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| . Background of the Invention 20 15 20 25 30 35 This invention rel ates t-0° .

appar at uswo®r/4289@ net hods of neasuring certain properties P6T/GBEI0§¢
particul arly although not exclusively, bodily fluids and the concentrations

of certain analytes therein. At |east song aspects of the inv
particularly to the neasurenent of glucose levels in blood anﬁm\ﬂml@@m“llmmna
fluids such as cutaneous (interstitial) and sub-cutaneous fluid. er
recent years there have been two obvious trends in diagnostic devi®#?

devel opnment: sinplification of the test procedure and reduction in the

vol ume of sanple required to performthe test. Test sinplification allows
.1t he assay to be perfornmed by re|"a‘¥%‘éﬂ§/ W%%quersonnel in a

"non-| aboratory” setting. Thus, for exanple, cardiac marke Mwm“ .
confi gureg i n a ég&ﬁép&uﬂéo&i E’H%'nf’fi‘\?é i&gr mat W t_h | abel I'"mm‘mmmml _
al |l ow for ear{y asSessnent of potential mnyocardial infarct. The gdVing

force for the devel opnment of tests requiring smaller sanple volunes is the

reduction of discophpst;@fehPfoRatdEMes THH Sap f&%ﬁ'cﬂ$ﬁréﬂai$§%ﬂ tin
hone tests where, for eia T o'f a gI%%ose ?%gﬁ 'S %ess pai nfu t%ﬁ?user

le, | §
will test mr%ffm%ﬁ%%%ﬂl?@?ﬁ?y VPR FL1eR Rineht Bt 1 haradh dBet 3 ey who

moni tor thei rabtioodhisuget éxelueinédly Aabbevey bEtuds Wiy aemé ¢ control and
so avoid

= nanber 167 CSTRAT e RVES deberBhett Y e BOR L TR | Y phtTesst vel y
smal | er sanplson| asmesst s hef eblye ninvensiony paiat.e Swamet prwposkhy stdaves been
made to attempl, Lo &RVCEF 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 procedure 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 is 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 requiring
progressively smaller sample volumes, thereby minimising

35 pain.

Some proposals have been made to attempt to reduce

i
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WD 02/-19S07 - 2 PCT/@BO 1/Q0G 13~ the amount of pain involved by with
so-called mnimally invasive devices (e. g. Integ US patent nunbers

5, 746, 21 WV0928207570; and 5,582, 184). Unfortunately, such PddVGRBEYSEHpear to
be unable to provide sufficient fluid sanple to 5 provide a reliable result
and thus, as yet, none has been conmerci ély realised. In the context of

gl ucose neasurenent, so-called continuous“nonitors are al so known and these
have certai n advant ages over the 'snapshot' devices outlined above 10 since
they provi de thel|amewrt | efighin| mvolvehdbyngyithesefdzbledfmimion bly

medi cation angd,y£{-@ Id@\,y@@gmg gonf,g,pé @3@ g&?&’%xﬂﬁéféf@% hpyever, suf fer

froma nunber of drawbacks assocl ate need t'o reca |brate

the device re'bu@%l(?d%ﬁofl'h"?%de?lt%@?slﬁ@ perq%?%ﬁg“?"e%kﬂarsqﬁhl%v%%%@s usi ng
a conventi onadppesit tsdsrb@ urldith Be Ciad pﬁh&gai@e n@nyE 0d i e Byt aaes1 Of t&isi ng

acontlnugus dev\I,C t@[user Stlé elleduontotaeatlonln
order for >t hé®d&ATe e]p]e? % fﬁ'%‘b F'i}?‘f%'er&?'ﬁ)r Chnd R IRRYPH t he
devi ces tendsccnrmnejmialm repl sk dt abI y bet ween cal i brations. The regul ar
finger pricks are ][%gé‘.gc sensors
i nclude Internati oﬁgf%ﬁfée%&%}ﬁ%%g I on %CT‘?%% GNC%Bnt er n% onal
Publ i cati on \WPWOHIIYR TR GHRRRT HH Ik%UO)aréi\dthﬂQequ SRt g
patent appl i cadvit R WSO 16378 iﬂa&isﬁ{d@t | A cdBI i 1ot AM3R0/ 04832

publ ibfshe[def Fstelrlgrécu?ar 200‘%#10‘{’0‘{% %3‘? and ]réﬂetgts Oofa tfrhe |.nvention \INL is
an object o r v‘ébtrfﬁﬁjéﬁiﬁr B en
viewed from effest @Spesid tde nedirdt om mrm/laiasraalmm}&méndrc measuri ng
the concentratdon of a%‘%?ﬁdﬁ"ﬁ%&ﬁ | Gy i 'sﬂﬂ?%ra Qrt rrber

anal yte sensi ng fmeans prow ereon or measuring sai d concentiation and
a m crochannéf irayspaqkp d Weoiihi aRICR 863 twisdl & henalegde tsensi ng neans

for conveyi ngrsaididddtd die v &eNSdid 4¥3NS. Thi¥Ld/89¢7 - 3 PCT/ G BU
1/ Cel 3~ 15 performing regular manual tests using 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 published 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
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.



Thus it will be seen that in accordance with theinvention a mcrochannel is
used to convey the sanplefluid to the sensing neans. As used herein the term
"m crochawoeR/Mvsofef ers to aSchannel, of any suitabl e crosPE&GEBIER¢$3HWhose
| at er al di nension i s between approxi mately 10- SO0 unSuch m crochannels are
beneficial for a nunmber ofreasons in the context of an anal yte sensing
device. Inthe context of the neasurenenf of "a bodily fluid a small 10sanpl e
volune is beneficial since it neans that it iseasier to provide a
sufficient volune Thwsaivavibl tket séest thapoinaattyrdéaece obvitte tfef! uid
required to c n j espond] | Lo i t4 0N

g BAVY R 08 Na ARSEYobBaiRET €800RGLAGE Y é&?\i%ya%lgi%%@%€ N ith

t hem crochanne] allows to handle flow rates between

.a high resol ut1Hd of© t Hee neerst edeReaB¥erti me, due to the | ow channel

vol une. The anal ytesenséMochdeais €a8 beral 'algeschin@dy" refers to a

sui tabl ecanfi guration dependi ng. o0 he type of sensing nea
~ug|ed(el ec roi: garlﬁl%ela ' %%P%%iﬁﬁg%‘é?bi c?’}‘?xgﬁf%?(é?’a%‘?;/ "?’P}%%gf%ﬁ/’f%l sensi ng

_.e
-hygi enic as POEEWBi%e

means conpri sésmemeion hwrketwegmnasptoxiaately t hosada jamal yt e and t her eby
gi ve a measur abl eoyi it; G IndEAT M e B DR L 0P S ADVIILS. o

but preferably the reagent or at [east one of - the reagents i sprovi dfed on a
wal | of the mMeFtRMantel thermrenterangbnemt 2 ytreegneing dtvnicze i t Freans
that no addi tisatoved T f StieslUhd £shuidmd@nEess fObddel paphfa ld whgh o be
broughtfgloly int}%cont ct with the_ reagent,- i.e. the contactarea is

optim sed. WHEH"RT2Wed 1POmS ee‘l:%%ﬂc’ag]ge%{ncf%e‘i%}‘éerﬂ‘?%rf: bvitdesS a devi ce
for measuri nedsieS0conqamdviale an =d £ finc bevatt yWelune af i W dya kiaihmrd si ng
asupport ne i annel id sali npoyr t for
conveyi ng s%??&%ﬁaﬁ%@‘s hesup\ﬁ%@x‘%}eﬁgeﬁhl\/@e&e%&gen% toc;rmcrﬁ;rg.rsl[eyreagents
for reacti ng®4th 3nidP el Vi orreIReRieml v skell ofin addition the

t he35m cr ochann@lo AAHRIBH M SHEN & WEYATE £ 18 Neft LOBUHwES, TRAdor WO
f12/ ~9SU7 - -1 sensi r&g the anal yte - for exanple an

4 PCI/EBU 1 /(IS
el ectrocheni ¢ H "HHbGHEY # it St &S dde dmasitiensdttei fisove
may be used fmimmeasiurd ng arthe sSlow adhanrexial wdlanen. any ™ tabllgte
fl ui d. SHowev e. | | (NN var | cts,, findsparticularly
benefi ci al a%’%%gﬁ ownee%}{né %&en n%a_s%r?reanr%%&gf%a%gﬁﬁtsteusltlar?]heuman or ani mal
bodi |y fl ui dEondflaatsieon siananding sanpihe divasodif wensiing meanse vassl | ed
to thedevi ce. (dr&ftgiilemitaiey dpddendtLe dik )t eghald-aithigeans for
extracti ng the fluid Mbst preferably thisconprises nmeans for penetrating

the skin?? i #HHE (AT FIRY 6 AR H5AISAES tHoal

fluid. Most prefeartablith tsadehariaes e ald rtipendty ajiven aremeiugéae «as hol | ow
needl e, soli e ore.the like 15]n rdance wiih the enbodi nents set
out above th%dle%{hccté casr%1 eausrléc?goeor%th “?acc}pgooﬁ Ialé)é:tatt%ct aélé'r‘?&eeref'l M andt o
measur e t he dsf@natdiy dheofredaentarqratadaagte cnepidt theasteagiev sard-sout put
from which t he-SARERNIOMAlE Walaake dRawEbendhen1vi eved  LoPa JdidHter
aspect the20present Jj.nvention provides a device for_ nmeasuring )

t heconcef?r ati% W%ﬁ%l § it AR, thednma siddd taemsdore lveenés
means provi detqundete isuppder mearhd ey Nd gdaid tandey beoudyher ei n sai d
support nmenber fiur. r. conprises f.luid,extraction neans arranged to25direct
fluid to sai ?uallr;lié}l r;}slé:osé:ﬁ%;ltr?é:%rrévalntgl \C}‘lhae a CHHi tont ‘tehe%gl?pﬁgpga nber . Thus
it will be seara s optiads@eddandthes thievwsids fspect sfecond iaspenti akea fl ui d
extract i on MRS ieheiAn R eold ARG 1 GRaERAN%g TR prefer ably
a30needl e, lance or the like, is praovided on a_supportnenber of a device
for measi?i nGORTANFTE LS Ot PRt PR 1SS 141 [Boiduich SOTPEASENEr &f er r ed
enbodi nent s, silppRAthiraaibedn a@ld SKini qRNelandlopriRaded ondsaiged! e,

andsupport nenber .g. .test. strip, ta be made _di sposabl e35and t hus as
eSS Febe ARSI FAICS fLo: PETR S8 Eherer ol y 1o

punct ur e t heisuppont mewbed?2/ 957 eins oneCHrGBEt: AGagent swifiolr aeneedher or
the like andfhen hlieodan it glstiddrdly fduid a8y e ggpduct ed
automatically onto or into“the test nmenber. vices for extracting

i nterstii?al MicFeFhgr@edhown in the afore-nentioned Integ patents and 5

I nternational pat eiefappibleaisuen BCHWIQY 396 ¢3el! BbabrakieanakaRublricgat i on
WO 01/ 72220 published 4 Cctober 2001). In such enbodi nents the conbi ned
needl e/test mnmenber would normally be used in conjunction with a separate,

| 0 non-di sposabl e, measuring device for neasuring the anal yte concentration
e.g. by neans of the output of an anal yte-reagent reaction, where
appropriate. The dinensions of the needle, lance or the |ike nmay be suited
to the particular application. In fact, any 15 nechani smfor extracting
interstitial fluid may be used




with the present invention. Wile the present invention will be described
with reference to a shall ow penetration needle, the invention is

appl i cati W@ ®Ra%3y techni que for obtaining a body fluid. 28CTHGBoKsaNpl e a
standard hypoderm c needl e several centinetres in |length may be enpl oyed.
Wil st the device may be used to sanple interstitial fluid or blood from
t he cutaneous and/or the subcutaneous |ayérs, in preferred enbodi nents
however, the penetration nmenber is 25 of such a length that it penetrates
subst anti al | ysehsingt eneousallgyer -otogkiRam¥iien &Heeie&&oéﬂgﬁiém' ally the
cut aneous Iaygr bgom%lerlreg %o it means that whilst it Is the intention
to sanmple fl ur f rom cut's SSEErI'ayer, it cannot be ruled out that sone
sanpling from 30 t'ﬁbesdbvcgeanseusouayheteunabérhe B8y abeoUseliagsr has a

hi gh density Qi;HhpoHsC | L ps._t SYre i he.l evel s of
analytes in intersti t?agﬁ#, %{i&?@ I%&t%’ﬁose r R ?ﬂef P53d. Wil e
not linited tBPUHEEYsFRg FHY@F%%PM ar-nnw dvB5i¢uSH) speties pr £5mds | nvent| on
is preferabl ypaBBﬂcmDaﬁWab@h@ﬂléﬂQl Y5k9idoFin Atﬁé'ﬂfé'%‘éuP%E'

of fered V\DU2/ ts UIIU%@ b |nterst|t|a ul |st at [
i's not as conprax 8 \/\h%lléu'ﬂ?%o‘ara‘?lﬂl‘f‘ r dobtidpt, Pbreeyespl ea

suf fer from Haenwpaloke i safplet ofit bodsly | SFuad smay]a@e aa,Ei)IQ]_/\j_é/aS@@Sti:ﬁé/ and is
nore suited tQ.passage C nel.s, t han whol e blo The | ow
sanpl e vol une&r equi I en%{r—l%%%?%lﬁ %?vg%ﬁ%ﬁné}?g fs‘f)lceena]bgf e FE e ‘?ﬁij

reliabl ylPo UanstirStervarcting dtheefhais. nofast m&ﬁmbyysmds shal | ow

skin penet r aldanbx 8 aneguss ofos et anaols) pbshent 12l Ly i redices the
pai n experi enched Si ce t her 2 g ch | ower density of nerve endl ngs than
B?f t

at the depths’ pernettr It €t dl%etelcﬂqéjs %%@&%@dﬂ%ﬂg iwiel. | ndeed,
in at |east paeftemesfendoly nentcompriddLe Drskim ﬁﬁﬂéﬂr&ﬂ%rﬂﬁﬂé%éﬁ' t. This

makes prol ongegd.f [ ERE nenety ation of tl |n much nore
acceptabl e. The acr%%gf ]l a‘% éﬁl]%s'heseép}glﬁieflra % e ]ﬁef depend on the
angl e atlwhich it i Eiq"ﬁ e ¢vigeh i trhse remdubd iTiteuns: § fseiﬂn&ldtowhm@ e&he

penetration igevirteendad bd hesd LNt r&y&&il%fctt eI AMY Bng
millimetres Oe% a%OX|natel to 10m et Fes re rably
however subst-anfls %‘X}pepetﬁ'tfe ’%frra}tﬂsce‘r ok hes tlamg@r?dé'dladm}et hedrength is
| ess than 2 rm lmafsftergmbjey dressidghen fledm MIRLchn theneopiceinerr=ed emeedi ment s
a length of i . orlate wever for certain 25
appl i cati onsil’z@algloF‘153'3)?(112gsq'ir1'-}t as shjw(%étmmsvegmn O% A& UEFEFEr PERSH tO6urse a gi ven
test mend@r RaAPSEAFe jnysntomn giayisesetr dﬁwgnenémhemeaemxalntgeltmtl vely a
plurality maycheeRi@wtdesth oF@mPeanghnall an %B%ﬁﬁlﬁayc% g%r '51-3%

ﬁecessary

sufficiently 30 short standard needl & possi bl g shorten
More pref er afMPPRRE at SR HTOVAGREr Peshs RLEPSHEceaber for

m croneedl e isendngbysadef |ama1y€t5e a needkenwsbhdasppei-h fmehiesl ent to
peretrate LNgueu 00 As 914N KL 8" b4 REhATA LYY
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
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



35 cutaneous layer. Such a needle typically has length |l ess than 2mm
preferably between 0.4 and |.6mm WO 02195117 PCT/ GB01 / GSG3~ The outer
di amet er WO BHE¥¥rably | ess than 0.5nmm nost preferably betREEGBOVE6HNd 0. 3
nm . The penetration neans need not be integrated wththe support nenber,
but preferably is. The comrent sbabove regarding this arrangenent apply,

wi th theadditional benefit noted here that preferred enbodi nentsof this
arrangenent can provide a conpact di sposabl edevice which gives rise to
subst anti al | ywnohpai needlieusgantéieobykat 8a4t R&eRe r r .CO
contacthmﬁthfgLigv&g sge Lhebodily fluid conce?gg 3|ﬁ?aﬁ§§FF%§&?&F y
preferred enbodi ment - thesanalFPer§dgPrHEguat pFad &y eatenpadiinent shef t he
invention uset@ftagenbebasebemeasar Enenextbhoyidyf iacerbtitial fluig
reagent - basedipanghylyg HRasyLe _ il.able to those skilled iInthe
art, aIIoggng t he ﬁ%incig ggéo???%é ?%ﬁ%%%ﬁ%ﬁ PBg?gnﬂﬁfaﬁtﬁpBPﬁcation. For
exanpl e arm oplBEREARELPRAL  BakeRReaPPl LB bboRNPCB/USONY DRETANt - Or an
eIectrocheniceIntern&ch@hqyep@gyigabgoysw@.@pﬁmgzgégﬁggigghggbgqinent

conpri ses anq5g{gkégn§6gg ans conprising a nmediated anperonetric
enzyneel ectrode. For exanple, a ferrocene-nedi ated el ectrontransfer froma

gl ucose- oxi dase cafalysen embedimmis tiseli¢oilh End@ansed D / H8LEGHd MG L he

| evel of gluoﬁ§ﬁaarhé§¥@ggﬂy ' er _enzynes, such as | actate oxldase
orl actat e _dehydrogenase and %%BKP%@S?%A(;'J%% eteh i oy eha28P3AE De used to
measur e F8ct @'a&o?il’f%ﬁ%%%x dheasuiping rdespiens i it ymedduming tiee

appr eci at edt hatalystee diorideén@hovene! € I Wy thaaf rﬁ?é [0S
a30non-limt iar}%ley&anpl e and t hat ot he% gilyect ron fc?fans e?éneoqlgt ochs SN
ar

known in the coul ' BFEUs df 3G Bkarticd e moRrapzimier rat e

(ferr ihcyani ;je) : ;j@gﬂarﬁi@m}mmmserﬁﬁ tife trh;t]dlrl%s,pilraa{_ccg )blchﬁ{enll(iikeggnag _

cyt ochr ones r&f; t i t Wi .conpri se an anal yt e35sensi ng
neans whj ch (])D[ir atlgéé%?rf%coér}lfeu c |onéﬁ\;\/| Th SPRISSATE S t I TyifAS t-hény

measur enknt . TRDSHET Ty eticantiing intwdstizia19%00id thay ReTAGREL/ OSG3~
may conpri sewité aiy Yesaig I t: @r dyg .fHar rfQrmng a _colorinetric
test in assog}g i on ?gii K hteﬁgggﬁgﬁfiVg%#é%ngﬁghF%%EEngﬁnﬁ§P§HPWt will
be seen that “duch °& CETGE witd agshsrensst tai gh shisd lioes pegerirae iSrbei ng
di sposabl e sieedlehe ttestinyealtarntis abpliheatensi #e RGNS, SUCk3s the
l'i ght sensitbﬁgaqgggﬁéaebgggr% thCirCUIty etc., can bé placed’n a

non- di sposabl e test ter. Jus %lngle anal yte sensi ng neans nay be

provi ded?? 10 but praf exambyensr etahdardnbypsdpravicdadedIBuseibrwil | be seen
that in accordansemetirkl LRI C fy.Lhe | nt.i on, . a ural i of
conduits direct fluid to beiﬁgggﬁré89tggrggggé§ﬁéé aHQF%E% §Eﬁsé%§lﬁﬁans.
This neans tR&Y RepPErdl FPySBMPhgadnrerehitial fluid emyblboBefmade by a
si ngl e such dbeicataﬁbeuseaﬁﬂwgrnﬁnassﬁﬁaubgngbﬁgeggpgrgg as to neasure or
test for dif gégggrggagxggaikg Ehehfluid. Preferablz however they are the
same or at |east are for neasarrfig’PHeehnetBRaPFRRCr AREANy WAL f E8m a
further 2&speef €nehi Avéangbh phavi lespene@Oraevsceubst aneasulynghs he
concentrat i ogu@ina@Buanal j ui 0, ising a.s ort, ﬂger and a
plurality of analéte seng%ﬁgbgegﬁiﬁbrg%?gegyéh%%%%n ?Bﬁgﬁﬁﬁghgf thed
concent r at i oRYEIREPRT N1 3%EH" dbi Eefexredeto cohprisess atphtrehilyt of t

condui ts suchsttia¢ eacenoiosatd SEMSIAOF1uid from the cutaneous

layer, it cannot be ruled out that some sampling from

into

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



25 neans has a conduit associated therewth, said conduits serving in use
to direct said fluid to respective sensing neans. The device, whether it
conpri sesw@ BHigre or a plurality of conduit/anal yte sens®C/GBHEYSHE used
to continuously nmeasure the concentration of the analyte 30 over a period
of time. Periodic nmeasurenents may be taken i.e. the fluid is "sanpled" at
various periods over . tine, for exanple ®every 30 nminutes. Fluid may
continuously flow through the device or may be tenporarily stopped by, for
exanpl e, hydrmphiottiergaitteisn]l FF A yied eat hir & t efotatdy &onplessesors nmay

be of the si t ter which t device s 112/ 9s07
g _ PCTI GBOl;]'%’gE?FT??i I chérﬁﬁngi;&%e%e%ﬁoaxfed Cl{%esdinvogr't 2:331:[ 5%1}?& 5 it to
per f or m anot kfe‘?onhé@fﬁmmi.t THaratotat iqrise kSkerl g hascendloest e a

Measur ement Gy @Al iad i daken bataean, MRyl d vary and

woul d depend upon the %%ggr ee 5 of nonitoring or the analyte of interest.

The pl uraPi t 5 WAATY WGy e swi i iRy Feewlse e3Mmen anot her
after a partiradharregperitodofa miodharmielerdligty dlaid < lkow Feam@ne condui t
to anot her. i,t.chisng .enahbl es asyr.enents..ta pe perforned w thout
interrupti on%tlgol %Eel 16 Iu%ed T acth olr?qo ]\kh]toﬁ‘out having to recalibrate
the sensors, whi cPeah@penowret dmpridtandflyesugpehadd cof skiime due to factors

such as el ectyode fUldNY RleneBULS ANAW R YY) %%b@%%nQQaq?ge on a
truly continuous basi ? wi t hout the user_having to recalibrate or

i nteract 1t t Fadveesy AR SFPSHIEFESS SFEForthiex§ 4 Ssengrehndawerenent ,
ei ther in theletadeyobfa ndevieCendidysa t3aigla® @hepldepaihist @k tHaekacpynnel s
is that dri ftit%% afrdt Ql%e%i nalwh%ver xti ne..i.s n?)ll ogr%er an i ssue that has to
be consi der ed EhTESNEEFIENE! VS ST A& 4GOI sEPPEE%20 1Rad the

enpl oyed i n tlsassnargferseds embodigengmanpli¢tile thre ncageiaf ian

el ectrocheni ¢al-@9t§CtHeaR SYFHEM agRl by dIBagE %%%@e@epea@ad' ittle as

five seconds or |esS. Furthernore, such woul d not fequire storage
reservoi 3 f BENESIPELLPoRToL PN eI ioge sicReetakée25 waste fl uid

woul d be stored imrhehactuanogkbasghel oFonrte penkheatebnemeah’ RRLNCI pl e,
t here woul d %eé n%du%%e [imt toa‘tghe nu of sensor/aondu' ts contai ned

within a devicE€ the u[%ggr PRt 3eiRg © etelrgr AtneG YA £8r 88such as the 30

desi red t ot alinisemgelt . of Thuge ifoshaddloyt engdas peemtmtitdonby st hatendedof the

devi ce. 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
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.



Wi | st the above enbodi nents describe a fl owthrough sensor, i.e. the

anal yte i s neasured whilst flow ng past the detection neans, neasurenents
may al so WO @éEinducted whilst the fluid is stationary. TPCEGBOUIWE3be

achi eved by the use of flow controlling means such as WO 02/-19s07 - 10
PCT/C BO 1 /CaC3-4 a hydrophobic gate or %at es being activated to
tenporarily stop the flow of fluid through tthe m crochannel once it had
passed the sensing neans. Isolating or shutting off a volune of fluid from
the rest 5 of the Fhei dusampbéaweunkd esaplrefamapny- pesat tdghepNspaLi on of

the total anoyptcofa p i he particul ar portion of the sanple
to be made. As des%rri Egggggﬁvégﬁgﬁénsghéi A 8mga s™May be el ectrochenical or

non- el ect r ocheni caFPEnPABELFAtion. gean® veetheofl| ber éncegiraded with

cheni -1 uni neserdt sapport MbhberSobhe FoErexapple;Lhe ?EQSEQQ Og@ls my
conpri ses .an ggzyne-coatgd elegtrode In the case of electrochentcal
measur enent, oroin the taiBYoF Pt FuBFERRSRICREI BPPHEL rVvétBehBeng t he sensing

means woul d cadgit$enalshenabie Abtedagent guet piePblledObmbSOHI SEntLE

under stood t t ' ing ans' does _not necessarily refer to a
conpl et e ass?n%l%ﬁ?%rgg?%/?ﬁgﬂghﬁi Ral' PeR4i7G, 2btt™Pathe 1?80%‘3%%% on the

support nenbefeViFe hwiieh d3ivas ovi pat tahsehsvayt bel I'eatotpafh veim weasur e

of the anal ytgn@le@NEe8s I @hd Ofecd: Por Y GsSEP e er.._Such
devi ces %cor di{}g t o enbodi nent seof tﬁe invent?%gégn%és%%t%ﬁ%o%tb <\:§% coul d be
e

arranged-to b% iV nBER SheiPadity Ebmidreerergnedst strips i.e.

where a single flui disapbart Scplacky ore fder d@Vdsodiméid i NBasIpEed. I'n
comon with efgléﬁgc%,s%)ects of the invention, devices of the sort set out

above may be arranged to neasure the concentration of any suitable analyte.
zn all such cases, tFrekarlsd enbediments avf drhetaynempion hese3& an i ndi rect

i ndi cation ofrddiery opgidy wfadbiemanp! e l\?éer‘& GESAd &GSl hed.d

m)nitor.1 or ex%gple a detection reagent .g. an enzyne su r%ﬁ???) an
ant i gen?' tray P ddfedsBPUIRBHIF S At kaPis i ddiamg iskilleahdiror react
with certain tireotaitns dIldwimBiHd yi il 6 SNPHES (Bfe AP 8Sind N
this case t h%i%dea%pqefcea%i'o%n. g9 Qatxa?nrpltehearp ro%dt%%the?r]:i c;[ahle— eaneerE
either fluorescent or luminescent - or an electrochemical
technique could be used.
20 One preferred embodiment comprises analyte sensing
means comprising a 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 Dbody fluid. Other enzymes, such as lactate oxidase or
lactate dehydrogenase and cholesterol oxidase
dehydrogenase may be used to measure lactate and
cholesterol levels respectively. It will be appreciated
that use of the above electron-transfer mediator is a
30 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



WO 02/9507 - 11 PCT/ GBOLl/ 0563~ cat al ysed reaction, conprises the anal yte.
Devi ces in accordance with the invention can therefore be arranged to
measure sWEH24#7ytes - i.e. it will be seen that such devPCEEBHHIS6HE used
to measure the activity of enzynmes in 5 a body fluid sanple, or test

whet her anti bodies to a particular anti geg are present in the body fluid.
Preferably however, the device is arranged to neasure an anal yte
concentration di rectly - i.e. it is the concentration itself which is being
nmoni tored. AnMaYy eQERPLESothguaRPHCREAsLE eneagenbubd BeegFacrose in bl ood,
the concentr apé8pophi Mg shcb§o§mméa’99&t g8kt pﬁﬁaggé.Sél&P}{]oﬁth@hSfiéﬁé' ng

from di abetes. |n, aﬁartrcularl Bre erred enbodi ment € neasurin evi ce
is suitable foFRHbEEYFi MGPPRelRohRENERSE i BRLSE - anlt 5whhhl beeseen gthat ucose,
in blood or istehstrtangehintd. ata SoEdise UDOME HEPhe thesdegdeLcd S

preferably e hgen t he sk n t he subject who is to be
neasur ed. The%%ﬁg% digéragé%ggaﬁgéérenn bcfffs p‘?L?'B?%tb?yo uhte. SSHS By
provi ding a d@%‘FWWchS@% de the al:i@ldtt@elassub}'edneammasm@mmm@f t he
concentrati one Dl ey sebst anggnrlgetllgrfaéé@j 585&@@4%# al fluid
can be carried out repeat ed| y over ‘a perio t| rre I'S neans

i nconveni encd"&rftf di sconfort to the 25 user | s significantl y reduced and

mor eover that t est@s:tar‘shegmraimeeﬁywts@isix@uh@dné ﬂﬁ? aa
greater flr)eq d ot herw se be tol erabjcie he result of this in
H :‘p | ca

the preférre i On %fm?]ﬁe YRR RE O 1Y Y1 ucose nonitoring is
that an inproved iTsighit iwvilbl 36 gigmmertiat Cnnta[ccﬁ:oﬁ:mhdehenﬁ:ﬂ‘f adiiss of food,

medi cat i on arggcfggé}@r@f tEends {41 gJ erellrlee/)el Cg{a/l(f %)lrreeocvter by

attaching the device to the patient and‘t ore Tk evice
portable, it Q Hee graBited &9 e'foﬁﬁprfé:qﬂdfmnqlryf@ @&eposy Weandt al so
all ows for theﬂ‘rﬁt‘s mE‘:&isbldhatty Hfp oML IO USE MRA RIS BH 'ﬂ]&ﬂﬁrn\ag,ds
when it &ft npae c%nvenlselr};t lto sel.f -Jmni £« tor WO 021. 19507 -

PCT/ GB11110S gle such € 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 is



conventional manual nethods of testing, for exanple during prol onged

peri ods of exercise or whilst sleeping. . The device could therefore

i ncl ude aW®I24¥M7r neans to activate an alarmin order toPGI/eBY1/G63Wake
the patient 5 or any third party in case of a particular analyte |evel, for
exanple in the case of hypoglycaem a. Accordingly it is preferred that the
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in situ, that is wthout user interven Jclear
benefits in 25vEdollon S eonscoriuit om thmthﬂmbeﬁ*wmcrl'eqtgarm;am'lmjs

regularity wiridesdielleMRasis QSR Ber £5¥nd® WAIHAIITBh t FAGHL SRS e&g 8l enent
mthedwceih Cges“gllpe 10 be use %Or a certain predetermne time
duri ng ch tHE 190 ot S HE BIRE dig rfeqrkibRatfe they this

sense 30 " smynécpmntwmdh reepe SSes ﬁmeiﬁrﬁmrﬁfuﬁrdarlﬂérﬂﬂ At tegghesuch
ot At erie o ettt G e HSEIER By ' dEEew Yonsor and the

anount. After suc a peri od en switc
process repeat ed. s iyt e meoniddciang sy de d@ﬂewqrh B3 rilgw contr ol

means for infddpncidehd hsadilow pof Al itable
AP0 G e 3aa G g‘%ﬁl '%a?r%m oyed

fl ow coni ol ret hOder@a#Fs V\(Ba %&49A17 - .

with cortaspdtdiiiy W Wi SR a AoRdVentasten f  mif caxdimel &
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hydrophob| C surf%ce region within
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 analyte 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 Dbe conducted whilst the fluid is stationary. This could

be achieved by the use of flow controlling means such as



10 hydrophilic channel such that the flow of fluid is interrupted. By

changi ng the hydrophobic nature of the gate, i.e. by nmaking the hydrophobic
regi on noW® B#diGphilic, fluid may then be allowed to fl owel/oBg/4s0e:
channel . Hydrophobic gates may be used to control the 15 flow of fluid
within a single mcrochannel or may be used to switch or redirect flow from
one nicrochannel to another. Alternativeldf the hydrophobic nature of the
gate may be naintained as it is and a increased punping force 20 (e. g.
provi ded by aankyéuopbabiorgetectrogasestbeipunpdt reycde applied in order

for the fluidinobreachytBeohydhophebl, copat fy . fr efesably khe device is

arranged to direct fluid sequentla to each of t ensi ng neans. The

timng of 25 TheroFiRRREEbNOBFEt hE hadi BRseed hehe epeipitngea@sneoul d be

pre-confi gur etlsdDat ExX@npt eshiit 6OhVBF £ M +H1 dimd hSF NBL€1a BHER that Lbe
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the devicé compriaes T 3F%i E2UREpt ¥AUTY THERIT ae SREHOEhtrol neans to

control 30 saieteimbeatoonobftheeftotal tandinet sehsimgl yeansreSueh Lot rol

is preferably.gut,ompt]c,1 AHALL NN | ¥e %héléﬁﬁé)fé'é’oelge hoygyer the control
[

means may be such as to allow a user to spec when a neasurenent is to be
made. This is bendt¥ ciafchibed ZEowe| dvike msrTirgremansh wrerel which is

useful for exsugterodhéhbcE&RSEr Ohobl OOk G LRSS AN LOTArdS. id, Al | ows
t he V\Dbl 2/ -%QtLg - Tr114 PCT/ GBUL1/ USC3~, user, to determ ne the effect on
dlos o itk

bl ood gl WPEEPETRT O aF ARG LIt G MR IRich i nsulin
it is necessagrto iFprecéxqampbe tle esdrngihormddres usef dmypsidgyd yawant to

carry out aqg}%e;hn_o S Thi e es t he device to make

peri odi ¢ nmeasur rre(_'jntéso%‘;3 I%Hl_ r%dn? tkahrg ‘ﬁ%%%%e t%tte egLuebﬁeterc?quETﬁcga resh
fluid for eadafBHSIREHentoY tHerdly dars |19f dilivaraswende sialeek ol tacic of

moni toring t herNineeiKat d s g thes il RRIARE ©dnipAURSt Yl Qv A period of
time. 10 %{j\here, as |Is, preferred,. each m crochannel or other_conduit is
associ at 8d wWitHREMePatti v Mokt c ot AULREINSe andenahPask thadi vihwual |y
addr essabl e memn sudrehiney coninol dEansiotThicteganad 15i griffdcand 1 exibility
in how such i .. 15 Preferahly - the device. cqonprises a
common fl ui daccog'ﬁ\ieeccttet_:i (r)gralélsrégrg}fl neél%nrf Ui gc@nﬁﬁ'?éclaﬁe Wi%h hf"ﬁ:er 9%y fluid
to be nmeasuré® 2 eepnsyian & heeetlippor te snsinbean silig hnydrd dsr efrercakdputbei ng- i n

sel ective fl gtk GOMBNILALIQN Wd yiSA & CREIALYH eHd Ah1§4ion. Thus when
viewed 20 froma further aspect the present invention provides a device for

maki ng a2Pl uCAIE R e dsurSerfentyY & SERETeSfe &fStaled$tof an anal yte in a
fluid conprising &uwinieyisaplaealdieet iten embodimentlsui d communi cati on

with the fluid to hg mRasurge ANLA R Wed! ¥ Gho?e el d™ 2 S rrangea
- 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. In
all such cases, the analyte's concentration may simply be

30 an indirect indication of the property of the sample
fluid which it is 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. 1In this case the
added detection reagent or the product of the enzyme-



25 for neasuring said concentration. \Were not otherw se specified, any
suitabl e conduit nmay be provided for conveying the fluid to be neasured to
t he sensiwg 043, but preferred arrangenments conprise m ACIGRBNAEHH as
defined herein. Furthernore in the 30 context of a plurality of analyte
sensi ng neans, the provision of nrcrochannels all ows many test elenents to
be positioned in close proximty therebyl®nabling even devices conprising a
| ar ge number of sensing neans to be made relatively small. This is
benefici al | radalysald a&mkmdsnwhEDmpmheesizaeaawant@ht Oleviibesddwi ce i s an

[ t ant t 02/ -1
PTGl | 1/ 118150 a0 iR ey BRepe S Eor  Be Sr e kshnet 1

per se of a [tewmeasays SuEd @@élaﬁﬁ§|nglfﬁonﬂﬁh@ldéeb@fS#ﬁ@r@bﬁ&nﬁ@h@ t he
Appl i cants hanerilceal h@@dbbh%%e%UQB teSFRire $REPLRVQiURE oF @ﬁ%?ﬁebtln

practicable to.c e of testing. .M particularly it has been
realised ?ha9'5x€%'3ﬁpﬁa §§WBI§ VBFUﬁﬁsﬁe§F§t§ﬁ§taP&ﬂﬁﬁplFﬁaﬁocénduct t he
usual reacti pantdtoslepasmtdgent aae pmekanwnlalehbrhoﬁgnﬁdahddevrces e.g.

for detecting b'OQQe%%QJ%ﬁ?sh%%%Qe%étgh%Pﬁﬁ%i gh a¥QF%|%%tE?n transfer is

neasured as a function o ermne the ra rans
end- poi nt t eSEeasaFshanc ANEily§ cogencaniRER onhdirecall Yamodne - o#tahélyte in

the sanple VQ%@”%dn%eE%%%%ﬁ%@ lEQ%n%bwhqeasqglaal% modtbably ahh of the
anal yte. 15 It has been ? reciated that this_is nt ageous over rate

measur enEht s AP RE 18 P MEAFUEEMEEtpWaHE BQi ﬁié‘rcp FedBePlPeRper at ure
and Haemat octtiHe fdomeeunadtriaeisn( o wheéchase ah tspbgthheoghrabeeeasosuch a
measur enent ”?}hOdgﬂ%%qukak%r%mp gbb%tlvely long tinme with known 20
nmeasuri ng devrces usin nlcrogﬁ fnels in accordance with the invention
to give a requrrednsanphgtu@h&n§lwfprhée@rééremb0é1m@thah@ eapvsinguch a

measur enent 9%%1E£ph%a%h¥tg%1%0?Bkeﬁégsh91h§etHEd%Bn%En%rE%%bEGSQngﬁ

thereby nmaking iit a practical proposition When viewed froma yet
further %%pe@@atﬁ§epr§s€nt9#H€€ﬁ?voﬁin89P§e§ralﬁé?ﬁé&léﬂaﬁegéﬂﬂﬂﬂg t he
arDunt OL anIan@hwheahneabﬁaﬁmbﬁtothblQuwdcéomprp&emgrabgyldumgaame

el ectrochem ¢a su ing ns trode.withip a
nlcrochannel% |nFroaﬁéﬂﬁ g %gg % I?§U|EUbHFo%saga ﬁFc% cﬁﬁnnel, and
measuri ng anmagguegate EberenbjpasSedybyesandaehmeﬂrbd@ e pre€eambly

i ndi cation of, sai,}d anount of analyte in the sanple. This aspect of the

i nvention also extends to an el ectrochem cal device for neasuring the
amount &% an 35 anaByt BYPNi8isdnpl €e¥LcCpi YhitghcBaPr Pei A§tackedsbP &l ectrode
di sposed Wi t bubjact, cheakarepbnaBdofft8ns téhcentration 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 greater
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




WO U2/ ~9sU7 - 1& PCI/G BU 1 /USG3~ nmeasuring an aggregate current passed
by said electrode in use to give an indication of said anmount of analyte in
t he sanW¥P2/4939& | nvention al so extends to an equi val ent FTABEHMN§eHent
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subst anti al | Yhofiesice mauldrihnrefere singlaids ray almm tdve means égi on has
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of the needle 25 is recessed, ] re]by avai di'ng “cont acat. Wll} e SKi n upon
penetration SNRIWES FotRams Alatolat ewpandVidh darfadd ifentdad|lengtds er abl y
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one or nore %n%é“ or%%e% eagé ieisé e Iog{%edﬁgésl%cfea ’?eg %@%Zidr?g@&&g.ngb%%ep

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, frequency and
regularity with which measurements can be performed.
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 " gignificantly " 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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al ternativel )FCtIWéJ rehniaks hiydrahinhicd 33 sred g simdm ni st eri ng
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punp to main S ange The
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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



PCT/ GBI 11 USG3~ the | evel of glucose neasured by the device. By effectively
provi ding a feedback | oop, preferred enbodinents of this inventive feature
can al |l oWW@WBHa¥8tic, to maintain control of his/her gl ucdEI/GBUASS3H with
a mnimmof intervention i.e. only to replace consumable itens such as a
sensor/insulin patch. Furthernore, particularly where a continuous sensing
means is enployed, tighter control of, “s&§ glucose level, is achievable
than where intermttent manual tests and 10 insulin adm nistration are
used. Thus V\h&”er/iteweibftfé:ﬂﬁﬁr@e yietie faf fiday Oasgm:bd REL Y Rse £ | dneitid o
rovides an a rat or_adm nisteri a .substance to a user conprising a
ﬁeasuri ng de\ﬁoa{é%choulrjlsarrréassrlljar(ﬂ(ngmf he cdoe%errﬂ% ?’00# Sfcth AR 3t B bodily
15 fluid fromessssarserto siai ik ok gouirdng dedtdeix aprilst ngser playral ity of
analyte SensigindBaNintaled £35lolie CHIM troPLAIRIAR A M chachannel ,

for convegi ng said bodily fluidto at |east one of the sensing neans; the
appar at us®f UL & RIS GG TR Nakaaderiodis megshramenissiahdd uidd sai d
user on the lfasins te IRdl, reAIHe MRIY] @t GIGRNIATRIGIOIE1JIE aEordance with

all appropriate aspects of .the.inventian, .the neasuring device preferably
conpri ses a rrrnegaanssl S TR tfg"’“:tlr‘?'elrE i of éeé:’r&e?‘ir"béféﬁploefe% in
the form of awslforidiedihe quataintritiiocaf heyisdd st sserurim mitest ion

confortable Q;\;eakngierggltigcﬁroys&n%ver prol onged periods of time, and can be
rel ati velé unobtrusi've.” The nmeans for administering the substance nmay be
e

entirel ylSepar at e #1536 t 6 eaRnabeyr@syi eachr Migraghanae13en isdhew t h.

Preferably suehdnd nte@Rd AW RHTeE e SRS veO MIdws 8 YASer voi r on
or in the neasuring device fg#di %neg%#' n lthe subst ance. In a particul ar
enbodi nent  t A€ fysCAKEe "UHF FNGYIANA LY 95 RSSARAE Bt [ F U &S voi r

on an adhesi vemgatadh meHms .act @l isTepve sf arigdl fgetmitnd ltdye ksalistyadee from
such a reser\ﬁg;“;gquﬂ d w&w%\g I&i (r\;;%.su! tabl e such as a pressurised
suppl y WO 02/95117 - 19 1P 08631 in conjunction with a flow
control keans suckrsfexabdiwdhe 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 region. 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
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



Preferably however a punp is used. In a preferred . enbodi nent a single
punp may be used both to adm nister the substance, such as insulin, to a
user's boW¥P @AEE] so 5 to draw out bl ood or preferably i ntREIBGBah34f | ui d,
to a sensing neans for nmaking an anal yte concentrati on neasurenent e.g. of
gl ucose. Thus, for exanple, a suitable device may conpri se an adhesive
patch conprising a microneedl e (as definéd® t0 herein) coupled to or in
fluid conmuni cation with an array of m crochannels and a separate needl e
for injectingd nstd ivsed T ebdgdyef erred enbodi msnt a single punp, e.g. a

silicon mcro-pu dto ect su roma reservoir onthe
patch and to dra\?vpﬂl% Vf%ltﬁrasﬁ Cﬁﬁl ?/%qo egjinju% s%elée%%l%f(; to a
wast e reser voianplheral e embxmmgarﬁrm the ugey et ioicoathanrfelrs ,ca:rtter oI
and/ or data ' : I r
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means such as an integrated 20 circuit or ower su

al so requPr ed@iRefidr MNACERAP IS FrFiIRdhE Mpdedals e ingt atfexe 1t or

tgﬁy may be Q{]mAalctﬂﬁlaﬂyamu ﬂ{ﬂf}féerp&%{al’:ﬂ?&é/d tdhdthes dﬂé&*}ﬁelcﬁvd/gaarﬂﬂl% -
adhesi ve pat c ternativ contr.ol / processi ng nmeans .and/ or povver
source may be ProWi d‘becf‘résepi}%{:t gIa t&ﬁﬂnﬁﬁrkfﬁ‘l%t YA ce via

awre or w rxmltessnetﬂtmmnem ld snkirascrment |&)1na&d:mjmxﬂmlc'ﬁ“le qmwe§m1rg:.e may

be a battery & AL ]%&Q;_lg ar,, | or a
dynanmo 30 energi ;Hae&%%l% eb?'rlent 0 user Cﬁ%‘% gﬂ@coss(g %ﬁjnatl on of

t hese coufd @%ﬁﬂ%é@amr%%@%ﬂ% g5 aadauratdinre Q/ﬁ tthmehd pr esent
invention maydiedntilfd GHed disd RE aPardfidablm @ PHAUR: ddbtPaiEd] ¢4 ar,

wher e provi ded, the m ¢crochannel. s be 35 made usi any swtabl e

m cro- f abr i c&ddn S qldb‘@l}&r]i‘ é?%&to qni%r’tted’{%‘ 5Ssilfy ths asma

etching or SADHZ lhme 2G nlREGEFUB R, 1t Hede®G@B-cbrisumdeig on noul di ng
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 liquid 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 liquid comprising a sensor

electrode disposed within a microchannel and means for



In one preferred enbodi ment, el ectrodes are provided on opposing sides of a
fluid channel by formng a first channel which is filled with a conductive
mat er i al , wWand4%0for mi ng a second channel for conveyi ng t hQTeeBOUSeA4d, t he
second channel cutting across the first thereby thereby form ng two

conductive portions within respective opposite sides of the second channel.
The conductive portions fornmed in accordace with 10 the invention could be
utilised for an el ectrochem cal sensor arrangenment. M cromachi ni ng

techni ques f Qre Bk 11gy A8 AROM '&Bﬁﬁeﬂ@tﬁéwlw SAednel Sc &F Sde
preferred since they can, be usedrﬁ%o faprica rochannel s which can be
formed cl ose ¥ Wi %f?'ncﬁ’n‘é‘? , 30 A §3 TPy HIHARL (Perdiplyte in

Furt hernor e, siteersadigiee devi ce has fl ow cont roI means operatl ng via

el ectro-osnotic fapge,. r]i ,ﬂ{'r\l/igp% el gﬁéﬁ)cgsest@raen L P\Faal?ﬁ’t positioned in

close proximty to one’ ows high eletiric fields to be
-achi eved Wtrﬁmarmrm:p'm wwgimrmet@ysaalr&crq/rwlgﬁmmlt iy efeambly such

driving el ectd ofdesy &) gy avdhedh Yhstantially on one side of a channel. In
one enbodi nent the driving el ectrodes extend around the wal] of the

channel . In a prefftY b dtt FENRIRF MY oV abHeoring thit e

el ectrodes neflbid fﬁ:ammeotm @@ecmrhbcs,uhsi rtﬂiee dditicde ingayt hﬁéﬂ dmgldaded to
the main supp ds usedlpto de t the

r t.he deV| e.
el ect r odes on%&%ﬁn}g onW%khcb%s[ rFAtE iy Sb%c chosen priet esr autﬂ % om a
printi nglfet hicthtomrergicd avablbe assst eeMqre mueferadilhodhowder the

Alternativel Yor S0 e e RIbRLCAled/ AP Ul HRPOS T bt gugs coul d be

enpl oyed. Cenerally eaki n the el ectrodes according odi nent s
of the i nventlf-?lfff‘rff‘ﬁ"ﬁi@)e EenRPEes &l Aradis &9 r?er“tlc'r%”@rqdé{e §tkh as
carbon, gol d,agttiatdduiarettabdecording to one 35 enbodi ment, carbon

el ect rodes opt i or‘,ﬁjll |y cocg]ﬁed W th {enf%eln axe ﬁ ovi d%iﬁ%n t he second

substrate by screen |ng, which is
t hen | anihat grbrmitmattivm suriinrtemmi@r ttﬁmsthi asag’ngbrt g denmaleddre clleannel s

and two gol dtpreﬁéee.é‘atﬂl e§uk?sr€ar&r1%‘{‘ﬂ ?%&{Jﬂcaacle”t & RIS QN & substrate

| am nat ed on t he support nenb el ectro-osnotic punp. If a
second subst mEeEqEr d'«hatfediheprte‘ﬂérrﬁaﬁpq thass sprreshiged 1 Esoseqtheon

channel pr ovndq&kmﬁétﬂ Uy te HERIMRe 2 mml hirs vl dtowys mdate iph eFerairgit f or war d
fabrication nlet dth vgn cg1 el ectrodq:%s are formed within a closed 10
channel . an 05mm 1n wi .

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.



Lam nati on of one substrate to another will normally be carried out such
that both am nates are perfectly aligned and that no further trinmng or
cutting iWongge¥sSary. However, the device could be fabricd(@dGBU/ISLB
exanple by firstly a lam nation step followed by a cutting step whereby the
second substrate may be trinmed to the shape of the support nenber.
Lami nati on may be carried out by variouslfethods such as ultrasonic or
t hermal wel di ng or bonding, or by the use of an adhesive. 20 According to
one enbodi nent, t hehes uppriiddseaibeve i Saf dsereslippIdment edtiegrabpheasdy e at one
end and the s r hen ' e 0 the suprI formnga
channel and lé%%‘%}f%’@é Llerilegtlrléa ]ilo% ?r]%e ea[;@%&%%gé AeCDr '? aHbt her
enbodi ment thESIPﬂre%}Ilai@QﬁSKIWQE mumlmhérib@ramslm@vp@sﬂys open on
one side. Thepaneiyatign r@f@@éréﬁlﬁriﬁ@%%tcﬁﬁhp HPOLL | iS5 dion into

er to

skin, the skin itself effectlvely ornms a_ wal that it can
act |ike & hdtiDw FREARLY \Rrfered 2611 1IRRE ifeansi eviedl aRPHortheg t he

penetration 3raedihes. WHd d@rise teperiag: aedh fyeadiei open wddes -a£. 9. a
V shape. Thusev\kh[e meéav\ﬁgrg‘lrlo ega!l” t]?er 8SPeC t he .i nvent.i Otﬂ} rovi des an

appar at us forSgbtHhi hg and headsurd n % FUH LIy penetration
menber havi nngaguxtQasastEm@Jlemgmﬁ wh ral prss se1oipeim g trieanot heare 3£etsicd.es bei ng

arranged so ag, Yaghi91 GAUSE, t g2
remai ni ng | ongl tu I nal Igl} ;91 Xe 11%?88507/56}#’ aglengT ié%lOld/% Szfd(h]h
nmenber V\/%@n t he penet ra?ﬁ%ﬁ?lffﬂ?ﬂ@értb%rqfr@@ttéﬁ? idR6l g %ﬁ(llﬂ”ﬂe Thus when

viewed from gpyeeterdrdd f@ﬂxﬂfmté f&@mtdllgmwhﬁ&hﬁ%fiﬁ% dEthod of

fabrlcatlng aﬁS devi ce for. neasu r}?the conc ration of a sg)rr}r_ghytelna

fluid conpri sitHy SEEAT 23 (hpd ltﬂ%d“eﬁ?‘ﬁiféﬂ s on a

surface of thﬂcmb;gin,tccrmber&mw dicspleat i mregaraa SEeg0 ek Ica;y_glemht o said

support nmenb t Th Lextends to a
i & t%“él&?‘?n %%%Wer%d@%f %]bairg% %E

10 devi ce fabricated using suc e an opti asur enent

t echni quiSi s SaRARE, £ o aFﬁ‘ealqeéflrﬁﬁ i (e oed v e Gatoe i redirome &3Ur ement
techni que a lidghimexansi ngrHRARHIMddch thsQEtflﬁr Aavdif-age rad ne@d I n sone

cases a light source may also be required, i qt, al ways the se, for
exanpl e in t IETESHF HAHT hittheSe et ¥ r‘?é"r‘r'{] Cé%‘&l‘?rl aéﬁte sensi ng
means and/ or tichevdarght B receamyshe bﬂxqommasda:dnmt@najel ynap tde twloe-rmmon 20 «
O Sposthle TR MANIEE . 0n ST SBANY JRka, SpRenbod e
br ought 28t o SBoht dét awiRarkdie Farfie At e ia ghe fggm qfatcwat™hi s neans
that the devigsd ieldhL e mma disdosahlgott Ithd hadelliivg Yo
disturb their clothing in order to view it.
Additionally 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



25 nore expensive |ight sensing neans and associ ated el ectronics for
exanpl e could be provided in a separate test neter. In preferred
enbodi merWw® gHes0T est devi ce conprises nmeans for optim si nPamEBd1f0gé+
transfer fromthe sensing 30 neans to the optically sensitive neans. In a
si npl e enbodi nent such neans conprises a lens, e.g. integrally noul ded as
part of the support nenber for the test dB8vice. Additionally or
alternatively the device nay be arranged such that the |ight sensitive
means vi ews tde 3N Mg IEessse alehrdie Bonhd tdevdl.dggs. m crochannel ,

al ong which the s I | ui.d es....|n ot her. words_ .t he WO 02/ -19507 - 23
PCT/ GBOL/ OSG3- 4 C(?)B:?él?ﬁg,e%rle‘f%l?yzaryoval dr.:]‘in(,gr dc hféar?ré’eqa,(:kag'toso%s Bf9 'egﬁﬁe i pe.
By neasur i ng enibgistinterdres mis sitore omvregftliest dreed wateormpn fed Imvereochannel
rather than agipesid, ddihnaidheubit.and dheriel ol Yiaoild adlvdlensi ty
may be increased for a 5 mnimal sanple volune. , thereby making Its

neasur emeht  &ddife AR IR ofe ditt@e e O e -& i AR iR WIRIRA%he condui t

is formed is donefmiadtley idhasensuh s mddh s Aightl ithreughput at the
frequencies of in é{?&i{ It will be g@pr ci ated by thostﬁ skilled in the art
10 that the arran%!e IR G B8 HSOVE LY BEES & ST TR SHwTISE in
enhanci ng t henesingnadls telwatl ayed be imgasur edritnorh @iy wHayalglsarydee lesleline and
thus when vi E.‘L‘f%e%cfrﬁ%ma%%etu{]al!{ %%[]reasi%ec%trn{i*%%e‘l‘{te%f%@ﬁah“‘&ee%tes‘)%n%r ovi des
an apparatus for nmeasuring the I1ght froman assay conprising an

el ongat el @ ond#ist Lgar AIBH ISR bieIc R e 3@®sl-e fluid is drawn in use and a

light sensitive nagig AHeANGEGWA Fa-we RS iidty & ur@ Helrd s pe@t Rhe
substantially fromthe | OB i tudi na|.(%(x§| s of sai d condui orti.on. I.n one

t
parti cul ar | y BeEFETT &d*% hVESE s fERRFAE USkite Hp NS5 dR%ded
w th a noul ded splbasinese |tens aserr tdoenpaniadiyice as ersisng imganevike for

cor r espondi ”%e%%%&i &hd %o‘ialec%'r&'}%cl i Re Qna%%%l&\ﬁ%[] itrﬁh% %%\%\ih&'if”d
COFTpI’ISGS&“gt sensitive el enent V:\lhICh sits over the |ens en the neter
i s pl acels ovdrluike fparcipaizh ydar, mEisk MBESATiiRG Gevitce keMbriwings 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. 1In a particular embodiment
the substance, such as insulin, is contained within a
reservoir 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



Certain preferred enbodi ments of the invention will now be described, by
way of exanple only, with reference to 30 the acconpanying drawi ngs in

whi ch: Fiyany4%0shows a first enbodi nent of the inventionPGIHGRHAASGEr m of a
skin patch, in cross section; 35 Figure 2a shows an alternative

m crochannel arrangenent; WO 02/ 9a07 PCT/ GB111/OSG3.1 - 24 Figure 2b
shows a nultiple channel/sensor arrangénéﬁtf Figure 3 depicts a cross
section view of the skin patch of Figures 1, and 2 attached to the skin of
the user within &mjenotiohl eithbnat fhovactedred hémnsksunchpassha Faljuee 4

depicts a dis R 1S, r epbodi he
I nventi on, 10p%ﬁ%a§ﬁ%£%¥h%%g%?%glgsﬁgﬁ%k}%n%%%gh iﬁ?e%rg?ggeﬁf?_ a needl e,
whi ch al so acgBbeadimene| actidgee PRTRrB3Y RecesoR; PErure 3dnbrbrees a

n?crOCEanne: @mﬂ @?&Q@Qﬁ@%?a$u§FH§Qriﬂéuiﬂnpl@@ y!@yérg%ggégyaan&g@igés a
m crochannel and_ el ectrochemn cal sensor in plan view, ures 6c to a
are cross *sect? o8 OthePhP Ry othah eﬁﬁb¥¥ghﬁ%9%ﬁF%ﬁ{?ﬁf#g?ﬁg' to a

progr essi vel ysems g ngebhe £hanmakindi guranhy sdovsneethitrdbhion enbodi ment  of

t he inventioqmeégu e£9r§18f gfs%fgégég§e device with an intggrated 25
puncturing nmeans; Figure 8b”is a Tross Section through a user's skin having

t he devi ce of Fi guFeusa feerexample, a suitable device may comprise an
adhesive patch comprising a microneedle (as defined

10 herein) coupled to or in fluid communication with an
array of microchannels and a separate needle for
injecting insulin. In a preferred 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 powerxr

25 source may be provided separately and communicate with
measuring device via a wire or wireless telemetry link as
mentioned 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. Of 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 technique such

as but not limited to embossing, plasma etching or




30 Figures 8c and 8d depict the construction of a device simlar to that in
Figure 8a; Figure 8e is an alternative enbodi nent, shown in perspective

vi ew, of wopwaevuri ng nmeans; 35 Figure 8f is a still furt P&T/BId§éHent of
an WD 02L19507 PCT/ GBOl/ O-G3~ - 25 alternative puncturing nmeans shown in
perspective view, Figure 8g is a side- sectlonal vi ew of the enbodi nent of
Figure 8f taken along line X - Xin Fig.2% - 5 Figure 8h is a
cross-sectional view of the lance of Fig. 8e in tissue; Figure 8i shows an
integral ly formmpstthiase weibdingnd |0 | ance showing a vent and a capillary

sensi ng channel t wth upp errelcftm%%é”%%rpvedll Z’f ed:oq}ﬂieedlza IS

a perspective vie o rﬁr anne up, partial,
perspective \drewpgosing cyiotdrmrmiela ﬁMvardera@lr@:]t rh)defsnamenspraoxﬁld@; on

opposi ng si des, of, & flwich lega%euéqy Jﬁrrmaﬂgxﬁqéda@ltvémlwl Ghhd S

filled wth a conductive material, and form ng a second channel for
.conveyi ng5t heEQWEING |3i gLk chardird IR IRaYaY g tihey te?c’?tosfsh’clﬁh first

t hereby ther Q;m{e félidar{m dmmndumdl\tﬁg mrrtdsyl&h/a tHidsy eIpasidywe opposite

sides of the nnel . ure IS top View in er pectlve
of a first 25t rré;(?f (forb Vﬁ’ BT 10&%raf:}:t| Yy raen£ ctl

di stributing c:ppfdsuutda sHinjd e cvﬁld:ﬁmwatg)mi nzé@mdal shaped waste reservoir;
Figure 17b is the Miew iy WM RMs Hormed & WaAudmd figg, to

illustrate a colum shape c}Iwaste reservolir;
10 the invention could be utilised for an electrochemical

sensor arrangement. Micromachining techniques for making
the abovementioned intersecting channels are preferred
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. 1In 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 vapour deposition
techniques 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-



Figure 18 is a bottomview, taken in perspective, of the chip of Figure
17a; 35 WO 02/.19SU7 - 26 PCT/@BUL/I1SG3~ Figure 19 is a plan view of a
measur endMO 02Heihel of the chip of Figure 17a; Figure 20aPCI/EBY0AE+yi ew of
t he neander shaped waste 5 reservoir of the enbodi nent of Figure 17a;
Figure 20b is a plan view of the colum shaped waste reservoir of the
enmbodi ment of Figure 17b; and 10 Figuré 2% s a plan view of the switching
mechani sm shown in Figure 20a. 15 |IV. Detail ed Description of the Draw ngs
A. Skin Pat chhrirfieines alwhescrigpttosm Turmimer dd dritgurthel dupgroart snesibamn a
skin patch 2 ' suitable f [N vel. o I ose in a 20
user. Patch l}uss ncal e Ut o'%{ei V\r%&]s[g{/éelr g)%rz}ﬁnaalnrgje?bs %neé)lﬁrgﬁ%ls | ayer 3a is
made of an sliediroddssrafamicsidrl FdRGaN s WIe anqdigesier

pol ycar bonat ey, o) Yste/ TefiRin RAY ISHUS L MY AU S Uidntide #8:.Crof abri cat abl e
pol yners of suitable dinensions to 25 allowit to be worn confortably for a

pr ol onged®perdi®F GO 19FROE P WIR i onal | y has an adhesive on its underside
to allow the patchif & bsec@nliribhsatdtashied grodidedKiprefferablserit A

optional pressure ri 5), 15 signed to apply. pressure tao the surface of
the skin to earﬁFa‘—’Ht%eci]ﬂceéf 1967 e’befg:f aurllncﬁfr%rr%ﬁ‘%/%&;ecgoo}y ¥ tsﬁlé’pp?arf:i ent into
the device. Twmnessflel sredniowmya atey bt vy fatwardried imed ioh t he
sane mater| a'mé&]cwait%gs%%an T NGRS md P wiGH & andidaey the

various features m a different relative thickness di nensi on than
i|lustrat@d. 9haneBs5 ynderstood that figure 1 is shown for illustrative
pur poses only and asnisuehi dhefurdley Sulsstafatia v@yarle dr will normally

be carried out such that both laminates are perfectly
aligned and that no further trimming or cutting is
necessary. 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 ultrasonic 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 member 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 further 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




WO 02/9507 - 27 PCTI GBOL/ OSG3.1 any shape that would facilitate fixing of
the device to the skin, for exanple when the pressure neans is

i ncor por A&¥@d2/495h i nvention is not limted as such to a pPEILRFPG3hg and
ot her types of pressure extraction 5 designs could be used. A penetration
device (4) e.g. a needle, lancet or cannula is attached to the | owernost

| ayer 3a, through which fluid passes inté2the collection and fluid
collection and distribution port (7) fornmed in the upper surface of |ayer
3a. Layer 3adfashen mdnbdippéienl @ reudeaee natdoof adembeat ad dhmenrelesl Port (7)
is also formed,k b %. Sane m crof abri cati on process as the m crochannels.
Lani nat ed t o tH& (F8ierfod | ayer is a substrate |ayer 3b, preferably forned
of the same mat er THusagvhematvipyest fnem IBO\A@(tmeJtrtll’@}felaSP'Plﬂts tderves to

close the m gr%%@%%nqlmequn EJ RANNe ARt RN ahien crae;rm@r aay
optlonallg bé coated wth rophilic material and/ or an tl-coagulant

such as a®hef&Miireath P&cﬂl@tﬁ?st tlhr‘?n&onceél'frrl‘a&&émsﬁéhaf’hé‘tn i end ude it
will not di fffllmda\&@)hpra&nﬁdgﬁ@)rﬁﬂ\ﬂingSat fmlppo(iﬂ:ocnhaamael Fyaind g8 an

correspondin elec rochem cal det ectars £11,an nal_l h
el ect r 0- osnotF #ﬁ §ys éns 16 Hn émfhe hyé%bph |5%g§tgée gﬁach of the

el ectrocheni dalrnlahettemgows skzcadd lelyeat oo-tes mEtiidc spppersy sieaierl Goa s

el ectrically 25 Gouectad \exparﬁmduq—tnevqwe@ﬁ&%n( AQlsoS BMh g0 thegpect i ve
termnals (not shown) at the edge of the patch. Not shown in Figure 1 are

the fl ui#0r eS€risier aqn@af&dsh’(ﬁ&élgaﬁb‘ﬂl?era A&@%ment wher eby hydr ophobi ¢
gates are present on either side of the sensor. 30 Wth respect to Figure

3, acontroller uw t 102 is Gpu éantoe%pgka%ec n&hu%h§%9etergl %]s SO as
to nmake el ectricalB&Est &% GG MFESH Feghaiae A8 SRR oYESent

out put si gnales b@twéaﬁnﬂaquﬁ(ﬂmaanjaiecumqgﬁem}aadlmeaBgr@@@@tFlgures 3
and 4). 35 Aceithd!ll 1 iH0f | ndi eghm@a%@ %1'1} ShaNgeh A guEe 3. As may
e seen, thls SItS il top he pat ¢

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-meter. 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 of 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



- 28 PCT/@BO 1/05&3-t 2 and is secured to upper side of the patch in.a

sui tabl e manner (not shown). The control unit serves to control the fluid
punpi ng MMM hydr ophobic gates, fluid sw tching nea®STEORPIAAGHY e
sensors. The control unit is 5 also provided with neans such that radio
frequency comuni cati on may be made, for_exanple with the neter, for
transmi ssion and recei pt of data. The coffrol unit woul d al so deternine
when all the m crochannel /sensors had been used and transmt a signal
accordi ngly. cBmelulit ,cprgf@rabliy availdradismnikdy e amransd a deignd mipe.

mal f uncti oni ng, of the device gnd t f.ransm t_ this information., . The
control wunit qusasﬁlrrelfn(?r gbllgf/mbattrtoaer?éﬁ%ﬁ%rog (%E’J ;rr? |escecaglp(geblr£gl0(§’fg the
transmtti ng msiqgradbannela nethdedshars agirgsisay tunitthe] Fiaply d efigtfloarekanpl e a
radi o frequengs, ORI Gald bt AUl tShaWs dMuldd Ehannels A rangement
with the Eroxyma,l end of the needle 4 is in fluid conmuni cation with a
fluid col PectlighHmadd SEWYS HAYWIE por ttherrbYoMaEd 1sh 15F MfRsuiisits i e | ayer
3b of the pateclhidiadint inMgreooucdurend.he Meninaaled iG larfraai ghtiedn tife t he

m crochannel sysiens .8, t shown is the fluid swtchi neans.. B.

M cr o- Channel® lerprsnlvﬁ t oﬁgfeowléorﬁﬁeoﬁerfgl&g%gﬁcn rﬁoc&%cﬁ“aaﬁ%iqlss?yst em8 is
shown i n gredtigthtdethaidughputi gty & 1gh.frEmericdesc isdnielteg@®t.s in direct

comuni cation with ke 130 de QL AU QM &) thed wid iflais f e tha needl e

4. Downstream of the port 607 i's an el ectrode system conprising.a pair of
inert el 28t r ddes 0% BF PHEANE g dSEEeShebrysr IisvPehsd iQiddt fddedsir e

formed on a sREORG.gHULSE et diyry e (sAinatled Hatomayhite nldaguned or
clarity). The _second .substrate l.ayer .is the glm nated onto the first

substrate | aydP 5 fHEFIRY S3% gevt%eumr% & c:g’ MiFe WPES VATYSSY %ﬁé’lmnga t he
el ect rodes 3yeflFuntthec Grepsctt Wilteh prteseTite ialvenitriooe @M derse agosi t i oned
gg&?éggﬁlégcéﬁgéfgéyg’f&fxﬁgggﬂr£&5Qﬁﬂ91§@ht @Ekﬁ?%%?%%sayzg
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
III. Brief Description of the Drawings

Certain preferred embodiments of the invention will now
be described, by way of example only, with reference to

30 the accompanying drawings in which:

Figure 1 shows a first embodiment of the invention, in

the form of a skin patch, in cross section;

35 Figure 2a shows an alternative microchannel arrangement;



el ectro-osnotic punp system By applying a voltage difference across the
el ectrodes, an electric field is generated which drives fluid along the

m cr ocharwelo2/8987 Positi oned al ong the m crochannel 608 i PCINEBUWNS6MEre 5
hydr ophobi ¢ gates 612 which prevents the flow of fluid by capillary action
al ong the m crochannel. Downstream of the hydrophobic gate 128 is an

el ectrochem cal sensor 611 conprising 24 feast two el ectrodes al so forned
on the upper substrate |ayer 3b. At |east one further 10 hydrophobic gate

simlar to the;dhfstapl §h<9x%'Q”ﬁhi&ﬁié’%ﬁ&x@ngw@éﬁé@@%ﬁaﬁ gm%,a@sor

This serves to stop the flow of fluid past the electrodes to allow the
possibility for an end-point detection of the analyte. It wll be
-understooddby$i§@ﬁ@ Skciiéﬂ)iadté natdaeo@ﬁtsédaiai%ﬂ,Sviéw dslﬁ/dlflﬁ)@th}biﬁ %@&@5 may be
constructed o sui t ter udi t_no Imted to, PTFE,
pol ycar bonat €’ fap¥%?§%% e|%ﬁ§ EPWE&? e%9|9§%e$5&% é FreonSF LB D

-synt heti ¢ Swaya @@manoby¢rn@mcapaane¢heddbdebb¢ sleixgpataeiz; 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

causi ng the n%éﬂ¢%¢44t%e®éﬁ%¥r%t@l%®%§Yaﬁ%+%fIy into the cutaneous 25 |ayer
of skin. Cutaneous fluid is drawn up the needle 4 and into the port 7 of

t he devi ce. ferrln ow. to Figure 6¢C i be n that the fluid 136
arawn | nt o 9 2 SR el 2996 e phbodinent o8 e YA 198 wher e
its flowlos ashesirg. smmaialmh;:]aren@nimgaeﬂl regegweaked heitclorrrol | er
uni t 102 | ssugs. &l aRPAORE | 21 £ ShON8! ad Oud Ne1 ELEFLAD, OBILL S puNP 610, 11
the formof a - t age erence across t two electro Thi s causes

the fluid 1365¢@®t¥9®iv t hr ough the hydrophobic gate 128 and past the anal yte
sensor 611 until it reaches the 35 second (optional) gate . Cnce t he

interstitial fIU|d 136 nes_into contac e sensor a_nmeasur enment
o S 00 02/ 0sbHETR PR HEgh £ 17 CRESE R SE P P AR TR o
The contnal | etnuplidn 19Pews provided with control nmeans or nmeans to initiate
the flow of interstitial fluid sequentially to each of the m crochannel s
(8) after a 5 predeterm ned period of tine. Once all the tests on the patch
2 have been perdwrereeh d¢richntaonlerodinnehmid telectiemkenieak he di sptay

neans 103 to glesdrthe pEE $Pedhat the patch 2 can be discarded and a
fresh one applied.

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



10 D. Alternative Enbodi nent with Optochem cal Sensing An alternative form
of m crochannel 126 is shown in Fig. 6a. This is simlar to that shown in
Fig. 6b exoepuIdvhat the el ectrochemi cal sensor 611 is replP&dEEBUPSEE an

opt ochem cal one 615. The optical sensor conprises a reaction chanber 616
whi ch for exanple contains ( ucose oxi dase (GOD} , Horseradi sh Peroxi dase
(POD) and a | euco-dye, (a colourless @%ecursor of the dye nolecule}. (e. g.
2, 2- Azi no-di - [ 3- et hyl benzt hi azol i ne-sul fonate] 20 The optical systemis not

limted to the RhowR iSRPIR RIE rieP Wb rEOBHIWEE 80 peHidarl! i L RAIE- dye
conbi nati ons. The reacti on which takes place is as below 25 1t wll be
seen fromthe above that the dye changes d ucose + OZ _GOD duconic acid +

H202 + HZO H#QZutre? 88BES - sA ddBERct ibrid1HaA eb? dit tHe~2mbolitlntOsN- N~ 0
C2H5 G Hs Subsiqze s %Qk(ynz%lq&‘na' 4h of ARTS ¢9 (H:g.l gccor dance with the
sanple. sure thi

anount of gl ucosé 1n'the n-order to nea s, the chanber 129
‘has an WO U2/ 9507 - 31 PCT/@BA/0OSG3~ optically transparent upper

surface. Thi gi0haneged iisS of @R AlddNedntit K itdie Jf RHRf 13mRPLicH; fibre in
a nodified control ynit (not shown) so that the fibre is approximately 2 to

3 nm above t B€ dyfe LFEE i The ot her

Figure 8i shows an integrally formed base member and
10 1lance showing a vent and a capillary sensing channel, but
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



" 5 end of the fibre is in optical contact with a light source and |ight
sensitive diode sensor which is sensitive to a particul ar wavel ength of
light (fovoexsufpte 438nmin the case of ABTS) enitted by PRE/GHIANEEr ned
dye. The degree of absorption therefore 10 gives a neasure of the anount of
transforned dye and thus the anount of égl ucose present. As illustrated
above, glucose present in the fluid act®s as a substrate for GOD, which
breaks the glucose down into glucono-1,5-1actone and hydrogen peroxi de. POD
15 subsequentm}gnmeet alysies & hd zoxivliadw @af of ndewesdmsiremtdyeharsiglg dfhe-Heydr ogen
per oxi de, res t| n canil‘_hhe pir7oduct| on of a coloured dye which is
subsequently e fcte ose skKilled in the art will understand that
instead of 2,2-Azino-di-[3-ethyl benzthiazoline-sulfonate], any 20 suitable

| euco- dye rrayplb_ﬁf@%a €:.0-a wa@r@éwlé?ﬁe%éiw@am OéHH;%d ARestl

3- Met hyl - 2- BenZot hi azol i ne- Hydrazone in conjunction with
.3- Di net hy?amlﬁﬁ?eB’é‘Fleﬁ efci tdla'e efRedimede Ifn el e dci@ bed as her ei nbef or e
use 25 electrochemcal or colorinmetric means to detect glucose. The skilled

per son woul d under st.ghd .t hat ther dete ) ch |nfra red
det ecti on, leirl]tge orﬁastry gtr rol sé%:)y%may Qbéths 31 pfdls 2%t r ode

Penetration N@rﬂm:rvc}flngmfe thes koo &Gigtemrratafc Alilgure fuik; heEmeref erred

enbodi ment of the invention, simlar construction to that of the previous
enbodi nents and thus it has a holl ow needl e 106, for example but not
limited 18 | Hgmiorg M%@l@remqm&f WiHec B YRRt ingt de hassehShawny t he
cut aneous | aygy of the skin 113 of the user. WO (12/9s117 PCT/ GBOL/ OSC3~
- 32 In this enbodinent however the needl e 106.also acts as an el ectrode
whi ch serves tl@%ﬁrzg%l fluid fromthe skin. At |east one electrode 108 is
provi ded such it nmakes contact wth the skin. As showmn in Fig 5, the 5
needle is poised at a positive potential. By applying a voltage difference
across the el ectrodes 106 and 108 an electric field is generated along the
needl e 10% ardd -ndifitiadledl Pestiig i mfl &hes DMe@idigsh and i ncreases the
perfusion of interstitial fluid out of the skin. to

A. Skin Patch - General Description
Turning to Figure 1 there 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 layers 3a and 3b
The lowermost layer 3a is made of an suitable
microfabricated plastic such as polyester, polycarbonate,
polystyrene, polyimide, or 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




G Alternative Penetration Menber Construction Figures 8a to 8d show two
further enbodinents of the invention. In contrast with the foregoing
enbodi merw® 02M9@%e are both single-use strips suitable foPGHGRUMSHY 15
bl ood gl ucose of 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 one end. Cofhdidering the device 115 shown in Fig
8a, it will 20 be seen that it is nade essentially of a |ayer 116 onto
whi ch a seconthy aeipd it aeherd of ad B hat € df {xiig ShPWhe ddiei dOWes nost
substrate Iay‘ﬁ{ 1]@ cor’%)ri ses_ a goul ded 0}5 stanped m crochannel 118, as
vel | as the imeditTy O nedt RN Y HTd WG FigetP e UL pidxinity 25 with
the entrance 3 rgonateedn (Flor hammetit idurisgaomnuirected eas tduechnitos achannel
118 maybe coggsle&gfuxt@ Sifd able $EAIE N Foe s %S%QA&C@S&%&%S&U n the
case of glucose detection, which can be applied by any conventional neans,
such as pPi ntdSG-IBT IR i52En BEIRE HEIHPHIATHIES etd)prd 181 Ry, or
fSpray fcoati ngié&ﬂlihél,g l@fﬁ&@%ﬂbr@anrﬁllaﬂi‘s&t%ﬁ/@%ehd F@? gifircs orckwdmﬁd Sm{lgi)
ree of enzy t reagent s _.bei.n rovi on_ the, el ectrode system
| ocat ed on t%%ﬁfdér%’i ro(?uql'hemh%i}grﬁdﬁgl%%ﬁésres( 1’1“7'39%561?%1 e Hbst
| ayer 117may aaid E lheida apnhesritiamandi dbssnsidruttiest -ttt p( Whifdrnesdilich be
attached to t I h = CT. 1 LS1,3~ fa t hat
t he el ectrodeég%ar pors.isiul\Qoqn%%gogpt%aey%ﬁdaeéra’si%aﬁ(% ﬁer%so.fd#ed&g{a el. This
particul &P elabtfaste wyanafabricatahrehane g e W tectPodes ABp Ffommtdh at

| east one is wpvafLdame hni A 0:0f c NIy Pk o &l £adeon nmedi ator such-~as
gl ucose oxi dase and ferricyanide to forma working el ectrode for detecting

gl ucose) as i"S-S¥E9 in the art, the other two being a counter and
reference el ectrodamifdat e and ridoe Iyt rrnmamyl p@prisea taubamraddeng

el ectrodes i ve t rent.s at C nea t.he
channel fil mf‘ srps)gebd ﬁroet%egrag[fﬁ%g{c%r"?ﬁlt%s 1% it Pnua?%.qﬂlg\elt :clﬁl(;tﬂa\t}el y the
el ect r odéSsysiferhhedlavegamsat sayart Thie deastasodes clagportkieng and

counter/r ef engNGRcHIRneINOWhd Mifd MEERNeAl Al PRIt HE Wbt ofht hat
air may be displaced _15 upon uptake of fluid intqQ the m cr_ochanrzﬂ%). vent
i i Bra

or vents may B IFRidePatcEhr T I ehie MY PR "8hsddtoqd cks
321 al | ow el et rdmail - ceedcn wedah ks radeday imhetaletiaddes tile tihmedi st al

end of the strip when, it s .been inserted .int.g.a syt test meter. 20
The upper | ayseur nsﬁlftbgq?ﬁ g(ﬁflr%lynqsgln%eerl hmalght ﬁlé%l (ﬁrﬁfﬁe fé"t o allow
access t 30t hédlsackwwip i drhe micyaghrnnel 1gystidn &e qrrdesgpnidinsart i cul ar

that the |ance Jd9 RhdnieaSt ridedeler s A0 S icprasirntialdne V shaped in 25
cross section and tapers towards its tip. This feans that when it i s used
to puncture £IREGHTXSNFOPUTR Slysgtserﬁ&/vnlq 708 ddise hé'gl,rotm@%ﬁﬁ) BLFSs of
the V force hack eaqiordfi atheofe idta rddtendizd 1l fdateicwprshaepindermi s to form
the remaini Ng % lt:lrol—%%m(gtiayq 9] | Osiﬁsq:e(%@qrbelar]g%lem%cally

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



30 an open channel is effectively transfornmed into a closed one when it is
inserted into skin. This allows fluid to be drawn up the channel 124 so
formed andOiRHE0T he m crochannel 118, wi thout having to nPGTEGCRILGEESY i ne
hol | ow needl e. The m crochannel 118 may al so be forned 35 with a V shaped
profile for convenience of fabrication, but this is not essential as may be
seen fromthe WD 0219507 - 34 PCT/ G§010S63~ slightly nodified

enbodi ment of Figs Bc and 8d in which the mcrochannel 118 has a

rectangul ar prefrd e.s 'sddurdie tiseipfert heidet rdfp thib patieh uisera pitﬁl’t(}ﬂﬂ.et hei r
skin with the | ance 119 ndlntertlt ui r hl eto
flow, by rrearq‘é"mé’ferc(apl Isglryna?ctl oﬁ3 oﬁlotulgl qlal(r%ne rQr%% forrre he | ance
(119) and t hehskifd wizR)pumping h@eqhazrlc&!lt‘»amro.pi@barm qaes IO\f-érl—lJtdw

el ectrochem ¢gl; cdefiee] %ealr?sl and'eariS8fe d f},%fhéédrté”'drﬁi@ dhe 1 i 1415 And

inserts 10 the opposite end into a conventiognal style test nmeter which
makes el ezt r fddC EFNERIDIVI M B Mdtc tiade a (EFaauersy. preferabl y
however) the cimehiica b Magnsd mald, dort kexdmnie mgtSya:t}ﬁzmtmnHrthat t he

user does not. need to i.nsert the.stri |nt t
aut omat i cal | y Pr NFEFEFETIPR haendr“rerasurlé)rrean rdcgagu Ii'ﬁl gt?rné:sro ei\nhr ough 8h

show al t er nawiord deriieai mttexrming avivas H1ldr qimetllcatqqh@nnﬂld%nmn&fl ui d
| aden | ayer §.bd3'f;'e% 2% Iy aa{ﬂcﬁrﬁlﬂ}d%ﬁﬁnt% Q télggneaﬁb%@c@a 1yt.herance 119 of

Figs. 8a and Figure 8e e 119a 1s 20 an integrally forned
poi nt ed }P ot C@ItEPlf Lot HEO WS | S 0L TR Ve e adtfol® idetESYs. 2Me but i denti cal

to that in Fq&lf%@q)ct\ﬁadﬁlr@ | ondindHeRalce aid Ity B 1Earieinshdta thidls
conpletely thraou the t hickness of the lance 119a. At a pointed distal tip

125a of the Ik 4% the lance 119a 25 is provided with an enl arged area
123a of the channaihe12:1:fntﬂﬂe wani tariged mga:e]f%&aﬁlys@attemﬁ O@@I}ﬂtadel y
through the thi ess, Qf q_n_gﬁ RrO%iJral 3, the
capillary chanr?glii%con gactls&\%l)ﬂf s]"?ﬁ%gzrlo ﬁ?ﬂa fi8 of t‘ﬁ VI ce 115 of

Fig. 8a.130 Asspieun weddt (Figuxg ¥h, fqm@@mim RefRddrP Hrgaueadermits
fluid to ent @it ddegapi Il ary channel 121a ' from opposi te sides of the

| ance 119a and with the Il of the skin cooperating with the || of the
| ance 119a to def FHEYHE IMF h 10%?{’31819% ntgl’?&?n&aﬁ’l\gg’ mul at e
in the pooli pgoxiamll23al afl thowdadin tdhe spdol ifigiar epnbRBd dattien he

capillary Ch%&%ﬂ a;%a fﬁségﬂlectlon 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 is
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 layer 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



WO U2/ ~95U7 - 35 PCT/GBU 1l /USG3.~ as flowdirectly fromthe skin into
the capillary channel 12l1a for passage to the m crochannel 118. In the
enbodi mrenwoob/4950gure 8f, a lance 119b is of a design sim IPET/GROIAGH of
Fig. 8e is shown but excluding 5 the | arge pooling area 123a. Elim nation
of the pooling area 123a permts a narrower transverse dinension to the

| ance 119b. In addition to fabricating%he device from nol ded parts, the
base nenber 116 and | ances 119, 119a, 119b can be 10 stanped from

e: ec:ri gal I X él%i?-@d/sﬁrllclf@cerﬂﬂﬂp td_y?st%mc.h W%%)plt}hﬁl l%ﬁ&rdl&:"ﬁé@ bmayt be ag
el ectrode. An electrica condycti ve hase menber and | ance. .can, he stanpe
from net al aéiloéfgeﬁqrﬁéed am),qu%sr r'fg}? ie;l}eéﬁfog’ﬁ'?er ag{;@@ﬁcgbqlé: %&Fﬂéjr . g.,
.phot ochem caldeneatatachgvlal atet alr ile sstfdoidi dretlemaalt hemaciinaaigrore lotaoe .
fabricating technigue).; M4 &1idify SREHGAINAEANIYGHH U Rage dIEmRaL can
be made of stainless steel 1t car be also be plated wth a second netal
such as fbr eXwfaphydtic gadest igddmwdri i prevenfise tdieediliaw &iff ylagHuct i ve

base 20 mat erdalcdpBy 1359 & iiEdIdhd tHRUAMIRr RIRGIT0de. TdughstiredioWws an
integrally fornmed b%se rreprﬁ)qg)r, and | ance stanped _from preferahly one piece

of sheet met &t EhAfe i 5 &aEadiaP ueh L 9 THARE S 2 s 58S s
steel optionailly coairxitind ata Iecte twet @l esttdiodes gdlsb Foraedsidnvathe Al so

shown on the hase sheet, is a m.crochannel t i econd | ayer such
as a testst riuﬁ)pcegrulsdl%o%etfaat eaclrr?é_’c‘fl_h %{B i sei\ltnﬁér?%re&d%nt\g;tﬁ%}c ('esra devi ce as
il lustrated ihydigpiBibigogatehesimid@mpdroatde ifitrsta lisn@mtifangldy devi ce

such that the, davi£R CRUHERRa30 df el Qo8 sSKithi SFWRRIITRIE dp

i ndi vi dual dévices may be | oaded and stored in a cassette conprising
i ndi vi dual | y tHeaifd@p&ifc i idsRasts thes sdecs raninsd t S35 ¢sred within
the lancet figddugidavitse.fokhers teaitped iptndietaidtdipnTeitehamanala deact angul ar

s taken up BF CHA Reansrsaesd iy DD IR 1986y PCHHEBAIACEE Y - 36
sensi ng b6ne 8 Mhdhmbicf ddtesd nay fel tteods tive teeshto firanyb e udft addye
suitable Siz%ﬁﬂﬂnﬁﬂﬁﬂeincluding, 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 required, the controller unit 102 issues an appropriate
signal to the electro-osmotic pump 610, in the form of a
voltage difference across the two electrodes. 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 is



J. Detailed Preferred Enbodinent 5 |.Sanpling Mddule Wth reference now to
Figures 17a - 21, the present invention will now be described with

ref erencav0 02/8950bst preferred enbodi ment of the inventi onPCA/GBIMNBR6MI vo
continuous nonitoring system 10 The ex vivo continuous nonitoring system
consi sts of several mmjor subsystens including sanple extraction, sanple
fluid distribution, and el ectrochemitalOdetection. As will be nore fully
descri bed bel ow, a body fluid sanple can be extracted fromthe skin and
gui ded i nto gehbf e adby fithe tdrea Blectsanderg cal determ nation of gl ucose
concentration. After_ a predet.ermne eriod, the body fluid is directed
into a different, %%vclcg%tsll’@llu luset thﬁla#nelré.‘ s peralbc"{a t;h a‘?Pcﬂstd%OJf al se -
results ot herméaes ary gieand riom DO fiatledkd etlowdes igrt etesiait turantf lenizy nes.
Since the chaiiglend O Eddie df Wk | SnicrdlBBEAL a0 Mol dd Id d Wi th
a sanple solution or any other Ii1quid, the el ectrochemcal systemin the

-.channel wPl | RiAeffRdfhPeriettaf tignerhe QRGRFHEDY Eorietit om e ex
Vi VO conti NUQHs: dMN v oesats i fisrnierd erdied denhdieigidy aso A tehinsmifdour es
17a, 17b show enbodi ”Etntfﬁ of é%':jjfc a chip 900 3 Ai_gcga. Iq:t e enbodi nents of
Figures 17a, 475 9% HilE sbeP4od o1 SRR, €5t SR ted to,
twel ve 30 neashwatendrd mEtaring satye 4A0iZ2canddd samd ahifngestecdani sm 904 and
904a and Wasg%ggleis%_voi rs 906, 406a. Differences in the enbodi nents of

chi ps 400, 4 W be described belowwith initial description being
limted 18 a discussion of chip 400. It will be appreciated that chip 35
R e S i T o AT
el ements are nunbered simlar, . - -4 W
the addition of arf™ 3tqrafiisg rféiﬁ"ét?%r?ﬁdb‘?‘?@ﬁ@elTH@Gdﬁsp Sh¥™had an
edge connect @igl0kd.or Bliectird cailnijl axormredthaty sHewat riedesid.asbm | | be
described) ta t t . A, GO r..can C i Logi c,
menory and preo)%eegg{; rgsho#oftrhce(() %qreoclﬁ{kl%\n@g}et"hle ag]1 erg.(:etrn%!éJ nrle (:6 s1 C‘LOPL % %¥gﬁ%§%45’8’gand
optional 1y diagplaptiarhemcadutong $YGs Theororbdad sensey | (@edpirdsesnad

operation of OMYQl] &hdnfberd b1 Ghidh fheiaiaple e rBasiamRyss esul ts
are transmtted 10 by ra |0H’1;>reguenc.y by the controller to a renbte control
tl

al | owi ng t he Useeas% H drsh, PFseiigian VECR ) c i cate or
interact withddhe -ehnrtrold efolafurtlesssmprdaamssngy fsttém 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 gseen from the above that the dye changes

Glucose + Oy ——@-—> Gluconic acid + HyO,

+ H20

H,0, +2 ABTS ﬂ—» 2 ABTS * +2 Hy0

+2 H*

038 S s soy
\@ >=N—-N:<

2Hs

n—2Z
Oy

2Hs
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



The sanpling chip 400 extracts body fluid fromthe 15 skin. In the
preferred enbodi nent, the chip 900 extracts interstitial fluid (ISF) from
subst ant iv009/493e cut aneous | ayer of a patient. Wth ref eP€MeBRI®GHg. 18,
the chip 400 includes a suitable cannula or needle 410, a springloaded hub
912 to pressurize the skin and neans such as 20 an adhesive 914 to fix the
chip 900 to the skin. Sanpling nodulessw.th needl es and spring-| oaded hubs
are shown in U S. Pat. Nos. 6,203,504 and 5,746,217. It will be appreciated

t he foregoin escription is a preferred e di ment_,, .Any_techni gue for

bt ai i ng. o SHISETRY HoRASRErd dHRT SSARANE | n TR AR 1 Che

t eachi ngs of Hdehealpragsshtwiittverite anip Bddyarf |apitd cerit éridnehel meedicgliflikdue to

the pressure ied. hy:th ang, t | et m crochannel s 902
AR iy d DendW it L [iRClehd il NS

I
as descri bed e eference to gs. 30 Ia, 2. The needl e 410

di schar ges t RPHIRRAMARRLY ittt 8 WARPVE e sivig FPepr 639 SFI®IB shown
‘best in F5g. ek .ofThendli styddutd oh dgpriessi @bttt Sviith fd uiiggHd ow with the
m cro-channel s 402. |n,the enbodi nent s Wra?( havi ng 12 .channel s of the

di mensi ons dESH e NS5 HE FRE ENE HEVoISGRETo (e it st i but i on
depressi on <S4R39t PG /HEBAH WBGE~ wavdB erditth icf [(rigflar alflor a di sk
shaped void w | ret.er 0 rRBd[%t : | njpsi ons and
shape may va\rgfg?np(lileé;egﬁ% n urgotnl?ep%ea]% zoe§, nu e%mal-r%%ﬁot%rate of

i ndi vi dual cHhamnEiproesd The deor@eamiingdsoxptidmdhsrsiaste t he

n cro- chagnely 4% ketwapitde digld idMdurtn cFeRrasH kD Bd dnaHnrd or
reference el éctrode 420cgfﬁy be restricted in size to reduce flowrate

variability &if RSOt Gte BieSS% of flow. Means may be provi ded
wi thin the devi ce Horilhesthfateimmivedf gindesier aiesegers -l biilee £ Mfuiein t he
fluid sanple._ Such neans.,cqul co%Bri a _fl.l ter iLiqne en the
needl e and tﬁg%csonarrsona rszusbeS%vroa:jtr? i nt'i r‘f{?ollftsh Q%%?rsoghq{égmdgc%ect tection of
d ucose 15 Thipws dgttochiard @i - ldd dadtemnes pade myssiegesn Payoxdides| e®Qbde

system shewn Hgste diedi gy a1l Ll HdADITeB RHdIdefRY-dyrAst one
wor ki ng el ectrode 418 (by. way of non-ljimti ré&éewl,e, ol d or. carbon) and
a reference &Wﬁ?iﬁ%@e’b.ge@’?’\%d a9 gh ('fg}e. PXPITE 398 er ence
el ectrode 420Qf & Gdlxilmdd tdy s ahiecns A stbisadueeltast Kete fwad .eadathoszannel
402, thus redygci he nber_.of .cgntac n ry. Al ternatively, each
channel can }l&ﬁ%vé dlerblrEvLi\}et B JH gluél%rdte esrtgl%lé%z%g%ctlﬁg&géa é)(‘:fh channel 402
has a uniqueZﬁaﬁAzﬁng}di-[3-ethylbenzthiazoline—sulfonate], any
20 suitable leuco-dye may be used, e.g.
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..



25 working el ectrode 418. In addition, a counter electrode (not shown) may
be added. The el ectrodes 418, 420 are disposed to contact fluid in the
channel 40 02/4%0previ ously descri bed, the channels 402 ar @CTEGBEASE4 open
channels in a substrate |layer. The el ectrodes 420, 30 418 are
screen-printed on an overlying | amnate | ayer which also serves to seal the
channel s 402. The working el ectrode nmaderi al is dependent on the enzyne ink
bei ng used. For exanple, one can distinguish between a redoxnedi ated system

for the carbon workij el e o 02/ 9504 - R 1/ 0S@&3. 1
oxygen nedi at ed syfsﬂ eqérgrn1 Abreqﬁ%oe&gtgﬁr%ng}%vaet%uhrﬁz er?ezec 1reodl§)26. 'a-lg‘\-%ﬁi(%acgzga
speci fic el ects arivitcafods sthaimhni [9denves B dttoraded 1yid viirdm he

-appreci ated thaf, sugh Oesor igid A exdiodd |1 1 ipeoribaudiijirabl e system
could be used. In the case of the redox-system an organo-netal conpl ex

(which is |iMEes CPt3FRerst fhrtha@ife Atk ND et a 6hduct or and
-el gct ron acgememle(‘jcﬁrs tﬂlﬁs&f&}e{gﬁ.a Btesliejiexa I’pﬁr':fer&f:i&al.l’ arm,p@rﬁpaq?jba;g tshe
redox 20 nedi at.qr_ direc or by an e tro i chani rom

r edox- cent er ‘foolotrae%?oxcflcge%%%erncieo e %ﬁo%%engerléﬂcgtp&p‘?%%e %é] 3 eT/%Br Kithg

el ectrode, thelgmdiiat orielsd fisadnenragegcladdrip tiltes revddjiendl 06r edok - st at e
before it ca £y t.he éﬁmﬁ\ ’ iy : |

foll owi ng ar gﬂ agrﬁ?ift%}allbaIMelif'tLor‘fh‘ti:ajﬁ}gI ,et.el%taicttg;? %&éqho :I%Ygurfcél)sggﬁ? o'rxe}%é%'sséQ reom
aspergi | I us mefFugicmp He nterstht igld fﬁ@Qddéﬁj’éndéatt@ FEode dehydr ogenase
(CDH EC 191.99.17). The enzynme ink is a cross-|inked hydrophilic gel

all owi ng the penetration of sanple fluid but restricti 20 the novenent of
the enzyne tf?g'sr}‘r R R ENGT %S%%@téo&ﬁggﬁgr %Sﬁl?ﬁrsuca 9hportant property
of the enzyne i nk Higpatese §ahe o @t exitovattiven fofr ttheer esmdyors nivens: sa o fe frfhect
upon the total e t I+ ved with
t he redox-megiil"lnzi}treg?c,pL ue '?Eon tcﬂ.)gl smali wzlg-ﬁn%%?u ﬁ%@ﬁ&%@éﬁ%ﬁ'be
entrapped i n thessake ReFhsinghamse Fieidcormall abkehd Pr areasugd ng

enbodi mept, id1dsy Ft_[]lﬁlf&fsféedaﬂ @ higdds t hanesdex-dediatddorhaed ant @ t he

| arge nol ecul es such as the enzymes, roteins, or, to tg_glvpol nmers of the
ink material @Y Y2y T LG n 556G editdRR s t fe situation
is sinpler. Ferenpie dikdawedse dil that eertaihase my nnteaymteidyd ance
conponent, the PXygeHRd t f is dissolved in the sanple fluid and is
transferred to the sensor fromthe sanple streamin the same instance as

gl ucose. 35 |n cas®rsFidfnides htedeticeatilén sheeroiyyditedidat é§ &dtlem can

be creatgd wyd &I asad ian itd@ade 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 117may also be a conventional

biosensor test-strip which could be attached to the lower




WO (12/ 9507 PCT/ CBOL/05C3-4 - 40 ability of the enzynme to build hydrogen
peroxi de from oxygen and glucose. 5 Oxygen-nedi ated: GOD 3 ucose + OZ + 2H
--1 d ucomoop/arwone + H202 Redox- nmedi ated: GOD 10 G ucose PETEOB01/405634

G ucono-1lactone + Red Ox = oxi di zed nedi ator species e.g. K3[Fe(CN) 6],

p- benzoqui non, 15 Ferroci nium Red = reduced nedi ator species e.qg.

K4[ Fe(CN) 6], hydroqui none, Ferrocene- Hygsirogen peroxide is a very reactive
nol ecul e, which can function as nediator 2 0 to transport electrons for the

enzyne to the el ectrode c X ] 0 dr ogen per.oxi de gold: 2
5 H z02 + 600° un]i/Ie af% +":'dlbczr§$tr eituheelée%aéréorgs;d%ged%}é_ipooﬁse%l%eﬁ OO}entq%eroxi de
on gol d: 30 -urpdErgadeR the Jiprme@echanngl. AThleaawde8mmMor mal |y only

the oxidation Qf cdWsHO 8RR 0¥ Hedp SRl fioiranal dd G adyirposesy due to
the possibility, of direct ox%g%en_ reducti on on negative Cgcgl ari zed nobl e

metal el ect r W Gurdthg §37F (JRckT FPRT IR dHddent P&k e . ENOMK &1 t he
-reducti onsof dlyeshtogen mpelidale si-hwal dlapsssd hexipesd kiddty to use nore
cost effective electraod terials such as si4Vv | nstead of |.d

pl ati num or tgealflflacc}’faunn%fﬁ anaOcoferra'? ia’so‘?lo{kolr%%eelneo % dr%ett‘:ﬁrde eetcﬁ%%oldieqs we need
for the oxi dagiwrpss, rasduict ivlelll known in the art, the other two being

a counter and reference electrode. The electrode system
may comprise two working electrodes which serve to

10 compare currents at each and measure the channel filling
speed of the blood or interstitial fluid. Alternatively
the electrode system could comprise just two electrodes,
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.
Corresponding 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 longer 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



WO 02/9507 PCT/ &B(11/ QG G3~ - 91 of hydrogen peroxi de carbon el ectrodes can
be used for the oxidation of the redox-nediator. + 550 nV 5 Red Ox + e_ C
el ect r odavon2/495e7 pref erred enbodi nent, the el ectrodes arePCO/ERYMNOEHed on a
filmsuch as pol ystyrene or pol ycarbonate of about 10 - 200 um and, nore
preferably, about 30 to 75 um using screen-printing technol ogy.
Subsequently to this print step the woyking electrode is coated with ink
cont ai ning enzynme and in the case of carbon working 15 el ectrodes with an

i nk cont ai ni ng .enzyne an dj atar.,.This c |.N tep.coyl d .be acconpli shed

with the sarré:'qp‘rgi 'ynénoﬁﬁ‘tf{ﬁrlgedis eggmtﬁislé'&?qstor&?tﬁlé %c Ot etéﬁdgtlé’r iwglll.c hus the

producti on cdlled miemeharinelond tadldme widdt adidflereprafdilst. heads or

stations on a 20 (inr'IttiHéUQl;é% Web .+ UG AGES S HeS 3RSC ' I nuous

Process for Manufacture of Di spos%l e%pgctrdchem_cal S nltség%elgl t—'(llj’l(sér}ioatent

appl i cation Sdin Mg.thodisadsgge 35 93 and dindied shidnent & lorl eervileo

-Cﬁntl nuou% quyltér@rdéﬁh&&rf&@m{miy gnéﬁrﬁgrc&mc?ﬂcpiqfl%ﬁj?emriﬁjmnttkm@ﬁﬂ 402 is

shown in Fig. ) e.cC ne tents from.the _n e 41Q a

di stributionc&’@ﬁﬁr’@;isil&% %nfé"ﬁ?gq%% gH 35S h@lr?gi ﬁ“?ﬁgﬁﬁels}‘dﬁ?q%@r'

di mensi ons f dmtexahs eniefrazfinmalx 1130 and tdorst aiviemdghehe el ect rodes 418,

920. As previelqtégt)éo%%qr[iic_qu,d(eq:efét%vic restricted portion of the channel 402
e.g 3

nanely a small Cross section pmx 30 unm) may be provi ded between
the distribution Fhedameas dihen g helydwsh & heofiar Pe[1dét 1gF@rtsuch a

flow resigi ctiren Jopedlit OWndifffiey enteddvantiaiRs @tu;/ryim tldh® ewleact i on of

t he body fluid., Thes?{flo rate differences WO 02/~9S1 17 - 4 .

PCT/ GBO1/ oscybich makes e ectrical connection to the three conductive
tracks 321. Preferably however, the meter is 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 8h 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 119%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%9a. At a
pointed distal tip 125a of the lance 119a, the lance 119a

25 is provided with an enlarged area 123a of the channel
12la. The enlarged area 123a also is cut completely
through the thickness of the lance 119a. 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 embodiment 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 12la. Fluid then can

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

pooling area 123a into the capillary channel 121a as well



are caused due to the changi ng physi ol ogi cal conditions during the
extraction. In general, one could observe a . higher flowrate at the

begi nni ngve2/d98anpl i ng peri od conpared to the extracti onPCI{EBH{S¢He end.
A thin 5 capillary can counter-act this behavior. The el ectrodes 418, 420
axe not part of the injection nolded base plate of the chip 400. Instead,
they are placed on top of the open U -shapéd-or rectangul ar channel 402 of
the base plate of the chip 400 10 in a separate |lam nation step. Extending

fromthe rreasaléefr:ecs«, &ba@@ei 49?- hSthdes Bt Enf §SERYO h
reservoir 406]a${ s the sa 4 l e 20I uti osn af terr1 its evgéﬂgglf%ﬁybghx\ﬁﬁéf

el ectrochenic QF RFFAgRahfefragpicEpehanyel otl8 he 15 waste reservoir
406 defines the annmnthafertmqm;uoénet chBnnaducans £ hegr eahéal 1 yoei sefl. s Af ter
the reservoir S h n | er gan; actjvate the next  channel
to continue vﬁ%ﬁqﬁ S Jf ]?I O‘%l g g%‘%%g&sleg. n ?h]esb%}a?/w?etﬂ 4 TreludiRgent .
20 It is PBnpdrhantaxgatpepbingsereai Y2406 |Blimiget eowugh tlee spm@bimgrmre
then a two- hou¥edersid e5@AL ¢ Iy SnaBr S P %Méﬁsévﬁia{& % 1492 can

run for 24 to 28 hours al l owi ng the patient a conveni ent c ange new
chip (e. g. A5y h¥Pdaily morning routines). 25 However, as will be
?mreﬁl ated bmtatdﬁs:st&hnltt@dfamr?c:.‘m:ﬁgg tlﬁ@&ﬁéx)/ﬁcbé St AOR rhc@Icﬂeﬂ:{ éh@tflsfl JCL
ich is en owfor nore the rs with a flow
rate of 30 nL; k% couq'f? ) ﬁ-ow Sibert 3T nJe]sé Tﬂ]uésa' tﬂ]e&érﬁql?eb%hl p 400
coul d | adf fortanped theom oneeakayicahly 3mindteivefmathameel s Im sudevice is
not limted anddmy wmad oLlependitid: YRAP e easiraeat tgchni que, the

| engt h of nDnltorlng peri od and the si'ze of the device and coul d exceed

100. Fi gur es DEET DR Show ek Frekafe mankaemng i \anas @ibdd nent s of

the waste resaranped 40fom 40661 MStR IaSHaDIdr 4ried a Areandesrhaped
ext ensi on of the \@1 02/an4n9e507 43 PCT/ GB01l/(1 ~ channel 402. Wile
easy to manufactir e sudif i Hesi Gritan BRI FUF 1Y b HME UM at t he

system d&be t&iqmml@aplmammﬁrrgw dtfrerr tfepdesitgmof wast er eservoi r
406a and s s ARACE Gl Ao (12 U(}eﬂf&m ddddiRtfRsgaal 1 406a has
r regar

advant agesconpar ed t he nmeander - sha eservoir I'ngt he si ze

and the i nt eSS Gaft P& W%%ﬁ&a%e&mm% idotan @é@%rbet han t he

reservoir 40 Mtidepiatic ng ot gl{betralC@QidH Ay o e&dnpiteakR
t helOextracte nd eval uat.ed sanpl i d.from.channel K 402a. In pr| nci pl e,
wast e channel® qu:fil Fosendi 215 & pl Lif st 4 a8 Yh i ea RasSss- sect i on

for exanple aofat400 admmad0G lam ckImpJa\sre@Uatso aordoprdreer edpiddmrde .wi th the
samecr 0ss-section t f. Thelbsh of the
Hilly (16 R/ m%%gl%‘;@%vr% | Hi%e, Hishesh2Rg

col umms is not Iinite o sinple s orned as ¢ircl es,
pent agons, heRAGEN S GEREGoriF B RYied eraled Y G@t‘f‘c@rl{ﬁqf?g cotheshgegwmetal .

characteri st m@ m@m a creferdavd he hexadamiteabed caluiny egownare
t he nost pref %«}SI"@Q The size angle geo ry of 2Qt he channel' s and
reservoirs né \? f EWAdY SIOAE L L ﬁ’uré% FoGeEETt ¥ 8§uddd n

anol di ng2pr ocessilweirch |A§s@ptshmvmed>nf ahet tbemriefeeamsras and structures.

A wide varia faplast igGs df I of, th i p 400
(e. g.25pol yt}snltl%ri}g%e i %Sl g%r %g%at glhli%%l %ecorrgt g’r%ff)at e‘%l GIRY, est%grSt and
ot hers). Pref&risd Cﬁ@lly‘hées aért@p‘@leﬁcarlbon& eslteﬂdesle té.llaltowuahs absequent

| aser f'n'ShH@Q&QeQ%%e&QH%S%I%Q%@UQ%rFlg‘@ﬁowoﬁﬁdn%gol%E%EﬁbQB%e g.,any
desired patterns or _other f| nlshlgt% can formed 1 n30the mcro-c annel)

Pol ystyrene SH&Rs 2préfErinifdHRsadryrirst ?(‘:‘§hi iy Pefte tRgnosYEiCEn oM Ce bs.
Thuspol yrar bdiake deitlod the ukdd .agFurheetrosee as natevaddal wsticese used

as the upper }E} %] eIf consi.sts of t e part a) 35t he chip
base plate w b% l%ﬁéé% Stolrggenpsaeggrslsgé:g 8{'}‘ rl 5’)" he
.e|ectrochenlgaﬁl&@ﬁ@@ﬂﬂansgy@p@npouches Such a cassette could also
be stored within the lancet firing device.
The stamped penetration member with a rectangular

35 vent 81 which also serves as a capillary break ensuring
that once fluid is taken up by the lance 83 into the




WO 02/.19al117 - 44 PCT/ @BU /USG3~ screen printed on a polyner foil, and c)
the sanpling hub with extraction needle. These el enents are described inthe
f or egoi ngVO@HI®ARs. Nor mal | ami nati on processes use foils PSIERIHF¢H
abpressure sensitive or hot nelt adhesive to join a foilto a substrate or
another foil. Such a standard processmay present problens in conjunction

W th the describeddevice. First, foil is3geeded which is suitable for
theprinting process. This is difficult with any pressurel Osensitive

adhesive due to problems wthin th rintipgequi n Such probl ens can be
addr essed wi t%e%£+%?l%%'&?\é\%£w {lrrﬁeag)rfg‘f %élfﬂéjg#ejgm%l%%e' fe vent
adhesi vebeconmesy the kgt oahy swibabbéevbtedt esipepature (e.g. 80C). The
deposition of ink to print the el ectrodes andl5other structures is quite
easy with this systembut itcan present problens during the |am nation
step. Thegl ue’1 a%%'?ab%%%n%%eg%l’b%?%n?’f‘%?wnel”i’ﬁui d at el evat edt enper at ur es
‘W th the eonsequentcesihplihdeMpdabné edstructure | ooses shape and gets
stretched and defornmed. 20Such deformation. i s_not. .onl cosnetic probl em
for anel ectrode, iW{%ﬂaﬁegg%r?’h‘éeerﬂ%g?’?%?tngl%%’??sac%ﬂ?v\%i%‘]h’iékb? rperceislp t
proportional imvémeiorspohbenaw gral Jescriledd wstiheréferemad res gtesice of
the materi al I - | YEI rﬁp@é i t 4 he

f or egoi ng prﬁ%%?g?ﬁe%gégllﬁﬁgdgdftf%ﬁa prrﬁ)tlb emo %Fuee;g{lltme%i ng and
cl oggi ng or i &XhapPEQU$ HRORhEdhEPI FHFLeMe chip described above, thenost

advant aggeus procesise i Sx i wheshienhié s hre! tdd DOR s Pt o OcaESi s the
pre-printed foil to the_chig base30pl at e.., The bondi nf happens at_ an
YaRRT g BFF

el evat ed t enpF LR BWREHCE SERMHT HG™F obFC BrdH $ot e PR pragston:
Thet enper at ursampslel Dieid odi ser ghassson r aarsd t e bect eopesnt oa b (dFgeadficme

pol ymer thus I i i he remidd becone
nobi | e and ta%%:;w%\ﬁglyvl ggtrﬁgg%ﬂf%ﬁ%bg?%%%ﬁiéé@&%ﬁw'po‘ir)?gi)((y)%?ogm%hde pol ymer
sti || support ssamele n¢agyrbe yertrageed of Fomrthe | immng o148 YWO507 - 45
PCT/ G B01s/ OSG3ahndP! £64! eie Wei 80t r HStidrh D Dfdd hermih yhesn Vo i |glaargk ot h

pi eces (base plate and foil wth electrodes) together, ' additionally it
will foll ow tHRNSHRAPEAHECR he printed el ectrodes, which can be between 5 and
30 ~mthick. 5 Thexeferea pnedeoesmihotd geer bod eaklageoddy webmidbaise pl ates
and printed ajeas..ddeph LONAINBeL S AN SVEH JhLTY Ui, SATCAIRIAIP! asti C
pol ymers such as polystyréne on pol ystyrene or pol ycarbonaie on

pol ycar bonat eThHovevegessi avot¢ie Fagpe Fegihes apdheenpes ad the/ T dssiife 10

conbi nat bgn pehyras benater 6a8s ber beaded eanpobysisene @sn¥eldhe But
duro-plastic (non therno are not,suitable for such a

| astjc) materjal .
process. 4. Cﬁ%“f‘ﬁﬁ'é?l%m}?gﬂi‘ﬁﬁl?%c%%%iéiH]i‘gT’n% L TR NS e fadi¥m 404
all ows the replntedewioh a seeplel eciuotdhrenecainygystlesr afiguid, the
pr edet er mi ned i ! ]y, i S i one
o Toul 1 ng dubr¥5eoy Sheht P51 SRPEER LY ooy, S e R R AR e
on the el ectrofitestsface. 20l n the past, many different systens have

beendevebaped to OygE CQIBLLLIS] O 9L MR Ao £l @881 &l v BxanBbef HHuseh a
systemis the nercury-drop-el ectrode, wherethe nercury provides the

Yy
el ectrode surfeRatBEiN@vaYFEeBohd TRESEHFD ©F PRFIN VA5 2 rebtced. Thus,
t he systenk5nevgarendergpesia shoow i auoodidont s ngt pswcless cfim 41l d-state
el ectrode. Th enewal of the elec e sukf IS effi,ci but
al so the nosthjé%ha}tA?% ??a?rg%?/d %%églgdofou ‘?%‘S‘?é I—%ﬂ%’vglr)?ﬁt h%gséﬁs:a&ng{%oncept
is used withadd0cuf@@éathas sposabkamplagnost i vyl Livbseedt £ pstwalies e30t he
test strip '%@é&!&??@rﬁ?ﬁf %ﬁénﬁeigl @bdiz%/eédﬁhﬁ’{éw\ﬂédﬁiwnih dhdifi Id

seconds dependi ng on evice). A ferent strategy.iLs the ot ection of

t heel ectrode $94aaB@nf Ohar ARALYRS HBNEPEREYVOWRT chOG | H0R2 t helhai§ARN ¢SS pass
through to thenetretendedbuénnoton tRIGE3S5Po Pt £00a (Wilh bedidd@oibed! | ).
Thi's concept s, adopt el 10¢] 351 G8LAAPOLIn BELAE OFfRited 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




WO 02/-19s(17 - 96 PCTIGBII1110SG3.1 The chip 400 uses a m xture of both
concepts: aplurality of electrodes in different channels as well asan

el ectr odavQOo#E8T ed by screen printabl e nenbrane (seeGer mERTHEH0QH634
DE10052066.9 and rel ated I nternational 5patent application PCIT/EPOL/ 12073).
This all ows thesensor electrodes to operate for several hours before

t hef oul i ng shows a significant effect om3the results andbefore the
controller is switching to the next channel.Figure 21 shows a schematic
dilfilgr ﬁm of | t f&gé:gﬁ‘ﬂﬁé}tﬁﬁﬁlltg&ﬁhafﬂ ST 40éat ﬁéotﬁfsbﬁﬁéﬂﬂ%ﬁgeﬁﬁ%amfﬁﬂfﬁﬁent ,
all channel s are fille air an e entrance uid into the
channel 402 from CHEIEIR b{ﬁva chhasd(%ﬂ' ESGELFOBE Gt é’rbl4g)c1k Hue to the
.gasback pr esseuree:tr'ﬁjmlslw tcdnimeg-tsiyt ehedd4 odes Udes 15dlledea abas rided)
separatefromthe eI che | or el

swi tching el && Poded: ﬂ1 £ \C@r](%c% Oﬁ&ﬁtl n%‘ %%)tn (}%Eirsle‘}:l% 2Cgtbrnet-amgin t he

t hinfoil %ucﬂomqoolmqmemcgqurmgf% \ﬁ@lrﬂtr@{ilﬁmé’\b@l | 426 is in

fluid flow couuauGatian o¥ tdhd e i9nd 0f 20ich@ ptaseiavaiy’ A1 fat the
fluid flowis normallybl ockedrﬁétlhe O e aeat gﬁb%}ggﬁ’?éﬁ i

ai rcannot esCHEYToMAthe [Haft@mPAS2 Ih¢ fflulﬁtc&lpfbﬁt”tqté’dtesrtat’:llﬁtﬁtl dn

depressi on 9tendawiqtef 1104 iint aitghe 3ghannel 402. Upon heating of the foil,

th| s bl ockage is r al n i d.to t . nel . The
enperature at thePer G%Gtr%%ﬁ'ﬁg:{%} r[{‘e(?"\gher% (I)nveg'ﬁl |elr$élgltescta%r§dgts Et‘%g'l(cﬁr{%@

overl yi ng0t hyf maldl@zzfmqméweltlhﬂmﬁt\r@rl}eqmt@kIay nemsde epartnoldle gl ass

transitiont enpgrafiHe t(h-gg)usQ-:fr the vflqswl t'h'é RIS &0 ot iRl §ation300f  a

small current in the range of sone Amperewi th _the effect that t he
foil 424 for @@W%ﬁ@rﬁ%@rawﬁ@cwthwrt@pﬁa& copereldss a1 cW\heng air in the
channel 402ap@niesivey rs)%&@nto vent into the well 426. In this'event, the
gas pressure int chann 402 .i.S Iiev d35and, fl ui anflowfromthe

di stribution deprgzﬁ %61 \ﬂﬂl@zﬂ%t 9§€)§r-ac%§ bl98¥/ %é&f/doéé?"‘l tg‘r(‘:‘rd into

t he chanb&l 463n Thdnh;tdreommemrteyi efnbplkle mgwit], 426 ehéwerdtld ekt ragysl e
fluid from fliowng d;ntiq thﬂ Vigt (1539 3y %@%‘s@gn@_'ﬁal@.&/ acmteoa%@'amotgr med

|nthef|Imb reason o ener%lzedeectro es ter the waste
reservoir 4063|Y§IT iqf] é‘dR@Grﬁﬂrét -el ithhaedgrensel &P 6péns 1§rsGB§e&Géﬁt

channel f402 hxgoe&ﬁlrcgluaé%g a|2ts%13\%61%h|cﬁﬁn©|l@Cb&*0€l@%d4é2 4t1@|,pa{) gbtri@Pnl Ito .
escape fromthe chan and for the subsequent channel 4 o fi Wi t
body f1 ui d. Paﬂ?dsﬁ’b‘gt d‘Ai% CShFrEECSRESd St ﬁgfe SR aRg: R5as SPci‘wiaFchi ng
bet ween thtanraexl sacmrea@mz@nttlrldl ltiond ifxl wihek fclhow do0l dobehesedkiand t he i nvention

is not limte @ JBLhed la.%d%es PN%{ 'é’i’:(tjr getl%%td!e%n hh a%&!éfe a
saf e operatlon |s re erablet contro rmne if wast e
reservoir 40§h|0§mf i - Padti INIOSfl I6Ir|2r9@ §104aaé‘6‘n§’t'gr4t6 dt’e, IGr Wit 1t he 20

needl e 410 hase @lpii:@dﬁ%(iefd Q/Re tf@r@@baﬂgouasbamm@h tikke ap@trleeatrraad t he
conti nuous sanpl e str am{}\%& z&tg‘@{’)ﬁ ach ?e t.his, the \rAl/a 2 é)e?ervm r
406 can be e§ff &}1‘&5 CRoPPIRIRAY P SREPLS %4n

bottom o025t hélmsiemmm e Neted rlnelcenbllmaatllooowuabt thiet rttetah?éllnﬁssarfpl e

fluid, these. .ele sure the change in capacitance while the
air inside tt‘tgl sﬁrtr?%%ﬁlfce&?g g’ltg\%l%y exchanged with sanple fluid. The rate of

the capacitance chapge fidily RGtdidseehley nREGREr Uhenahet @ o el bewskake of
the sanple fluid and allow a close 30 nonitoring of the ongoing extraction.
applied by the hub 412 and travels 1n to the micro=

channels 402 as described above with reference to Figs.
30 la, 1b and 2. The needle 410 discharges the body fluid
into a common distribution depression 416 shown best in
Fig. 19). The distribution depression 416 is in fluid
flow with the micro-channels 402. In the embodiment
shown (having 12 channels of the dimensions described,

35 the shape and the volume to the distribution depression




6. Sem - Continuous Monitoring Alternative An alteration of the foregoing is
t he schedul ed neasurenent of discrete glucose values. Wth this 35

enbodi mernwotipddsnast e reservoir is just |arge enough to refcateBtWssHead

vol une of the needl e and sanpling nodul e WO U2/.1)S07 - 48

PCT/ GBI | 1/ US63. 1 but instead of for exanple twelve channels the chip
contai ns a higher nunber of channels (e. 8 72 or 144 channel s). These
structures woul d support a 12-hour or 24-hour neasurenent cycle with a

discrete glucgseg E§Sbr5f¥§éﬁl%0a”HDer§haﬁQdadM§Ht@gghoi hR€diameter
sem -conti nuous _net hod ul d hat it woul not bﬁ necessary to use a

cross-linked #9drd§81 HBu ePBhtheTP%E? hﬁ?nﬁigPﬁt?B BFaPﬁem?%aﬁéﬁYs into
the fluid sangépentengt upenwohedsige | ongebeanahdsdtowCoasequent |y,

conventional en | nks h as sclosed.in_US5708247 coul d be used.
It will be ap%?é%?g LK cggﬂosg skil ?gdg#%w?hénaFg t%ﬁ?WﬁBQ?Stasone of the
-potentlalSenbpdrhenn506fthhemLQVQﬂchaenebnééatbeUWsehosbd feser ibhtaven been

described in @éﬁf‘ééélgﬁt@i&’aﬁﬁ%e A6EndRYyY fLELPLABL ¥i‘ébé‘£bc@é's4é§ and

nodi fications to these €033| . FOr exanple, devices in accordance with
the inventi onM@¥yPReke® El?ﬁ%dcb%c%h%?aE?oﬁe@Fc%nS}?Ve§aB?h%?r%%%hl%ﬁbse in
bodily flui dsand ¥%:#d26r&~ddrtroBthél pateE: oPGT1&BUL/ OSl 3~

Means may be provided within the device for the
10 removal of undesirable gas-bubbles from the fluid sample.
Such means could comprise a filter positioned between the

needle and the common reservoir.

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 electrode 420 is circular to serve as a
common electrode for 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



1. A device for neasuring the concentration of an 5 analyte in a fluid,
conprising a support nenber and a plurality of anal yte sensing neans

provi ded WOERE87f or neasuring sai d concentration, wherei PPGEGHI®G3Ce
further conprises a plurality of conduits such that each of said sensing
means has a conduit associated therewith, said 10 conduits serving in use
to direct said fluid to respective sensing reans. 2. A device as clainmed in
claim11 conprising a penetration nemnber, preferabl y int egral ly formed, 15

ffici I Ki t. 3.
sufficiently mén%aléee@eey&@aefwetﬁ@t DESUSE | YK B skin, o

A device as claimmed in claim1 or 2 conpri si one’ ni cr ochannel
for conveyi ng®X iR %itial fluid 20 to one or more of the sensing nmeans.

4. A device as cl aimele i & $padFile Ql@étﬁovﬂ@érﬁié‘aﬁtsy}%ﬁ @Pln;‘? rQ;wsl?éd
sensi ng neans. are_t.he.sane or},\ﬁr for _measuri t he S‘Fﬁ:ﬁ c?na te 5 A

devi ce as cl alTied TAER at'm % Whi ek 7RPEFTHAR EIER:rh %
plurality5of Je%nslhgstmeaamsve adkred napang Useiteait be of y 4 them fd ot i ade d.léefdsr ent

times to enable nopltord r]gaG pettqgglc%%ig arréé%surnw él{]he the fluid

over a period of tine A devi c or ncen ra Ton of an

analyte in a ‘?‘P‘Eﬁ’%ﬁx cb’t‘&)‘rqulrﬁg birkepore I?ﬁe]mb@rs mARg ddissidmk neans

provi ded thensady)f Gict@assrd ebisd@hdkor CANE eNid A FGD bt 48 FHchapnel in

fluid conmunication th said anal yte sensing ans for conveylng sai d
fluid to sai FEMLT hgﬁ'ffea‘ﬂsec LIRS 0‘3‘2’7% @E &Px-7. A devi ce

as clai med | medidutn diherei Iy tde la,naéryteelaﬂns:brngmdmﬂnﬁg Wdrﬁlﬁﬁn one or
nor e reagent sttcgn reagt, ) vgér{keslal tt’ter ﬁye[ gl ¢ a nmeasur abl e
e

out put . vice as clalme a| m erei dFent or at |east
one of the re%]gemr@d% pridvitded W@mmlalﬂﬁtndﬁ@,mtdxeocﬂmor 1% 9. A

device for measiyliRg xtehﬁ/&mp% ratd 5y iofi A AR & ddt A Hertyd 19:0”13“ sing
a support nenber and gro hannel provided on salid support nenber

conveyi ng sai ¥ I‘iﬁad:ta P PRI  1iWRefEvh Ofvdor T

reagent sifor freddetwingy wirteh ssaitchlaal fdre tits sl et @aitddro e o : | gqfucUb%
m-CrOChanne''oxidase from aspergillus niger (GOD EC 1.1.3.4) and PQQO
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

electrode. This is an important property of the enzyme

ink because the concentration of 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 it 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 ink
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



10. A device as clained in claim9 conprising neans for neasuring the
out put of a reaction between the anal yte and the reagent. 20 11. A device
as cl ai reyoima/4eney precedi ng clai mconprising integral fl uiRCTEGBIIAS6340N
nmeans for extracting a body fluid froma human of animal body fluid. 25 12.
A device for neasuring the concentration of an analyte in a fluid,
conprising a support nenber, means prowi déd -on the support nmenber for
sensing said analyte, wherein said support menber further conprises fluid
extraction neaﬁilatpaagedhboeﬂbyﬁ@ttBlBh@laoh§ak9 éﬁab¥E8x§§ 5?98 ng means
via a conduit _on_the support mneib 13. A device as claine |nca|m12
wherei n said 88186 aeangﬁfl&%ea m crochannel . 35 14. A device as cl ai med
in claim11l, 12 or 13 wherein said fluid extraction neans conprises a skin
penetratiQn Ofpéizmedd&A7 - 51 nenber. PCT/ GBOL/ OSG3~ 15. A device as
claimed i claim 14 wherein said ski nGpenetrati on nmenber is of such a
1ength that it peg;ﬁtrat es , 5 onéx t he cutaneogus | ayer of skin, not the
sub- cut aneous | ayer "°PEE K &avitc€fas crarfred GincQngmhast alfferteithOsai d ski n
penetration nmenber is adapted to extract interstitial 10 fluid. 17. A
devi ce for neRsdex-ngdiabed: concentrat i on Bf an analyte in a bodily fluid,
conpri si A§ skin penetration means, sal g penet rati on neans being
sufficiently short $3uUPPsss J't(QXpenet rat e’ ofllypcone-dacdvoeus Reger of skin
wi t hout penetrating the sub-cutaneous |ayer, and a support nenber, said
support nenber conprising an anal yte sensing site and a m'crochannel for
conducti ng sab«d =boaydi ked dnddiamosaspepesetr gt i QNFaerHer , tlo-mlquama‘b,y;e
sensi ng 20 sifexrocinium

Red = reduced mediator species e.g. K,[Fe(CN),], hydroqu1none,

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:

+ 600 mV

25 H,0, _roN0mV ZH'+ 0, + 2e

Au electrode

Reduction of hydrogen peroxide on gold:

30
- 400 mv
H,0,, + 2H' + 2¢° —— 2 H,0
Au electrode
35 Normally only the oxidation of hydrogen peroxide is

used for analytical purposes due 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



18. A device as clained in claim1l7 wherein said penetration nmeans is

integral with said support layer. 25 19. A device as clained in any of

cl ai ns 14W0P2H8Sonpri sing a nicroneedl e for extracting i eEVeBIvISas4 f | ui d
20. A device as clainmed in any preceding claimwhich is 30 adapted to

measure gl ucose concentration. 21. A device as clained in any preceding

claimconprising anal yte sensing neans-i agl udi ng a nedi ated anperonetric

enzyme el ectrode. 35 22. A device as clained in claim?21 adapted to utilise

WO 02/ - @507 T ene- Lated electron transfer from
a gl ucoseoxi dggﬁ%éégégefgggéfo%fﬂggg %fe ev?%(gé sC%Pa‘Pﬁean—ﬁ gﬂ’f/

precedi ng cl aFRA®so%6aApkienngf atpe uradexymediamar yt e sensi ng neans. 24. A
device as clainmed in any preceding claimwhich is arranged to neasure an
anal yte concentration directly. 10 25, A,dgyice as clained in any preceding
claimwhieh is suitable for akedchnmenrt—te—thepoki B ok~a subject for
hreasuring the concentration of an amalyé& rbBe bl 00d or interstitial fluid of
the subject. 15 26. A device as clainmed in claim25 conprising neans for
attaching the device to the skin. 27. A device for measuring the

concentration of iven analyte in body fluid conprising neans for
attaching 20 the ?er\%i%kéet%r? %rrs%'l ner@:focgl“z‘ﬂkﬁ'eé’(hearﬁjl%tpq ?F ia52 of sensing
neans f od Omakderesitdiren ia yf ofm neasureangrtly safysftial @onseEnfdatdsHyver a
period of timgs APHuA devi | 8] ' y. Arecedi ng . cl ai rranged 25
to take neasur errentL,ls at pr ggoe(?zﬁﬁaﬁ_{ecge?nrﬁ%r%%esﬂ%rf&aﬁ gaet?ﬁ‘%ergé):ta artred in
clai m 28 conptMsi%igt 9 ovf L&t TR L neldrts tewhnadfdayen&uigpacheerftilowtaf fluid to

the sensing reans p3ht3Gted AN GREE Y A1RE HddL!ial rEo%gcéM‘%Ji‘JtLhn i hﬁe f1ow
control neans conprises a h drophdob,l c gate di sposed in a m crochannel .
con ining enz e an

1n the case of carbon working
15 electrodes with an ink containing enzyme and mediator.
This coating step could 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.
09/537599.

25 3. Fluidic Elements of ExXx 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 channel 402 (of dimensions for example of 200 pm
x 100 pm) containing the electrodes 418, 420.
As previously described, a flow restricted portion
of the channel 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



35 31. A device as clainmed in claim30 conprising neans for changing the
hydr ophobi city of said gate. WO 02/ -495U7 PCT/ GB01/ CGSG3.1 - 53 _32. A
devi ce asWOIRMET in claim31 conprising a hydrophilic basRCTaBew (15634 _
covered by a hydrophobic nmaterial and further conprising nmeans for exposing
sai d hydrophilic base material. 5 33. A device as claimed in claim30
conpri sing punping means arranged to appl42 a pressure to liquid in said

m crochannel sufficient to breach said hydrophobic gate. 10 34. A device as

claimed in anﬁr@re@a@bagd&bat6lQﬂ@pkhﬁhﬁgn? Phygab& i%%lagﬁkﬁﬁglgﬁns'ng
neans, said device b h arragged to_direc [ O d seduenti a Sch of
t he sensing n@ﬁﬁ%nglg 5SXKTBEVOB - adNc PEPRER L nOBRaFRH3E @bﬁﬁFV@lﬁg or

bei ng adaptedhnghemtéﬁbaceawetht cant bebiARaANg Bﬁragea&biﬁhgg §kgpal s to
control said gbﬁgﬁké§5t8fth@eeﬁkgagtﬁg 22§F§g$§cgﬂF|§8BedA & A devi ce

as claimed in nprising sai sbP3E to allow a
user to speci FPPMiéATH FBBSEPEREAr-RSstt bhbe helevid¥. A device as cl ai ned

Hovi ca BS ol ot maq LoepeLeLRdodss-ghg)! AEb b RARSEUEL! 8P DRETS- D0 &
in i
ch:ggt?gncrgéggﬁcﬁ??ﬁnéggdgé basenprlaket of pehenchinpi d08onfmsteadi on with a

body fluid gOtheybareepkaced oBQtoﬁ‘gEsti ??3?5@Egﬁ§%ﬁ? g%ﬁgg]iftnheregpd
common col | ect o RasrEE"Snainkt $83CEE tRs pAREPTETS B rif 1 ehibraco”
nmeasur emdifts &p a ﬁtP%BﬁtQQEEMlnaﬁnonFEﬂéﬁBC&/USGB~
Extending from the measurement channel 402 is the
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

15 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 detectlon of glucose in the
body fluid of a patient.

20 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).

25 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

30 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

35 embodiments of the waste reservoir 406, 406a. Waste

reservoir 406 is a meander-shaped extension of the



the concentration of an analyte in a fluid conprising a common sanpl e
collection site in fluid comunication with the fluid to be neasured and a
pluralityWé02€#5i ng means for measuring said concentrati oPCT/GBAI0S6N devi ce
as claimed in any of clains 34 to 40 conprising a sensing nmeans for making
a substantially continuous nmeasurenent of the concentration of a substance.
10 42. A device for measuring the concent¥3ation of an analyte in a fluid
conprising a sensing neans for measuring said concentration substantially
conti nuously ahdnnaulboatlOtheBseagynean&ahQEaeeﬁiéfﬁbﬂ@hah Geaggnone 15

calibration u uo? vice_as_clai ned cl ai m 42 conpri sing
plurality ofngggléﬁgg eﬁ% ﬁggﬁegnnggngFoﬁPatbgr?¥§tﬁW p@F?gchthe
calibration nﬁé@h?énﬁﬁpé1ﬂérhefpepéornbdn 2beddesdgdevfceansecl ainmed in

claim44 Mereegeihglﬁombsauaﬁa §§nﬁbega5'9§5§cé“9ff@&i&ﬁ@t'0” sensing means
are provided on a common_base nenbe A devic Clainmed in claim
44, mheregh sai d coiRpRChHER ﬁéﬁ%@g E%ﬁﬁFV§é§ éoﬁ%thﬁsoﬁdvhetagke for

attachment tocthpasédntof theuseanddd- sﬁaﬂé&lﬁéséﬁv§%ﬁlﬂ?ﬂ k? @ﬁ&19§d0|?i”3
42 to 45 30 c r g o] on ans associa Wi uid conduits
for conducting I%§%gt%£§h§h%a ﬁ%?%fnglogehgfﬁg nignghaﬂﬁe AClER| @03
claimed in cl al'th 2®uifcprei deepeéd thaw chatresemeaitss cospwhses an

el eCt I 0- 0S MOt EoPMUIDAGUa 36 GhE ANGEIENT £d 5
PCT/ GBUL/ s&p g e Righe s Papt Tlary g%lofé%llgﬁﬁw ?E‘“ 47 which is

sui tabl e or SFtERANRAIARY avakerted skpmple fluid from channel 402a.
In principle, waste channel 406a resembles a plurality of

capillaries with a cross-section for example of 400 um 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



49. A device as clained in any of clains 42 to 48 5 wherein said

cal i bration sensing neans conprises a single use sensor. 50. A device as

cl ai med IWORMIWFT clains 42 to 49 wherein said calibrati orPHéGBIgoHeans i s
downstream of 10 the continuous sensing nmeans. 51. A device as clained in
any of clainms 42 to 50 conprising one or nore mcrochannels for conveying
the fluid to be neasured to the sensing fA#ans. 15 52. A device as clai ned
in any preceding claimwhich is suitable for attachnent to a user's skin

conpri sing traoséen ﬁfﬁﬂﬁecﬁm?ntiapgigﬁéfng%gaggaﬂdbgﬂytﬁé Ué&n;ﬁjli%tigﬁbUSEF
s body to a sensitive rt of t evice. . evice as clained in
claim 52 mher“é}%hs%*%r%)‘?%h%?e?e?é]aﬁs 'ir"l%e%ﬁr :}1%’8%“@% ?’F%n@?%?rhb?qa ut®d to the
upst ream end olie af oregothansett i@ds 54. A device as clained in claim52 or

53 wherein said trgosh 1@,@? r . ' cl ai ned
in claimb54 wherein saﬁl nee Iaetgfésqpaé?n&%?%Sngég]%egp?égh%ﬁ%g%%e%&% hat it
penetrat eS t HRFSPDSEIR aFRIdTSE 1 ¥ Y drOG KLt lrAheRE Ve hieo sipir i afiebls | ayer.

56. A device ©s £|aib@tridte baliaddhar £ Whesein 4 hex eedle madses an
aperture on a side su_rface_thl[ereof. 35 57. A device as cl al nmed jn any of
claims 52 to B& WHeTer N AT PIFEhsHRrC RS T % iVhE? Vi o rdeaiihs asi ve,
WO |12/ 49117deviEee. First, foil is needed which is suitable for the
printing process. This is difficult with any pressure

10 sensitive adhesive due to problems within the printing
equipment. Such problems can be addressed with a foil
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 chip base

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
(Tg) 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



PCT/ GBI | 1/ CSl 3~ the device further conprising neans for applying pressure
to the user's skin in the region of penetration by said transfer neans. 5
58. A dew@@2axo0tl ai mred i n any preceding clai mconprising PETEpREPSeEans f or
di spl ayi ng the concentration of an anal yte being neasured. 59. A device as
claimed in claimb58 wherein said 10 display neans is separate fromthe rest
of the device and receives data therefroammby telenetry. 60. A device as
claimed in any preceding claimconprising nmeans for adm nistering a

substance to I N dihe | 2 i asyl. lyte
concentrati or‘i‘%l%%%lﬁnjrs EVIQIZ}Q‘: fpgl(r?e&gjr%n %%}sitglr%i R}gﬁﬁgubgﬁalge tc?eg)oﬁcggr

conpri sing apieass i (g sterlod o endrdasir iMigh fd ept regiesenttiegatdieof an
‘ana: yteI !{1 aa}téi@@t'j%br{ailll'}ﬂ ife leslalﬂalq&ﬁi& ith‘éa:sﬂlla@éa%ﬂ it _ir&%dco][mri Ei ng
a plurality of analyte sensing neans and at ast _one condyit, preferably a
m cr ochannel ,elie&tr@y&ﬁfeyi“abmghic@’b e o &9 é’ist"‘"br%‘lif?( 't he sensing
‘means; the amharetfuse25 dne tdeers canprdes rg lacdikagies tregrtWeam rheaes flates

adm nisterin L d.. o] ' : .he [ ah d asur ement
of concentra%no%lﬁ?p(}(alil.ttt%%‘t ev%c% al?e' caiqaili%g{éli l?l% I‘:llgaia%ie%v%gfer"‘zliacrri1 tt% 30
measuri ng dewae chepiordsist iselHolaiess \wloha BEh PRJY SEMERIIOR to the skin

of a user. 6301Hs4MGR 3 YAlyRAHdhatleAion §bl9icaiboelel Movshér,
adm nistration feans is integrated with the nmeasurjng 35 device. 64. An

devi ce as cl &ifdd the Gighh 89ims &7 (HEIPETABUGS/ PESTFIBET/ GBOL/ OSG3-t -

57 admi pp St cdmbamatENS pedyRiEresiatd eser bel botwledr o pidly styaeume =

devi ce for dispensing the sullstance., 65. i cl ai i l.ai m 64

further corrpiwiegrlrig Bﬁ'%a ﬁlfr?ﬁ%q@rs rlecm)\ﬂoﬁlg @%ir&%g&%%ttg%ge r"{)%iqtai% (réé%ervoi r.
not suitable for such a process.

4. Channel Switching Mechanism

15 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 electrode 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 mercury 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.




66. An device as clainmed in claim®65 conprising a single punp for both

adm ni stering said substance to a user's body and for draw ng out bl ood or
i nterstitwalo2iwrd, to 10 a sensing neans for naki ng an arf4ITyGRO1/05634
concentration nmeasurement. 67. A device as clainmed in any preceding claim
conprising electro-osnotic flow control neans conprising 15 a plurality of
driving el ectrodes, said driving el ectrofies—bei ng provi ded substantially on
one side of a channel. 68. A device as clained in claim®67 wherein said

dLi Vi Rg 20I el ectrogas exfendoifsaf erentd ald Yo R @dhagpeat g wal | of
t he channel. 69. A device as clainmed jn an receding claimconprising a
mai n support RetEritarh ekeoPdeDst éf]eélf%qrhtm‘?ﬁﬁ’é‘he]t% 3he'Set rPSupport

Jmenber, sai d Hecorebistdsd red et daed BaVEdg N g i el ke ahamb rates(Jax ned
thereon. 70 A dewl o @, €l a1mehadL el 21 NP Ihersl nrsal g secqnd S0

substrate is arrrmaanngé)aa 0 ¢l 0Se” a channel” provi € mai'h support
~nenber. 73. Aadd@rtceadotleraison | Y 4RO boideht)ratThors oflkowaridigite in a

fluid compri Sidisdd SURROY fod@ibel dpidtd adb 3S:Rpah channal rira-suiace
t hereof the support nenber; and a second Iaiy_ er |am nated onto said support

nmember so as foUABNP/sikeyS -2 58I iGante efigfFcifihidie s idends 3.1 72.
A device as deridmd tiHe cdantedll svhereiswisaitd mhaalhd snex tricHaheinnel . 5

Figure 21 shows a schematic diagram of the

10 switching mechanism 404. At the beginning of a
measurement, all channels 402 are filled with air and
the entrance of fluid into the channel 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 allow local heating of a 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



73. A device as clainmed in claim71 or 72 conprising an integrated skin
penetration nmenber is provided which is also open on one side. 10 74. A
devi ce asw@ 0eM2i0fhed i n claim 73 wherein said skin penetratiCdHCRHMDES | s
arranged so that upon insertion into skin, the skin itself effectively
fornms a wall of 75. A device for obtaining fluid through human or animal 15
skin, conprising a skin penetration menbé having at | east one | ongitudi nal
si de open, the other sides being arranged so as effectively to cause the

penetrated skind tigtacthas dna@neamaiozi.ng Iongitudinal si de of the nmenber

when the penetrati s Lnserte nto t in. 20 76. aratus for
nmeasuring an analy?g nE??EﬁP 9b58h5¥|8g %h% H%gfcégéspﬁ?ﬁ?ﬁﬁﬁ éﬁgany
precedi ng cl asampbe fkasdr fngmshldwangl ymeo ande awskpas 26 eahdsleariwy

| notuding 11 ol seEsLh! ¥E.HEADS cotliencl SAL A IPASHLI POa28dsy T pRaand said

test neter are arranged I'N use NnSItive Means views
-sai d anal yt e @henglacdhahnerrofesheltreashiftey ﬁh@lWQSt€7re$®pﬁ¢aru$0$or

measuring thelélgbiléaoabgm@@éﬁy 3Qhé?08&ﬁt§<bﬂ9e§no§é19§9§t 8ub884ueh e portion
al ong which a sa is drawn_ in use an t_sensitive neans

arranged to beleBnetif02 by ??%ﬁ?lébﬂ$nbt§u%§%%%?+%$l?1??55?@ﬁ% 422
| ongi t udi nal exisenhisaatlr condestaper fran. tH8. chatheposab| endkisr petaeh

conprising an ﬁ% g@ég?ggﬁggﬁgfliop 5'Pfifjﬁfgh“%$ %nﬁléagpl fluidis

drawn in use 2 a“nou astlcs ens over  sai O 112/ -49507
PCT/ GBO 10/ 05¢3ould 159 3W¢¢Dﬂte¢9th¢tt@@ueWU@¢h¢®$ foe switchingposabl e

ski n patch. aspsh aboRcohinib ol Mdd coRPESS] NG aclbobt e pspstobug slement S

arranged, in use, to_sit over said lens he neter aced over the
patch. 80. A Wé?‘i%o%ln%ftlﬂ%a%%Y‘?W@l‘t’%el%rﬂﬁ%%tlb‘Fl%?@alPhéI Yee "f“ﬁo‘éesarrpl e of

| i quid conprigétigo®rovi ding an el ectrochem cal 10 measuring device having a
sensor electrode within a mcrochannel, introducing said sanple liquid into
said m crochannel, and neasuring an aggregate current passed by said

el ectrodasto give an indication of said anobunt of analyte in the sanple.

S. Flow Rate Detection
To assure a safe operation, it is 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 cutaneous 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 module




15 81. An el ectrochem cal device for neasuring the amount of an analyte in
a sanple of liquid conprising a sensor el ectrode di sposed within a

m cr ocharWel024#®7means for nmeasuring an aggregate current BEIs6eBU/W5¢34sai d
el ectrode 20 in use to give an indication of said anount of analyte in the
sanple. 82. A nethod of making a device for neasuring the concentration of
a substance in a liquid conprising 25 foé4®ing a first channel in a
substrate material, fitting said channel at |east partially with an

el ectrical |y sendugstagd nat efbal exaxﬂglé%menﬁeacﬁ@ﬁ@@ﬂs ChiR@N&hi§0 as to
intersect said fjrst chalg elizé therebg grn}“ﬁ ﬁo %onductlve portions on
respective oppd3rPesid ¥ haUBBEE e nGhARBRNE! | 12 % hbtf of
.fabricating acld@lwmebsxorTheasustngcttheesowceMramppdsmtofaamalmh:yt@r| n a
fluid conpri SMghouPnﬁ)é/é&P&nngn “‘9%1% JRoReL digéﬁéé‘@rgﬂfc?@se” Ch"’\g”e' on a

35 surface of the support ne nati ng a Seco er on sai d
.support nmenbefexsn HS ’l"emétF%%e ARy @dvawwq:ﬁsqner Semcm&‘pus

PCT/ GfBlcn/ OSfG'iné-tI&ﬂd AL RO PSS s fOF 0OLBA MY BEhaAA yzPG A sl e of a
member ;o chaTER® T oY oY Sar g £ BB FO CHirberct SoheF CHGTRA L HbyThg an
enjtrance for rlecareaguntsai thtwdyhd | £lull d 18ampl @nsvet e sensaiuledmd ed on
Sald suppor! fRES A0 RRH ! AREELACAENFe Ah AR Mifad e Mg W RN
10 'such as disclosed in US5708247 could be used.
It will be appreciated by those skilled 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.



a flow controller for influencing a flow of fluid within said channel to
said sensor. 15 85. An apparatus according to claim84 further conprising a
fluid ext Wa42H48™7menber for directing fluid from sai d ski nPCEHg8N/0G36ai d
entrance. 20 86. An apparatus according to claim85 further conprising a
flow restrictor between said fluid extraction nmenber and said channel. 87.
An apparatus according to claim@84 furthé&® 25 conprising a waste reservoir
in fluid flow conmmuni cation with said channel. 88. An apparatus according
to claim84 wherein said flow controller includes a flow inhibitor in said
channel 30 in b|t| ng flow of said body fluid into said channel and a
reliever for % Tii ng di scharge of said inhibitor fromsaid channel to
permt said flui d to flow into said channel. 35 89. An apparatus according

to claima88 erei i I i WAL bi i n_inhibitor.fluid in said
channel and \é\gl d ﬂv%g%g?éggég% @%‘P‘%%&?c@% Con%int?étr}%’\’le?filarfﬁl udes a
switch foP paaMtYtaginet eEluid, r epepsEs big sai %ilpmnrtblm@nbét vartd fa om sai d
channel . 90. ﬁn@@pﬂﬁ?té@ REEDYEE NGk 91 64 %@a@@ | %r?% wieh

ui r

i ncl udes a menbrane. b ocka assa e of said |nh| bi tor om said
channel and SEFREHT VY STOAtTOMFEBE 2t et riRie ¥y rS3ichrie hires df wr teedr ane.
91. An appar atampEicoes t r[glmnal:iay o O 0ol £ 61 S tﬂ(hd’fﬁéﬁﬁﬁirtﬁf i $a 5l ect ed

to be at Ieasst‘ rp&rljéﬁ %éé’ngelfa‘ié oye Oﬁ%eetnergs zailtloqrh‘otgﬁs%‘%ﬁ ectr es. 92.

An apparat us accor reim air and
sai d swi B8h veandi oﬁ%ﬁ\rl% in dﬂﬁ@aﬂ@ dheanielsaiaB. £ JAn dppar at us accordi ng

to claim84 whepfdd Sad GdAomgamdel I er includes a hydrophobic gate.

2. A device as claimed in claim 1 comprising a
penetration member, preferably integrally formed,

15 sufficiently short only to penetrate the cutaneous layer
of skin, most.

3. A device as claimed in claim 1 or 2 comprising at

least one microchannel for conveying a interstitial fluid
20 to one or more of the sensing means.

4. A device as claimed in claim 1, 2 or 3 wherein at

least some of said sensing means are the same or are for

measuring the same analyte.

25 5. A device as claimed in claim 4 which is 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.

30
6. A device for measuring the concentration of an
analyte in a fluid, comprising a support member, analyte
sensing means provided thereon for measuring said
concentration and a microchannel in fluid communication

35 with said analyte sensing means for conveying said fluid

to said sensing means.



20 94. An apparatus according to claim 93 wherein said hydrophobic gate

i ncl udes a hydrophobic length of said channel. 95. An appar at us accordi ng
to clai me®aaeFdi n said flow 25 controller includes a bubIBGHIEEP6Sed i n
said channel with a vent to said channel to permt selective discharge of
sai d bubble fromsaid channel. 96. An apparatus according to claim84
wherein said flow 30 controller further- cohprises a punpi ng mechani sm for
urging fluid flow past said flow controller. 97. An apparatus according to
cl aim 96 wherein said punping nechanisnlis an electro-osnotic punp. 35 98.

An appar at us cor .0, claim r.ei n.said 12/ S

PCT/ CBUL/ 05(3-67C %zré%‘}lc‘? r‘{"gs r?elc V\Tégl‘;hlglg&fnoﬁatl SR &%&%F‘Bﬂlé{t’jlee by a
.controller. 9®enﬁnn8pp&ﬁaﬁusxzmgnnsmsn@nEoomlmomeQ&ew@em&sntsamdaitpunping
mechani smis §8h@ciiaved Y rEaRi 0'Hﬁpk%ﬁ9¥b Bﬁ%% 19%Fsﬁga%ﬁ ?u8f

according to claim84 wherei'n: said chann IS one
-channel s each formed on said support chanber by forning channel 10 defi ni ng

wal | s on a saigd sunp@@tvl@@nb%r caBdmeachnhavhie anw%@trreaBC%hEOEeé egkVvi Ng

d body fluid; d | f |yt
gghsorg gachu§§s8§agF3%na 68% g§6e5%39§ggﬁ215?p 0l gﬁ@uP&lPtyaéﬂ of

channels. 15 the microchannel.

10 9. A device for measuring the 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

15 coated on a wall of the microchannel.

10. A device as claimed in claim 9 comprising means for
measuring the output of a reaction between the analyte
and the reagent.

20
11. A device as claimed in any preceding claim
comprising integral fluid extraction means for extracting

a body fluid from a human of animal body fluid.

25 12. A device for measuring 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 direct fluid to said analyte

30 sensing means via a conduit on the support member.

. 13. A device as claimed in claim 12 wherein said conduit

comprises a microchannel.

35 14. A device as claimed in claim 11, 12 or 13 wherein

said fluid extraction means comprises a skin penetration



101. An apparatus according to claim2100 wherein said controller operates
to direct flowinto a subsequent one of said plurality of channels after a
resi denceWOiOd9¥ said body fluid in a precedi ng one of sa&tQI/GBUEb34t Yy of
20 channel s. 102. An apparatus according to claim 100 wherein each of said
entrances is connected to a common source of said fluid. 25 103. An
apparatus according to claim 100 wherei-n5dai-d plurality of channels and
associ ated sensors include: at least a first continuous sensor for sensing
a concentrati@smbéran analyte in fluid within said channel 30 associ ated
wi th said continuous sensor; and at least a first calibration sensor for
perform ng as | east one calibration nmeasurenent of a concentration of an
analyte in flusd whttiénicai aschhameedassociated nivhesainl sald bsaihon

sensor. 35 1 t} QUQHS msasurl
ool G050y | dendr Rt o flngop!1ouon é%ﬁagpiw%? Atk rg%]éa'f?‘ﬁld

into a coMmorPRyY| 'é]&%l%%t%?‘?usdl?lé%h@n@ %3&1@. fhef ctfa¢ o%igb acutEmemls t owar ds
an anal yte sensy&g. neans; 5 performng at |east an anal yte nmeasurenent on
the fluid; switching the flow of fluid fromone channel to sequentially at
| east anot her channel after a certain period of time;, and 10 perform ng at
| east a furthe§. anhl@e‘eimaaﬁlrelmhnedlm ¢ Wi v (R it e iSe A€ Cod 1H rtgmtri) claim

84 further %gr}{ééfwl&? ifalelod ol g Sl g & sustanee to a

user based u a_measuring ase uponm a sensi ng o e sensor.

17. A device for measuring the concentration of an
analyte in a bodily fluid, comprising skin penetration
means, said penetration means being sufficiently short so

15 as to penetrate only the cutaneous layer of skin without
penetrating the sub-cutaneous layer, and a support
member, said support member comprising an analyte sensing
site and a microchannel for conducting said body fluid
from said penetration member to said analyte sensing

20 site.

18. A device as claimed in claim 17 wherein said

penetration means is integral with said support layer.

25 19. A device as claimed in any of claims 14 to 18
comprising a microneedle for extracting interstitial
fluid.

20. A device as claimed in any preceding claim which is
30 adapted to measure glucose concentration.

21. A device as claimed in any preceding claim
comprising analyte sensing means including a mediated
amperometric enzyme electrode.

35

22. A device as claimed in claim 21 adapted to utilise



106. An apparatus for obtaining and analyzing a sanple of a body fluid from
a skin layer, said apparatus , conprising: 20 a support nenber; a channel
formed onWOARAEUpport chanber by form ng channel defi ni ngPGEGBOIS6H sai d
support nenber; said channel having an entrance for receiving said body
fluid; 25 said channel having a mnute size with a volune | ess than 200
nanoliters; an anal yte sensor carried on Faid support nenber and positioned
to sense an analyte in said fluid within said channel. 30 107. An apparatus

according to «fb&wbéaé Wearlalt@dsauéct%ﬁnﬂ%hng%éraf&%%t BWHBBE odi mensi on
| ess than 10 mm, ﬁgﬁparatus according to claim106 erein said 35
channel has a F&P@PSICB §FEn*FBSS1PRan 200 micrometres. WD 02/ 95117

PCT/ GBOL/ OSG3~1 - 64 109. An apparatus according to claim 108 wherein said
| ateral dimenghpon pSggyeater.t ropetres An_appar at us
g pecas gilgléganaﬁ 58528?5%H8|ﬁa

according to clai m 106 wherein sai aimy r eagent
deposi t ed ®on SaMBThELNIf Br PLEZELEAY @fthnahyaﬁas§neloﬁ waadst| ui d when said
fluid is within said channel. 10 111. An apparatus according to claim 106

further conprEglng a.fluid extr;ctlon menber for directing fluid fromsaid
skin layer to%ai dPefieYafi€e?517231RRapParRY UBTEEESIBENGLE b VR fh1is
wherei n sai d A5rahged ext maabipa aﬁnbﬁalySeac@ﬁﬁehtﬁétQBnn@ﬂ@@éti?[
penetrating into only a cutaneous |ayer of said skin |ayer and said fluid
extraction nmenber has a fluid pathway for fluid to flow from sai d cutaneous
layer to.lG&aid>entPadeéiee aaiglabmedein 20y ipBecedingpatatmswhaichrilsng to

clai m 112 conpni 8hBTe af Bk UL AL bt Mm@t S8b I fib UéﬁlﬁX&,fa&téeﬂg JECLEL s 114. An

appar at us accordlng to cIa|n1112 wherein said .
measurin he concentration of an analyte in blood or

1nterst1t1al fluid of the subject.

15 26. A device as claimed in claim 25 comprising means for

attaching the device to the skin.

27. A device for measuring the concentration of a given

analyte in a body fluid comprising means for attaching
20 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 period of time.

28. A device as claimed in any preceding claim arranged
25 to take measurements at predetermined intervals.

29. A device as claimed in claim 28 comprising flow
control means for influencing the flow of fluid to the
sensing means.

30
30. A device as claimed in claim 29 wherein the flow
control means comprises a hydrophobic gate disposed in a

microchannel.

35 31. A device as claimed in claim 30 comprising means for

changing the hydrophobicity of said gate.



25 penetration nenber is a hollow needle with a bore of said needle
defining said fluid pathway. 115. An apparatus according to claim 112
wher ei n sHAENEL rati on menber is a | ance havi ng opposi ngPGUGBATE®3-80
defining said fluid pathway and with said fluid pathway open to an exterior
of said lance. 116. An apparatus according to claim 111 wherein said fluid
extraction nenber includes neans for ionhtophoretic 35 transfer of fluid
fromsaid skin |ayer to said entrance. WO 02/-Nh07 - 65 PCT/ GB(11/ OS&B~

117. An appar d2us dcdenlioeg atso cdladimedl ih wheriei 13 1S @icthddiWiGgest ract i on
menber i ncl udeg,g¥RaRs 1 pulskr @ i.cqtransfer. of fluid fr gsaid skin
| ayer to saidgﬁhtrance} Sb%f%.%ﬂﬁgg%%%rg?&grggc%VdﬁnéygchﬁgﬁﬁFl11 wher ei n
said fluid exfP&EEiGd FERbEMTEherugeTPRdgingl oeasscifioonaspiostiad taadasf er of

fluid from sahgdsbiphilayebake makdrgairance. 10 119. An apparatus according
to claim3111 further conprising an electric field generator for stinulating

the skin lfayer and urging fluid to flow to said entrance. 120. An apparatus
accordi ng to 8Bai mAl@8viker asnciaided5ifl vidigxsbaebin @i@&ﬁ@eﬁuhBthdes an
el ectrode whi gh.q i rii of said electric.field generator. 121
An appar at us aggoggﬁﬁgaggeglg?n%§§TYu?tHE?S?u58 Pigﬁﬂﬁlg tRo%AEdntrol I er
for influenci RgcEoFharnet guffiigienti thi hreacld shadnbydrophabilcsgaser. 122.

An apparatus according to claim86 wherein:
10 34. A device as claimed in any preceding claim
comprising a plurality of analyte sensing means, said
device being arranged to direct fluid sequentially to

each of the sensing means.

15 35. A device as claimed in claim 34 comprising or being
adapted to interface with, control means for generating
signals to control said direction of the fluid to the

sensing means.

20 36. A device as claimed in claim 35 comprising said
control configured so as to allow a user to specify when

a measurement is to be made.

37. A device as claimed in claim 35 or 36 comprising
25 colorimetric transduction means.

38. A device as claimed in any of claims 34 to 37

comprising a common fluid collection region arranged so

as in use to be in fluid communication with a body fluid
30 to be measured.

39. A device as claimed in claim 38 wherein each of said
sensing means is in selective fluid communication with
said common collection region.

35
40. A device for making a plurality of measurements of



said channel is one of a plurality of channels each fornmed on said support
chanber by form ng channel 25 defining walls on a said support nenber and

each havig 02H9¥#t rance for receiving said body fluid;, saiRfTBINESSIsensor
is one of a plurality of analyte sensors each associated with a respective
one of said plurality of channels. 30 123. An apparatus according to claim
101 wherein each of said entrances is corffected to a common source of said
fluid. 35 124. An apparatus according to claim 101 wherein said plurality

of channel's apHeassnebatedts6ASEESahnahHlGte iM020218%41%0mpB8s1iRGTLG BL1L

/ O6G3~ at leagt a first gontiggoug.sensor for gfnslng a concentration of an
analyte in f1oPd 't ATNESSi dOth8RhaPRa8s68i APebl M EnCeBIYNEEAELABOWE LD

.sensor; and atheefduid forbe wahsbrati endsensdaréditpesfosahBdng msaheast

one calibrati gy, NMBagLi eI s9f 3a-§ .Lon of an analyte in fluid
within said channel a%soc?a?e mftﬁggg?%gg%#ﬁbration sensor. 125. An

‘apparatussaccording to claim 106 wherein said 10 anal yte sensor includes an

el ectro-chem gal sENGOVicd28s ADa@dRPAr 2hUSnPCEPr i Afnt 0351 @M 306 wherein
sai d anal yte sensor includes_a. Iuralityfof el ectrodes. 15 127. An

d
appar at us accoP U hg 1'% cf AP AT HBI WAEPRF nE QY PR%ERI heSPstanbial &%t rodes i s
an el ectri cal ¢gnttomdues | veasweteneat dépokéet echéenshitishannes. 128. An
apparatus accgrging, to claim106 wherein said 20 channel is formed in an
el ectrically conductive material with said material conprising at |east one
of said éPectrodes. 129. An apparatus according to clai m 106 wherein said

25 analyte sefisor Angwles fof Ih@isHBLAG CtBENSHcentration of an
analyte in a fluid comprising a sensing means for
measuring said concentration substantially continuously
and calibration sensing means for performing at least one

15 calibration measurement.

43. A device as claimed in claim 42 comprising a

plurality of individual sensing means to allow a series

of periodic calibration measurements to be performed.
20

44. A device as claimed in claim 44 wherein the

continuous sensing means and calibration sensing means

are provided on a common base member.

25 45. A device as claimed in claim 44, wherein said common
base member comprises a patch or the like for attachment

to the skin of a user.

46. A device as claimed in any of claims 42 to 45

30 comprising flow control means associated with fluid
conduits for conducting fluid to the calibration sensing
means.
47. A device as claimed in claim 46 wherein said flow
control means comprises an electro-osmotic pumping

35 arrangement.



130. An apparatus according to claim 106 further conprising an
adm nistrator for admnistering a substance to a user based upon a :
measur i ngvVBAaA¥dW0lpon a sensing of 30 said anal yte sensor. PEIICBOARS@Hpar at us
for obtaining and analyzing a sanple of a body fluid froma skin layer,
sai d apparatus conprising: 35 a support nenber; a channel fornmed on said
support chanmber by forming WO U2/~9~U755 67 PCT/GBU 1 /(1SG3.~ channe
defining wall on a said support nenber;. said channel having an entrance
for receivingesai da basyi dd Uadl; cB2imed hannghy hewi s Bnd eppent QﬁR@%ﬁﬁd on
said wall 5 for_rea t'ngfvvith an analé/te of said fluid when sai _U|d i's
within said clﬁgarf’nléjrt.ackljﬁ. Pn APPAFARERE SR G HFRF 1D FFHm 131 wherein said
.channel has a volunme | ess than 200 nanoliters. 10 133. An app?rgtus
according to ai rein ' | .Qngi i n i mensi on
| ess thag 10 4CrrSJrr'l %%ﬁpﬁ%y%?ﬂ&a&cﬁﬁ%% Q?(;Ilaa:'i #1%%%38& n said 15
‘channel has ahestesimalsahdresrst Bricateken t9rF BT0 MHTD MBS sekBh  simgle
appar at us ace@edighddy cl aim 134 wherein said. lateral dinmension is |ess
than 200 micrometres. 20 136. An apparatus according to claim 135 wherein
said lateral dinension is greater than 10 m cronetres

50. A device as claimed in any of claims 42 to 49

wherein said calibration sensing means is downstream of

10 the continuous sensing means.

51. A device as claimed in any of claims 42 to 50
comprising one or more microchannels for conveying the

fluid to be measured to the sensing means.

15
52. A device as claimed in any preceding claim which isg
suitable for attachment to a user's skin comprising
transfer means for transferring said a body fluid from
the user's body to a sensitive part of the device.

20

53. A device as claimed in claim 52 wherein said
transfer means is arranged to transfer a fluid to the

upstream end of a microchannel.

25 54. A device as claimed in claim 52 or 53 wherein said

transfer means comprises a needle.

55. A device as claimed in claim 54 wherein said needle
is a microneedle of such a length that it penetrates the

30 cutaneous layer of skin, but not the sub-cutaneous layer.

56. A device as claimed in claim 54 or 55 wherein the

needle comprises an aperture on a side surface thereof.

35 57. A device as claimed in any of claims 52 to 56

wherein said transfer means is invasive or semi-invasive,



137. An apparatus according to claim 131 further 25 conprising a fluid
extraction nenber for directing fluid fromsaid skin |ayer to said

ent rance.WQIF49MA appar at us accordi ng to clai m 137 wher ei RCI&GRI1{05eHd
extraction nenber is a penetration nmenber for 30 penetrating into only a
cut aneous | ayer of said skin layer and said fluid extraction nenber has a
fluid pathway for fluid to fl ow from sai 86cut aneous | ayer to said entrance
of said channel. 35 139. An apparatus according to claim 138 wherein said

penetration nendedevsc@ hartR¥t NE6EbLi¥iid RedRs erof 88bTyinyYQHP2449507 -
68 needle definjng said fl u*d pat h % PCT/ GB01 /0a634 140. An agparat us
ohe it

according to cParif 198°hher &F st d LT ot nRFBRF 25137 | BRc®2 Hdvi ng
:0pposi ng surflacassbedeheanng said fluid pathway and with said fluid pathway
open to an exterior of said lance. 141. An apparatus according to claim 131
further conprising a flow controller for influencing a flow of 10 fluid

‘Wit hin saibd ch&nned devicportiohabhedaln amarprescedhnadi dlagnsai d reagent.
142. An appar@é@ﬁr%f@é%ﬂﬁpi&fz%@éﬂé1§§rVﬁh?é§l£§'i§€'€lhéh@8H€én&§a@{‘$n0f a

plurality of channels fach 15 Tormed on gai d support chanber by form ng
channel defi iPhPRePaIHe LPEIRY BeHPEFe nenber and each having an entrance

for receiving said body fluid; each of said channels provided with a
respective reagent pnga, deli ning Yehda ofn SH &4 FONGSre A9 saia
10 display means is separate from the rest of the device and

receives data therefrom by telemetry.

60. A device as claimed in any preceding claim
comprising means for administering a substance to a user
15 on the device on the basis of a measured analyte

concentration.

61. An device for administering a substance to a user
comprising a measuring device for measuring the

20 concentration of an analyte in a bodily fluid from said
user, said measuring deviée comprising a plurality of
analyte sensing means and at least one conduit,
preferably a microchannel, for conveying said body fluid
to at least one of the sensing means; the apparatus

25 further comprising administration means for administering
said substance to said user on the basis of said

measurement of concentration.

62. A device as claimed in claim 61 wherein the
30 measuring device comprises a self-adhesive patch for

attachment to the skin of a user.

63. A device as claimed in claim 61 or 62 wherein said
administration means is integrated with the measuring
35 device.

64. An device as claimed in claim 63 wherein the



143. An apparatus according to claim142 wherein each of said entrances is
connected to a common source of said fluid. 25 144. An apparatus accordi ng
to clai miOD2Mp®Fei n said plurality of channels includes: PAT/GRUASOH fir st
conti nuous sensor for sensing a concentration of an analyte in fluid within
sai d channel associated with said continuous sensor; and 30 at |east a
first calibration sensor for performng a3 Feast one calibration
measurenent of a concentration of an analyte in fluid within said channel

associ at ed W {dmsa st i€l it ahd Hils wlséé% PESPRA ALY 071 phtifd ni ng
and anal yzi ng & san;% cgeg 35 afbo uid, froma s in |layer, said apparatus
conpri si ng: M -0 W?ﬁrf%’éig LAt nenber; a
.channel formed on said support chanber by form ng channel defining wall on

a said suppor ner%;erde\;,leééj £hanne mé‘&‘virchl AL I{]aﬂ%ﬁjf%figcel Vi n said 5

body fl uid; extraction ne for sS4 d Ski n
Jayer to 8ai daémmfarféér ZORQV erangrel d Wﬁ*f@ﬁ@@nfmm@ the erggenvai n.ol une
| ess than 200 nanoliters; 10 an analyte sensor carried on said support
menber and po étloned t o sense anackyte in said fluid within said

channel . 146. dPp&RtE a?c% O IF MM AS FRIRY IS E ¢ B0HEhnel
has a | ongi tqmmpalfqh reotsh cadnimtteha:mgl(bm shiok t At e pparatuseraecor di ng

to claim 245%@%11 R ShaMR ARs A A A JRAS O] S 838 thpn 200

m cronetres
10 a sensing means for making an analyte concentration

measurement.

67. A device as claimed in any preceding claim

comprising electro-osmotic flow control means comprising
15 a plurality of driving electrodes, said driving

electrodes being provided substantially on one side of a

channel.

68. A device as claimed in claim 67 wherein said driving
20 electrodes extend circumferentially around an arcuate

wall of the channel.

69. A device as claimed in any preceding claim
comprising a main support member and a second substrate

25 laminated to the main support member, said second
substrate layer having one or more electrodes formed
thereon.

70. A device as claimed in claim 69 wherein said second
30 substrate is arranged to close a channel provided on the

main support member.

71. A device for measuring the concentration of an
analyte in a fluid comprising a support member having an
35 open channel on a surface thereof the support member; and

a second layer laminated onto said support member so as




148. An apparatus according to claim 147 wherein said |ateral dinmension is
greater than 10 mcronetres. 149. An apparatus according to claim 145
wher ei n 3O d22%0anal yt e sensor includes an el ectrochem calPCTEEBIIN05634
positioned to be in contact with said fluid when said fluid is within said
channel . 150. An apparatus according to claim 145 wherein said 30 fluid
extraction menber is a penetration nenber58 or penetrating into only a

cut aneous | ayer of said skin layer and said fluid extraction menber has a

fluid pat hwaytboelbkui gati@ thawnlrnom said cutaneous layer to said entrance
of said channel. 35 151. An apparatus according to claim 1S0 wherein said
WO U2/' 15117 - 70 PCT/GBO 1 /11Sl 3.~ penetration nenber is a hollow
.needl e with a7Ber eAoflesard meedleidefli nnngladind7il whdrpahhpayd &5annAn

appar at us aCC?EdS”HiEQOEh?BHEiSO wherein said 5 penetration menmber is a
| ance havi ng opposing surfaces defining said fluid pathway and with said
-fluid pathway open to an exterior of said |ance. 153. An apparat us

according to ehai nAl46viibet her c1QimeAPEhSENEiA §h0$&0?@t68hb§£siﬂg an

i nfluenci ng a.fEOMIOE élugd wi thin said chanpel to said, sensor, % 4. An
apparatus accdPdf A7t 5 cPaith 2F8{haF&PR: "SBPE™ chinhEPvidednghbfhals
plurality of zhannebeneashofté Eadaed on said support chanber by formng
channel defining walls on a said support menber and each having an entrance
for receiving_ said body fluid; said analyte sensor is one of a_plurgllty of
anal yte 3énsofé- eakhd@¥ieei aced GlehmadreBpetaive7drnehefesaishid skin

penetration member is arranged so that upon insertion

into skin, the skin itself effectively forms a wall of

75. A device for obtaining fluid through human or animal
15 skin, comprising 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 penetration member is inserted into the skin.
20
76. Apparatus for measuring an analyte optically
comprising a device as claimed in any preceding claim for
measuring said analyte and a separate test meter
including light sensitive means, wherein said measuring
25 device and said test meter are arranged such that in use
the light sensitive means views said analyte along a

channel of the measuring device.

77. Apparatus for measuring the light from an assay

30 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.
78. A disposable skin patch comprising an elongate

35 conduit portion along which a sample fluid is drawn in
use and a moulded plastics lens over said conduit



20 plurality of channels. 155. An apparatus according to claim 154 wherein
each of said entrances is connected to a common source of said f luid . 25
156. An appar/a% according to claim 154 wherein said pl ulPglliGRO1®OS63hannel s
and associ ated sensors include: at least a first continuous sensor for
sensing a concentration of an analyte in fluid within said channel 30
associ ated with said continuous sensor: @asd-at |east a first calibration
sensor for perform ng as | east one calibration neasurenent of a

concentrati o[boqfti%_anal yte in fluid within said channel associated with
said calibration sensor. 35 157. An apparatus according to claim84 further
WO 02/95t)7 - 71 PCT/GBU 1 /0OSG3.~ conprising an adm ni strator for

-admi ni steringg@ substrarte de® e U RS 6l P sHoRBIY ISk DaseEHIpeN a
sensing of said .anaéiey.te ensor,, 5 158., An appar.atus accqarding to claim 84
wher ei n sai d FFEMAE Fefedt T 8 FRPE SihA éﬁ’i’&' SHSIdSEF £4SPEnt
-sensi tivest o drmgintgechmimg wsaehsttantsiad loyefr gmial |lemg wineinnalheaxies eaf isai d

channel . 10 139./ Q%%Qartq{teu%g‘t%rh obtai ning and anal yzing a sanple of a
body fluid froma skin'layer, said apparatus conprising: a support nenber;

a plurality of channels each forned on said support 15 chanber by form ng
channel defiigng vAklet HIA @S}t IHARY kB ERRUNte T 0f a¥Rilgtrehamnel s
havi ng an entrance far .receiving said body fl.u.d; )
sample of liquid comprising providing an electrochemical
10 measuring device having a sensor electrode within a
microchannel, introducing said sample 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.
15
81. An electrochemical device for measuring the amount
of an analyte in a sample of liquid comprising a sensor
electrode disposed within a microchannel and means for
measuring an aggregate current passed by said electrode
20 in use to give an indication of said amount of analyte in

the sample.

82. A method of making a device for measuring the
concentration of a substance in a ligquid comprising

25 forming a first channel in a substrate material, fitting
said channel at least partially with an electrically
conductive material, and forming a second channel so as
to intersect said first channel, thereby forming two
conductive portions on respective opposite sides of the

30 second channel.

83. A method of fabricating a device for measuring the

concentration of an analyte in a fluid comprising

providing a support member, forming an open channel on a
35 surface of the support member and laminating a second

layer onto said support member so as to close said



a plurality of analyte sensors each associated with 20 a respective one of
said plurality of channels, each of said anal yte sensors carried on said
support MEABYHISENd positioned to sense an anal yte in sai dPCNGRILASGHI N sai d
respective one of said plurality of channels. 25 160. An apparatus
according to claim 159 wherein said channel has a mnute size with a

| at eral di mension |less than 500 micronet PEs- 161. An apparatus according to
cl aim 159 wherein said 30 channel has a volume |ess than 200 nanoliters.
152. An apparétanerccording to claim161 wherein said channel has a

| ongi tudi nal dinmension |less than 10 nrm 35 163. An apparatus according to
claim 160 wherein said |ateral dinmension is |less than 200 m cronetres. WO
02/~ S(17 PCHGBOMOSGERaray@s fiéd. omiapbm and actlyddimyg 4 csanh@lien d63
wherein said I Sg h AEides . 5 165. An
appar at us accaoﬁ%ﬁl}g ft%&{:wgﬁn&&% V\),ﬁ{er el eé%l ?]aalglégg%[ sensor includes an

‘el ect rochémi c%m%@%mgp05| tioned to be in contact with said fluid when
said fluid is withins cﬂf@hﬁé}ﬁl@ér, 10 166. An apparatus according to claim
159 further corrpr|S| ujd e raction, nenber far directing fluid from
said skin layer td's %Er%e 18y SHA FPRRUE ing to claim 166
wherein said 15 flsaid e'xtaraml omEpern ientarpereticat imrcaisnivgy daord
penetrating i of:} ;& cutaneous | ayer of said skin layer and said fluid
extraction ne r has a fluid pathway for fluid to flow from sai d cutaneous
| ayer tol8aid ent raefhcﬁenaﬂfyts%u%lerﬁ%r@rrlxﬁ 188 S8 sty sheadser dimd) t o
claim 167 wh cféllrtfcﬂiéii peneddradd ah MBS d Sird 10ld awuieedl & niid s pore of
sai d needl e |n| g said fluid pathway. 25 169. An apparatus according to
claim 167 wh i d penetration nenber is a |ance having opposing
surfaces defining aai]cbvi | asrek et TenayE candi il hdergdingy fd Wlbwatthviayiepen to an
exterior of M 3 s. . according to claim 159 wherein
each of sai d%‘gitt rlar{r?ll(r}%aglq s&%%%ﬁeelcﬁe%da%ﬁg%te%mn source of said fluid. 171.
An appar &bus according to claim 159 wherein said 35 plurality of channels

and associ at g sengprapdd¥d Ut adlod B3y ® fdiaSim @ANtHYQES sensor for

sensi ng a
comprising a fluid extraction member for directing fluid

from said skin layer to said entrance.

20 86. An apparatus according to claim 85 further
comprising a flow restrictor between said fluid

extraction member and said channel.

87. An apparatus according to claim 84 further
25 comprising a waste reservoir in fluid flow communication
with said channel.

88. An apparatus according to claim 84 wherein said flow
controller includes a flow inhibitor in said channel

30 inhibiting flow of said body fluid into said channel and
a reliever for permitting discharge of said inhibitor
from said channel to permit said fluid to flow into said

channel.

35 89. An apparatus according to claim 88 wherein said flow
inhibitor is an inhibitor fluid in said channel and said




WO 02/.8i (17 - 73 PCT/ GBOLl/ 05C3~ concentration of an analyte in fluid

Wi thin said channel associated with said continuous sensor; and at |east a
first calWbrmat9dn sensor for performng as | east one cal i RCAVGHH/05634
measurenent of a concentration ( 5 of an analyte in fluid within said
channel associated with said calibration sensor. 172. An apparatus
according to claim 159 further conprisinglan adm ni strator for

adm ni stering a substance 10 to a user based upon a neasuring based upon a

sensing of sairédlasakytensengeSa twdcch MBrhpdraf tikyngededeyiee for
measuring the cggcentr tiondot ﬁ.éugstagie,ln a IlguLé, said method 15
conprising: fOrntRGCaCFi FRLIHRRARLEPR L1l fraPecRiterParnetitting said
.channel at |east partially with an electrically conductive materi al ;

form ng a secgpd chan i e hth 20.sajd first_channel.
174. A nethodggf fggtggg??géag §§S?g§?§§rE%eﬁ%%??ng9tﬁée5 ncefiftdtion of an
-anal yte i? a PYirah sarduAeshadmenkprnsi hyockingopasaggae efippaid nenber;

form ng an opeAnebassel ronia svehasaiqf chhBnsYPRAAL sBBEREE vl gninating a

| ayer onto said su r{.menber so.as to close said channel, 30 175. An
ap%aratus acCS?HEﬁgEEBEEFagﬁ?T§E°ﬁﬁEr Ph E8PQViadi Aatd rapkeraesnt ai ns

el ectrodes di sposed to be in contact with said open channel.
91. An apparatus according to claim 90 wherein said
10 membrane is selected to be at least partially destroyed
by energization of said electrodes.

92. An apparatus according to claim 89 wherein said
inhibitor fluid is air and said switch vents said air

15 from said channel.

93. An apparatus according to claim 84 wherein said flow
controller includes a hydrophobic gate.

20 94. An apparatus according to claim 93 wherein said
hydrophobic gate includes a hydrophobic length of said -

channel.

95. An apparatus according to claim 84 wherein said flow
25 controller includes a bubble disposed in said channel
with a vent to said channel to permit selective discharge

of said bubble from said channel.

96. An apparatus according to claim 84 wherein said flow
30 controller further comprises a pumping mechanism for
urging fluid flow past said flow controller.

97. An apparatus according to claim 96 wherein said
pumping mechanism is an electro-osmotic pump.

35
98. An apparatus according to claim 96 wherein said




175. An apparatus according to claim2175 wherein said 35 el ectrodes are
formed through a screen-printing process.
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104. A method of continuously sampling and measuring an
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for reacting with an analyte of said fluid when said

fluid is within said channel.

10 111. An apparatus according to claim 106 further
comprising a fluid extraction member for directing fluid

from said skin layer to said entrance.

112. An apparatus according to claim 111 wherein said

15 fluid extraction member is a penetration member for
penetrating into only a cutaneous layer of said skin
layer and said fluid extraction member has a fluid
pathway for fluid to flow from said cutaneous layer to.
said entrance of said channel.

20
113. An apparatus according to claim 112 comprising a
plurality of said fluid extraction members.

114. An apparatus according to claim 112 wherein said
25 penetration member is a hollow needle with a bore of said

needle defining said fluid pathway.

115. An apparatus according to claim 112 wherein said
penetration member is a lance having opposing surfaces
30 defining said fluid pathway and with said fluid pathway

open to an exterior of said lance.

116. An apparatus according to claim 111 wherein said
fluid extraction member includes means for iontophoretic

35 transfer of fluid from said skin layer to said entrance.
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20 fluid within said channel to said sensor.

122. An apparatus according to claim 86 wherein:
said channel is one of a plurality of channels each
formed on said support chamber by forming channel
25 defining walls on a said support member and each having
an entrance for receiving said body fluid;
said analyte sensor is one of a plurality of analyte
sensors each associated with a respective one of said
plurality of channels.
30
123. An apparatus according to claim 101 wherein each of
said entrances is connected to a common source of said
fluid.

35 124. An apparatus according to claim 101 wherein said
plurality of channels and associated sensors include:
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one of said electrodes is an electrically conduct

material deposited in said channel.

128. An apparatus according to claim 106 wherein

10% {( & ()-
W& ()-10 $
at least

ive

said

20 channel is formed in an electrically conductive material

with said material comprising at least one of said

electrodes.

129. An apparatus according to claim 106 wherein said

25 analyte sensor includes a colorimetric sensor.

130. An apparatus according to claim 106 further

comprising an administrator for administering a substance

to a user based upon a measuring based upon a sensing of

30 said analyte sensor.

131. An apparatus for obtaining and analyzing a sample of

a body fluid from a skin layer, said apparatus
comprising:
35 a support member;
a channel formed on said support chamber by

forming

10
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136. An apparatus according to claim 135 wherein said
lateral dimension is greater than 10 micrometres

137. An apparatus according to claim 131 further
25 comprising a fluid extraction member for directing fluid

from said skin layer to said entrance.

138. An apparatus according to claim 137 wherein said
fluid extraction member is a penetration member for

30 penetrating into only a cutaneous layer of said skin
layer and said fluid extraction member has a fluid
pathway for fluid to flow from said cutaneocus layer to

said entrance of said channel.

35 139. An apparatus according to claim 138 wherein said

penetration member is a hollow needle with a bore of said
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150. An apparatus according to claim 145 wherein said
30 fluid extraction member is a penetration member for
penetrating into only a cutaneous layer of said skin
layer and said fluid extraction member has a fluid
pathway for fluid to flow from said cutaneous layer to
said entrance of said channel.
35

151. An apparatus according to claim 150 wherein said
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20 plurality of channels

155. An apparatus according to claim 154 wherein each of
said entrances is connected to a common source of said
fluid.
25
156. An apparatus according to claim 154 wherein said
plurality of channels and associated sensors include:
at least a first continuous sensor for sensing a
concentration of an analyte in fluid within said channel
30 associated with said 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 said channel associated
with said calibration sensor.
35
157. An apparatus according to claim 84 further
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10!j,/! 103K (hamber by forming channel deflnlng walls on a said
support member;
each of said channels having an entrance for
receiving said body fluid;
a plurality of analyte sensors each associated with
20 a respective one of said plurality of channels, each of
said analyte sensors carried on said support member and
positioned to sense an analyte in said fluid within said

respective one of said plurality of channels.

25 160. An apparatus according to claim 159 wherein said
channel has a minute size with a lateral dimension less

than 500 micrometres.

161. An apparatus according to claim 159 wherein said

30 channel has a volume less than 200 nanoliters.

162. An apparatus according to claim 161 wherein said

channel has a longitudinal dimension less than 10 mm.

35 163. An apparatus according to claim 160 wherein said

lateral dimension is less than 200 micrometres.



JIT10%8 & ()- Y, /110% Y& ()-  3(f 109 & ()- Y3(f 10%r"Y& ()-_)|[:L>01 10
y F&10% & ()- f&L0WA& ()- Y, 10% & ()-@Y"'10% & ()- Y&L0% & ()-
Y10% & ()WOBUAPTL>01 10 Y& 10%&' ()- & 109R R& ()-  YS SCTOSHEASEIH-
&' 10%T a& ()- &3 10%' a& ()- &3 10%# & ()-A)|[:L>01 10 Y&710% & () -
T &* 1 109 &R& ()- YN & 110% & ()- & !110% YW & ()- Y& 10% & () -
YF% 10% & ()-evU4l 1 Y@ 10%8& ()- Y' &LO%&()- Y 1098& () -
Y109%&& ()-10' 10' 10' Y8f10% & ()-e$)q|[:vU4l 1 Y Yf & 10% && ()-Y
& 109" W ()-Y YK &' 10988& ()-Y & 109 1& ()- &' 109&W& () -

PSR R L NS S L R g )

S S 100R R&' (1aVe¥S110Un&asipnYiklg¥kat&r( thaR $008i&rOpetres
e&y&109%M9& ()-R+| [NA41 110'10'10' &6@10% & ()-Y Y-&6@10% & ()-Y
0' 10% '\ & ()- )s! 1098 M& ()-- YF$- 10% & ()-V|[: NA41l 110 , &109%&' ()- Y

L &10% && () 145 GADYRRPRYAYUT 9C00FELipY- tY chosR £59 whoredmesaidq [ NA4L

analyte sensor includes an electrochemical sensor
positioned to be in contact with said fluid when said

fluid is within said channel.

10 166. An apparatus according to claim 159 further
comprising a fluid extraction member for directing fluid

from said skin layer to said entrance.

167. An apparatus according to claim 166 wherein said

15 fluid extraction member is a penetration member for
penetrating into only a cutaneous layer of said skin
layer and said fluid extraction member has a fluid
pathway for fluid to flow from said cutaneous layer to
said entrance of said channel.

20
168. An apparatus according to claim 167 wherein said
penetration member is a hollow needle with a bore of said

needle defining said fluid pathway.

25 169. An apparatus according to claim 167 wherein said
penetration member is a lance having opposing surfaces
defining said fluid pathway and with said fluid pathway

open to an exterior of said lance.

30 170. An apparatus according to claim 159 wherein each of
said entrances is connected to a common source of said
fluid.

171. An apparatus according to claim 159 wherein said
35 plurality of channels and associated sensors include:

at least a first continuous sensor for sensing a
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said analyte sensors.

173. A method of making a device for measuring the
concentration of a substance in a liquid, said method
15 comprising:
forming a first channel in a substrate material;
fitting said channel at least partially with an
electrically conductive material;
forming a second channel so as to intersect with

20 said first channel.

174. A method of fabricating a device for measuring the
concentration of an analyte in a fluid, said method
comprising:
25 forming a support member;
forming an open channel on a surface of the support
member ;
laminating a layer onto said support member so as to
close said channel.
30
175. An apparatus according to claim 174 wherein said
laminate layer contains electrodes disposed to be in
contact with said open channel.
176. An apparatus according to claim 175 wherein said

35 electrodes are formed through a screen-printing process.



