ means such that radio
frequency ° coRfRFiEE iGN ithyPhe ffittle,® FRANEKERDI @ vile L ¢hehet®erd. For

‘transni ssion agedieceilpincft dait aankel Lo rott abida voulie al Spedeser m ne
when all the nicrochannel/sen o_rshjv%gd been used and transmt si gnal
accordi ngly. Th&<™ aCOﬁ:t]}r UQrhi't IR S PHRRS nHER ’iqbe o‘é‘?](aa]v: C‘g]rﬁ/"
mal f uncti oni ngnaif ftllwe ddeildes camnicbrt carad shi dtraitsnd fort hbart i (Horimtned. idhe
ransi 11 ng SUEnSRER0 vt o TH o ay Rt THI ) Por ol e a
radi o frefienepr feeemniicestiair i FEiag clmnnhons Remtul 1) heshrel scarfarmegdrent
with the pro&,r‘r&lheergg_n@f rfihe-dread a4 i $h i&géégéj Lommni cation with a
fluid collect %cirér%ré%ac#nsétlrsl .butl on port (7) forned

Laminated to the lowermost layer is a substrate
layer 3b, preferably formed of the same material as that

15 of the lowermost layer. This serves to close the
microchannel. The microchannel and penetration member may
optionally be coated with a hydrophilic material and/or
an anti-coagulant such as a heparin attached to the inner
surface such that during use it will not diffuse away.

20 Also shown is the microchannel system 8, correspocnding
electrochemical detectors 11 and optionally the
electro-osmotic pump systems 10 and the hydrophobic gates
12 Each of the electrochemical detectors 12 and
electro-osmotic pump systems 10 are electrically

25 connected via conductive tracks (not shown) to respective
terminals (not shown) at the edge of the patch. Not shown
in Figure 1 are the fluid reservoirs. Fig 2a shows
another embodiment whereby hydrophobic gates are present
on either side of the sensor.

30 With respect to Figure 3, a controller unit 102 is
brought into contact with these terminals so as to make
electrical contact in use in order to transmit the
measurement output signals between the patch and a
display unit 103 (see Figures 3 and 4).

35 A control unit 102 for the patch 2 is shown in

Figure 3. As may be seen, this sits on top of the patch



20 in the substrate |ayer 3b of the patch. Radiating out - fromthe rrgbn ’m?l?rd“
6 are eighteen of the mcrochannel systens 8. Not shown is the flui

swi tching neans. B. M cro-Channel Systemw th Flow Control 25 One such

m crochanN¥? 0%y¥Pem 8 is shown in greater detail in FigureP@HCBIHeG3

m crochannel 608 is in direct commnigation with the port 607 into which
the fluid flows fromthe needl e 4. Dowhstream of the port 607 is an

el ectrode system conprising a pair of inert electrodes 30 610 providing

el ectrosnotic flow The electrodes are forned on a second substrate | ayer
3b (omtted froenthiis ddqured for et ty)de Thie tslee opaic slubshrat euliagelei s

then | aninated onta the Jidsh) subsisals,Layer, 30 thereby gl oshpgoihe

m cr ochannel ri nging the 0 |n 0 contact w
The el ect r odeshg1d lapis W%ﬁ@mmmmhmr@émbm reates ogbthed form ng

an 1 6 JUNG 21,05 c WP HAIO 7 RET KB 0563 5 AS- ﬁ&@%&@niaéﬂv&mt pyap ]

system By applying a voltage .difference across the electrodes, an electric
field is “genelaledTRIITAFM AL 19aRY HHThd hHe TAETDHAH2EN 608,
Posi ti oned al eBgmuhe critGiec hainale Gliad s e OHfanplre whytliophobée, gat es

612 which preyents_the f.low of fl by ca r tion along the
nm cr ochannel 4 Wﬁgtapggﬁwssdforf haé“ﬁyroerc oo |‘% géﬁatgl;gqel scoa{ﬁt]é?gc‘f?bihem cal
sensor 611 cwwpﬁdsaﬂgcatdel%tﬂw@mcﬂ]ﬂoctée alisordddrarete bfis¢heorsipper

substrate IayﬁgdBPeeét u<ast rgpgoaq{ her 818% '{%ﬁ'ﬂJlOpJ’tocthcdﬁ?fyrs'ﬂ lar to the

first, is optiona provi de wnst ream € sensor his serves to
stop théof I oRCHE TP uFJdllﬁas'*thlrﬂa | s thate snaanliowWatRet podsi bility for an

end- poi nt det getiraRcefi dnie garw Wi ddviwd larke dindersd aadhymihoseiskil l ed
inthe art that _ 15 the hydr ophobi c gates may be constructed of any suitable

material, incPO4PRE2BO not limited to, PTFE, pol ycarbonate,
pol yi sobut el ene, PWYNA cdedeeyll acat ate is preferably battery operated

and is capable of transmitting signals to a wireless
15 display unit (Figure 4) for example a radio frequency
communication.

Figure 2b shows a multichannel arrangement with the
proximal end of the needle 4 is in fluid communication
with a fluid collection and distribution port (7) formed

20 in the substrate layer 3b of the patch. Radiating out
from the manifold 6 are eighteen of the microchannel

systems 8. Not shown is the fluid switching means.

B. Micro-Channel System with Flow Control

25 One such microchannel system 8 is shown in greater
detail in Figure 6b. The microchannel 608 is in direct
communication with the port €607 into which the fluid
flows from the needle 4. Downstream of the port 607 1is
an electrode system comprising a pair of inert electrodes

30 610 providing electrosmotic flow. The electrodes are
formed on a second substrate layer 3b (omitted from this-
figure for clarity). The second substrate layer is then
laminated onto the first substrate layexr 3b thereby
closing the microchannel 126 and bringing the electrodes

35 610 into contact with it. The electrodes 610 are

positioned adjacent to each other, together forming an



silicon rubber, synthetic way, octadocyl nercaptane, dodecyl mercap aph ang o
and/ or octa decyltrichloro silane. 20 C. Skin Patch Operation Operatl on df
t he skin Patch 2 will now be described. The patch is attached to the skin
of a user MOHPHY the needle 4 to penetrate substantiall yPiCPTf%BOLIWé“J
cutaneous 25 | ayer of skin. Cutaneous fduid is drawn up the needle 4 and
into the port 7 of the device. Referring nowto Figure 6¢c it will be seen
that the fluid 136 is drawn into the mcrochannel 126 as far as the

hydr ophobi c gate 128 where its flowis arrested. Wien a nmeasurenment is 30
required, theetentrolbemotidict pl@2 isystes .anBappredryiiate a sicgnaget o t he

el ectro- osnvtagfgggen@éoaar%sgh% HEORALRE  Backol Lage didfarenae aengss ¢ he

~two el ectrodes causes the to'flow throu rophobi c
~gate 128 and9pBsrathé aﬁapyted§éwgérfém1duﬁﬂpmg‘ﬁhﬁeaQWé§q®ﬁ@n35 $&&nd

(optional) gate . PBeectiBacintebsyl Eh@'mEhEb@h%%@elC%®%5Jkﬁk%ecgﬂiﬁﬁﬁ-“‘th
t he sensor a rrea?l9¥)errent is ~6JUN20 WO 02/ 49507 PCT/ GB01/ 05634 -47-

“performed 5by tmé BRBNYPE CsBASEFs 6 1PhePeGht PeRVERtEnitfe1d2 avs Ofr ftitdEd with
control neansyocapeabsrio alclﬁllbhataeoh@etﬁbOW1QEolclﬂltaﬁh%UI t i @owhlsttirédam

sequential Iy t chyof, th crochan 8) af ter. a3 prede erm ned period
of tinme. Once gl Fﬁ?heygégpgoglﬁct H&-<p 2? (2" %‘gv GS&R OSSO Ted S PRE™

control ler 10@11iranspitising sntgEhaIaStotWheedEsptcezyleseaﬁgq(mrhedaloertthtehe
user so that n%ggrpehggt%a%a%g%g gpar dgg apdsg bhesk.onge applied. 10 D

Al ternative Enbodi nent wt em cal Sensing An alternative_form of
nmi crochadfel N2B8rPBPSR&GNIAGE FiEiled. tPhibei $igiski | aF CRtEREEIdNown in Fi g.

6b except thatotvhecal eetvheeherinCal sBaS@ENnBdE h3.rephiaced¥s to stop
the flow of fluid past the electrodes to allow the
possibility for an end-point detection of the analyte.
It will be understood by those skilled in the art that
15 the hydrophobic gates may be constructed of any suitable
material, including, but not limited to, PTFE,
polycarbonate, polyisobutelene, PMMA, dodecyl acetate,
silicon rubber, synthetic way, octadocyl mercaptane,
dodecyl mercaptane, and/or octa decyltrichloro silane.
20
C. Skin Patch Operation
Operation of the skin patch 2 will now be described.
The patch is attached to the skin of a user causing the
needle 4 to penetrate substantially into the cutaneous
25 layer of skin. Cutaneous fluid is drawn up the needle 4
and into the port 7 of the device. Referring now to
Figure 6c it will be seen that the fluid 136 is drawn
into the microchannel 126 as far as the hydrophobic gate
128 where its flow is arrested. When a measurement is
30 7required, the controller unit 102 issues an appropriate
signal to the electro-osmotic pump 610, in the form of a
voltage difference across the two electrcdes. This
causes the fluid 136 to flow through the hydrophobic gate
128 and past the analyte sensor 611 until it reaches the
35 second (optional) gate . Once the interstitial fluid 136

comes into contact with the sensor 12, a measurement 1s



616 which for exanple contains 3 ucose oxidase (GOD) Horseradi sh P

(POD) and a |euco-dye, (a colourless precursor of the dye nolecule). (e.qg.
2, 2- Azi noY@ Y954 hyl benzt hi azol i ne-sul fonate] 20 The opti FET/EHUWERI4 s not
limted to the above exanple and coul d,conprise any suitable enzynme-dye
conbi nations. The reaction which takes place is as below. 25 It will be
seen fromthe above that the dye changes @ ucose+02 -GOD d uconic acid +
H202 + H20 HO2 +2ABTS POD 2A13TS +2 HRO +2 H -Oy5 St~~/\J\) O Cathy
CzHy Subst r ater/faoxiedi 2ed flor mrefl YARTSsemsous- i n accordance wi th the anount
of glucose in the { S i he. cha 9 has an -
- 16 JUN 2D5 WD 02 4950@“\}10%%8%?6’%41@%8?% %éﬁ‘égﬁi??x ‘?%gﬁsggrggﬁ%gupper -
surface. Thi s "@&nEn@ad MRt thelrall fpter] Wpe hftde of plotenntopistafl®idre in--
a nodi fied cerlyiRnhtURitif N Shawdr shd hati dRechdbrer s approxépriely 2 to
3 mm above the dye spot. The other end of the fibre is in ogtl cal contact

5
with a |ight PEEFEEEERAAT T ish3h i Ve % 0deP2e&nsdt L wHPht £8ES sestheve to
a partijcgl ar hpa\telhemg}maﬁ Hd;jeghtpe(rr‘lﬁrdmeﬁi(,anﬂh@ é&&mb ilet hB?lzaS:]?alﬁ)imegS)
emtte y the _tran r ye. e degree O sorption therefore 10 gives
a neasure of tahglgr%%nt Ogﬁtq}er éﬁ‘s%pgraﬁ%dn%ynes alné]3 ﬁh%saf)?ﬁté %}ﬁ%uﬁf*e%fsﬁl ucose
present. As ilthast rtdieegadbidy e qirudssealipraseitd iand e freslkd cmets as a
substrate for aggi),legpi ch breaks the glucose down into glucono-1,5-1actone
and hydrogen peroxide. POD 15 subsequently catal yses the oxidation of the
| euco- dye©

15 an optochenm cal one 615. The optical sensor conprises”a -reactio i X
gr]o‘5]< : ‘@‘Era
e

D. Alternative Embodiment with Optochemical Sensing
An alternative form of microchannel 126 is shown in
Fig. 6a. This is similar to that shown in Fig. 6b
except that the electrochemical sensor 611 is replaced by
15 an optochemical one 615. The optical sensor comprises a
reaction chamber 616 which for example contains Glucose
oxidase (GOD) ,Horseradish Peroxidase (POD) and a
leuco-dye, (a colourless precursor of the dye molecule).
(e.g. 2,2-Azino-di-[3-ethylbenzthiazoline-sulfonate]
20 The optical system is not limited to the above example
and could comprise any suitable enzyme-dye combinations.

The reaction which takes place is as below:

25 It will be seen from the above that the dye changes
Glucose + Oy —@——» Gluconic acid + HyO,
+ H,0
H,0,+2 ABTS —— 00 o~ 2 ABTS'+2H,0
+2 HY
-OBS S S SOy
(@\/ >:N—.N:< I@/
N N
J I
CaHs C2Hs

Substrate / oxidized form of ABTS

colour in accordance with the amount of glucose in the

sample. In order to measure this, the chamber 129 has an



using the hydrogen peroxide, resulting in the production” of"a col oure Wd¥$
which is subsequently detected. Those skilled in the art will understand
that instead of 2 2-Azino-di-[3-ethy|benzthiazoline-sulfonatg%f any 20

sui tabl e MR8¥G0 may be used, e.g. Tetranet hyl benzi di ne- B F@@H&ﬁ?fde, or
3- Met hyl - 2- Benzot hi azol i ne- Hydr azone ipgconjunction with

3- Di et hyl am no- Benzoi caci de. The m crochannel s descri bed as herei nbefore
use 25 el éctrochem cal or colorinmetric means to detect glucose. The skilled
person woul d understand that other detection neans, such as infra red

det ecti on, f”&ﬁ@icé¥¥§c%%%ﬁé?é%eﬁ{OﬁEEQPpguPchge usgds 3Q EngEheckr ede

Penetrati on Menber. Figure 5 shows schematically a further preférred
enbodi nent of Pehé it i Bheh st g | Bt cohsth Rt bRt ofthae 16f at medpiéeidous

‘embodi ment s ar@nitis] idnhas (Bohoshew) nesediiesd06he f 0L He%anpl e but not
limted to 1.4mm | on aqg%35§o.3nn1mnd whi ¢ gegetrates sub tant%ally t he
cutaneous | afEPIG M kY nf 193 Of M P Usert e 28 ARPO805 TP 6528507

PCT/ GB01/ 05634&nASD £ |thd hi Soweserbosli iendpthiovel etothecneedtda 206ighso acts as
an el ectrode i erves, t X flui . m th skin. At .l east one

el ectrode 108%Q%ﬁg¥%ﬁ%5§dl§ cﬁ %%?g%%ﬂég(%ggégc éﬂ??ﬁ t glg i i As shown in
Fig 5, the 5 sesdid i pgob sedraXt BCpbal tvaree borehhi af . 1Bghappkyikng a

vol tage differengRBCrOsend ey el gtk pdles A0 pafd dQ8capBa gheehkic field is
generated along the needle_ 106 and npanifold 111 which stipulates the skin

and i ncreases TRESIRIMGRi O of The 1e47¢ LT 13FArBLL OB thRESERFR. 10 G
Al ternatiye Penetd=atd ameddmbero£otisé rawdion &f ot £6s8arihed8dyshawat waus
further enbod%%%ué%égngfg% é d@g@écg%eéghgpntrast wi th the foregoing
enbodi ment s,

As illustrated above, glucose present in the fluid
acts as a substrate for GOD, which breaks the glucose
down into glucono-1,5-lactone and hydrogen peroxide. POD

i5 subsequently catalyses the oxidation of the leuco-dye
using the hydrogen peroxide, resulting in the production
of a coloured dye which is subsequently detected. Those
skilled in the art will understand that instead of
2,2-Azino-di- [3-ethylbenzthiazoline-sulfonate], any

20 suitable leuco-dye may be used, e.qg.
Tetramethylbenzidine-Hydrochloride, or
3-Methyl-2-Benzothiazoline-Hydrazone in conjunction with
3-Dimethylamino-Benzoicacide.

The microchannels described as hereinbefore use

25 electrochemical or colorimetric means to detect glucose.
The skilled person would understand that other
detection means, such as infra red detection, filter

photometry or Kromoscopy may be used.

30 F. Electrode Penetration Member
Figure 5 shows schematically a further preferred
embodiment of the invention. similar construction to that
of the previous embodiments and thus it has a hollow
needle 106, for example but not limited to 1.4mm long and
35 0.3mm wide which penetrates substantially the cutaneous

layer of the skin 113 of the user..



these are both single-use strips suitable for nmeasuring 15 btood gl g YEORM A
a user. They are therefore used in a simlar way to conventional test” '
strips. However a principle difference is that each has an integrated | ance
119 at on¥@WH95Chbnsi dering the device 115 shown in Fig 8a,P¢TGRIIPS63D0 be
seen that it is nmade essentially of a layer 116 onto which a second |ayer
is attached or | am nated (not shown). The | owernost substrate |ayer 116
conprises a noul ded or stanped m crochannel 118, as well as the integrally
formed | ance 119 arranged in close proximty 25 with the entrance 103 of the

m crochannel . During, Suc{}@{p y&ﬁneﬁ@ehgw&vgyhgﬁ@eheé%enmeaigstsgtéﬂth

sui tabl e reagents, ucose oxi dase € cas -
det ection, whigéh acfarﬁflb%‘:fa}mﬂﬁ? edhigh ar@er‘cft)‘-ﬁvf'e@t¢19ha&che§hslds@chma§hpr| nting

for exanple S%m@%ﬁ1%%FﬂééﬁﬂrEhé”eié@tf@éepié@ti@gpr901§983¥uEQaEtng during ::
manuf acture. Alternatively, the mcroc anne %%?‘(11 1ree of enzynme, the
2

reagents bei n§35esyicRY Bt t"hlet}éltééﬁ P Fb%a?edthﬁ t he
under si de »f hl&@dlmpelrsr’rq&hselcayaetr q J;i&éltﬁEe Tﬁ@t@h@@ﬂémStBi’aﬁﬁpliiﬁgﬁﬁ al so

be a convention bi osensor test-stri cou ached the lower
o SON 5001 P BB N s G tReTF Srecttrees o0k R e, wi

el ectrodes arelmltmcorfelcbloh ihegenmdersd del afg t hiee f neadtlechafnahd Thi s
particular ehechi:afe | ylﬁwnllé% TR SES, K eefl foLhgdescged oL (bl ch at

| east one is | ayers of enzynme and 5 el ectron nedrator such as
gl ucose oxi da?@l’éh’@lqrérqﬁ clyEFrﬁlﬂﬁltfolﬁbrﬂﬂal@mlkfi nef eFeet #bée- f or detecting
gl ucose, sag is well known in the art, the other two being a counter and

ref erence eIectrAg The el ectrode system g/ c rise two working
el ectrodes whfch Ad&RFéas Vo ced‘f?ﬁa‘iﬁé?/ r”é‘ﬁ’g‘g atc g‘g%ﬁr‘éﬁﬁl%asure the
channel filling Figures 8a to 8d show two further embodiments of the
invention. In contrast with the foregoing embodiments,
these are both single-use strips suitable for measuring
15 klood glucose of a user. They are therefore used in a
similar way to conventional test strips. However a
principle difference is that each has an integrated lance
119 at one end.
Considering the device 115 shown in Fig 8a, it will
20 Dbe seen that it i1s made essentially of a layer 116 onto
which a second layer is attached or laminated (not
shown). The lowermost substrate layer 116 comprises a
moulded or stamped microchannel 118, as well as the
integrally formed lance 119 arranged in close proximity
25 with the entrance 103 of the microchannel. During
manufacture, the microchannel 118 maybe coated with
suitable reagents, such as glucose oxidase in the case of
glucose detection, which can be applied by any
conventional means, such as printing for example screen-
30 printing or ink-jet printing, or spray coating during
manufacture. Alternatively, the microchannel may be free
of enzyme, the reagents being provided on the electrode
system (121) located on the underside of the uppermost
layer (117).
35 The uppermost layer 1l17may also be a conventional

biosensor test-strip which could be attached to the lower



speed of the blood or interstitial fluid. Alternatively "the el ectrci)QeI
system could conprise just two el ectrodes, a working and counter/ réf“ef@h@@
Not shown in Figures 1- 21 is a venting device such that air m

di spl aced M 'UPBA7 upt ake of fluid into the nicrochannel. ARfEME %W”%‘ents
may be provided at any conveni ent |ocation. Corresponding tracks 321 all ow

el ectrical connection to be nmade to the electrodes at the distal end of the
strip when it has been inserted into a suitable test neter. 20 The upper
| ayer 117 may be slightly longer than the |lower one 116 to allow access to

the tracks SZJsJﬁaééq'sﬁlckag}ms%hétei’\ééér&?eéloéi‘&e;goéf‘tﬁap%&cb'xb]a{f %hat the

| ance 119 of the strip 1 Ig 8a Is essenti al Cross

section and tapéier Sisitarts ths tepredirhatiths tWa%SvW%W%fﬁulsrused to

‘puncture a useexrSMde BREras 151 cscbwfmgéls R g @ @pec&f@déy\ozﬁdsﬁ of the
V force back a rtlogtr?f the skin 123, rc;r}%the i%ﬁermstoform t he
remai ni ng wal [V ]’ffgl ae?fcl%eedl%h%ch‘ﬁéqe o%‘é?ﬁ"&?‘ua%@l is

effectivel y t rearsfrorarehdditao: ar (ﬁuls}edas ogilem/dsm dtidsse ns:e:ﬂt ed into skin.
This allows fluid.t u annel (124 so.fo and into the
X fﬁé%ﬁﬁ%ﬁ%ﬁ% rWne Ry € QWD et elec rode %

m cr ochannel havi'ng to olfl oW needl?% The
m crochannel l819ne aleso e WGdrhédl@En i 1t rﬂﬁ \msthapédi pmdﬁezll‘ etyorbeing

conveni ence of, falprdcatign o, s ds ot from
The 6 JUN 20005 8621 F08n7 Per sy 05 =57 Bl S e o rreSre

enbodi nent of "EYgSBPIARE Sdh WHIEHI teHe TH %S aﬁ?ﬂélh ﬂ%rvqaat‘so a

rectangul ap preidse |dﬂ1rtﬁ2§1ﬂ§%ttpfeécf}€ S e dlehbre tth@e L@%n@éprﬁﬁﬁliﬁ@l r
skin V\nththelanceﬂlftlz rstltlal fluid.or is made to fl ow,

by means of c&HASh & P o R P T R S (12,
and the skin 122 ehelutorqdlm Emsmeomhamﬂei ch® @ik thust owes ¢h®ctrodes

a working and counter/reference. Not shown in Figures 1-
21 is a venting device such that air may be displaced

15 upon uptake of fluid into the microchannel. A vent or
vents may be provided at any convenient location.
Coxresponding tracks 321 allow electrical connection to
be made to the electrodes at the distal end of the strip
when it has been inserted into a suitable test meter.

20 The upper layer 117 may be slightly longexr than the lower
one 116 to allow access to the tracks 321 for this
purpose.

It will be noticed in particular that the lance 119
of the strip 115 in Fig 8a is essentially V shaped in

25 cross section and tapers towards its tip. This means
that when it is used to puncture a user's skin 123, as is
shown in Figure 8b, the two sides of the V force back a
portion of the skin 123, forcing the epidermis to form
the remaining wall 123 of an enclosed channel 124. Thus

30 an open channel is effectively transformed into a closed
one when it is inserted into skin. This allows fluid to
be drawn up the channel 124 so formed and into the
microchannel 118, without having to mould a very fine
hollow needle. The microchannel 118 may also be formed

35 with a V shaped profile for convenience of fabrication,

but this is not essential as may be seen from the



el ectrochem cal detector 121. The user then withdraws the stxip 115\@”@”" ok
inserts 10 the opposite end into a conventional style test neter i 200>
makes el ectrical connection to the three conductive tracks 321. Preferably
however, WR0MEEEF is an integral part of the | ancing systRed/688HII0BAt t he
user does not need to insert the strip,into the nmeter and is 15
automatically provided with the neasurenent result. Figures Be through 8h
show al ternative enbodi nents of |ances for penetrating into a body-fluid

| aden | ayer of skin as an al ter nat i ve to the enbodi mrent of the lance 119

of Figs. 8a and nF| t he | ance a is,20 a tegrally, forned
poi nt ed protru5| %gtfl d%%rl ewééné)o r’( no?tl:slﬁglo%% i &i'—ng éé‘ Ig}b\{i’}]IPlf\’[Benti cal -
to that in Foghe S\a)cr\mcmlamalellorigl& udiamala mddmlmmlléla cut

compl etel y through she Lhigkness of; the Jance 1192 M. ppoLoled gigtal tip -

125a of the lance 119a, the |ance 1 provid an enl arged area -
123a of the chkmReMitiptie i@@%lld{%@d?darléaiel%alta#%b ﬁ%uz-:@to&oknb@@@a y

through the ”ﬂbclﬁ@@%S tef rtile | w%e%%%elofAtcaﬁlqw 4l 1 o8Nde J2f@ght he
capil l ary chanpe nnect 118 f the deV|ce 115 of

h
Fig. 8a. 30 A§g§HB Hest %Oﬁ’"ﬁ YBFE et 27 an&Wnta Y. sk befnits

fluid to entetintnt @hteheu@aplclhlaaarn}elchamnalndlﬂa:s fovae apposite si des of the
| ance 119a and with the wal I1 d%ft t he slﬁgq cooperating with the walls of the
n

| ance 119a lﬁe Fr?eChaeﬁnlé:r?cl ose&%hgn "121a. Fluid then can 35 accunul ate

in the pooli ng ar edh¥23seand helnowifthoimatwise thpocitimigp arlda @23ainse ot $ he
capi | | ary chapgel oﬂ%%%l%% weld 1AN206 CO\AQeQ?t/:L %gﬂ ADgE/eGJ«?@é% ARbc4,

flowdirectly fro he skin into the capil ann 121a for passageto
the micr ochanHéPCMB‘akleﬁ FH@Cémlrréfmm@rctﬁcg*mt@ gihe LhzpreCANMCEEVEf a
design sim | akrkekkhakiof PreFer8®1ls hehewWe DUt RXGldtdNdis an integral

part of the lancing system such that the user does not
need to insert the strip into the meter and is

15 automatically provided with the measurement result.

Figures 8e through B8h show alternative embodiments
of lances for penetrating into a body-fluid laden layer
of skin as an alternative to the embodiment of the lance
119 of Figs. 8a and 8b. In Figure 8e, the lance 11%a is

20 an integrally formed pointed protrusion from the device
115 (not shown in Figs. 8e but identical to that in Fog.
8a) with a longitudinal capillary channel 12la cut
completely through the thickness of the lance 11%a. At a
pointed distal tip 125a of the lance 11%a, the lance 119%a

25 is provided with an enlarged area 123a of the channel
121a. The enlarged area 123a also is cut completely
through the thickness of the lance 11%a. At its proximal
end 127a, the capillary channel connects with the
microchannel 118 of the device 115 of Fig. 8a.

30 As shown best in Fig. 8h, the embcdiment of Fig. 8e
permits fluid to enter into the capillary channel 121a
from opposite sides of the lance 119a and with the wall
of the skin cooperating with the walls of the lance 119a
to define an enclosed channel 121a. Fluid then can

35 accumulate in the pooling area 123a and flow from the

pooling area 123a into the capillary channel 12la as well



5 the large pooling area 123a. Elim nation of the pooling area 123a?9?ﬂﬂéﬁ$
a narrower transverse dinension to the lance 119b. In addition to ~ )
fabricating the device fromnol ded parts, the base nenber 116 and | ances
119, 119a,WQDHYWAn be 10 stanped fromelectrical ly conduct§VEPHEREH al. 1n
such cases, the base nenber may be an ectrode. An electrically conductive
base menber and | ance can be stanped ffomnetal as described or formed in
any other acceptable manner (e.g., photochemcally etching a nmetal 15 stock
material, machining or other fabricating technique). Wile the electrically

conduct i ve basgs feahenieanthe rde @hesbﬁhﬂ|ﬁﬁﬁoskﬁé|cb iqanrhe =39 e
plated with a s conganetal such_as for exanpkﬁﬁg ati numor silver.

The el ectricalt LcPPTE2BSsEC26 raleFE AL e&|§88be used as a counter
el ectrode. Fig 8i smnmshanembbégmahtyofopmgdrbaSé menbencand 19banee ogt anped

from preferabl p he I netal nhsPLeferabl .but not
limted to, st%f% n gg%?é%% gpt?%ﬁEF%? gégte “with aOHSb gtnSF§H¥§
‘gold 25 o5 S|th@r1aﬁ@§opghémngoﬁrehelbése sﬁé@mlnstaonloﬁochanp@bISmgonto

whi ch a Secondakéxeiz§acpe§§lestQSBar§5aép E?Hh9v§§ at haghed oht ¢S (it ended
that such a device as jlTlustrated in Fig 8i be |ncorporate8 into a

| ancet firing Y@vFeelddbh that the device could be 30 fired into the skin.

Fur t her nore thﬁn'@dﬁ!tdbﬁ|tdefhﬁﬁ§caﬂﬁﬁgb@héoadegcén@réhoh%ddbﬂ agagsette
conprising indj V|duall%ewgaleg ouca $2 Such_a cassette could a

o be
stored within the Pance FEngtBedil e’ 2theSst dnped penet rat Sﬁnngﬁber with
a rectanguloar seémpedtf8¢mmbﬂehtahsal$praesdastaveamatbanalbreaksenhuring

D000 Per RIS o6 a5 HRs D ntRE L2080 B2 LA Q1LRE bl Il 2995 WD

02149507 PCT1 sensi ng zon the rlfowof fluid is halted.
The vent electrically conductive base member and lance can be

stamped from metal as described or formed in any other
acceptable manner (e.g., photochemically etching a metal
15 stock material, machining or other fabricating
technique). While the electrically conductive base
member can be made of stainless steel it can be also be
plated with a second metal such as for example gold ,
platinum or silver. The electrically conductive base
20 material may also be used as a counter electrode.
Fig 81 shows an integrally formed base member and
lance stamped from preferably one piece of sheet metal.
The metal is preferably, but not limited to, stainless
steel optionally coated with a noble metal such as gold
25 or silver. Also shown on the base sheet is a
microchannel 84 onto which a second layer such as a test-
strip could be attached. It is intended that such a
device as illustrated in Fig 8i would be incorporated
into a lancet firing device such that the device could be
30 fired into the skin. Furthermore the individual devices
may be loaded and stored in a cassette comprising
individually sealed pouches. Such a cassette could also
be stored within the lancet firing device.
The stamped penetration member with a rectangular
35 wvent 81 which also serves as a capillary break ensuring

that once fluid is taken up by the lance 83 into the



may be of any suitable size or shape. J. Detailed Preferre d-Enbod|n¢gtum5mm
1. Sanpling Module Wth reference now to Figures 17a - 21, the present
invention will now be described with reference to a nost preferred

enbodi mentV@P2/¢4387 i nvention in an ex vivo continuous nonitBETARBIYYHEEM 10
The ex vivo continuous nonitoring systegconsists of several ngjor
subsystens including sanple extraction,” sanple fluid distribution, and

el ectrochem cal detection. As will be nore fully described bel ow, a body
fluid sanple can be extracted fromthe skin and guided into a 15 channel

for the electrochem cal detgrm pati I centrati After a
predeterninedfﬁg}?%%? %%%ebg%y ? U|§T?s gi?g gd Pn 3833 glffgpgn nt

previously unused lchapheény Fhisaptecesgeavoi dbabpal se results ot herwi se _
arising from20 foul ed el ectrodes or denaturant enzynes. Since the channels --
into which the fluid is re-directed are not filled with a sanple solution

or any other I|d-qufetethed Breterbedehieafimsgstemin the channel will not

show agi ngs effectsi. @omdhendigpesabl e portion of the ex vivo continuous
nonitoring systen1|§ refer£ed to herein as.a ch res 17a, 17b show

enbodi ment's of such®atniptapence 4p94. t?nF%%Brﬁﬁb8a?nen 4/ ot DEj §aFEE 17,
17b, each chi pnvdt i 400ai hasndwrbexaapteibbdt whoh kefietredckotot wehve t30

neasurenent c %% g 49€§?¥%£ho§mQ£gh£H?ﬁg§g§§O%gn1 4@4 ang 404a and

waste reservoi'rs 4 rences in I ment s OWlCﬁIpS 400,
400a w I | be d@%t&l@@@usbé¢@MIQIlhglﬁYﬁt@m description being limted to a

di scussi opgof chip A409. eitvy%Icgﬁtﬁn@%@glxﬁéﬁgtéb%gcgyeté’é é@gélgés of
identical to chip 400 except as wil described. "Simlarly elenments are

number od si i 1S 1D 703 G050 PUT) €BDS) BOBSAL na5aamDI € o5 trbeticn,

sample fluid distribution, and electrochemical detection.
BAs will be more fully described below, a body fluid
sample can be extracted from the skin and guided into a

15 channel for the electrochemical determination of glucose
concentration.

Rfter a predetermined period, the body fluid is
directed into a different, previously unused channel.
This process avoids false results otherwise arising from

20 fouled electrodes or denaturant enzymes. Since the
channels into which the fluid is re-directed are not
filled with a sample soluticon or any other liquid, the
electrochemical system in the channel will not show aging
effects.

25 The disposable portion of the ex vivo continuous
monitoring system is referred to herein as a chip.
Figures 17a, 17b show embodiments of such & chip 400,
400a. In the embodiments of Figures l17a, 17b, each chip
400, 400a has for example, but not limited to, twelve

30 measurement channels 402, 402a with switching mechanism
404 and 404a and waste reservoirs 406, 406a. Differences
in the embodiments of chips 400, 400a will be described -
below with initial description being limited to a
discussion of chip 400. It will be appreciated that chip

35 400a is identical to chip 400 except as will be

described. Similarly elements are numbered similarly



with the addition of an " a" to distinguish enbodi ments.-

an edge connector 401 for electrically connecting electr
describedé) to a controller (not shown). A controller can
menory and $t%6¢e¥ors for controlling the electronics of
optionally displaying any outputs (as,, for exanple, the

operation of <controller 102 in Fig. 3)."

are transmtted 10 by radio frequency by the controller

allowing the user to viewthe result and optionally to ¢
interact withwihbk tbat eddiéd oof ctfthen foafl t ord ndf system siT
400 extracts body idyftro h 15 ski ehenr
.chip 400 extracts &#%tgpé?igpglﬂffu?g EF%E)kgpégggggsfgﬁt
“Fayer of a patieREI1IWPHLRYr éPePeRténgocregl regest Haschiipl

The chip 460,185

odes (as w
contain 5 1ogic,
ERE P B %0 and

functi on and

. Preferably the neasurenent results

to a renpte contro
omruni cate or
hemsadphémgs chi p
g%renbodinent, t he

ially the cutaneous
&30 deseirdges) a

sui tabl e canngbasokoneedhee41Qnod spHWAY- | padedihBb1412 40, RLASSURI ze the
skin and neans such as 20 an adhesive 414 to fix the_chip 400 to the skin.

_Sanpl i ng ﬁbdu}%glﬁktﬁeWQédlé§daH6°§BFFH§§I586e80H65§1é389 $HEwn in U S. Pat.
Nos. 6, 203, 5041a0drbni4é6, 2I7thkt cwipl 40beaapdpopeiahadlyheifsplaegonagany

description | 8,8ofLel srLed ccembodieat Ay Leshaigue,fon g8LakaLng 2 sarpl e

of body 25 fl Ui € tused i n“conbrhation w eac
present inventéohroBbdy f0di dneRters3the needl e 410 due t

appligd by the hubpﬂé%e§891§réﬁé|ﬁek@u&@m&h% PECHOt sChaan
descri bed above with reference to Fi

, s. 30 la, Ib and 2.
di schar gdd t ey bBag Pl &FBIUFREY Y CBRADACAESPLT Bt F Bn2ddp
best in Fig.al9widfetdestsebutbonidaptrssireBudibahs bpt
t he m cro-channel s 48% I n_the enbogingnh hown £haY'n
di nensi ons deSEPTBRYC38 PhelBhEPR AN T et68lﬁﬁ§ t8 hﬁg
depressi on 3 BodAN2DOY system.
The sampling chip 400 extracts body flu
15 skin. In the preferred embodiment, the chip
interstitial fluid (ISF) from substantially
layer of a patient. With reference to Fig.
400 includes a suitable cannula or needle 41
loaded hub 412 to pressurize the skin and me
20 an adhesive 414 to fix the chip 400 to the s
Sampling modules with needles and spring-loa
shown in U.S. Pat. Nos. 6,203,504 and 5,746,
be appreciated the foregoing description is
embodiment. Any technigue for obtaining a s
25 fluid may be used in combination with the te

the present invention.

Body fluid enters the needle 410 due to
applied by the hub 412 and travels in to the
channels 402 as described above with referen

30 la, 1lb and 2. The needle 410 discharges the
into a common distribution depression 416 sh

Fig. 19). The distribution depression 416 1

I'ngs "o he
o the pressure

ehendRltreq
The needl e 410

Fed&i 6RTP4181 shown
filowiad 1 yf kew wi t h

1 annel s of the
8%5%??bution

id from the
400 extracts
the cutaneous
18, the chip
0, a spring-
ans such as
kin.
ded hubs are
217. It will
a preferred
ample of body

achings of

the pressure
micro-
ce to Figs.
body fluid
own best in

s in fluid

flow with the micro-channels 402. In the embodiment

shown (having 12 channels of the dimensions

35 the shape and the volume to the distribution

described,

depression



WO 02/ 49507 PCTI GB07/ 05634 -55- 416 is preferably a di sk-shaped VOi?F“M&@m%
mm di areter and 100 pm depth. These di nensi ons and shape may vary '~ Y°% =W
dependi ng upon the size, nunber and flow rate of individual channels. Not
shown in MHROH#%0 ngs, a 5 portion of the micro-channel 402P$FCREKEhe

di stribution depression 416 and a ground or reference el ectrode 420 nmay be
restricted in size to reduce flowrate variability and therefore control
the rate of flow. Means may be provided within the device for the 10 renoval
of undesirabl e gas-bubbles fromthe fluid sanple. Such neans coul d conprise
a filter positiomnedsbpteeenabhe anaedkesnagetineocammmhr s ey AilameZexr
Cont i nuous Eleqiéo§ﬂgnicaé D@%ectiﬁn of .d ucose_ 15 The el ectrochem ca

c of 3PEm &R

det ection syst® i &T's n E2Fr d4EeE§ Ot P5ES M FRgY 19. The
el ectrode sysiependchadesoattheastzenenwobkirngndl édbwodat&l®f(by way of -

non-limting e%ﬁﬁPl I bon n reference.el actrode 420 (e.g.,
silver/silver-c or? %?f g%gﬁﬂgﬁééfe$8gcgh§ 8c?%oé§g4§6 F%?%%?CELar to serve
as a commbn ebaktiedecf okheanhcrhanhenndd240Rhhstwegicithg st rabmiséonof

contacts necesgdyesMéeriati ¥ghya ﬁ@gbndcefgm@@keg@ﬂc@eeare@tir%fa@ whbhh a
uni que reference electrode. Each channel 402 _has a_uni que dedi cated 25

wor ki ng el ect réfbe Rasresir hobfdi R, SaZeotift EFBFEc L BYe T 2ERoVeERERAL Ly be

added. The el egtd ogiesrdiSre 426nar61 theppsed e €vswact fluid in the channel
402. As previously described, the channels 402 are fornmed as open

channel s in a substmates | mwerbe Theoeiéedrwilesid20he30eti8ecarferseheen- pri nt ed

on an ovel}yi ql%nl] Pate [ayeL, 1y ch é"s-ou{%BEXSSEEBmS%%E R ghaopeh§ 402.
The working electrode material TS e%en ent on the enzyme i nk belnB used.
For exanpl e, checkareaistiagldshohptween: aftétex- paediaraddsypsteaefiothehe

carbon wor Ki ng, &l 8L r 908 St 18P A @bl DD i r .

2. Continuous Electrochemical Detection of Glucose

15 The electrochemical detection system consists of an
electrode system shown best in Fig. 19. The electrode
system includes at least one working electrode 418 (by
way of non-limiting example, gold or carbon) and a
reference electrode 420 (e.g., silver/silver-chloride) .

20 The reference electxode 420 is circular to serve as a
common electrode fox each channel 402, thus reducing the
number of contacts necessary. Alternatively, each
channel can be provided with a unique reference
electrode. Each channel 402 has a unique dedicated

25 working electrode 418. In addition, a counter electrode
{(not shown) may be added. The electrodes 418, 420 are
disposed to contact fluid in the channel 402. As
previously described, the channels 402 are formed as
open channels in a substrate layer. The electrodes 420,

30 418 are screen-printed on an overlying laminate layer
which also serves to seal the channels 402. The working
electrode material is dependent on the enzyme ink being
used. For example, one can distinguish between a redox-

mediated system for the carbon working electrodes and an



W10 02/ 49507 PCT/ GB0]/ 05634 -56- oxygen nedi ated systemfor-the go goﬁfi”“
platinum electrodes. Wile a specific electro-chem cal systemwll’'n NH@L
described, it will be appreciated that such description 5 is illustrative
and any sWOapreEs0gystem coul d be used. In the case of the PEHEROBYSIEem an
organo-netal - conplex (which is linked.to polyners form ng the ink body)
acts as a conductor and el ectron acceb?oi for the enzyne. The electrons are
transported by the redox 10 nediator directly or by an el ectron hoppi ng
mechani sm from redox-center to redox-center to the working electrode. At

the working el gats e, dhe SRAUALOLY | por f{hal Lo segyched: i guts ori gi nal

redox-state b eIt can reac e enzyne proteinin new cycle. The
15 follownngaﬁkﬁ@ﬂﬁQQﬁﬁe for this detection nethod: glucose oxidase from

-aspergi |l us ni ger (0 &£G %ﬁe&ﬁ:}c affe PQR - Q}?&ﬁ{l@@ﬂtsgwéﬂsmﬁﬁhﬂ%%@nase
(GDH EC 1.1.99. 17). The enzyne ink is a cross-linked dr ophi

hy
al lowi ng the T HRSDn of @&ﬂﬁﬂ?ﬁf?EF%F%&ﬁt¢%s%??%t$%@h éés?ﬁépﬁh@%nent of
the enzymest huss il Ivsfiaeithd aidieas) ectiindsle Téy St adul POE taskd property

‘of the enzyme ink hecause the ¢ entration of the enzyme has ffect
upon the total resﬁ%hggﬁofc?% ‘%§q§Qﬁ %% ST f et %%%n%é“%%§§rved with
t he redox- nedicatmgle>duevtioct hies siiatie @5t o @cyhear s V\‘ém:ghingtthanxumk be

entrapped in tﬂb% ant V@yas to&@&gé%m% A& dér? a‘i@@er;ngSI {%Pfth

enbodi ment, it meeHe e redox- nedi at or 6T he
| ar ge nol ecul @317&(]% dhe ol eqizsarnss , ape dixdpeponred doY hiehe poégerer s of the

ink materygl Qidecidor dlri’eccazsley Qir (BS)’QE?IP S B At et S¥sd ERBCk e St uat i on
is sinpler. The enzyme ink needs nl§ to contai n enzyne as. active

conponent, th rcﬁ&f@é@?’ﬁ%‘?é}tfeli SN[ XTI He s eCFF e and i s
transferred t@ltdrsensor Ay adhd MeoSaimd e Xxddeadad N dihe mé@®tdomnsifaance as

gl ucose. finally recycled to its original redox-state before it
can react with the enzyme protein in a new cycle. The

15 following are suitable for this detection method: glucose
oxidase from aspergillus niger (GOD EC 1.1.3.4) and PQQ
dependent glucose dehydrogenase (GDH EC 1.1.99.17).

The enzyme ink is a cross-linked hydrophilic gel

allowing the penetration of sample fluid but restricting

20 the movement of the enzyme thus it is fixed to the
electrocde. This is an important property of the enzyme
ink because the concentration cof the enzyme has an effect
upon the total response of the sensor. The same effect
can be observed with the redox-mediator, due to the small

25 molecular weight 1t cannot be entrapped in the same way
as enzymes. Therefore, in the preferred embodiment, it is
preferred to link the redox-mediator molecule to the
large molecules such as the enzymes, proteins, or to the
polymers of the ink material directly. In case of oxygen-

30 mediated systems the situation is simpler. The enzyme 1ink
needs only to contain enzyme as active component, the
oxygen itself is dissolved in the sample fluid and is
transferred to the sensor from the sample stream in the
same instance as glucose.

35 In case of glucose determination the oxygen-

mediated system can be created with GOD based on the



35 In case of glucose determ nation the oxygen- nedi ated” system canj pey; 0
created with GOD based on the 16 JUN 2K. WD 02/ 49507 PCTI 6801105634 Q?y e
ability of the enzyne to build hydrogen peroxide from oxygen and gl ucose. 5
Oxygen- meatioakasso7GOD  d ucose + 02 + 2W 0 d ucono-| act one PCHXER01/03¢84
Redox- nmedi ated: GOD d ucose + Ox G ucopo-| actone + Red ox = oxidized
medi at or species e.g. K3[Fe(CN) 6], p-benzoquinon, 15 FerrociniumRed =
reduced nedi at or species e.g. K4[Fe(CN) 6], hydroqui none, Ferrocene
Hydrogen peroxide is a very reactive nolecule, which can function as
medi ator 20 tgpth 79_;}§ef t r surface.
Oxi dati on of %?érlgngzygqypf;rtg{x?g%ﬁ on gotlpcfj ]515&916&68@@?% @nzégr@ﬁ?g& ?QST 2e_ Au
el ectrode RedG&ViII&R G hyHrHeif peroxi de on gold: 30 - 400 nV H2COR, + 2H +
2e- 2 H2O Au electrode 35 Normally only the oxidation of hydrogen peroxi de - -
is used for angb¥hikadiatbyir poses due to the possibility of direct oxygen -
reducti on on negatl ve pol ari zed nobl e gostal el ectrode during the reduction
of hydrogen peroxide. However, the reduction of hydrogen peroxide 40 woul d
open the possi bi | i%}ugesase Rpre Zbst—effatt i Bducebectlesdeneate,8h s such as’
silver instead of gold, platinum or palladium In conparison to the noble
met al el ectro@&ao%g@:ﬁg&for t he oxi daéci)gn or reduction

10

Glucose + Ox > Glucono-lactone + Red

Ox = oxidized mediator species e.g. K;[Fe(CN).], p-benzoquinon,
15 Ferrocinium
Red = reduced medlator species e.g. K,[{Fe(CN).,], hydrogquinone,
Ferrocene

Hydrogen peroxide is a very reactive molecule, which can function as mediator
20 to transport electrons for the enzyme to the electrode surface.

Oxidation of hydrogen peroxide on gold:

25 H,0, T600mY 2w+ 0, + 2e

-»

Au electrode

Reduction of hydrogen peroxide on gold:

30
= 400 mv
H,0,, + 2H™ 4+ 2e” > 2 R,0
Au electrode
35 Normally only the oxidation of hydrogen peroxide is

used for analytical purposes dvue to the possibility of
direct oxygen reduction on negative polarized noble
metal electrode during the reduction of hydrogen
peroxide. However, the reduction of hydrogen peroxide
40 would open the possibility to use more cost effective
electrode materials such as silver instead of gold,
platinum, or palladium. In comparison to the noble

metal electrodes we need for the oxidation or reduction
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el ectrodes can be used for the oxidation of the redox-nediator. B50° iy 08
Red --)Ox + e- Celectrode In the preferred enbodi nent, the el ectrodes are
10 deposi WEHO2H93% fi | m such as pol ystyrene or pol ycar bonat € CWPE&6eY 10 -
200 pm and, nore preferably, about 30 4o 75 pn) using screen-printing
technol ogy. Subsequently to this print step the working electrode is coated
with ink containing enzyme and in the case of carbon working 15 el ectrodes
with an ink containing enzyme and nmediator. This coating step could be

acconpl I shed Wst I, o SAER. P} 84 N MRS NS Asrdised Lo bDeuglgctypde

material. Thus thé production could be done In one mnmachine wt ferent
print heads offN&§t &G T L D0 G IRIDIRSWED-CSuch a process i s descri bed
“tn 11 Continuous Process for Manufacture of D sposable Electrochem cal
Sensor"” , US patent application Ser. Np.e5qQ9/537599. 25 3. Fluidic Elenments
of Ex Vivo Continuous Mbnitorkedy A seheratte—sPagrameof one measur enent
~channel 402 is shown in Fig. 19. The ehastrele 402 extents fromthe needle
410 and distribution depression 416 and through 30 the nmain channel 402 (of
di rensions for exanple of 200 pm x 100 pm) containing the el ectrodes 418,

420. As previously described, _a flpow restricted portion of the channel 402
nanely a smal | cro§§]§§tigﬁ$?§fﬁf, %ﬂ?oéﬁﬂgpﬁﬂ)éhﬁ ey bECProvitRd bet ween
t he di st rlidbut depo35 tadepraessa oni Ui 6 wartd dshepcclgmmr ssleectr qoel dedrbSute a f | ow

restriction | eyelg oyt f 1 eid@cptpnf L0V T % PIANG IR, , SXLERELEON OF; 4 he
body fluid. These f1ow rate differences
pum) using screen-printing technology. Subsequently to
this print step the working electrode is coated with ink
containing enzyme and in the case of carbon working
15 electrcdes with an ink containing enzyme and mediator.
This coating step cculd be accomplished with the
same printing methods as used for the electrode
material. Thus the production could be done in one
machine with different print heads or stations on a
20 continuous web. Such a process is described in
“ Continuous Process for Manufacture of Disposable

Electrochemical Sensor” , US patent application Ser. No.
09/5375889.

25 3. Fluidic Elements of Ex Vivo Continuous
Monitoring
A schematic diagram of one measurement channel 402
is shown in Fig. 19. The channel 402 extents from the
needle 410 and distribution depression 416 and through
30 the main chennel 402 (of dimensions for example of 200 um
®x 100 pm) containing the electrodes 418, 420.
As previously described, a flow restricted portion
of the chennel 402 namely a small cross section (e.g., 30
pm x 30 pm) may be provided between the distribution
35 depression 416 and the common electrode 420. Such a flow
restriction levels out different flow rates during the

extraction of the body fluid. These flow rate differences
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changi ng physi ol ogi cal conditions during the extraction. In general,
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coul d observe a higher flowrate at the beginning of a sanpling period
conpar ed wo RhesExtraction rate at the end. A thin 5 capi | I[REFNYGCBES634
counter-act this behavior. The electrogdes 418, 420 are not part of the

i njection nol ded base plate of the chip 400. Instead, they are placed on
top of the open U-shaped or rectangular channel 402 of the base plate of

the chip 400 10 in a separate |am nation step. Extending fromthe

measur enent c¢ i t 0] 3 LB . voir 406
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35

AT BB CoT e bxB8edt S0bbe
waste reservoir 406. The waste reservoir 406 stores the
sample solution after its evaluation by the
electrochemical sensing in channel 402. The size of the
waste reservoir 406 defines the amount of time one
channel can theoretically be used. After the reservoir
406 is filled, the controller can activate the next
channel to continue with the detection of glucocse in the
body fluid of a patient.

It is important that the reservoir 406 is large
enough to support more then a two-hour measurement.
Thus, a chip 400 with twelve channels 402 can run for 24
to 28 hours allowing the patient a convenient change to a
new chip (e.g. during his daily morning routines).
However, as will be appreciated by those skilled in the
art, reservoirs 406 larger then 5 uL (which is enough to
support the flow for more then two hours with a flow rate
of 30 nL/min) could allow longer runtimes. Thus, the
entire chip 400 could last for more than one day. The
number of channels in a device is not limited and may
vary depending upon the measurement technique, the length
of monitoring period and the size of the device and could
exceed 100.

Figures 20a, 20b show two different representative
embodiments of the waste reservoir 406, 40€6a. Waste

resexrvoir 406 is a meander-shaped extension of the

low rate of 30



Figures 20a, 20b show two different representative 35 efrbodi nents ?% jﬁ%ﬁTi
waste reservoir 406, 406a. Waste reservoir 406 is a neander-shaped Al
extension of the 16 JUN 290 NVO 02/49507 PCT/ GB01/ 05634 -60- channel 402.
whi | e easyVO&2Meaf acture, such a design can build up hi ghPERERBIEP®3Sure in
the system due to the weaker capill @y force, then the design of waste
reservoir 406a and is not as space efficient S The colum filled reservoir
406a has advantages conpared to the neander-shaped reservoir 406 regarding
the size and the integration into a 12-channel chip 400a. It could be deeper
t han t he reserw@émnéD64mDiIeWhpnedaabpgta hbghéeCmapblIamyhf@raesﬁ@ntake up

the 10 extractedn aluaé ed san n%e fluid fron1 ann 402a

pri nci pl e, wast e ¢ anneIuHO égpese I §G§S Fara |ty oFysggﬂilﬁgFlég ﬁPFh a

‘Cr 0ss-section W@ak@RaQQp@lbér¥0©onrx ﬁ@@nntbenﬁasegntofowbwt@ne capillary
with the same £L0585S2ELLRBal AnkiNgc0R8E00 <0 {sg\&@@t@fm%}é@r 406. The 15

shape of the colums 1s not Irmted to si squar es hey coul d be forned
as circles? pentagohe ﬁ@%a©6n§111@étégéﬁgvéﬁrtH@6P|héc eeneataceg t he fl ow

characteristi csompiséder8 €nkURBahbekdshhgehexagenvshapedscelurnaighown are
the nost preferred version. The,size and geonetry of 20 the_c gnnels and

reservoi rs may-VarSt2ahaPBatke piateI5PLER &HFB ﬁOéZCSHaBBe gr 68dPed PR -a
nmol di ng processItVWm@hdlBeo@éepbzedhéﬁrthheregakb01ieabar@hlaﬁd structures.

A wide variati P §ECP“§ %IHS ganggglgiggxe?ﬁy Qa§gkglate %f the chip 400

(e.g. 25 pon yrene ona acry at e” polyester and
ot hers). Pﬁefei*@ﬂa@m¢@n®n@ evelu®oeﬁcaamphatééu1¢hé$emathawmalsa@@equent

| aser finishing, 1.0 gepgiate,a-86CONdaRY%1M6EEY- rQEeHETQsSBVB§B95§1E9 8f
any desired patterns or ot her finishing can be formed in

ni cr o- channel )S2Po} {3¥ e enBishodsChPEfepgpléon for example Of Z00 pm X

400 um compared to only one capillary with the same
cross-section in the design of waste reservoir 406. The

15 shape of the columns is not limited to simple squares.
They could be formed as circles, pentagons, hexagons,
octagons or the like. Concerning the flow characteristics
inside a column field the hexagon shaped columns shown
are the most preferred version. The size and geometry of

20 the channels and reservoirs may vary.

The base plate of the chip 400 can be produced in a
molding process, which is optimized for the small
features and structures. A wide variation of plastics
can be used for the base plate of the chip 400 (e.g.

25 polystyrene, polycarbonate, polymethymethacrylate,
polyester, and others). Preferred polymers are
polycarbonates. These allow a subsequent laser finishing
to generate a secondary micro- or nano-structure (e.g.,
any desired patterns or other finishing can be formed in

30 the micro-channel). Polystyrene shows preferable
characteristics in the lamination process. Thus
polycarbonate could be used as the lower laminate and
polystyrene used as the upper.

The chip 400 itself consists of three major part a)

35 the chip base plate with all the fluidic elements

described above, b) the electrochemical detection system
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| am nation step. The glue |ayer becones substantially liquid at e evat ed
t enper at ur es WiAYh PSS BEn SIQRNFERS tHACT R Mo d 1 5% riukes WWestobRed shape

and gets streteRadeaandidefor med.l 20 Sudagdehaiim i 00 691 0obl &N yr acgeSNet i C
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entering and C I ng or pi'ng the chann chip descri bed
above, the coated with a hot melt adhesive, where the adhesive

becomes tacky only at an elevated temperature (e.g. 80
©C). The deposition of ink to print the electrodes and

15 other structures is quite easy with this system but it
can present problems during the lamination step. The
glue layer becomes substantially liquid at elevated
temperatures with the éonsequence that the printed
structure looses shape and gets stretched and deformed.

20 Such deformation is not only a cosmetic problem for an
electrode, it changes the electrode surface (which is
directly proportional to the response signal) as well as
the internal resistance of the material and the electro-
catalytic properties.

25 Apart form the foregoing problems, there is the
additional problem of glue entering and clogging or
misshaping the channel. For the chip described above, the
most advantageous process is an adhesive-free thermal
bonding process of the pre-printed foil to the chipbase

30 plate. The bonding happens at an elevated temperature
with a stamping tool or a hot roller press. The
temperature is close to the glass transition temperature
(Ty) of the polymer thus the low molecular weight portion
of the polymer will become mobile and tacky while the

35 high molecular weight portion of the polymer still
supports the integrity of the foil or film. The low
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4. Channel Switching Mechanism

i5 The switching mechanism 404 allows the replacement
of a used electrochemical system after a predetermined
period of time. Generally, an electrochemical system is
prone to fouling due to precipitation or adsorption of
proteins or other species on the electrcde surface.

20 In the past, many different systems have been
developed to overcome this problem. A classical example
for such a system is the mercury-drop-electrode, where
the mercury provides the electrode surface but every
second the drop of mexrcury is replaced. Thus, the system

25 never undergoes a continuous fouling process of a solid-
state electrode. The renewal of the electrode surface is
the most efficient but also the most dramatic strategy to
avoid fouling. However, this same concept is used with
all current disposable diagnostic glucose strips, where

30 the test strip is disposed after a relatively short
working time (5 to 15 seconds depending on the device).

A different strategy is the protection of the
electrode by a semi permeable membrane, which allows the
analyte to pass through to the electrode but not a large

35 protein (or a red blood cell). This concept is adopted in

classical oxygen electrodes.
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is swtching tratere regpl chanhed . PET gUPel 2126hdws Bhisheldbiwve dhagram of the
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The swi t chi ng paysdem 404 &M‘if@ﬁﬁerl5i§|§9$i&¢§r$gr4@8 sepanake Enaphthe

el ectrochenmi cal detector electrodes 418, 420. The switching el ectrodes 404
al I ow | ocal heati ngriagfue VET Ysiso®d | a a5 @fermdt ihedi g pamf 6F1 tBHCh as

POl Yot YT S 42 QU St 400, RS ot eZaial0et Lo flow
flow i s normamegsudecked byl hehdroiel<12402 Duee t0i 1 hés bivbkage, zadir  cannot
escape fromt Q%ecré%ncz@zof’mplj:ﬂ&ipngé qmd h&nannel 402 from the
distribution depression 416 is blocked due to the gas
back pressure. The switching system 404 includes
15 electrodes 422 separate from the electrochemical
detector electrodes 418, 420. The switching electrodes
404 2llow local heating of a2 very small area on the thin
foil such as polystyrene 424 overlying a well 426. The
well 426 is in fluid flow communication with the end of
20 the reservoir 406 except that the fluid flow is normally
blocked by the foil 424. Due to this blockage, air
cannot escape from the channel 402 and fluid from the
distribution depression 416 cannot flow into the channel
402. Upon heating of the foil, this blockage is removed
25 thus allowing the fluid to enter the channel.

The temperature at the center point of the overlying
electrodes 422 (i.e., overlying the foil 424 above the
well 426) very quickly rises over the glass transition
temperature (T,) of the foil in response to an application

30 of a small current in the range of some 1/1000 Ampere
with the effect that the foil 424 forms an opening above
the hydrophobic well 426 allowing air in the channel 402
and reservoir 406 to vent into the well 426. In this
event, the gas pressure in the channel 402 is relieved

35 and fluid can flow from the distribution depression 416
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used and the invention is not limited by the above

method

15
5. Flow Rate Detection
To assure a safe operation, it i1is preferable the
controller determine if the waste reservoir 406 is
filled, is still filling at a constant rate, or if the
20 needle 410 has dislodged from the cutanecus layer of the
patient and the continuous sample stream has stopped. To
achieve this, the waste reservoir 406 can be equipped
with two electrodes (not shown) at the top and the bottom
of the reservoir. Not in electrical contact with the
25 sample fluid, these electrodes could measure the change
in capacitance while the air inside the structure is
slowly exchanged with sample fluid. The rate of the
capacitance change will be directly proportional to the
flow rate of the sample fluid and allow a close

30 monitoring of the ongoing extraction.

6. Semi-Continuous Monitoring Alternative
An alteration of the foregoing is the scheduled
measurement of discrete glucose values. With this
35 embodiment the waste reservoir is just large enough to

replace the dead volume of the needle and sampling mecdule



achieve this, the waste reservoir 406 can be equi pped w-th-two ele Llﬁﬂ§$*
(not shown) at the top and the bottom of the reservoir. Not in elect' ity
contact with the 25 sanple fluid, these el ectrodes could neasure the change
i n capaci twoag/edil e the air inside the structure is slow ycexgBansed wth
sample fluid. The rate of the capacitggce change will be directly
proportional to the flowrate of the sanple fluid and allow a close 30
nonitoring of the ongoing extraction. 6. Sem -Continuous Mnitoring
Alternative An alteration of the foregoing is the schedul ed neasurenent of
di screte glucq§g1y3$ ggadV%Eh gglgxgﬁ egbgg ?ggtcgg Wast € reseryoir is just
| ar ge enough to ace t aead vol't he nee ' *&n sanpl'tng nodule -
16JUUN2r _005 QE?%%Q&&Q%OWlFEEVIGB@E§@5@34ch65PGB§t (enst-ed@ ofr fldrt exanpl e

tvel ve Cha“”e|§héﬁﬁbfglp THQEEabE§uétU&%Eerﬂﬂﬁb%h gbrehannel g8 9. 72 or
144 channel s). These structures woul Eort a 15 hour or 24-hour

measur ement cye} *éﬂ%%r]m%aweeweeé ave&esel Bsf S1iF6r¢te0 IHIFPEEs LeAl

advant age of txlf@qsem £t @H0USn FEVAAdaweubd BBet Bahii-towduhdonet be
necessary to use cross-1jinked hydro elﬁage to.the fact that mgration of

the reagents |Tﬁ%b?%eW?T PLahPrE 60ePOPLAeRR6uPE RECSESAGYr t8nUFSsfe.
Consequent | y, «corweniooad kepdyageilnklsel@osubbh dscdi sthbkasedgratWsSh706&247

could be used._Jt W ec e t hos killed i.n _th r t hat
whi | st sone oft4%ey%%% ?lgfgénbgg%ng%pédofaFﬁeg Pksenfﬁve cgﬁggpps
di scl osed her elondrweabebssdescEphedauentdyeatenvdataphalt karzgmar éniveny

different Maf'éﬁdﬁw§sléhé%¥b§@§'ihC§§596§2E9 LBese Bessikhke. For exanpl e,
devices in accordance wth the invention nay neasure the _concentration of

anal ytes ot her thanI?Hﬁ%%@l%ebéﬂPF?C1FFﬁﬁd§Y tBoReENSEddled in the art
that whilst some of the potential embodiments of the

inventive concepts disclosed herein have been described
in greater detail, there are many different variations

15 and modifications to these possible. For example,
devices in accordance with the invention may measure the
concentration of analytes other than those in bodily
fluids.



-66 What is Clainmed is: 1. A device for neasuring the concentrationg % i N
glucose in a Interstitial fluid, the device conprising: 5 a supporg Wé#b(gg‘
a holl ow penetration nenber positioned in a central region of the support
menber to conduct the interstitial fluid to the support menber wherein the
hol | ow penetration nenber is substantéqal |y perpendicular to a surface of
the 10 support nenber; a m crochannel "tornmed on one side of the support
menber, ongaend soft:1tzhendd clrgo,channel arranged to receive the interstitial

fluid fromthe penetrati on nenber; a glucose sensor positioned on the
support nenber f geasuri n the c%gcentratl on of gl ucos in the. bodily
fluid which pas %‘él‘f%r Bgh T hnePRCont AR faNc @ ad MM Hed P n?

daim1i, th%td%\él»ree; 1GONPH I SI NG 18 Pl Ad bty r i ehochannel s formed on the

L a

one side of 20 the support menber, one end of each of said nicrochannels
bei ng ar¥anged o suersinte nignlerst | t| al fluid fromthe penetration rrenber a

I lit f gl ded t.h t f
The concontrati On 8P e leoRe" e Ehec 28 BOUFT y LN t UNFah Phsdes CRFOOAN.

each of theecgiiehochannals. shppdrdeviesnas ctai methdurtd aha 21wbefgtmtaa@h of
the mcrochannels includes at |east one flow control gate adapted to
regul at e t Adufiidovf @f thAt et sRHeY al MEmged iWwharrin 30hai drodmnepnesrapigayi ce

as clainmed | e th g cont ol_g e
%ﬁ%yﬁ f €.
sel ectivel y g‘(l))%trr o}n%’a %Jtl Cjz\/ r‘-pg?d %u}\a&ew J(;:e aasglé?g?%éd T §im 4
wher ei n1@ heubbewtcarinielr ; gates control the flow of interstitial fluid past
the glucose sensors. 5 6. A device as clained in Caim3 wherein the flow
control a microchannel formed on one side of the support member,
one end of the microchannel arranged to receive the
interstitial fluid from the penetration member;
a glucose sensor positioned on the support member for

15 measuring the concentration of glucose in the bodily fluid

which passes through the microchannel.

2. A device as claimed in Claim 1, the device comprising:
a plurality of microchannels formed on the one side of
20 the support member, one end of each of said microchannels
being arranged to receive interstitial fluid from the
penetration member;
a plurality of glucose sensors provided on the support
member for measuring the concentration of glucose in the

25 bodily f£luid which passes through each of the microchannels.

3. A device as claimed in Claim 2 wherein each of the
microchannels includes at least one flow control gate adapted
to regulate the flow of interstitial fluid in the

30 microchannel.

4. A device as claimed in Claim 3 wherein each of the flow

control gates are selectively controllable.



gates conprise at | east one hydrophobic gate. 7. A device for neasuyg@%N@m;
glucose in a flow of interstitial fluid, the device conprising: 10 a=°" ‘"
plurality of sensing neans, each of the sensing nmeans being adapted to
receive the flow of interstitial fluid and mneasure the gl ucose
concentration in the interstitial fluid, and means for selectively guiding
the flow of interstitial 15 fluid to a respective one of the plurality of
sensi ng means. 2 gevAcgevdtectaimaBasor CAgigl vcoskerainntiestilaval caniur el

conprising;_.at_|I e nskn an : to J1ecej ve the.flo 20_ of
intersti t%aa}ta%ﬁ uﬁ??%ﬂcgfrr%g%ufgoghg%gﬁﬁgggggégggéntfrla J’|dor§£‘js|tnqi}hée Hucds?

interstitisdnddrd d; nmeans for selectively guiding the flow of interstitia
to the sensing neans wherein the nmeans for selectively guiding conprises:

25 a m crochannel having an inlet for receiving the interstitial fluid and

an outl et sectho evﬁ@%‘%E'éﬁaiﬁ§8t&9“cq%P99:ﬁeﬁﬂ§£%§ﬁ'kMeS%QB%jJEhéEol
menbr ane; and addressabl e heati ng neans a&apted to heat the nenbrane

suf fici entdardn ¢onpr ane openiangsinohkehydfopbobiangat®. A devi ce as set
forth in Claim8 wherein interstitial is prevented fromflow ng towards the
sensing neans until the 16 JUN 2005 -65 addressable heating neans is

sel ected and a yenld NGe OPERI AGasis1H0r BBAchBet hE REHIANG r 1y A Levi g as
set forth in Claim9, whereby the heating 5 neans conprises an el ectrical
conduct i vef Jpatd, dilspodediona theprmembpane. 11. A device as set forth in

d ai , Wher el h trical duct i th h ti f i d
101 05101 ance. 27T R abG FoChs S0 Bt PTG 10 whBF oy TG rdie ] or

being adapted to receive the flow of interstitial fluid and
measure the glucose concentration in the interstitial fluid;
and

means for selectively guiding the flow of interstitial

15 fluid to a respective one of the plurality of sensing means.

8. A device for measuring glucose in interstitial fluid,
comprising:

at least one sensing means adapted to receive the flow

20 of 1interstitial fluid and measure the glucose concentration

in the interstitial fluid;

means for selectively guiding the flow of interstitial
to the sensing means wherein the means for selectively
guiding comprises:

25 a microchannel having an inlet for receiving the
interstitial fluid and an outlet section, the outlet
section being hermetically sealed by a membrane; and

addressable heating means adapted to heat the
membrane sufficiently to form an opening 1in the

30 membrane.

9. A device as set forth in Claim 8 wherein interstitial 1is

prevented from flowing towards the sensing means until the



selectively guiding further conprises: a first passive valve disposgglypﬁg@e
m crochannel 15 between the inlet and the sensing neans; a second passive”
val ve di sposed in the mcrochannel between the sensing neans and the outl et
section, whereby |liquid flows into the mcrochannel and is stopped by the
first passive valve until upon activqﬁkpn of the heating 20 nmeans a venting
opening is formed in the nenbrane, thereby releasing gas fromthe _

m cr ochann@FCARESEPESWIRA Y | PEERE 1o I ELIPd e i PstV PassiYe°vaPvEJand

fl ow past therssepsisng, Legatiom. uptd ! the liquid is stopped upon reaching
t he second passﬁVe vglve. 25 1§%’A'device as set forth in Caim12 further

conprising: a central conduit for providing liquid, the conduit having an
inlet and an outlet, and a plurality of sensing branches whereby each, of the
30 inlets oF-thé ﬁFEPdE%aﬁﬁeP?taﬂg)‘thé%t&ﬁdﬂﬁ‘ﬁ%e YhErérYof g haceentFa
condui t,5 t Reahbqebfohh @Ot he canidial; Candyda, e ng selechi ¥gby-8e-4di eget ed
to a selected sensing branch by activating the heating neans of the

sel ect ed semsbmgner.anch. 1 6 JUN 200h -69 14. A nmethod for measuring
glucose in a flow of interstitial fluid, the nmethod conprising the steps
of : providing a plurality of sensing neans, each of the sensing neans being

adapted tojneceivg thevikew 9f Seintessthtiah féuhdnandomeagueecthe ghucose
therein; directing the flow of interstitial fluid to a respective one of

t he sensi nglesanscareaswridus ttiee glnedse hast he fIlsewtdfori ntef stinrakasedi d

with th res ecggve one of the sensing nmeans for a period of 10 tineg;

|nterrug%|ng tRe“f 6w of interstitial fluid to the respective one of the

sensing neans; and directing the flow of interstitial fluid to a subsequent

one 12. A device as set forth in Claim 11 wherein the means for
selectively guiding further comprises:

a first passive valve disposed in the microchannel

15 between the inlet and the sensing means;

a second passive valve disposed in the microchannel
between the sensing means and the outlet section, whereby
ligquid flows into the microchannel and is stopped Dby the
first passive wvalve until upon activation of the heating

20 means a venting opening is formed in the membrane, thereby .
releasing gas from the microchannel and allowing the liquid
to breach the first passive valve and flow past the sensing
location until the liquid is stopped upon reaching the second
passive valve.

25
13. A device as set forth in Claim 12 further comprising:

a central conduit for providing 1ligquid, the conduit
having an inlet and an outlet, and

a plurality of sensing branches whereby each of the

30 inlets of the microchannels are connected to the outlet of
the central conduit, the liguid from the central conduit

being selectively be directed to a selected sensing branch by

activating the heating means of the selected sensing branch.



of the sensing neans. 15 15. A nethod for nmeasuring glucose in a flgwggﬁ -
interstitial fluid, the nethod conprising the steps of: providing UN 2005
plurality of sensing neans, each of the sensing neans being adapted to
receive the interstitial fluid 20 and neasure the glucose therein;
directing a flow of interstitial fluid to a respective one of the sensing
means; neasuring the glucose in the fluld with the respective one of the
sensi ng nmedfs, ds et deei Mpahe MDWBICe TR er'std t§aPWe Phi dnFETSHe t1al

respectivefgggdgftkge ensiNg. %ﬁﬁgukﬁgréggﬂggofhe interstitial fluid to
i ]

a subsequent one o e sensing neans. 30 16. A nethod for neasuring
gl ucose in a fl owoefidimtcer st igiwatalitwi dhf t hensehbodmeanpr i seaght hef stéyes

of : providing a pIuraIit¥ of sensing_neans, each of the sensing_pmeans heing
adapt ed t 0SFEEE Ve tHRRY owPER Y ntEt ¥R T al Pl uitf Shid freastife the®Hl ubdse

therein;si6nd N2l a17¢ 1@ NG NG fd o Ofgi i eEstiféabifluid to a
respective one of the sensing neans; neasuring the glucose in the flow of
interstitial fldidecninly tthe rfdspecti vievtones oft tdle Sbmnsd ngoneansspectave
period of 5 time;.interrupting the flow of interstitial fluid to the
respect i ve®BfieCdf e SEET gn%§5ﬁ§; and directing the flow of interstitial

fluid to a SUbS%@H%@Ein%nQHH dne-seasingrAran owl QA 7infeABEDOdaf Ok 1uig
measuring glucose in a flow of interstitial fluid, the nmethod conpri sing

t he steps withptd@ diarpertpivg adng yobf thensenginsamsarnsachrofat herigensitng
means bﬁjngi%ggpted to receive the interstitial fluid
interrupting the flow of interstitial fluid to the
respective one of the sensing means; and
directing the flow of interstitial fluid to a subsequent one
of the sensing means.
15
15. A method for measuring glucose in a flow of interstitial
fluid, the method comprising the steps of:
providing a plurality of sensing means, each of the
sensing means being adapted to receive the interstitial fluid
20 and measure the glucose therein;
directing a flow of interstitial fluid to a respective
one of the sensing means;
measuring the glucose in the fluid with the respective
one of the sensing means,
25 interrupting the flow of interstitial fluid to the
respective one of the sensing means; and
directing the interstitial fluid to a subseguent one of

the sensing means.

30 16. A method for measuring glucose in a flow of interstitial
fluid, the method comprising the steps of:

providing a plurality of sensing means, each of the

sensing means being &adapted to receive the flow of

interstitial fluid and measure the glucose therein;



15 and neasure the glucose therein; directing a flow of interstitiaﬁBUUHhi;
to a respective one of the sensing neans; interrupting the flow of o
interstitial fluid to the respective one of the sensing neans; 20 neasuring
the glucose in the fluid with the respective one of the sensing neans, and
directing the interstitial fluid to a ﬁybsequent one of the sensing neans.

directing the flow of interstitial fluid to a respective
one of the sensing means;
measuring the glucose in the flow of interstitial fluid
with the respective one of the sensing means for a period of
5 time;
interrupting the flow of interstitial fluid to the
respective one of the sensing means; and
directing the flow of interstitial fluid to a subsequent
one of the sensing means.
10
17. A method for measuring glucose in a flow of interstitial
fluid, the method comprising the steps of:
providing a plurality of sensing means, each of the
sensing means being adapted to receive the interstitial fluid
15 and measure the glucose therein;
directing a flow of interstitial fluid to a respective
one of the sensing means;
interrupting the flow of interstitial fluid to the
respective one of the sensing means;
20 measuring the glucose in the fluid with the respective one of
the sensing means, and
directing the interstitial fluid to a subsequent one of

the sensing means.



