; e3eVRRSAT. T60V6f VTVov3 PERCUTANEQUS Bl OLOd CAL FLU D SAMPLI NG AND ANALYTE
' NEASURENENT DEVICES AND METHODS | NTRODUCTI ON Field of the Invention This

i nvention percutaneous bi ol ogi cal fluid sanpling and anal yte
10 neasure hﬁ”ﬁ@ﬂ nd nmet hods. Background of the Invention The
det ecti on of biological fluids is of ever increasing
i nportance. Anal§®®¥2*det ecti on assays find use in a variety of applications,
including clinical |aboratory 15 testing, honme testing, etc., where the
results of such testing play a prom nent role in the diagnosis and
managenent of a variety of disease conditions. Common anal ytes of interest
i nclude gl ucose) ePERCUTANEQUSBIOIOGIMAIFLYID SAMBLENGIANDNd t he |i ke.
A conmmon techni que ANAKCYTEMEASURESENT DEVICESAND MEPHADS €
deterngnation is to pierce the skin at |east into the subcutaneous |ayer to
access the underlining blood vessels in 20 order to produce |ocalized
bl eedi ng on the body surface. The INJROBDUCHIONG is then collected into a
smal | tube for delivery and anal yzed by testing equipnent, often in the
formof a hand-held instrunment having a reagent test strip onto which the
bl ood sanple is placed. The fingditldfithe Inventipat frequently used site for
this nethod of bl ood collection due to the large nunber of small_ bl ood
vessel s Iocat ed hisipyeatign ispigjatedaprsytangeustielogicel fivid samplingmangiasalyieant age of
bei ng; %‘ne@?dr%é’ﬁt &geg?&e‘rﬁgp 4 aneous tissue of the fingertip has a large
concen ration nerve en S. I's not uncommon for patients who require
frequent nonitoring an analyte to avoid having their bl ood sanpled. Wth

di abetics, for exanple, the fajlure to fF ent“X nmeasure their glucose
| evel on a prescribed basis rZgﬂﬂﬂgLﬁﬁﬂéLjE¥$243Liﬂhfornation necessary to
properly CO”tr%eh&@ctlo?xvcﬁ'anﬁ’l&eQ'xﬁJBB&%xcaPﬂGfa@‘isr ﬁ*év@ﬁn%ﬂﬁﬂ%e ﬂé@@ké 30 can

be very dangerous and even tening. This techniq
sanpl i ng alnskyterdammmhassaysfmd)ﬁsa 1nfaetanetymfap1j1¢ahen$ nmhmmgsllmal dﬁbothtmyase to

t he ent rticularl n done h-frequency ha r obl ens
wen TR S Relinh e dsabBie doevs i o sa st Hlay @ plogaettzols 1 el oo
amount of gilshékiSad Msmgbmant &%Waﬁ@ty@@ﬁeﬂs‘é%oﬁﬂlﬁoﬁi QUsHRMbn 3ALTPlel BPinddred?! 0Od

wi t hout form ng thick calluses. To overcone the di sadvantages of the
above t ecinslufigeglunose. grghdprdiabries xamagamgmtcpmle&ueml and thedikgh degree of pal n,

ice. m or o needrelrpronisEmiCke SRS RS sBRHE STBIARYS, RER: SEFRRRRA LT o

Wi t hi n t heietdel the skift@t IRhst fio AiIREibORaRiods REBElraates tHenindeflitengSioad V&séls fhept h
| ess than the 5 subcutaneous |ayer so as to mnimze the @ in felt by the
pati eA?. VHisT [opredugeilpcatized blai=<hns an theiedy spfacedThmepcesssd bipodds ek er mi ne the

t f. t t
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t hat constf & hard-held mtrbmenﬂjdeﬂgya r’chgund&:st stp bntasvhitlote bldcarsampld ie rpaiced

i orst i ¢ Ak TREGRA1 fe RSt Frentasedsbajon i dretiod oo o BF et edo e abou

6 i Hg, ?&Q@n&hw O@EmgﬁBmaIVE&E]SQéC&Y&%QHH@HWIﬂE&OQfﬂa@gﬂelé%?lfhdant
conjunction"w th the mcro-piercing menbers. For exanple) I1iternational

Pat eng5 Appisad:\amtagn ofNin® vy Painfli b;causs esbcutmpeousdisafe afgbeifinggtipbavua rgend/ or
heat to increas intersti.tia area of 15

R o AR Riod% ofiR enfhen Lty R unBiriogh reRlionss R cBuite fealof 0bs b he

portion Ofmonktbiing 6F dnfhaMitiotivbdd KavirighReil Blobd Barhple® e WA HEdiabdtiRs, ¥k aniifle,
engorged with interstitial fluid, facilitating the extraction of fluid upon

entry i nt ghetfaidurs ke frequently measure theilncoselleyel esepresgsibed ibasisrasulssini alaek of
heating e i idto
fl ow nor ek (r?apl E[flom’g e(gﬁglt[é)%garﬁpg%?mg H‘erle Ilgf g%%nmﬁ%&éﬁl{eﬁ &80?4 eit’%lF
fluid300 bsn w&edh@ércpsranaevgi IVfenhnemtehing O 'Ihlsrfechnﬁ}uddf bljodetmgBh£alkd AMms

devi ces have been devel oped which avoid penetration of the skin altogether.

Instead t He tisktod infetion| aaglélae (BANSERssiPn qfélvaew tp e RAtiEt DaFiswarik wihen dene on

"di srupt ed}, sy n of
bi o1 09, caf T ura RO B0t npt B RARgyR ofs REhAGUCRE T Skl ANE KRR AP
oscillati dmceils earlgmxcdtdmmmppﬂ skira$urface dfat 24n tchesed €arlthe ﬁfemmt sanipdiniglof bidodn
surface, r_ex | nternational Patent Application W 981 34541
dlscloses“? Bmﬂg %gﬁ k BRSPS at i on concentrator such as a needle or wire,
which is positioned at a distance fromthelskin surface
vibrate by means of an el ectro-nmechanical transducer. mmmmmmmgmm nﬁ
imrersed in a receptacle containing a |iquid nedlun1placed In_contac

the skin. The mechanical vibration of the needle is 30 transférred to the
l'iquid, creatlng hydrodynanlc stress on the skln surface suff|0|ent to
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2 Thus, despite the work that has al ready been done in the area of

anal yte testing, there is a continued interest in the identification of new
anal yte detection nmethods that nore readily neet the needs of the rel evant
market. O particular interest would be the devel opnent of a mninmally

I nvasi ve anal yte detection systemthat is practical, 5 manufacturable,
accurate and easy to use, as well as safe and efficacious. _ Relevant
Literature U.S. Pat deioyerspmeshedisaivantages afdhe abose sechpigue andathers fiyat are

ol | oot | SRCfEd viiEe B Ao CFo R ety 0nf e O G T I SR R 01 05

WO 98/ 3454¢en dWeRPed HaBhse nicrBRdcdles o2 anA6E A8 strdciGids td/4ocO43/ tBEmBdtstiti¥Dfluid

00/ 57177 and WO 00/ 74765A1. SUYMARY OF THE, | NVI NT ON M ni I | y invasive

bi ol ogi calVithinhg skiandine Aycrarreediss axpneneEaled i peo adlgpibdess Shap Wyst ens,
as welk a qﬁ%a% ect
devi ceg o? %&ﬂgggss]g rs?%%/g%{lﬁ(;ﬁlzén %@fﬁtnwlﬁgégﬁéhgﬁ%p% Lth}’ PBPSFPF@
spaced- apaampled and teated to dﬂ:tenmed: Ehetcnmbauatﬁm ofrthasangat ngnsnl’tm:ncdﬁbent rati on of
anal yte within the |oI oqi cal The .0 t r. . el ectrode. has a chanber

o | ni g CORRE G Gl PoRHRERS Wt e it R i TSR AL e par 1 ol |y

open pr oXicBRden@tibn &thvteb@stﬁmm‘étﬁalaomlgﬂqldarﬁlfcsra@taioﬁd the outer electrode
has a continuous wall configuration which defines an interior |umen or

chanber having a | efgnyentiohd raicex- med@osgmpbng systeniidve dafrawiaskan that,

ski n- n rf S C In a ferre nt, the
out o 181 o SrvasiecnR e GG RS Rt B e WeSIR SRERLE™
ski n- cont agh/HY) séitié kindof atechdifical bﬁmﬂuumnﬁeasw oftenaised WEIRjUNREOR Witk She/
applied to the skin, the annul ar surface acts as a 25 pressure ring on the

skin surf Zdeo- mwemngﬁmn @.ectrode has a solid, elongated configuration

naving a | engtn whi gl LR kaRRd S BaaKl Ablikattl §1009T84 AER o ENREDCT

of the outer electro nner roxi ma
end confi gfive&tuinpredserecmdr hkitno idrdascthe ta0aifubilitly dEmterstmal fluid at the area of

15  skin in which the vacuum or heat is applied. The vacuum pressure causes the portion of skin

in the vicinity of the vacuum to become stretched and engorged with interstitial fluid,

facilitating the extraction of fluid upon entry into the skin. Another method is disclosed

wherein a localized heating element is positioned above the skin, causing interstitial fluid to

flow more rapidly at that location, thereby allowing more interstitial fluid to be collected per
20  given unit to time.

Still other detection devices have been developed which avoid penetration of
the skin altogether. Instead the outermost layer of skin, called the stratum corneum, is
“disrupted” by a more passive means to provide access to or extraction of biological fluid
within the skin. Such means includes the use of oscillation energy, the application of

25  chemical reagents to the skin surface, etc. For example, International Patent Application
WO 98/3454i:&i—scloses the use of an oscillation concentrator, such as a needle or wire,
which is positioned at a distance from the skin surface and caused to vibrate by means of an
electro-mechanical transducer. The needle is immersed in a receptacle containing a liquid
medium placed in contact with the skin. The mechanical vibration of the needle is

30 transferred to the liquid, creating hydrodynamic stress on the skin surface sufficient to
disrupt the celular structure of the stratum corneum. International Patent Applications WO
97/42888 and WO 98/00193 also disclose methods of interstitial fluid detection using

ultrasonic vibration.



access to biological fluid. The length of the inner electrode relative to
the outer electrode is 30 a factor in determning the depth of penetration
-of the inner electrode. The outer and inner el ectrodes may be confi gured
such that their respective distal ends are even with each other, or they
may have different distally extending |lengths. 3 The spaci ng between the
el ectrodes defines a reaction chanber or zone within the el ectrochem cal

cel|. This spacing iBusdespits teaogk Hat haswlreadyebesn doe wthe preaof analylée on t he
accessed QLongMheRlis £ batthudd inkdrodin BHRSGeriiRhidin G Hbw BELED dertlcfofigindds | Nt O
t he reacti on chanber. e electrochem cal cell of the present 1 nvention may
further i nbdtuee seadily mekethe neqasf theamlesar mdrkdti Oftpagticutsa drterest wdddbethe n
seal ed engagenent at the proximl end of the electrochem cal cell.

Col | ect i véﬁegéolelﬁggé’f&miﬁwf?ém‘gvﬁb“ﬁm Y delCLOR SYRRIP Bt RFATHERR cup- 1 ke
conf | 951 aliatachl}bIS SRERaCURY sy Busd S WRNIGS SRk shBYfRRLRE. | S enpl oyed (o
make an el ectrochem cal neasurerfent of an analyte in a sanple of biological
fluid that has been accessed by the skin-piercing) inner electrode and then

transported (b3ﬁ capi.llary action) 10 into the electrochem cal cell. The
el ectrochenmi cal—&ﬂﬂﬂﬂﬁwe WE desi gned to provide a coulonetric, anperonetric
or potentiometric NRASUPRIARNGE intdkdsPinchude! 358,184y 5aU6 e, 5875970, §eMb a3, of
the present invention may be provided in the formof an array. The

plural ity 691FAs0d 6d6¢i6d bs Othey pRigieddcuments @ad publisatignsroftinterest ineludet Wole

| engt a i j j rode

| ang 18 anyOREEIRD 1ERTs, o SO RIS pT G 01p 288, MORPreR 0L
testing dighfeasentwertil35580, WENOGSEIN and W OROiad69A 1t he subj ect invention

i nvol ves using at | east one subject sensor device just described. The
distal end of the device is positioned or cupped over an area of the
patient's skin such that th% b R Feﬁﬁﬁqwﬁfmof the outer el ectrode
is flush with the skin surfam-%m erted on the proxinal
end of the sensor 2Midiwilbenvasiueshiolggichiefliid sampling andtanblytesmedsarsinend exert a

pressure on the contacted skin and thereb ausi ng the covered portion of
skin #8 b@FYee Ay EeMMtas tallasmetbads JOLNSNgteR SARE &1 BOVidsHles. The

skin-pi ercing inner cgheGily e sitjeck BEIcARrthd Sresthf AvBRIdNGALLYe RENEt rate the
skin to a selected depth,” preferably to a depth that avoids contacting
nerve endielegiochethi¢al oeJtharengsHased- et quiertapd sanep Electoddes ifar roegsoeing fhieui d
present at the open distal end of .the. deviceds 25 then w.cked, | nmeans
b 5 cap PG cRBL anifE v TRE 8 wolBEisaFHHEC The ol iesFdngs & ebenBi oy
neasur emekfihifg tHETpURRA HANLREA dpeh Bisk 8fd AR Jeadld pdHiRPYeATodthal end.

el ectrical signal representative of the concentration of the target

const 20 ueMary spgeifitally ané peederpbly, thyputer elaeteaderhas p gantofuonswal earfiguration s) in
t he patienqf,. i riv e i e i signal. 30
A redox r ggé%‘n@fﬁgg?ﬂeﬁlnt%{&? nqharg%réracﬁgrrnr%r%}n%saelgg tf2‘1’t Eﬁ% d{sLai% ee(%?l?%gﬁgm cal
cell to fdefihdstaakin-tamtgeihg sgrfidedr praasurt Sirfdce Ofin & preferfritembddemeal the outear
redox reagent material, used is sel ected based on the analyte targeted for

measur eneftectrade happeylingicat eonfigyeasion deljning an gagnlarn sk coitaciiag surageat e an
anal yte s i t i Or | b nsor
devi ce. Sgggl P ?%a cﬁ;ﬁma&%?éﬁi\ﬁﬁp?g%géf%g’ofh?%mv%%cshkf?%e&g%ﬁtsare ol neans
i s el @6t r ipoabury riog op ltheedskim surfacbie sensor device and functions to generate
and send input sigrRats.to the el ectrochenjcal cell.and tq receive output 5
Sl Gnal s from t he coltht iPRESES i das bAG: AroRyeS T igndasBEAIFTER by o
sof twar e aJnga i Bt SicaodBE Wittif the hhen epmdfhﬂier Biihe ohkfbledttbRTBEHeGAAdrY

cal cul ates and determ nes the concentration of the target analyte in the
bi ol ogi caklestapgst has @apseximetendundgrdistal endicpufiguredioapierce askintsurfa¢etotprerddeni cal

e | cal, “Garts DelREU AR ¢ lelEh o HRE el e by el s ©

one of0t ha felieGh/dedafingig thedeh @€ pérmeeliesh 6fthe afttet ele&rddeedhasuteh@nd Rine¥ ence
el ectrode by which an input reference signal is provided to the sensor from
a signal §lepEedssimay becanEgurpd sychythay their reppectifg distab prdstarpenenfwiticedchvshess a
reference VAR I ical signal froma

si gnal - geﬁgéhggﬁagqgéégﬁg?&gagy “y%ﬁgeﬂg@ ?&cﬁrtﬂsum t. The outer el ectrode then
functions as a working el ectrode that provides an output signal fromthe 15
el ectrochem cal cell to a signal-receiving neans, e.g., the control unit.
Thi s output signal represents the concentrdtion of the target analyte
within the sanpled fluid.



An exenpl ary nmethod of the subject invention involves using at |east one
subj ect sensor device. The sensor device is positioned over a target area
of skin) and with sufficient pressure, the inner electrode/lancing nenber
is caused to penetrate the surface of 20 the skin to a sel ected depth,
preferably to a depth that avoids contacting nerve endi ngs and bl ood
vessels. Next, the sanple of biological fluid present at the open distal
end of the sensor d&b¢ spacing hetvegenihetleciradas defings ageastiph ghaspbar @x geneowithione

ol eot r ochielt opabt SR B Rires P et Tk ek Evmi by farer ap once

el ect r odegcdebsatl bilﬂ@%i:ﬂ ghidun itls@pe disal ersd me@br iieking B ifite Piceedticatchumber 25
the concentration the constituent in the sanple. The concentration of the
const i t uedhe pleptrochgmiqaheqlbofthe presens inviegtiommay futhey inglude s ingpdatonpositipagd

el ectrical .si ' | S bl LR ORY
thon bt a i pectod W Bl sclflriRpdRRei M Sigrdll End BPAERIE:RLURRICRY

t he devi ceell.eCgilectipelpgheservethponéms defineratsendor davite pavésgatup-like benfigeritioa, may
be, enpl oyed to determ ne the si %?ﬁ{? | evel s transmtted (%)ft e control unit
to the 30 cell and #BF ScB&PTdRVIEg RIERSEEIYFIIoNdH emBlpyed (O makean oy get

anal yte. WEMY bPbi | AG ' es |A
and 1B V\hglregtﬁléﬁg?jg% A %?%élg&érggg@dsééct [ ongﬁasligge&\?ﬁ)gv&agp gﬁﬂgﬁgggﬁ{ent of

t he sensoncatesed by thd skinrpiepring emter elevieode amd thendtranisportetiRby @ capillary actiem) of t he

DS ool SE i el ey " ok PRl ey B N PR, O °°
embodi NeNtoRbmbiie, SRPFSeRR\r peteffiorhétfic PRASEBHehtNXEA! 4 Emrﬁnsd of i@ serdBri s a

top view of the sensor device of Fig. 2A taken along the arrows b-b; and
Fi gure 3 devieessxf therpresent inxpntionanaybe pravided in the fieror ofgmwm- ofhe plurafifyeefent

I nvention _gperatively mounted.to a.control 1.1 ,0of the esent .invention.
10" DETAr L ES B PR o hoialhoR iRl ab i aRL RRER R o
finds usenia?l hhhedisferaat totfdigatatiohs)leairedd lehbths Bhd reapit types bdreoékssing different
interstitial fluid, and in the detection and neasurenment of a variety of
di f f etent layeisof skinand &esting differqat anadwes. chol esterol, el ectrol ytes,
pharmaceutical s, il i, Gl B Wt N [ i cal
fluid. The present fé‘h\(;ese(%l PW@S‘“@@gEEhFEF%C‘JEﬁf‘%Wé’@ e%(tl)lgmp ﬁfe)icg%r?%?i ng of
I nt erstitsbjedt betisdr davitetjhs dowaibud.i Tige diktal el afahe devicedt ipogitiodedyireapsee
therein. In general, the subject devices include an el ectrochem cal cell
and a ski AVSiaBAEGRRY thrcient o g Shahths skipreonpcting sugpescqf Byeuentleqade

el ect rochgMsRhwifhahé skid @ﬁrrf@ée.e@iigmcg}sgzh&% ?ftﬂeh o dfe FrokfiM) e bRtk YBnsoP"

exerting a capillary torce on brological ftluid
20  device, causing the skin-contacting surface to exert a pressure on the contacted skin and

thereby causing the covered portion of skin to bulge upward into the spacing between the
electrodes. The skin-piercing inner electrode is then able to atraumatically penetrate the
skin to a selected depth, preferably to a depth that avoids contacting nerve endings and blood
vessels. Next;the sample of biological fluid present at the open distal end of the device is

25  then wicked, by means of a capillary force, into the electrochemical cell. An
electrochemic;i ;ncasurement is then made between the electrodes which provides an
electrical signal representative of the concentration of the target constituent(s) within the
sample. The concentration of the constituent(s) in the patient’s blood is then derived from
the obtained electrical signal.

30 A redox reagent system or material may be used within the electrochemical
cell to facilitate targeting the analyte(s) of interest. The particular redox reagent material

used is selected based on the analyte targeted for measurement.



20 exposed to it. Preferably these conponents are integrated into a single
structure. Before the subject invention is described further, it is to be
- understood that the invention is not limted to the particul ar enbodi nents
of the invention described below) as variations of the particular

enbodi ments nay be made and still fall within the scope of the appended

clains. It is also to be understqQod that the term nolog% gglo yed is for
ap

the purpose 25 of dd&&FREH EISarF €6Va¢as FaydHpTinAnAS Srrart e SEN{1PE ended t o
be limti |

establi shggS %&1@%%%%??1%89?&‘:8&“&“ r e%gﬂragg%ugy%%&gmﬁgy |asé?’g$r81vllméltelgl it
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upper and FYRSHBRS 10 genpalsrangingnd inggREnaligO 8 SlereRersal sl doe T FreEivEenihm
val ue kn ts]ﬁﬁls?fo%ﬁ]@cEﬁm?ﬁesb?urﬁ:'ﬁ%ﬁmE@tﬂ%§ e ci'ﬂ&ﬁnéd‘ fﬁ‘%b@\ﬂareﬁl‘g%nﬁﬁﬁer
and lower I"Tmts of these smaller ranges may i ndependently be included in

t he smal | @rogramues withinathe gortral ainis kat @utomiatipally qalmllatmdtdemmmsﬂ]eect to any
speci fical]| clu t he stated ran t.ed. range
hot udes SPRFeBH St of tog lafiek iy A e oR0iGR A RRPIe HRAE "eethh of MO BeRChEL o

i ncl uded lfiom the efcBoctenticdl Gell.UTieslcdnirol Bt may @uirthed includelacdisplaledninRe

ot herwi se, all technical_ and scientific terns used herein have the same
neani ng adlisplavingA Rumanieal wluiepIsgensing thst anghyle eICPNIEAON in the art to which
this i nvention be I or

equi va?ent to thosehrgggez?tfcﬁléégﬁerg? gigﬁtéér;&gpggﬁggagge hﬁéél?:kﬁlssﬁrsag{i:taﬂhg or
testing ofrefefeacqelerdt biywitet arvinput bfergnce sighalds providedds tr&rsdnmtfmn abigndlr e

now descri bed. Al publicatjons nmentioned herejn are incorpqrated her ei n by
r ef er ence EERTRHinEIPeAns. Rrederallycine paner glectioder{ypcions ay 6Fef?Fﬁ{“@r‘§%ﬂt'§ de fo

connect | 0Bedthikl 1Editd} i gRbikdif 3l AP pdlefariile Giftue Wk | the PRkl %ﬁnn%ﬁd Lhat

as used herelnand 1 n the appende e sing
and "t he" ourc blacteoctnlthemﬂunctedmrae atveorking ebstrodaethatqnbﬂdes ari mnpdtnghabfrerhebe
ot her reference to "a test strl‘}c) i.ncl udes a
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reference rdpeen@ tmcdﬁe&ﬁraﬂm%ﬁﬁﬁq etadadlyeawitmltﬁ@ﬁasnﬁlaﬁﬂﬁaf known to those
skilled in'the art, and so forth. I5 Thé publications discussed herein are

provi ded sol el y for Anmpmpbrlsmeﬁ@dmétmrsubjecttlovqmr@nfm\rqlmg udipgeat tefastiane
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virtue of sifficient préysar, uwmn&tﬂldchedellah&ag cidinetfer @f capselto @aﬁdt@ﬂ: tBE QiifAlRdf MRy
be different fromthe actual publication dates which nmay need to be

i ndepéfde e skincierifseleqied depth, prrfvanlntoa doptiothialeveids contartips mENGerdings AndeES
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el ect r ode samdr deviverik theg vetlmdtmmctbe sp%gtmmaetnmtamd:e&vmnehe imner &plaouesd- apar t
rel ationshjp such that a surfgce of one 25 el ectrode faces-a surface of the
Ot her o oElPBHES By aD LS (Bt e AP ORRETTIGE BB CEmBaLS BT HEDeR 3B | o
chanber ORV&HHEah&k@erE\ﬁBe%cﬁ%m' 1Rl ﬁ%ﬁhé&gdnce@éctﬁéa‘ﬂkn@n&lihétﬁ@&%f&éﬂt@t@v@&d i's
tested for the concentration of a targeted analyte.” The reference el ectrode

provi dgs the qonmragorgﬁalconsmum 1relhe<samplch dihe cencentehtion oftke canstiments)rig

el ectrode provi an, 0 ese e of the analyte

concentr alﬂﬁ3 Y‘S‘(f’j[ 80%15%‘?%(% t@%BE Eﬁﬁe{"#{'ﬁ?l ﬁlénaﬁ'r §H§‘F&F€é@d"% to

Wi t hi n t heeppésefitingOmieidhEcttraton }nay thcn be displayed on a display unit. A software
algorithm that is part of the device, e.g., programmed into a control unit present in the
device, may be employed to determine the signal levels transmitted by the control unit to the

30 cell and for deriving the concentration level of the target analyte.



. The general configuration of exenplary sensor devices of the present
invention will now be described with reference to Figs. 1 and 2. Figs. |A,
. 1B and 2A, 2B illustrate sensor devices |00 and 200, respectively, having a
cup-like configuration that has a 7 substantially circular top view, best
seen in Figs. 1B and 2B. However, any suitable crosssectional configuration
may be enpl oyed including, but not limted to ot her annul ar shapes such as
el liptical or oblong, or ] REHTTION £) IE DRAWINGSsquar e and
rectangul ar. The el |1 vy, . f
el ectrode 102, 202, E B‘glqdr&\%; gélees 1A %‘gglr%&%%’rgﬁﬂ:ﬁ r“{il Sd{r?’%sdsceé E%ﬁ%‘&,

respecti veiew oﬂh@\@rﬂb@dﬁn@@ BE theisensor d@Vied 6fahs piepent Wieitior#End FiSB bhea @pscr i bed
as circunferential or co-axial. Here, the outer electrodes 102, 202

function Xiewafdhesnrerfisvise Of Figodd aloris theaTPWHBY: ef ect rodes 104, 204

functign as the ref | egt r e, -

el ect r%c hem cal cel F%ﬁ%tnﬁglp S?n%&%ggaﬁgifnss)ﬁﬁ‘gf {E% n%? %ﬂz %r})ysls(%t,mnz%%l,d ©
respect i veley, ofanothen¢mbariiinknt qf tisd densoreld vioe bivthe ipreshet it @ention ped Fig/@Bak ect r ode

pairs. Here, fir or outer electrode 10 2 has tantiaIIy

91 1 ndr | I GEHOT B SeRSCBASYiSE PITAE T b FAKER Aon HISAENS tabi &P ey | nlr i val wal |
having a proximal - epgufelsisainenldic refRRREIIoK Y ¥ seRBHlagvick oAl pfoBehi 116 and
216, respectively. El’ectrodes 102 and 202, respectively, prefgrably have

bl unt di sirekentesgeperaivelykhounteshtozatontrgl wnit dfabepresen8invential 8, 15

respeg@i vely, to provide a pressure surface or ring when operatively placed
again the skin surface. At the proximl end 114 of outer electrode 102 is

an inwardly expETAMED BFSCRIPTION OFTHEPREFEREIPEMBODIMENTSEf i nes a

proxi mal or top cover portion when device 100 Is operatively inserted into
the patient's skin. Tonpresgat mvn@momfam)usr nethéymnnlmg efiolagicpl fhids sudyas

i stal enfoRd ahE L ERiel RuRE SR i Becfetoi il eay LA ST TAnER r it *© °
di stal endon?sﬁ&eﬁuade 208lucsses¢ttdsters| Mectﬁbl;ategmmlxacemctalhmhandmga,(hnd the

respectively, and an el ongated configuration therebetween which is

posi t 1Dnelike withip;the piplagiqahflaid; [The\prgsert ipyentipp iy especiglit well-spigedifopthes 102 and
202, resp I ter

el ectr odegﬁﬁoéelﬁi%r%“gyra@a%?% g%%ﬂﬁh%?ﬁ%rn%? grtrl{ee g&ﬁ%glgn mﬂgﬁé?sgqg?{g“s anpl ed
bi ol ogical fluid i slmgﬂnhml;ttlmjsmwnct @dviaes éntl wdecinesbe otrathemeiasl el madi . skibk st al

ends 108, 208 of inner ect odes. 104 and, 204 ive ve a sharp
Crp’ i i ¢ hESRASGST fedeimgT At Qe cIaF aien gt o eregroteaniral Bl nihers mber - oy

be a Sepaél@&tﬁ‘ocﬁ@xmﬁﬂé‘di‘ltha%lé%ﬁghrhﬁbﬁ foe ei’érﬁﬁgaﬁ cépt ffox’cEl 8n bitMsgics fRigd r ode.
In either configuration, the lancing nenber has a bevel ed or sliced
conf i ur aexposed t@dt. sl?rgmhlhtfﬁswmpmemdreZAyege@drlemmglveun}ctuneo more easily

nd 200, Di stal endhontue SR BB R R B e ER B e R R o

di stal enghg iAvietior istho®limitatl € the lpagicaRd embadimheaR bf 2¥2nvémivAieidribel Yelow,
However, distal ends |08 and 208 nay be 8 slightly shorter or |onger than

the di st aps wr@gonsie thonatigylargmbadinagnss may e snado and srajl dovithia sheescppe ef the

dependi ng, [ and
204, For MEIARE. £t Pl RRR th: e BRDIORE BRI B SOE B RE 1T
not b2fondf ddseritsipg patioular émbocbmemtp,l and i3 nmentemdeﬂab roediﬁsnﬂg)zlnstmmm:syome
slightly shorter than quter es 102, respectively. If,
however f?tgrgfeaegﬂ“@atl%wb‘éﬁ% gi’ég%ijdt%‘lhﬁtapi’@%ﬁ gladler depth, not beyond
t he derms | ayer for exanple, inner electrode 104, 204 may be slightly

| onger than outer el ectrode 102, 202, respectively. Proxinml ends 110 and
210 of inner el ectrWhes Aagaoiivab@s is provided it iseinslérsmdehvdea:hsiht@r‘tenﬂigst ance

proxi mal Iy ;of .t di st al, _ends uter e ct odes 10 and 202
eapect| Ve, © (R susfofine SR e s doPRctml inss B sSpeR dealy 58t plaRap

el ect30 Cabet®Be G ubﬁ&tana eWeh)limif BEthatiah &Cdnd dp)Rkhed kREII R HRErvdRitg vBQné il €
configured to be nechanically stable and strolﬂﬂ@fenough to penetrate t he

st rat um ctehdaiad fngh sancempassedyitbin the ewr:mgon uppeiing lowpeljmiss ef trha-‘i#e of a
bi oconpat t e skin_or

undesi rab%li;glll eirg% g tn%&gic%g%e@? g’ldh%g&ﬁ.l a f'ntaﬁéarf[rgrgetsfi)sél ch%r}cggg)a%ngl nl ess
steel , 15withinahé iVentiung Sutgets toEiyedpscifical Bl dx@mea lienicafthe staedydngbeWHees ween
the faci ng surfaces of the inner and outer electrodes pairs is an
insulating material or insulator 106 and 206, respectively, for
electrically isolating the inner and outer el ectrodes fromeach other, and
for sealing the proxinmal end of the sensor device. In sensor device 100 of
Fig. 1, insulator 106 takes the formof an annular ring (but




20 may take other fornms depending on the configurations of the el ectrodes)
positioned externally to proximal end 110 of inner el ectrode 104 and
.internal to base portion 112 of outer electrode 102. In sensor device 200
of Fig. 2, insulator 206 is also in the formof an annular ring (but may
take other forms depending on the configurations of the el ectrodes)

positioned externally to proxinmal end 210 of inner electrode 204 and
i nternal ttbe giatedaangsriacindss ong opboth @f die limits ranggeexchudingreither hathiaftlgsemay be
formed of iﬁElu é)aaﬁrﬁﬂs .etaikoa}ﬂcm@%?t}éiﬂgeﬁi%e” al, such as a ceramc, glass,
silica, polymer or plrastics:. anpl’'es Or ceram cs are al um num oxi de,

silicon carbi de and Uilessaiefivied otehise, &l tethhiesl aat spiehtifi®tesmaused herein have
pol yacryl ates, epoxies, polyesters, poléolefin, pol yur et hane) pol ysi | oxane,
pol ycyanodB? §3mg Beging pecomibepky yaderagod By opgof erdiaryoskill Histhe aft to highethis

presents | QKfé}ﬁi'oﬂgeigﬁgg. OAﬁﬂdLghQﬂg%eﬂ{od%ﬂ& ﬁ'ﬁﬁeﬁiaﬁ.rs?rﬁﬁiryor havAkfohiGePal N and
bl eedi ng suttere y“a patient during the sanpling process. Accordl ngly,

t he penet rdescribedherein ¢ asvobedisadniat the pravtice omtesting| of chier préleemt ¥8ntict) thenmust be
within certain ranges to.acconplish this goal, O course, those values wlt
vary deperfif Fegmetogs 'FFEI_T’PSPBgBd‘FC % %fgpﬁaf A ppbicagiops inertipng Serery »P
fluid, bl qaghrPbrati@hleifBy teféendedb di1det hitddeaBSbd 8 nictiddk ARGSr g,fatehaﬁ igkin

| ayers of the particular” patient being tested. The skin includes three

di stinct |caprection avithophicktherpublitdtiods alesitehi dernmis) a middle | ayer called

the derm s and a botiom l.ayer |l ed the subcutaneous |layer. The 5

epi deflrgi s is about éf)m%t BE ‘Ctrﬁsélf‘?d}%e)‘e’{‘ﬁp@w QﬁGPMJ&%S’B&ﬁ‘“%l@H nct
layers: a fbfind @”2€hnP andUtiRy” ih@X® pluaftdfient Dflesd tha bomaldaglyicthes | oned by
the stratum granul osum stratum nmal pighii and stratum germ nati vum The

st r at um corthrswisec dhusnifersexamiples reaferenesdown t4st ssnindinsindes a phusality lof pucbdester at i n

and kerata i d 8X Llul ar matrix of Lipids. The inner
three | aye‘c’PrYsFijl Cil g r%fg{cﬁg%{&i gﬁejﬁ @r&r:eégoerr lic?f?q% g réfgrcp%eeto\ﬂnggr gméepprgg?sm)rg aaﬂd have
a 10 t ot alequivalekiRahé&edfiknolvd t6 tHige siifledinatié afand@o ¥6¢h.pm The vi abl e

epiderms is responsible for diffusing netabolites to and fromthe derms.
The epPdermi s cont ailhé PyBligatigpydises eip areprowded spjely farheig disglosures nuch

t hi cker t oy ' ' T ht ok ol s ut
2000 o 3785 G FnRRERGE el eCarbi il Atifing Relelifis S BPEi A BB,
connect i vedmissgmethati the prestinn énventidreig et érititled so araedhte such pablidatiah bl Ivirtud of

di spersed throughout these 15 fi b?rs .Bel ow the dernmal | ayer is the

subcut anedROT {1VERLRN. (Fpher, the; datesof prbliqafign grovidsd may, beditigient fram thepctpalt y of
nerve endigiggcatioh dads WhtchSHhyneediy Be idBFerldBRtfY cdlfizmbd.cdes 108, 208 of the
present invention preferably have penetration | engths that extend no deeper
t han #2fAe derms | ayer when fully penetrated into the skin to nmininize the
pain felt by t bient) ever s 2 onger if necessary 20 for
the particul ar : BORIMEN a"; .Eglecgorder to effectively and
atraumatical |y peneiGeatrlly\e Sdristr ddvites bEihg tpheseiit ihition iludl #act r ode i s
generally at |east about three tines greater than the dianeter of the inner
el ect r ode clastrechegijcal gelihpvng melectroderpmangamant oba exferennecelenitzode aed a working ut

75 p, d t i al: i d
rode of - SREROEE THAD dctroftd £OB Sodibod Bl Rl:Bohdin WIS hRAShECEH R e 2
gener ab| y eleatredd fanest dhsurfane dfthe pergeletrain dthe ypace®Btwezn4hdOd dleattodps cal |y

bet ween abouyt 600 top-3,000 um and nore typically between about 1,000 to
2,000 pm % (ﬁéﬁmﬁ@m SHGEA wﬁvlérsgmﬂeemwéwéﬂu%tﬁf@fpm s
ependi ng [ -

bei ng testtggkf V@f I eb{%heﬁ?ﬁonrgrf%al gt rdﬁl glgﬁxfg}%g?%éénngﬁggﬁédeﬁyaﬁgé\i?1Flg‘rg1'tgt hs
t hat are Is@ngeo thdelectBRhemizabeplt andothe woekinhg elgetrodekpravidesyar qutputaignaher

| ect rodes/ | i b b trated i . th i t .dept
(ref e r e asesslapfe SEER h R ERCTPuRGot oY B Sl Piokasioah Bk fis 1 BRORFSst ¢ e
i nner 3@l egd WaHRStht aReirsheRdiPedIE. Thus, in order to mnimze pain to the

patient, the inner 10 el ectrodes/l ancing nenbers preferably have a
penetration | ength -The gameral senfiguratiomod syemplary sensot devicesfithaiprgsentr e

ol | cat ] SHERTRERE b BY dbted Wity PR AT P B TRTI & 3ag0, 28, e

penet rat i diustrargehsoptietibe 00nad 260,64peotiely, aaaaiian cOBHRE CohfFgurdtiinCiRihd Has a
bet ween about 50 to 120 ~tm For sanpling 5 applications which require

penetration into but no deeper than the defmis |ayer, the penetration

| ength of the inner electrode/lancing nenber is typically fromabout 600 to
3,000 pm The outer dianeter of the inner electrodes/lancing nenbers is

bet ween about 75 to 800 p,m and typically does not exceed about 1000 Vim
In certain enbodi nents the outer dianmeter is typically about 500 pm 10 The

- Y . . o A NN NSNS
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15 el ectrode material onto the inner surface of a tubul ar object having the
desirable inside dianeter. The wall thickness of the tubular object is in
. the range of about 2000 to 4000 ~tm Accordingly, the reaction zones 120
and 220, respectively, have volunes generally in the range fromabout 0.1
to 2 pL, and typically does not exceed about 1 ~L. Sensor devices 100, 200
are sized and configured such that the spacing between the electrodes is
suf fi ci entsubgantiglly Icawlaretoa vieshibestaesn indiigse 1Brand RB. Jlowosr-aay spitahlecropst

emerges fr il

fl ui g pr oxslgérgzatcfnIlaleco\tf?vl’ﬁgﬁlltag\l‘E}l‘t;l h%?s%ngg’rld)ﬁg\% é(i:igdm%%uf lredé}gtﬁﬁt dt@'?)t acesa"ros?1 H}u
el ect r odessuci ad—'eltjpticaltoramtﬂor’xg bhpmlygmmecmrtffgummns isach mqaarehﬁﬂ recghgd B, of
sensor devi ces 100 .and 200, res el rlsed f hlgﬂ é
conduct i ve notal, SUEFISroRhemigtlices are defined g firhRg oWt Jestrodd 0% 207,
carbong dqgﬁfécﬁx‘l‘w %@beﬁdtdrrhrﬁt‘bﬂ@trocﬁ:tlim”i@ﬁ%esﬁ&&%lyaﬂﬁvlﬁgﬁ cbﬁd&ﬁtncor a

conbi nati on of such materials. Mst typical'ly the netal is gold, platinum
or pal | adirelationshiphbish migealembe descabesioascidemfragntiabonerdexialf Hese.ahe owexh

el ectrode d of an.nert. su cking .substr t he

sur face. o iapags 102207 Rpfiortab SforihERRE ks tng 1R orfeipeltgiet 0f; 204

el ect ropl FdiofRE fle tefdtefide dtfcolimter elefide OURe redfective eléGfodRATEIN telfy/fRitRER OF

material 122 and 222 of Figs. 1 and 2, respectively, may be used within the

el ect r ochdnsleds andigsylating materiali 1t0§t 206, msgeqtuvnlg eansentrisalipt sifioned between thet .

The ti nt material used is selected based on the anal yte
D?Qrggt’gé’g& Jeeeq%eﬁgéﬁﬁﬂﬁsent The reagent may be deposited on one or bot/h

eI ectrodes, pref er alHeye, itstair obraslectbod2ai0R] 202 Inds atsibstantiatly coliedrival f aces

facing the reaction zone. The redox reagent s stemvm || be described in
more det aicPRBRUTEHEN HRhg @%%P%@P‘@HMF%&W waithayingp proximalenddddsnd o
cells hav i t nms and
ot hods. camanT khaTd 8 e 6R0 196 and ZRE fesBoi e HIBRREL F60 a0 Tt "y
be enpl oyeespbstiviche pmfmkﬂvyﬂuavmblant distal] edgas:buhmgomwsmg serfadeatl 18 anrd 218,

anper tric nmeasur e current oul onet nc sure el ectrical
char ggge Fesﬁﬁétbvﬁ& ineFoyide apressure SH@%%"LR‘@“&W fteéid’@f}a“@lér?b‘?cég aggingt H@'sé“'t ypes
of el ectr Qaigdl %Ithérﬁeﬁﬂmeﬁmlwﬁa&m@tr%dé w63 A& lﬁ@m}» a&étqdlﬂglté o Patent
Nos.: 4,224,125; 10 4,545, 382; and 5, 179; as well as WO 97/718465 and WO
99/ 49307 pofiwndilddhassticast peﬂlaWM dchnam@rhlemi or tog@ovqrcpomcedwm deoicerl®fde.

REAGENTS | n-or.der.to._s out and se e, th e, or cnstltuent
Sl ot og PBase P 136 Ge BberISIRE Wikinh ofet i Inerh ngficay Hay R gtee
bi ol ogi caleletirbde202adefiaean sppademen extending framl /proxidad¥ed2 14 fohd distahéhdB&ct | on
zone within the electrochemcal cell. The redox reagent material is

typi caPly deposi t ed SefPngor inngs elegtiedes 04 prd 204-¢ash h§YPr4 distabenst 1Q8and 208,
P oot £ o TosPRRRRY a BB 62 11D laHh §1OTEREMvelf ahll i ERAERERToARARLERST O3 LY

reacts wt ent material. reagen y coated
or deposi tledebtenvdenevisicir fsqmem))nd&yc@ﬂuﬂtgawahmfthdwpllsmatmm omlterletﬂc;retlesclcmati ng.
The reagent E@ n%[pused |S,H1sel ect eg base}dwon the anal yte targeted for

det ect i on AG AR TFPEFIRED: oHICoPaGIRE DFLIARR e rESPesiaNm 1BRR aPﬁé’“@bF‘F%‘é‘&?ﬁdF%F
consti t ueRlreRfioR BRdnMte? of §orﬁnﬂ2b02'ﬁfiwh&eﬁthﬁe &d S’i%rb%mai: Aid TP eI RARBE
protocol to determ ne the concentration of e target ana yte or

const 2% uertecirochemacat slehsuremens. r eagent system present in the reaction area

rbod ment s: 1 he- encyt R 208 oF KRR Fo Lyl Al tSbech BB vor

pl ural ity sefrp @By Rofrh of a Vdtig infen@snC Alltbriiafvély, tHé F@cinB Snebittr YiaS Rfa
interest. In other words, the enzyne conponent of the reagent systemis

made up OFCRATAE ARINEONSABIMPBRICEIT B QISH@) eethef the inner elegtendee dn eirer epnfigusatinn, nor e
enzymes t hat r y e ymes of
i erest  PROHHEEE mepeONE S g B ColdVinBUR deBlun fFRECEA an 3R

di aphf es esspedtivelyor mbei aasl)apsmhetrhte thd dkén wREreprefsed isieRertstizonthe pespetive i n t he
reaction area depends on the particular analyte for which the

el ect r och8fYiees 10Da8d 200+ p i s deslgned to detect, where representative
enzymes inci ude: OIeasEndI0RASE me HGOREa HERK qf‘,as@mﬁw{: Blafsthithal 115,

est erase, chol esterol oxi dase I poproteln pase, glycero I nase,

gl ycerol -31 @hb@ptmlatmﬂéﬂuﬁ@ndlw@t mspecoxeldallewelac tiataberdis HYE raog 20&amy be
pyruvat e oxi dase) al cohol oxidase, bilirubin oxidase) uricase, and the
like. In many preferred enmbodi ments where 8he analyte of interest is

gl ucose, the enzyne conponent of the reagent systemis a gl ucose-oxidi zing
enzyme (e.g., a glucose oxidase or glucose dehydrogenase). 5 The second
conponent of the reagent systemis a nediator conponent, which is nmade up
of one or nore nedlator agents A varlety of dlfferent nedlator agents are

- o, - o - . 1



10 conpl exes and the like. In those enbodi nents where glucose is the
anal yte of interest and either glucose oxidase or glucose dehydrogenase is
-the enzynme conponent, the nediator of particular interest is ferricyanide.
O her reagents that nay be present in the reaction area include buffering
agents) (e.g., citraconate citrate, phosphate), "Good" buffers and the

i ke. The rea e is generally present in dry form The anmounts of the
Ebilyoh le

vari ous 15slighhy shster or leagenthan, thadistaliepds hid, Ak oheuterrelectrades] Randdant
Il ]
L1021 AR R e o i S ESRBCTOL <

el ect r odes20uf Hdnexahpﬂe,tlf nihdusiredto penktrataaaelatively elmllbmptm@mmybﬁatheon W t h
a control neans that sets the in ref erence Si glnal transmtted to the

el ect r ochesRIdeamister F’ja“?@%él‘%@ef’ﬁédeédpﬁugmsfp@h‘éﬁ shighyshopter had QWS c heni cal
cell and t t t [ e
Al o r o Ioaet L2200 SRy K i Rey R Ged W ferR R S BN ol
means for dgpd, ymrk@py_amd theagletmisdayer ﬁuremmnplebmhvmccttolde IOMOéImxbaMghtly

measuring a ch i e nt over . ti in e _observed
Change 1o Eoee S it efiabdiGhebS Tpercetelss oy snds ot b 210iog Sonet

el ect r ochegikGdess Ri4 and Do, feORe M1y adxkend ahott tali9stzﬁ=1'&élb)’dx’?mhl'l‘y 5fRe Bt 8Rds S

bl ood is then derived fromthe concentration level 'in the fluid sanple, the

numner i cal Vg and 2d# Of\mtchelc@rqgicei@?r attsl 202prespéctizelyats maovide a pondustivhedntacd a
di spl con dlsplay nmeans are integrally

house 910"?1[ g2 §lﬁr§ %@el#‘i“&ﬁ&}?{ﬂ&?&&hﬁ“ﬁ’“3uch as that illustrated in Fig.

3. The cont rol unit TheghbjeadihierdleetodsON4iZE de dBRMNEurad toRGHEGhARIcATy hol di ng
one or nore sensor devices or an array of sensor devices in a position and

ar r angenerifabigandssoag eaeughrie peratiaiedihe Biratmpemens witpuibeeakingog flepingi cati on
at hand. ll?i“eferzlgg %Jy' AInAG¥of QPloE&BB;frb é{;\ﬁ{eﬂal' aitﬁ Yo QAug 1@1%’3&5\%90 the skin
represent ation a’sensor Ssys ovent 1 on. Csen<or

syst em 50 @ranundetabla tnfsawd-eifpbhd: cSlm‘abblmmﬂht rrﬁa?erﬁllk:inaluﬂestsmtesdauel(;e 10,
such as sensar devices 10 an? % cussed above, operatively nounted to
di st alldenditaniugy PEeiqEs BEt allgys thegsat.-r o1 unit 52 has a housing 56,
preferably 5 nmade ofSaadm%flb&aétweém FRAS drﬁcg@(gﬁﬁe Riner 1N cRect: BT Of 11 @
configuration which houses a neans not or contr |ng t

measur enerpairscansingiflatsgreateria @v irselaldy, 106 aad 20@ec@|eetiveng fmrnledtmarhlsrnidlatmgg

input reference signals to the electrochem c of sen ce 10 and
recei vi ng B‘ﬁ’t Bt @ @%F@I‘fgﬂéeﬁf%ﬁ?@ Hhgrandar E"@FPg thg %%‘mﬁg?@d%lflt B PmM
progr amTeQieWcE hiseastdefice 400 bf PiZ. thﬁﬂﬁbif £ tlak’esctﬁé FdHnaéf%ﬁ aﬁﬂlﬁialdﬁﬁ;?(ﬂﬂ nes
the 10 concentration of the target analyte in the biological sanple upon

recei po ofmaka)QﬁhsmﬁOHﬁ Qmpdmgh)é theornnéigurationoef theelectrqcmbmltmmnér desired
f t it di 58
hat o sprassialiyO PR hAIAE 1D BE il Alifat B0RAha feaBordd oI 1 BESEE S

provi ded towterleleoswoddHO2uds Kerdsor dévicet 200rdf Gigret imstlato? 206 isdisd iehd fapm d¥fan
anal yte targeted for neasurenent, to the control neans. 15 Sensor device 10

i s el ect riABBYIAYTIBHPUHPY takg|other £35isidepending.eihihe spniigHratians of Heceleqtiodes)

comuni catj,efoh i [ TERASnaf

contacts (ﬂr?ot osﬁf § ar‘?hﬁgelﬁggfag rﬁisél cfé'?’%gglﬁg%". ng engért“r&?@p#éccil%%%gg (not
shown25wi t21#dof ootet elettradeil0252. Pr eferabl y, device 10 and control unit 52
are physically coupl ui ck | ock-andrel e se nmechani sm (rmany of which
are comonly known) @ﬁ&%ﬁl%%{ﬁn Il@&‘“%‘éﬂ ﬂrcoa@ Mt aZ’O‘“E‘Q SE%/IP $Pch@Soved
and repl age@rantiOd1as3! sikicH, bol?&ef 8r Iﬂﬁﬁfc@r BRAMpIESUSRPARIcEBY ARTAMUR WMidd) any
nunber of sensor devices of "the su bj ect |nvent|on These features

facilit at eilichn caré)lderagd@frccpmurmqai@ ﬁmﬂp&ps ofipol ymeessare polyatrylales, epoxisf i ci ent
and rapid r devic e formof an
r ay) " ODAE s, oDRls T, PR PE Rl ors R RtevaSonsRiRe o TiinF oMoy dec
on a sppport neans Wirifpastait 23Pect bk padsenttifivdntibf iloAilinAabt o |8R€ greatly
physi cal |y engageable with control unit 52. The nunber of sensor devices

enpl oyed \WHRIMige fermain andrbleesingcybiered by patienicdusiag tke sampliag@racesfei ng

det ect ed, i r re

i nserted, téﬁgrdggﬁ%ltﬁy e{n,?ggn trﬂgﬁéthﬁ&cﬁ d\}%@ﬁt\rérg’ oggrgf P Elcﬁﬁ‘g{? loghezgjsglgﬁss@r devi ce
array nay withipcértn fanpesto atemplisteits poalic Ofgomseikese vaRies nll vaty\dependsmapes,

| engths, widths and tip configurations. 30 METHODS OF USE Al so provi ded by

t he subj ect invention are nethods for using§ the subject devices and sensor

systens to determ ne the concentration of an analyte in a physiol ogical 14




sanple. A variety of different anal ytes may be detected using the subject
sensor systens, where representative anal ytes include glucose, cholesterol,
.lactate, alcohol, and the like. In practicing the subject nethods (wth
reference to the Figures), the first step is to provide a sensor device 10
of the present invention. Preferably, sensor device 10 is 5 particularly
configured (i.e., containing the appropriate reagent) for targeting the
anal yt e( s)omthe typﬁexf bkﬂogid‘dhélui;btﬂsgo,rimﬂesﬁtieldhm'd blgodbpreroth)i desirgd fon samplchgoand

interfaced, wi,t. ntr an pe manual |y, held and controll ed

by the usdhet ?Soq ”EFh CHSQ?& &&%é%‘ﬁ?éd’ g‘d}tbf’é@ sh%ithe t ar get ed

anal yte(s). The usermemmanaes&ﬁf&qtstﬂa%yas JaQoﬁYa?yEré’al]‘éﬁlt}%Cép?&rﬁﬁseﬁ of the
patient's skin 10 such that the distal ed e outer electrode, 102 of

Fig. 1 andnzidlz: layercalded the demnis anddhottum laMpt wrﬁ@esﬂubwtmonalﬁe@r Wheh sl | ght
d t t t t
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sone ot her ans as ate sensor unit 1 m ticn e Insertion
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el ectrode an outer. el ectrod sor devic t he ea of s
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applied pressure. As such, "the distal edge of the outer electrode functl ons
as a tiOessIutabth‘iqimm;; tndrerangefcxfcabouttﬁﬂan 100 ¢t t Thenviatile epidernmin & respomsibiedfde i nt o

the patient.s.skin, an anount 2 ple). of biologjcal fluid

eror os. { FUFRURE FFBRANSHD AR o HedsERis i oE GPBCtis SonAas nd DIGodiel Pt o ¢ he
reaction qtemtt%amlgy TRAAETR is@nichRhické tharPhb bﬂﬂem@ﬁ'%ving AtARKh&R G tgn zone,
the targeted anal yte chemcally reacts with t sel ect reagents) to form
el ect r oactrange fporodbait 2,000 te B@ODetm The deinmablaydregensraByicadistl ofercdenye beat of

indirectly through the ion a_nediator. The esultlng roducts or
speci es wPPNgGHY Pisl"f&r‘“@%&‘dgfg g5R fibers, andnierstiigh %‘G@F%’E@eég‘rﬁ‘l‘gh"%mesc
wor ki ngel §ffef0 flow HededhhNdy &1§ﬁ'n€rs§l§5uta?1'e9&3tﬁssuérﬂh§t (ﬁiﬂhﬁﬁ&nﬁle BL Q:!a%l?lﬁncs
proportional to the concent ration of the target analyte int ogi cal
fluid. An asld&uetmajorty ofrtpute epdipgamjithintbh skis. a constant potential, is
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o ot e 5 L e conigl ke e Bekl o 0B uSLRTH e Bifbb ghec < o
speci es, ipendtfieion GeheHithR @xtedd GO ABEMRE tHaRithe dofmiYialdiovhzd Uy féerardgsibr 0de.
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whi ch At GREHSTS rtts eam?tﬂr the 1aRgg elfstrederPHIBaY PemOBh CEIR PERITBR 1BRera

sel ected em
Such that Shiesdaefe B PoRD Sk, SRR AR AL okl BERFRla Bl
i nvention eieatroddnlsenaalatofent s skin and then read the final analyte

conceggratl on result fromgi)hdl splay of the device, is further described in

tent No. 6, tdscarfingly,the inagelestiode ar Beee&meawefsol%??‘t generatiyhayg of
El d
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reusabl e ®atient ippaient depepding en thathickness of heykindaypseaf the particulas pasieat being

di sposabl an i e
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first target analyte and one or nore other sensor devices provided with
ot her reagents for testing other targeted anal ytes. Fi naIIy, the Kits
preferably include instructions for using tthe subject sensors in the
determ nation of an analyte concentration in a physiological sanple. These
i nstructions may be present on one or nore of the packaging, a |abel
insert) or 25 containers present in the kits, and the like. It is evident
fromthe above descrl ption that the subj ect |nvent| ons are easy to use and
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16 Al t hough the present invention is useful for many applications) the
sanpling of various biological fluids and the detection of many types of
.constituents, the invention has been described primarily in the context of
the detection of analytes in interstitial fluids) and as being particularly
useful for the detection of glucose in interstitial fluid. Thus, the 5
speci fic devices and net hods disclosed and the applications, biological
flui ds anclestrndesilancing mebers pseferdblydrase A panasration fingtr indhe ranpe from abour 30 i ve

and not restrjctive. Mdifications tha Lt hi n_t he neani.ng and range
o et varta 000 G Mare typlaly B anent LOP G it ERCER e R inEads) y
occur to gasysk i HACHLy it thepRichRfs QMR dhd Borldfraliit |cHg@th
Wi t hin thg‘BE‘éﬁaﬁghi‘?‘gﬁ"ﬁ?‘?ﬁ%&‘ﬁgﬁd Pty B the2pRckf: QMR BerRBaliff|cHERYL

el ect r ochehd inaér ajedtiodé/tancingenémbes asypically bételeergatmak 50 tail120 gmd Foesanplingg an
anal yte therein, the cell  conprising: (a) ,a first electrode; and (b) a
secondgel éBPH“Eﬁ‘H@“SpWE’ICEF‘Eﬂ?EBIPE F?é‘ﬂf’?’ftegm‘yz%e??ﬁtﬁmhm dQBﬁ'éiﬂ'-C&ﬁg‘?t fromthe
first el eqbhr@fifioR MhefPoMhé HinBoelectfldel AlcifgHerRbe ik \%Bk%ﬁfﬂ% hBIuf B0B 1S Ki N
surface. 2. The electrochentical cell of claiml ereln the first

el ect r ode 31@0qunpThsegerdiemater of the snnea tlectoadeslapoimgtmembedrsisi begween abpey’7s
distal end and a distal] edge. 3. The_ el ectrochem cal cell of claim?2

wher ei n t K@3QQOUE AREbBICHRY fossareprrcsed abput §PR0hm; dmreraimembedimentrihasier he
0 ot OuR R hTaL ", 2 202 18 & The electrochemeel |
havi ngoa | engt h t hatThe Sinfist-ddathétér oficuter efeetrbdds 102 £202GE gexteally in the range
from about 1000 to 5000 pum, and typically in the range from about 2000 to 4000 um, and
more typically in the range from about 2500 to 3500 um. Outer electrodes have a thickness
in the range from about 100 to 1000 Angstroms, and typically in the range from about 150 to
300 Angstroms. Such a thin layer can be made by vacuum depositon or electroplating the
15  electrode material onto the inner surface of a tubular object having the desirable inside
diameter. The wall thickness of the tubular object is in the range of about 2000 to 4000 pm.
Accordingly, the reaction zones 120 and 220, respectively, have volumes generally in the
range from about 0.1 to 2 puL, and typically does not exceed about 1 uL. Sensor devices
100, 200 are sized and configured such that the spacing between the electrodes is sufficient
20  to provide a capillary force on the biological fluid that emerges from the penetration site in
order to transfer an amount of the fluid proximally within the sensor device.

At least the surfaces of the electrodes of Figs. 1 and 2 that face the reaction
zones 120 and 220 of sensor devices 100 and 200, respectively, are comprised of highly
conductive metal, such as palladium, gold, platinum, silver, iridium, carbon, doped indium

25  tin oxide, stainless steel and the like, or a combination of such materials. Most typically the
metal is gold, lplatinum or palladium. Although the entire electrode may be made of metal,
each electrode can be made up of an inert support or backing substrate on the surface of
which is a thin layer of the metal component (e.g., an electroplated metal layer) of the
electrode.

30 A redox reagent system or material 122 and 222 of Figs. 1 and 2,
respectively, n.1ay be used within the electrochemical cell to facilitate targeting the analyte(s)

of interest. The particular redox reagent material used is selected based on the analyte
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5. The el ectrochem cal cell of claim11 further conprising an insulator 20
positioned within at | east a portion of the space between the first and

. second el ectrodes. 6. The el ectrochenucal cell of claim2 wherein the space
bet ween the el ectrodes has a thickness sufficient to exert a capillary
force on fluid present at the 25 open distal end of the first el ectrode. 7.
A device for sanpling a biological fluid and neasuring a target constituent
wi t hi n t hdangeted &efiraeasuremgntl, Thegapgensmay be depasieden encenhathielegisadepng a

r oxi mal |.S I : ; uter

o1 cct rode HorR 4rh fresfh PorRa of e BRSBae sushobNaba e o ol e sedon

open di st akbagenckyateth will badescribeddfiont etais pelowd- apart from the inner
el ectrode; 18 an i_nsul ati n? mat eri al . coaxi ally conformed between a
portion of the proxi‘While @emplasy comfeguraiioms of elactyialchemicabeslisdiave begng a

ki n-1 &anci . ' : | AN ode. 5
o I o SRrdBEl Vabiofis BRL WcioORRhiP s94y2h ndfiduBls EAlfimbRA Knofin oD OC
measur i ng ast dfangjgte detaeton Andemeasnrdnienn naly de kinplaygd dgithd prasents irtlvbmticm(?i tem .

ri sing: an el ectrochemcal cell conmprising a first el ectrode and a
second el 3&%‘&%&&8&*&5&‘5@%&%@%@4&& BleARre CHFde FORIPREINC;(F &y MERSYER r ode
[ iti ; | ; ond
i's positi QnegicaPetasst) 65 ﬁ@tEﬁt}i’orﬁ&ﬁé‘baé,hﬁeﬁ@&%ﬁgﬁ[)gﬁiingggseﬁgﬁ%sk ifﬂ,f?e% SF

el ectrode conprises a distal 10 end configure pi surf ace;
and (b) a elsstroechemicalimeasuremenicsystems hredortherrdescribed in Wi 3. PateneNes.c4.2244B%ni cal

cell, ;gonprd sifag; ans. for ' e ' reference signal to
The 1 iPor RetScREans Sade 1T 5 ety NS R e WEL 9007, e GRERF 0BTt ne
second el edfi¢togte heitindSpbrajeddysefekaree al gorithm which automatically

cal cul ates and determ nes the concentration of the target constituent in

t he bi ol ogi cal sanple upon receipt of the electrical output signal. 9. The

system of cl ai E,%rpri sing an array of electrochemcal cells. 20 10. A
met hod for tesgéﬁ%ﬁ;l—bi ological fluid within the skin of a patient and for

deternmi ni ng the conteotdepto siiglObutant déige thecrariet anale br éstdtifenedidcrarfer N,
the nethod conprising the steps of: ) ) ) )

1 analysis over the other constituents in the sampled biological fluid, a redox reagent is
typically employed within the reaction zone within the electrochemical cell. The redox
reagent material is typically deposited on at least one of the facing surfaces of the two
electrodes whereby biological fluid present in the reaction zone chemically reacts with the
reagent material. As such, the reagent is preferably coated or deposited on the surface(s) by

20  means of dip coating or inkjet coating. The reagent being used is selected based on the
analyte targeted for detection. The interaction of the reagent system and the corresponding
constituent or analyte is employed in the electrochemical measurement protocol to determine
the concentration of the target analyte or constituent in the cell.

“The reagent system present in the reaction area typically includes at least an

25  enzyme(s) and'a mediator. In many embodiments, the enzyme member(s) of the reagent
system is an egi);me or a plurality of enzymes that work in concert to oxidize the analyte of
interest. In other words, the enzyme component of the reagent system is made up of a single
analyte oxidizing enzyme or a collection of two or more enzymes that work in concert to
oxidize the analyte of interest. Enzymes of interest include oxidases, dehydrogenases,

30 lipases, kinases, diaphorases, quinoproteins and the like. The specific enzyme present in the
reaction area depends on the particular analyte for which the electrochemical test strip is
designed to detect, where representative enzymes include: glucose oxidase, glucose

dehydrogenase, cholesterol esterase, cholesterol oxidase, lipoprotein lipase, glycerol kinase,

12



provi ding an el ectrochem cal cell conprising a concentrically spaced-apart
i nner and 25 outer electrodes) wherein the inner electrode conprises a
. lancing nmenber; i inserting the |lancing nenber into the skin to a sel ected
depth wherein biological fluid exits fromthe skin; transferring a sanple
of biological fluid into the electrochem cal cell; providing a first
electrical signal to the el ectrochem cal cell; and 30 receiving a second
el ect ri calglysetphdphgsphateexidasey lagtate axidase, dassate Aehysrogeanse, Dymuste ORidaste second

the sarpi ionE bt HERORIKUEL ik sl iy TREIR IS p Bl poBBG Rt et 11
Y*/ x32* oUvitlerd e Zhﬂlca]otmiterehqakmabsé"m]emmﬂ& eahpmiem“@ﬂ theteagdm a)sehiad cal ca]
ca] caU] ca] cTa] ca], ca] caljca U cnalca Ucra U craU ca]cTa

hB] RW! " k §Jugoseraxidizingenzyms 556%9%%@&;%98&&%@@@%@%] ca] cha]cal ¢

| 666
153 588 b, o - THEHGRYCHRBEGFHERE SR SRR A MBAGTRLREN  Rhich
V] ]c"a] ca] itsa]naﬁ w@ﬁmﬂem]m] m]itaﬁ_c]&sg]:ma]k ?:]mm]' oat]luff;zk]mg]mdl]:m]aga]ts m]edm])w\a}} ca]
ca] ca] c*al cal ca ACH cel i népss<uu ca
ca] ca] ca] é‘a%’]fa’f‘@a’#i'a‘] R%“ ]‘ES]"‘ Eléﬁ“’c E‘&‘]I%Hﬁ]”éﬁﬁ%‘ffg'g] ca] ca] ca]
ca] ca] ca] g;flﬁéﬂéa%ﬁﬂé HVIUEhK YRReta 'n?éfi%ﬁfﬁm afa&ﬁ{!thycﬁlbeﬁé@q%ﬁloﬂe] £l calc
a V]c”a] ca]ca] ca] ca] ca] ca]ca]ca] ca] ca V| c”a]ca]cal ca]cal calcalcalcalca

V] c"a] ca] dwbr]ora-]lc“ab@Bp@me Fstoceqamerivativasi osmipin] ipjrodyl carplekesatutbdriura

\lj]] g2 %[ ‘}58%}‘ %"@3}'%&% igfl}cg 8‘!’%881 1?naeLt%a»Jh aJ gclucosc is the analyte of interest and

j IPK-y} x} th%’hmséﬂoxmsk@]gmb@ade@m aériaadfsand ]c%ﬁ] adritathe adeaadealical ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca ca] ca cal] ca] caTaxbCl /oZ&' ()- 1 Z"10%ZZ& () -
g109%&Z& () Partigylarintgrest jipgprieyanide 1@ g raay be present in the reaction area

S0 () TR0 il %}g%@g 5@&@@@8@@] | BoSEA el i dhe ke,

The reagent is generally present in dry form. The amounts of the various

15  components may vary wherein the amount of enzyme component typically ranges from

about 0.1 to 10% by weight.

THE SENSOR SYSTEM

In the sensor system of the present invention, the reference and working
20 electrodes of the electrochemical cell are in electrical communication with a control means
that sets the input reference signal transmitted to the electrochemical cell, receives the output
signal from the electrochemical cell and then derives the concentration level of the analyte
within the sample from the output signal. In other words the control means provides a
means for applying an electrical current between the two electrodes, measuring a change in
25 the current over time and relating the observed change in current to the concentration of
analyte prescrf;ix; the electrochemical cell. The concentration of the analyte in the patient’s
blood is then derived from the concentration level in the fluid sample, the numerical value of
which is preferably provided as an output signal to a display means.
Preferably, the control and display means are integrally housed within a hand-
30  held control unit such as that illustrated in Fig. 3. The control unit preferably also provides a
means of securing or holding one or more sensor devices or an array of sensor devices in a
position and arrangement suitable for the particular sampling and measuring application at
hand.
13
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@ S! S $45pRY Myeans onscIagmS8 that displays information to the user. Control interface buttons
60 are provided to allow the user to input information, such as the type of analyte targeted
for measurement, to the control means.
15 Sensor device 10 is electrically and physically coupled to control unit 52.
Electrical communication between the two is established by means of conductive contacts
(not shown) on device 10 and corresponding electrical traces (not shown) within control unit
52. Preferably, device 10 and control unit 52 are physically coupled by a quick lock-and-
release mechanism (many of which are commonly known) such that a used sensor device
20  can be easily removed and replaced. Control unit 52 is preferably reusable and usable with
any number of sensor devices of the subject invention. These features facilitate the taking of
multiple samples and measurements in an efficient and rapid manner.
Any suitable number of sensor devices, in the form of an array, may be
employed by the present invention. The array may be provided on a support means such as a
25  substrate that is electrically and physically engageable with control unit 52. The number of
sensor device;ér_nploycd will depend upon various factors including the agent being
detected, the body surface location into which the sensor devices are inserted, the sample
site, the fluid volume and the like. The sensor device array may comprise inner
electrodes/lancing members having varying shapes, lengths, widths and tip configurations.
30
METHODS OF USE
Also provided by the subject invention are methods for using the subject

devices and sensor systems to determine the concentration of an analyte in a physiological
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testing the targeted analyte(s).

The user positions sensor device 10 over a selected area of the patient’s skin

10 such that the distal edge of the outer electrode, 102 of Fig. 1 and 202 of Fig. 2, is in contact
with the skin surface. With slight pressure, the inner electrode or lancing member is caused
to penetrate into the skin. The depth to which the lancing electrode is inserted will depend
on the variation in length between it and that of the outer electrode or by some other means
associated with sensor unit 10 for limiting the insertion depth. More particularly, depending

15 on the relative lengths of the inner electrode and the outer electrode of sensor device 10, the
area of skin covered by sensor system, may bulge into the reaction zone spacing, thereby
causing the inner lancing electrode to penetrate the skin with minimal applied pressure. As
such, the distal edge of the outer electrode functions as a pressure “ring” or surface.

Upon insertion of the inner electrode into the patient’s skin, an amount (i.e., a

20 sample) of biological fluid emerges from or flows out of from the puncture site and is
wicked into the reaction chamber by means of a capillary action. Once in the reaction zone,
the targeted analyte chemically reacts with the selected reagent(s) to form electroactive
products or species, which can be measured directly, or indirectly through the action of a
mediator. The resulting products or species will be either oxidized or reduced at the surface

25  of the working electrode, generating a current signal. The current signal is proportional to
the concentrai:i-c;r; of the target analyte in the biological fluid.

An electrical input signal, such as a constant potential, is provided by the
control unit 52 to the reference electrode and the working electrode. The current output
generated by the resulting products or species, is then conducted to control unit 52 by the

30  working electrode. A software algorithm programmed within control unit 52 then
automatically determines the differential between the output and reference signals, derives

the concentration of analyte in the sample from this differential value, and then derives the

15



T IN$LO%R () -

103s<10%&

06p8gr ssssswxvB7 10 10 10
(O)-"\V) %109 ()--'a)P$10%& ()--'k)$10%& ()--!\

. $109& () - &stt<uv!wzwzX7MB7 10 Of
%40%e& ()-!D $10%y& ()-!D $10%&' ()- @L10%rE& ()-m v@10%& ()- m @10%QQ& () -

MEW@zz| ~~~zX9. 7 10nmF <10%r& ()- I X- $10%& ()- !a-$10%&' ()- L, 10%m& ()-!Sf

VL0%& () -!

Xf %40%& () - ~~~pdE

igmjz Iloz?@r(e)spomma/cwwnomgbﬂ; thg SG_CW% n the P&Il@?/f}@&:;& mgrmll .
%0058 ()9 tShisﬁtE?&ﬁ‘ﬁ i %ﬁ@ﬁh’yﬁk %%%;’(8%%"%\‘ §’ il (3' M $10% i & () O 16m

10m 10nF" <10%m& () - ! A DdeditO Sdch(as cohiead][ud{t\52 which automatically calculates and

10

15

20

25

30

determines the concentration of a selected analyte in a biological sample and/or in the
patient’s system, such that a user need only insert skin-piercing member of the subject
invention into the patient’s skin and then read the final analyte concentration result from a
display of the device, is further described in U.S. Patent No. 6,193,873 entitled “Sample
Detection to Initiate Timing of an Electrochemical Assay,” the disclosure of which is herein

incorporated by reference.

Kirs

Also provided by the subject invention are kits for use in practicing the
subject methods. The kits of the subject invention include at least one subject sensor device.
The kits may also include a reusable or disposable control unit that may be used with
reusable or disposable sensor devices of the kit or from other kits of the subject invention.
These kits may include an array of sensor devices with lancing members having the same or
different lengths. Certain kits may include various sensors each containing the same or
different reagents. Also, more than one reagent may be provided within a single array,
wherein one or more of the sensor devices are provided with a first reagent for testing a first
target analyte and one or more other sensor devices are provided with other reagents for
testing other targeted analytes. Finally, the kits preferably include instructions for using the
subject sensors in the determination of an analyte concentration in a physiological sample.
These instructions may be present on one or more of the packaging, a label insert, or
containers present in the kits, and the like.

It is evident from the above description that the subject inventions are easy to
use and can provide for analyte testing with minimal or no pain and blood. As such, the
subject invention represents a significant contribution to the field.

The subject invention is shown and described herein in what is considered to
be the most practical, and preferred embodiments. It is recognized, however, that departures
may be made there from, which are within the scope of the invention, and that obvious

modifications will occur to one skilled in the art upon reading this disclosure.
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Although the present invention is useful for many applications, the sampling
of various biological fluids and the detection of many types of constituents, the invention has
been described primarily in the context of the detection of analytes in interstitial fluids, and
as being particularly useful for the detection of glucose in interstitial fluid. Thus, the
5  specific devices and methods disclosed and the applications, biological fluids and

constituents discussed herein are considered to be illustrative and not restrictive.
Modifications that come within the meaning and range of equivalents of the disclosed
concepts, such as those that would readily occur to one skilled in the relevant art, are

intended to be included within the scope of the appended claims.
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1. An electrochemical cell for use in sampling biological fluid and
measuring an analyte therein, the cell comprising:
5 (a) a first electrode; and
(b)  asecond electrode positioned concentrically within and spaced-apart from the

first electrode and comprising a distal end configured to pierce a skin surface.

2. The electrochemical cell of claim 1 wherein the first electrode

10 comprises a continuous wall configuration having an open distal end and a distal edge.

3. The electrochemical cell of claim 2 wherein the continuous wall
comprises a cylindrical configuration and the distal edge define a skin-contacting
surface. .
15
4. The electrochemical cell of claim 1 wherein the second electrode has

an elongated configuration having a length that is co-axial with the first electrode.

5. The electrochemical cell of claim 1 further comprising an insulator
20 positioned within at least a portion of the space between the first and second

electrodes.

6. The electrochemical cell of claim 2 wherein the space between the
electrodes has a thickness sufficient to exert a capillary force on fluid present at the

25 open distal end of the first electrode.

7. A device for sampling a biological fluid and measuring a target
constituent within the biological fluid, comprising:
an inner electrode having a proximal end, a distal end and a length
30 therebetween;
- an outer electrode having a cylindrical configuration comprising a proximal

end, an open distal end and a lumen a coaxially spaced-apart from the inner electrode;
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measuring a target constituent within the biological fluid, the system comprising:
(a) an electrochemical cell comprising a first electrode and a second
electrode spaced-apart from each other, wherein the first electrode is positioned
concentrically about the second electrode and the second electrode comprises a distal
10 end configured to pierce a skin surface; and
(b) " a control unit in electrical communication with the electrochemical
cell, comprising:
(1)  means for sending an electrical reference signal to the first electrode
and for receiving an electrical output signal from the second electrode, and
15 2) a software algorithm which automatically calculates and determines

the concentration of the target constituent in the biological sample upon receipt of the

electrical output signal.

9. The system of claim 8 comprising an array of electrochemical cells.
20
10. A method for testing a biological fluid within the skin of a patient and
for determining the concentration of a target constituent contained therein, the
method comprising the steps of:
providing an electrochemical cell comprising a concentrically spaced-apart inner and
25  outer electrodes, wherein the inner electrode comprises a lancing member;
;:i.nﬁserting the lancing member into the skin to a selected depth wherein
biological fluid exits from the skin;
transferring a sample of biological fluid into the electrochemical cell;
providing a first electrical signal to the electrochemical cell; and
30 receiving a second electrical signal generated by the electrochemical cell,
wherein the second electrical signal is representative of the concentration the constituent in

the sample.
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