12 DEC 2005 PERCUTANEQUS BI OLOd CAL FLU D SAMPLI NG AND ANALYTE MEASUREMENT
DEVI CES AND METHODS 5 | NTRODUCTION Field of the Invention This i nvenqizqﬂﬂimgl
rel ated to percutaneous biological fluid sanpling and analyte 10

measur enent devi ces and net hods. Background of the Invention The detection
of analytes in biological fluids is of ever increasing inportance. Analyte
detection assays find use in a variety of applications, including clinical

| aboratory 15 testing, hone testing, etc., where the results of such
testing play a prominent role in the diagnosis and nmanagenent of a variety
of disease conditions. Conmon anal ytes of interest include glucose, e.g.,
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cal | uses. didgnosis and management of a variety of disease conditions. Common analytes of interest

include glucose, e.g., for diabetes management, cholesterol, and the like.
A common technique for collecting a sample of blood for analyte determination is to
pierce the skin at least into the subcutaneous layer to access the underlining blood vessels in
20  order to produce localized bleeding on the body surface. The accessed blood is then
collected into a small tube for delivery and analyzed by testing equipment, often in the form
of a hand-held instrument having a reagent test strip onto which the blood sample is placed.
‘- The fingertip is the most frequently used site for this method of blood collection due to the
large number of small blood vessels Jocated therein. This method has the significant
25 disadvantage of being very painful because subcutaneous tissue of the fingertip has a large
concentration of nerve endings. It is not uncommon for patients who require frequent
monitoring of an analyte to avoid having their blood sampled. With diabetics, for example,
the failure to frequently measure their glucose level on a prescribed basis results in a lack of
information necessary to properly control the level of glucose. Uncontrolled glucose levels
30  can be very dangerous and even life-threatening. This technique of blood sampling also runs
the risk of infection and the transmission of disease to the patient, particularly when done on
a high-frequency basis. The problems with this technique are exacerbated by the fact that
there is a Jimited amount of skin surface that can be used for the frequent sampling of blood

without forming thick calluses.



1 2 DEC 2005 To overcone the disadvantages of the above technique and others
that are associated with a high degree of pain, certain analyte detiertf®s
protocol s and devi ces have been devel oped that use mcro-needles or

anal ogous structures to access the interstitial fluid within the skin. The
m cro- needles are penetrated into the skin to a depth | ess than the

subcut aneous |l ayer so as to mnimze the pain felt by the patient. The
interstitial fluid is then sanpled and tested to determ ne the

concentration of the target constituent. The concentration of a constituent
within the interstitial fluid is representative of the concentration of

t hat const i t uehe overcoptelike digadyanitages ofifhaiabovestaetniqus ad efbets thahare pssedisteshwith Pat ent

Applicati 0[<74.76 f I

by o1 ogi cal b PR o Py e aRAGRRBellh oA oo an TR QRGNS IS BEAB ure |o e
of a pr obaidrarotadits ngaralogousssuttanes gcrsede alterrﬁnialaﬂmdanﬂmrtktv sion. éﬂheunqr@de | ead
out o - sur PRl G PERE R TG B nBLS oY s SbS P it ST B i O
syst ens haaie felt tgrtieyinsient. The ihfestitial fieabis ten tsqualeadﬁnelt@tedttd; Mteﬁﬂmuthie i nside the

hunman body is a ative press e of abaut

mechani ca %?“W?gi@h?fnrfﬁ %’?Ecoflgmgﬁ“f eﬁ%‘@ﬁ“@ﬂ%?}f?ﬂ ‘i?ﬁg’lt;‘\?e@ﬁw%ﬁgﬁhet'ﬁtémmml fluid
M cr o- pi efsGbpiehentaBrTkife. coﬁ@huamrwhﬁt coh&tir@hidtdtien Bbdifyatued] subp B Bisad | on WO
99/ 27852 di scl oses the _use of va Eressure and/ or heat to increase the

availability oP‘W@?%PP‘FP%PPPF%HOHVﬁ@O @764 desslogss thgars of michpneedlestihaccgstcuum
or heat i gijoRRREIRAd frdfQ PIRGHUTS 89 BNb.& ma@a@alsabﬁsmarufsémlﬁébeskaﬁumghnt he
vicinity of the vacuumto become stretched tc};lg d wth interstitial
fluid, fa#isplptingneedje memberes wpkingclnstrede 194‘1@5@0&95(1}!1 Aeqdle mernksriand 2 gpunger

Anot her TekdRdc bitpdbe Gl A BHARRE JT uR deBfebAed, healing el ement i
p03|t|one above ? e skin, causing interstitial fluid to flow nore rapidly
at that |ocati Gwventudmelrreiggo edefllowimplingsyseenishees sdiewbak i that.d to be col | ected
per given | oped
i ch avorarausk ot ild i b R g b R e R M P e
of skin, eahdlend ¢frecchamanl macmmmnsussoﬁbdmmdu@cwﬁncbqn withtheenicpgsgéivg neans
to provide agcess to or extraction of biological fluid within the skin. Such
means i nCIFUAEE the use of oscillation energy, the application of chem cal
reagents to trer &lﬁlﬂp]cﬁhﬂtérﬁlﬁnal%ﬁnt Aﬂlbatﬁxmpg’z'mﬂltcm’cl’baésl thenase oPedcanth

Application WO 98/ 34541 di scl u cillatio concentr at or,
such as aPH&EH aé‘§/8F hegt fodnergase a?’ﬂgltag'ﬁg‘ |“H?fét?:flagf]“1 aaihgf'%?ﬁeg fromthe skin

surface agn ilGAMstEte tuébuWnb)E a2 iskipplisaanis tuuailprédseichisesie Paios af skin'iamrducer .
The needle is inmmersed in a receptacle containing a, |l | ui.d nmedium pl aced in

cont act wicRity gEthe gpqyumte hecamg ﬁ‘éﬂ?f@spn%wrgﬂ With ¢ erstttﬁb HeJagilitajing the

tr ?][lsf err Fﬂ{a%@oﬁ d181uld Péh EntnCin®Ahd féh. AMIHOANARS i§ dREILRAWHRRIT B catsid heatitigf ace
sufficien (0]
¢lement is positioned above the skin, causing interstitial fluid to flow more rapidly at that location,

thereby allowing more interstitial fluid to be collected per 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 comeum, 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 chemical reagents to the skin surface, etc.
For example, International Patent Application WO 98/34541 discloses 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 transferred to the liquid, creating hydrodynamic stress on the skin surface sufficient to

disrupt the cellular structure of the stratum comeum. International Patent Applications WO 97/42888



di srupt the cellular structure of the stratum corneum International Patent
Applications WO 97/42888 2 1 2 DEC 2005 and WD 98/ 00193 al so di scl ose

met hods of interstitial fluid detection using ultrasonic vibration. 12T0is005
despite the work that has al ready been done in the area of analyte testing,
there is a continued interest in the identification of new anal yte detection
nmet hods that nore readily neet the needs of the relevant market. O
particular interest would be the devel opnent of a minimally invasive

anal yte detection systemthat is practical, manufacturable, accurate and
easy to use, as well as safe and efficacious. Relevant Literature U. S.
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for using the sane, are provided. Cenerally, the subject devices of the
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configured such that theif respective distal ends are even wth each other,
or they mhavitgspeced-apart outer and inner electrodes for measuring the concentration of analyte within the

biological fluid. The outer electrode has a chamber-defining configuration having an open distal end
and at least a partially open proximal end. More specifically and preferably, the outer electrode has a
continuous wall configuration which defines an interior lumen or chamber having a length. The
distal edge of the wall defines a skin-contacting surface or pressure surface. In a preferred
embodiment, the outer electrode has a cylindrical configuration defining an annular skin-contacting
surface at the distal end such that, when operatively applied to the skin, the annular surface acts as a
pressure ring on the skin surface.

The inner electrode has a solid, elongated configuration having a length which is positioned
co-axially within the lumen or chamber of the outer electrode. The inner electrode has a proximal
end and a distal end configured to pierce a skin surface to provide access to biological fluid. The
length of the inner electrode relative to the outer electrode is
a factor in determining the depth of penetration of the inner electrode. The outer and inner electrodes
may be configured such that their respective distal ends are even with each other, or they may have

different distally extending lengths.



different distally extending lengths. 3 1 2 EC 2095 The spaci ng betwﬁg tlﬁﬁ?
el ectrodes defines a reaction chanber or zone within the electroche F
cell. This spacing is sufficiently narrowto exert a capillary force on the
accessed biological fluid at it is open distal end thereby wicking it into
the reaction chanber. The el ectrochenical cell of the present invention nmay
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is flush with the skin surface. Slight pressure is exerted on the proximal end of the sensor
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
electrochemical measurement 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.



30 A redox reagent systemor material may be used within the el ectrochem cal
cell to facilitate targeting the analyte(s) of interest. The parti cuf amec 7005
redox reagent material wused is selected based on the analyte targeted for
measurenent. 4 1 2 DEC 2005 The subj ect sensor devices nmay function as a
part of an anal yte sensing systemthat includes a neans for controlling the
sensor device. Specifically, a control unit is provided in which the
control means is el dbesiledtisgnsopderiens mi functien asenpast ofevdnglytaseasingunct i ons
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then be displayed on a display unit. A software
sufficient pressure, the inner electrode/lancing member is caused to penetrate the surface of

20  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
sensor device is then wicked into the spacing or reaction zone between the inner and outer
electrodes by capillary force. An electrochemical measurement is then made between the
working and reference electrodes that provides an electrical signal that is representative of

25  the concentration the constituent in the sample. The concentration of the constituent(s) in
the patient’s blood is then derived from the obtained electrical signal. A numerical value
representing this concentration may then 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.



algorithmthat is part of the device, e.g., programred into a control unit
present in the device, may be enployed to determ ne the signal |eve{$ pgg 2005
transmtted by the control unit to the 30 cell and for deriving the
concentration |level of the target analyte. 5 1 2 DEC 2005 5 10 BRI EF

DESCRI PTI ON OF THE DRAW NGS Figure 1 includes Figures | A and 1B wherein Fig.
1A is a cross-sectional side view of an enbodi nent of the sensor device of
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appended €ArAplive; of interstitial fluid and the measuring of the concentration of glucose therein.

In general, the subject devices include an electrochemical cell and a skin-
piercing means in the form of one of the electrodes of the electrochemical cell. The
electrochemical cell has a configuration for exerting a capillary force on biological fluid

20 exposed toit. Preferably these components are integrated into a single structure.

Before the subject invention is described further, it is to be understood that
the invention is not limited to the particular embodiments of the invention described below,
as variations of the particular embodiments may be made and still fall within the scope of the
appended claims. It is also to be understood that the terminology employed is for the purpose

25  of describing particular embodiments, and is not intended to be limiting. Instead, the scope

of the present invention will be established by the appended claims.

Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
30  between the upper and lower limit of that range and any other stated or intervening value in
that stated range 1s encompassed within the invention. The upper and lower limits of these
smaller ranges may independently be included in the smaller ranges is also encompassed
within the invention, subject to any specifically excluded limit in the stated range. Where

6



Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower Iimt unless the Context%DECZUUS
clearly dictates otherw se, 30 between the upper and lower limt of

range and any other stated or intervening value in that stated range is
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limts are al so i ncliyglad definddRhdryRna &@hmls!ﬂ'aﬁ&%c@ﬁfﬁ&@ﬁn?h&%rﬂ%éﬁ?ha@e' !
technical and scientific terms used herein have the sane neaning a

commonl y thedemstmeaingaseosnadnlpnodensiogd Bk ohd oﬁqndmhley mltlrttbe\amtorwlmdh this 5

i nvention,bel ongs., Alt’ h any nethqds and erials simlar or equival ent
Lo thobe BRI RsIoRs diebehaty Bebags aubieieres ﬁam ReeRalght Bd89¥ng of t he
present | QYeRbEPRercintan age%%é@ﬁ tH@EﬁQE'@e @fnelst fﬂir@seﬁf Rvembencr i bed.

Al'l publications nentioned herein ar I ncor por erein by reference to

di scl ose arderdebmethbds andanatetidlods reomddascriimat efkli plhlﬂlcanonsanennmlbd barew arth whi ch

t he publications e cited, 10 It st be hat .as, used hereip .and in
t he append¥QmROTaiedacreinly referenee 49 d‘rnJJBf’er?é“i" SC hﬁ metfods apg{gr mi"‘WE'IaGd’é pl ur al

ref ere”tSchHe@ﬁénévhﬁ“ﬂMtﬁébuﬁlc%% yarglcﬁédat es otherwise. Thus, for exanpl e,
reference to "a test strip” includes a plurality of such test strips and

referdhce to "the pi[tanwbonbtedmluﬂt aslesdrhefan enmtin the appeaded clavns thgr vugdaor s

and equi alet,s“th,ere no o.those skill.ed nthea d so forth. 15
The pugl i Egms gﬁs’ BPS@H H@T‘é{crﬁ’hgf‘]ew&’%? H‘é‘&ssé 8‘1”1}6’?t(9ﬁeaflpfg\n talgs sl osur e

prior to Bﬁ‘l%rvfu'sé"Plﬂlsdﬁ}r%x%glﬁ:hﬁfé?érﬁ:%%‘t‘a RRPItHE Bk Rides A\‘Pfu'i‘dlﬂ P@Jéﬁ't@st' s to be

construed as an adm ssion that the present ihvention Is no entitled to
ant edat e stuiph apmmfarcmﬂ tofithsypradestoneinofudepreif@endentv ent bomordprotdssors antle dat es

i € oy CSHIBHCRS 5L KRBRb ARIBRE P 6 380 EREVPLARY EECDI NENTS CF
THE SENSOR DEVI CES $ga ﬁﬁlﬁlclabf@nstJi?cu§s%ﬂ§1@fenﬁjﬁ‘q‘é'p?@ﬁd&f S(;lfh? oY 158 Qlsclotygnt i on
i nclude an el ectrochem cal cell having an el'ectrode arrangenent of a
refer encepebxetotth@fibngdme af thepkdsagf applieationo Mwthigbereinos ¢ betostteeday & i n a
spaced- ap%r}ﬁsgigh ?ﬁ c}]rtl:spr}cles%nts ilfll(\:lgntltople}g ngt t-,n'tjltlvf:cﬁle to an?edate such publication by virtue of
prior invention. Further, the dates of publication provided may be different from the actual
publication dates which may need to be independently confirmed.
20
EXEMPLARY EMBODIMENTS OF THE SENSOR DEVICES
Generally, the sensor devices of the present invention include an
electrochemical cell having an electrode arrangement of a reference electrode and a working
electrode. The two electrodes are in a spaced-apart relationship such that a surface of one
25  electrode faces a surface of the other electrode. The space between the two electrodes
defines a reaction chamber or zone into which sampled biological fluid is transferred and is
tested for the concentration of a targeted analyte. The reference electrode provides an input
signal to the electrochemical cell, and the working electrode provides an output signal
representative of the analyte concentration of the sampled biological fluid that is transferred
30  to within the electrochemical cell.
The general configuration of exemplary sensor devices of the present
invention will now be described with reference to Figs. 1 and 2. Figs. 1A, 1B and 2A, 2B
illustrate sensor devices 100 and 200, respectively, having a cup-like configuration that has a
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25 electrode faces a surface of the other electrode. The space between the
two el ectrodes defines a reaction chamber or zone into which sanpl qd QEC 005
biological fluid is transferred and is tested for the concentration of a
targeted analyte. The reference el ectrode provides an input signal to the
el ectrochem cal cell, and the working el ectrode provides an output signal
representative of the analyte concentration of the sanpled biological fluid
that is teenshaallycircd4 top viem, best s¢dnandligc i Banli @Bl dddweet, any Fhealdecesal

configuration of exenplary sensor_ deyices of the present invention wll now
be descri B@Hoﬂﬁ‘ltcﬁngé‘%ré‘i‘%‘h%]éySBeiﬂPﬁ)é’?Xinc “@.b“ﬁ‘%}g‘.mlFeﬂ, to pifies gpnular shopes

I 1 lustrat Vi 0 | | -1l ke
cont gur at T o ERR e SBore O hnglleorEBRRERL Ko 1o el Tl B
best seen in Fi gs. ThBekoto@Bmitidwelseare defiyedshyi 4 fitst or cutesdectode 102202,

configuration . be enpl oyed including, but not Ijnted to other annular
shapes® slfERecRyCly) f Sg5OP QT}/”@Fr?JE)"?‘EPE]@,IBgTZOﬂerﬁﬁa‘Eﬁﬁl&FIYCBﬁ‘WéﬁF%ﬂqeﬂﬁkc, such as

square an QWhs fh‘i’q?eéc%%é ' . i i L rst or
outer el e&létg)ggm?mbéé&ap respelgtfe!a\%g}cyf/r?ﬁ%&géedé%}l%r%r Qﬁ%}ngféil ee’lqg%??%}de 104,
204, r espelettrodelk ¥02,1262ifonctnas tiee miorking eleetradd andshe mnemdlectfoden 041204 be
described _as circunferential or co-axial. Here, the outer electrodes 102,

202 funct fupRtiersat e WREFRICR T ePUencdsirodnd TheEespechiye cleriaeshepder colsfurtbery
function d r : d '

el'ect r oo g BEn B AR SR e 460 B mEPERVER Bne it Reh A RRRIOYS prrarees fie
respeti i velsyectivonleemdde gadds| y positi oned between the 10 respective el ectrode

airs. Here, first outer el ectrode 1Q2, 202 has a substantial |

E){I indrical confi glO][rF’ﬁ Hbsﬁof ﬂmf’%"ée‘?”{ﬂdﬁ\lgf?’ %O%Sf@ggtsghqtilrg]aﬂly C¥ P‘hﬁ?}iycal wal |

havi ng a X1 Ry o | : ' I and
9 a Qi on ‘?lgﬁ’le]faf}n gf‘g sul%%haléf%@%@hcéﬂ%éﬂ h%?efiﬂx%ﬁ en@Nd4 %]]Iﬁ

216, respective ectrodes 102 an respec preferably have
bl unt di s2H, respganreby, aska discdpbdti6 agl B, fapegivilyd Eledraddé8]102Land H¥pect i vel y,

o e e o D S P e SIS
ext engy ngre@ﬁéﬁyelﬁ?ﬂ%ﬂg@ﬂgé&?résﬂ% stﬁ'ﬁ‘ac'e‘?ﬁ?i%g%{eh lo !exla}’ivggp%a{lgé a%;[hgﬁ;ﬂ??e or

top cover portio n device 100 is operatively iIns ed | ‘
pati ent' ssisfacer. AOhetpnexiotahend hiagna, cutdrelecyrbdan tid2 is ah imward! yodxtendiey basel ect r ode
202 defines .an gfﬁ]n %jltgrren extﬁngj%fn% froma proximal end. 214 to a.di@ al end
216. 20 SUBAY 1Ly ahAerast pULAlL Heiics 6 Pratimabers OB SRYF RATPIRENdexicedi] 18 o8
and 208, opesPRH inY&ed in@ (R Bﬁiicﬁﬁk si6Rd Onlifle Bitdr Baf, t}fe‘?ﬁfﬂﬁ&xida‘i'ﬁjanof dngran
el ongat ed ‘confi gurati on

electrode 202 defines an open lumen extending from a proximal end 214 to a distal end 216.

20 Second or inner electrodes 104 and 204 each have a distal end 108 and 208,

respectively, a proximal end 110 and 210, respectively, and an elongated configuration
therebetween which is positioned co-axially within the walls of first or outer electrodes 102
and 202, respectively. The spacing between the respective inner and outer electrodes define
a reaction chamber or zone 120, 220 wherein the sampled biological fluid is collected for
25  electrochemical measurement.
Distal ends 108, 208 of inner electrodes 104 and 204, respectively, have a
sharp tip in the form of a lancing member. Alternatively, the lancing member may be a
separate component mounted to the distal end of the inner electrode. In either configuration,
the lancing member has a beveled or sliced configuration, as shown in Figs. 1A and 2A,
30 respectively, to more easily penetrate the skin when pressure is exerted on the respective
devices 100 and 200.
Distal ends 108, 208 may extend a Jength that is even with the distal ends 116,
216 of outer electrodes 102 and 202, respectively. However, distal ends 108 and 208 may be

8



t her ebet ween which is positioned co-axially within the walls of first or
outer electrodes 102 and 202, respectively. The spacing between the 7 DEC 2005
respective inner and outer el ectrodes define a reaction chanber or zone
120, 220 wherein the sanpled biological fluid is collected for 25 '

el ectrochem cal neasurenment. Distal ends 108, 208 of inner electrodes 104
and 204, respectively, have a sharp tip in the formof a |ancing nenber.

Al ter nat i viedhyly shber! o 6ri ga g thaR MikedistaPondoq 16, 2 19efduth elecRORRNONtandRONt ed t O
the distal end of the inner electrode. In either configuration, the |ancing

menber hatespeabieolyl depepdinglondheidesiyad leggtheafinenctragiongih oeaend glacirgdes 104 aadd 2A,
30 respect} o] r.e easi.l enetrate e skin.when pressure |s_exerted
on the r eé?fiég'%‘%\?é‘amag fételg %‘Sff’] atﬁ(?e%ﬁ?e ﬂeif{}gle?yewago?fglg?t?'ZB%%ﬁﬁ?nde@(‘? end a

| engt h t hggidérsniSRRRxWnpiR, inher slédtodbs mqlsoﬁfi;ﬁm{ be21i6ht®f stowfeethaflogk r odes 102
and 202, respectlvek%é=kbmever, di stal ends 108 and 208 may be 8 12 DEC 2005

sl i ghtly elaeiradss 182, 203ngepectively. Ifhbowewral isalesised pengtige afrelaiitedy despert r odes

102 and 2Q2 r ect.i vel .dependi ng on t.he desjred h _of_ pengtration
of - seconataitualf BT Higelm BIGIOH Bl e SREHDAL |04 280 el ng TG

penetr at ejopgécthad ber dlecirtale 10w HRDERpediQblyP PYOfhal Eifls 19DIaHEDID of fnakr exanpl e,
I nner el ectrodes 104, 204 may be slightly shorter than outer 5 el ectrodes

102, 202, eleesosiss i P4 and 204, respeasivelpe extend a shortidisianesiprosinpadlyenftha distl emlsat i vel y

deeper d h t .beyon h m er for.exanple, inner electrode 104,
TR G SRR e S Rl R PR e P b R R A
Proxi el gaistoklBurBdf SkotrRb] édg[:%s,r(noeg}@caﬁ),wes 104 and 204, respectively,
extend a short distance proximally of the distal ends 114 and 214 of outer

egectrodes 102 and Phesubjess pwer eloesrades 104,204 wredeondigoredda bt meshaveallact 10
point to ource of electrical ener not shown).. The subject i.nner

Bl ect r odedag4hE GeihePofhia ka8 e bR hine) iRk B IREr f ong
enough t opReReslyahey hleSnfledtabidcoHpASBIE MR W aOh&AK ichgke Hrithti ®XoNBe skin
Preferably, they are nmade of a bioconpatible material so as not to cause

irritati ofr gnondpsirablg tssusrespensan Jesatlepietailiq watgrals enghedesstainiges steddl e netal lic

mat erjal s.i ncl ude st ainl ess eel. 15 titanium precious netals or alloys
t her eoft . %‘éﬂ’&wveﬁ‘f&b"”ﬁéﬁ}@%ﬂf@ﬁ" Sfl?féefoﬁg surfaces of the inner and outer

el ectrodes pairs iSan@vi¢HedWebideAGhdRtREisaHadk of Beuhadérand Hkr aRdrds,
respectively, for electrically isolatin the inner and outer el ectrodes

f r om eachpatstiepn ingplgting matesial pgsulafer o106, mepectivelyhtor staghnally isolating
the inner and outer electrodes from each other, and for sealing the proximal end of the sensor
device. In sensor device 100 of Fig. 1, insulator 106 takes the form of an annular ring (but

20  may take other forms depending on the configurations of the electrodes) positioned
externally to proximal end 110 of inner electrode 104 and internal to base portion 112 of
outer electrode 102. In sensor device 200 of Fig. 2, insulator 206 is also in the form of an
annular ring (but may take other forms depending on the configurations of the electrodes)
positioned externally to proximal end 210 of inner electrode 204 and internal to distal end

25 214 of outer electrode 102.

The insulator may be formed of or coated with an insulating material, such as
a ceramic, glass, silica, polymer or plastics. Examples of ceramics are aluminum oxide,
silicon carbide and zirconium oxide. Examples of polymers are polyacrylates, epoxies,
polyesters, polyolefin, polyurethane, polysiloxane, polycyanoacrylate or their composites.

30 An important aspect of the present invention is to eliminate or at least greatly
minimize the pain and bleeding suffered by a patient during the sampling process.
Accordingly, the penetration lengths and diameters of inner electrodes 108, 208 must be

within certain ranges to accomplish this goal. Of course, those values will vary depending
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device. In sensor device 100 of Fig. 1, insulator 106 takes the formof an
annular ring (but 20 may take other fornms dependi ng on the confi gurdti DES 1005
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

annul ar ring (but may take other forns depending on the configurations of

the el ect badRSype BPSIbIJRALHuiR(br, Nt tsYitihIrRE Blbsdbr K debRe®forisAffling and
el ectrode 204 and internal to distal end 25 214 of outer el ectrode 102. The

i nsul at or theetrickeess of teckist lapers @b thequartiguias pahentrbgmuga@atﬁg material, such as a

ceramc, glass, sil sti,cs eramcs are

al uni num oxi de, Fﬁ&%‘g gﬁggeéetﬁ)rgﬁg ﬁfl?té@ﬁerﬁr% 89?%@ C%‘?g "tﬁmspéll yNer s
are pol yafﬁﬁ&dll@‘l@ér czﬁ@axw@emmﬂwmﬂfns layBodayiedl efd shbcRahdtds %y@arrﬂae

pol ysi | oxane, pol ycyanoacrylate or their conposites. 30 An inportant aspect

of thes prep:dmtrms mvaboui ghto ls'ZOtwnénnqwnsaﬂacloanchttomms far dastingt laydrsiianiQzie t he
pai n and bl eeding suffered by a patient dgqu ng .t he sanpling process.
Accor di ngi) hm peay: salled he ?t&ﬁ‘gp KeMsHE- tnllamied dy hestratym gransiesuy sigddm1 08,

208 nust 0 rse, those
val ues w Fﬁ%éﬁl mdgspe d}'gk&gEWC’T@%g@ Hﬁn (’%ln?a"% %!“S (?Ecllé%g fluid
(e.g., inbasdéd (bﬂoad)ssflinltbdikexbh@@ﬁld Reratohlydl)n siﬁﬁjuh&di lﬁ}Oiin Sﬂfméllltﬂ@' rangix dfhe
t hi ckness_of the skin layers of the particular patient being tested. The

skin incl sl Hhe @@eaﬂ%ffq lﬁmrs REgycoflgctivgly @&weéy@ @s thgl vigile epideaps aed hivg 2 a

m ddl e, |l a .1 |l.ed he sub eous

I ayer?0 Thg(%%l t@%l‘“ Jsﬂ'gl s ?géPgLE&O Q%Ej 6?%1% B”dfnﬁn% n§§ﬁ Fses
four dist uﬁﬁimdgafmwom@s t6@n8 Gron?he ReMiRUITBE epidy@ihis csﬁbﬂne@lobr@dsc@nabpm
corneum followed by the stratum granul osum stratum malpighii and stratum

ger m nat i verve eTtiags t Thetdemnisds muightiiekar shavsthe epiderntis,| haymg thicknessnaithes of

li nked t ! ; tr
of 1 ot asmes Ent sl 200 K55 PAOIIE R REp A Eee Y B L T e Boa P
vi abl e epigiaiesiive @se, neanedl dQ1d0h ﬁbeﬁsharfalﬁﬂéﬁémlanﬂalhwp@ﬁgs ﬂ%ug%‘avihe?@ to

100 hum The vi abl e epi erms IS responsible fusing netabolites to
and f tdm fibersdBelvivsthe Thenal Fbam:sn!hs mdwntaacms trseudotlhambnwms e btoodrpapillaries

endi ngs. The . dern s t he epiderm s, having a thickness
in the r%‘g@ef’?aé‘?ﬁtﬁﬁ’gﬂfwﬁ eﬂ‘%‘@g?’ 8’“& “dB?)nlﬂ{’ The dermal |ayer generally
consi sts of a denserhed uRfinn&nneechiy gt Q@%ﬁheb%kﬂhmtﬁﬂlpkﬁ%myfﬂah}er S,

and interstitial fluid dispersed throughout these 15 fibers. Bel ow t
der mal | apenctiaion kagths Hutiexnedne dedpssilien thwdermcfriwﬁrn@mrfellbp@wamwm ari es

the skin to minimize the pain felt by the patient, however, they may be longer if necessary

20  for the particular sampling application at hand. In order to effectively and atraumatically
penetrate the skin, the length of the inner electrode is generally at least about three times
greater than the diameter of the inner electrode, but may be more. The minimum inner
electrode diameter is about 75 um, dependent upon the strength of the material the inner
eléctrode is made of.

25 Accordingly, the inner electrode or lancing members 104, 204 generally have
lengths in the range from about 500 to 4,000 wm, typically between about 600 to 3,000 um,
and more typically between about 1,000 to 2,000 pm; however, these lengths will vary from
patient to patient depending on the thickness of the skin layers of the particular patient being
tested. While the inner electrodes/ lancing members may have lengths that are longer than

30 the depth of the target skin layer, the inner electrodes/lancing members may be penetrated
into the skin at depth (referred to as the penetration length) that is less than the length of the

inner electrodes/lancing members. Thus, in order to minimize patn to the patient, the inner
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and the majority of nerve endings within the skin. Thus, the .inner

el ectrodes 108, 208 of the present invention preferably have penetrpgpppzmﬁ
| engt hs that extend no deeper than the dermis |ayer when fully penetrated
into the skin to minimze the pain felt by the patient, however, they may
be longer if necessary 20 for the particular sanpling application at hand.
In order to effectively and atraumatically penetrate the skin, the length

of the i ngeérle§tdncRBandfbaspRIGhbY hate h patkradb® ngihhiheRe fanp® frontdbRat 50 t han
the dianeter of the inner electrode, but nay be nore. The mni nmum i nner

el ect r odetod},@0femy andsmatedypiclby fromdbpent{®rto 3u(80niun hEosexampie, Hoosamphia g
mat eri al thicinner electrode is t he .i npe

. of . 25, ordi ,
el ect r ode?RIICRUAS;tha] TeAMME REReUiRsipn %gﬁmg%ﬁ‘@ FB’I‘Q&%EEVER%%H@F’H@?‘E E'E‘é@ Hange

from abou L 290 o el Ly I@ﬂﬁ , QAP . and
nore typi @gff%rb&c f/\}%en- g g%{ﬁ 611%88% t# %10%;?%%\%@%&: o%ggg?létdﬁ%@é%?’e%%?g\?w |1
vary f3 ompphekti@nitwhich rgtire pénedapenihtabutaio debperttharctho@saniofiayiehahski n | ayers
of the particular patient bein tested, Wiile the inner electrodes/ |ancing

menber s neSpeHalen Jeagtloh dherinngr of¢flgemepembesas tyricaly fiom gout 80t get

skin |aye i-nner. . el d anci menbers. may be penetrate ifto the
ki n ot cegPhlE PBRE FHE Rt BRLIP RN Snl s hortl L RaSBort B e
l'engt h of ot 4@ prh RNy REAGE dRE /Y dRB& Muﬂ%ﬂ?@iﬁ: 1 Bettain bbOdidRhtsitRe HhiBf M ze
pain to the patient, the inner 10 12 DEC 2905 el ectrodes/| anci ng nenbers

pr ef er abl diamaree isaypiesidy stafut 600 hength in the range fromabout 50 to 4,000
Am and nore typically from about 100 to 3, 000 gm For exanple, for sanpling
appl i htions that r&eaimmer demetsraf paist ehsriyodend 824302 ippeneadihi s thejasee the -

penetrati | engt f inpe rode/ : i ernnl ypical |y
peet 2t | il SO 0Bl S0 BleER] [ORE ket LR BRI ook Yl
penetrat i @Bre hpiRalPpin tHO rH@E Bk AUMAN2501etoBB00P:. | OURF elebthfies BEREA fAdKnREs

| ength of the inner el ectrode/] ancing nmenber is typically fromabout 600 to

3, 000 Am inTherange &ondabenti @ todf000 Hengkmores, ast eypticallyes theamo gafromeabioat K50 te

bet bout 75 to.800 d typically d t bout. 1000 Am |
cortarn oRBbAMATRIE’SHD LSO e P ey R Ao aE S HeSEp e o The
| nnery 11 aggliRyde Hat il BiothefEOHRCA BPa (Fr oBjcBERBA thY dbirbiEnsapge from.

about 1000 to 5000 Am and typically in the range from about 2000 to 4000

Am and dmemetet.yPheabll thicknesshef thatpelal pbjertab authe2&(@ df @bB8&ADOH o 4G wm.

el ectrodes haye a thickness i he range from about 100 to 1000 Angstrons,
and typi ch‘TC’;F‘}{‘P&IYth’éf?aéﬂa%Z??%HQQBB%?%%SPFEPVCW’ ave volumes genefgpy In the

range from about 0.1 to 2 pl., and typically does not exceed about 1 pl.. 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, platinum or pailadium. 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, 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
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300 Angstroms. Such a thin |ayer can be nmade by vacuum depositon or

el ectroplating the 15 electrode material onto the inner surface of %@Pﬁj
obj ect having the desirable inside dianmeter. The wall thickness of

tubul ar object is in the range of about 2000 to 4000 Am Accordingly, the
reacti on zones 120 and 220, respectively, have volunes generally in the
range fromabout 0. 1 to 2 AL, and typically does not exceed about | AL.
Sensor detargeéesd fot @Ras\2@entr &hsiraxgentanaly b@dépogim'cbm snechr ttdﬂatletthm:lcs,paci ng

bet ween t he elqctrods is suffi capi |l ar (i)nthe

fcli n]tF 20 to tJ Q[(’

bi ol ogi caP™efarehly op fth a%r?é?"&é@? BHFEREseH ta?f'a?t PORE §1eTgagHen Z9hgte rl BE geCo

transfer an ém%]ltbl@%le&lln'ﬁ B?i:'d@ahi Yel¥dt hin the sensor device. At
Bl ae c1od

| east the s of the es of Figs. | and 2 that face the reaction
zones 120 and 220 owm]emxampmeyvmmﬂguﬂzmﬁnsaubhlaﬂﬂcalrcbs[pmatmlrlslhyye beem conpri sed

of hi conducti ve metal, . suc al |l adi u % g atin silver,
iridi @%?F’a ., Varioys dYRes o gleroec mac RYSims 'Ham%w 8 %C@E@@vly dnvirie the ke, or
a conbi nag Qf]ar%l){tﬁﬁ&g t%tﬁﬁ'ﬁéﬁure% EmE pé Gﬁhao\ye%% thegiﬁfe?é]m iﬁ?gt?dn‘? pl atinum

or palladium the entire e ect ode each
el ectr odemch:m@aynmme thyp af anaperemetrit (wmmmrmrMchmgomublst(r at mea:snrd he

surface of V\/mchlsathlnla er .of the netal onent &

el ectropl SEeHChehIES) QRROIgNTIGM l.eg Measyre e’ taﬁéoﬁg‘pafrég‘?%@f E‘?ﬁ@éﬁ“@?st em or
mat eri al S in the
el ectroc héeifgn&fzog ceﬂzmtg zgSm{‘-:éng:ﬁ]lt S)fsé%ggdatlrg%rgge??\lg&?l qﬁgagngls It%%éls]?ﬁ o5 E?%ﬂ?%;st

The pHrti4645882;edd%,266AF8nds wall &rWal 9Useth S s1d SE DY/ BT athe diseiostfiee ofinal yt e
| I 1 2 DEC 2005 targeted for %suremant The reagent nmay be deposited on
one or boVAICR RECHSIEIA dRCOTPYSRIES BY SHFFISh at | east a portion of the el ectrode
surfaces facing the reaction zone. The redox reagent systemwl| be
described in nore detail below Wile exenplary configurations of electrical
chem cal cel | sRbeEaTHEEN 5 descri bed, various types of electrochemn cal
systens and net hods co nown (n th art of anal te det ecifl gagand

nmeasur enent may be Ié‘rﬁS "5 Uh BN PESe tf‘rﬂereaﬂ‘taiyé‘?lor INSHIUERS SeiFeed dPe s
that @re fs%{ fh'e%t}{e!r cEnstinfBRaSH R ﬁ%ﬂmlb}ogﬁgph&ﬂeﬁ Fddox (réaggxt’ jsmeasur e

el ectrica harge) or potentionetric : sure vol tage) anpl es of
t hese t ypgpically employed wdhmrthcadacmameminn tfzeyts}d;oénmhanmalfadlt Heéne redesxcr i bed in

071 18465 BREFWEISSAKS S0 DHsPRH G120 Fast i ol the fadihg el o™ 1O

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 enzyme 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,
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whi ch are herein incorporated by reference. REAGENTS 1In order to single out
and sense the target analyte or constituent selected for 15 anal ysi omeqr 05
the other constituents in the sanpled biological fluid, a redox reaaezn @
typically enployed within the reaction zone within the el ectrochem cal cell.
The redox reagent material is typically deposited on at |east one of the
facing surfaces of the two el ectrodes whereby biological fluid present in
t he react glyoerabBghoiphaicanidage,laaate oxidasd) ldctee detydgegebaseppguvak oxidlasesuch, the

r eagent ferably. coated, or deposited on the surface(s 20 neans of
di p coati %@g Oﬁﬂﬁf%%g‘l%‘%iﬁoﬁ lasepyECasE agjictibe 35? Hﬁ “E?é‘é{d’r?fgngiF@g?@H‘cBQsed on
the anal nﬁﬁ)tn ystem
and the c%?’rgts”g% |ﬁ§0f@ger€§ﬁ?t Ielén({ggotp I8 M%I S 'g f%e gﬂger{t%ﬁﬂ&ﬁﬁsé

el ect r ochgintasetoxidizisg eprgem (epg oigioodsetomdim ar ghzaose dtlln)eirognmam)t ration of the
target_ anal yte or c,gﬂstl tu in the cell. The reagent system present in the

reacti‘on area typi calg§ecp ?%@@eawﬁt %gqag%iﬂ SY%SméﬁEF?Fél("é‘?”é’ﬁtpoﬂe%Wh’ébor

I n many e'&*ﬁ%‘{ fo%ne BP?:o?é%X&EEtoFE Q\Sv}ﬁ( Sﬂﬁffﬁf‘eﬂgﬁﬁhlato%égérﬁ?hﬂe%ﬁ&n
enzynme or a plurality of enzynes t " concert to oxidize the analyte
of int eriasthca:ltlnd)triahrdemman'ﬁdb@lﬁnmmthmmmﬂmphﬂfazhieenertm&ate systemis
made up of a sin % naléte oxi di.zi ng enz ne or a collection of twg, or nore

enzynes tMEYIsREH! P -Rhsnagng HESOSE e etafiypethyt L. PeRrageinong & dmes of
i nterest aphgr eses,
qui nopr ot%?}?\?}tggé%hm d%ﬁegésngg%ﬁ ?tgv%(san()}gurrléﬁ) r@se tlk(:nﬂgit%ﬁ%s nﬁ’éactl on
ar ea I@epeatdmlaxestahé thedilel huihase antzaddymentt @mewf'gludfosé hethe bhed yiead ivotestadndt est
stripis ‘“d&ﬁ ned to, detect, ere representati ve enzymes include: glucose

oxi dase, ose xfAse OBIHERSE ek%?%fg%eﬂ& AP SAMPERJILEE Bedlatnaidase,
! ' popr ot e;}»ﬁuédlﬂ%ﬁf%resgﬂs%&%f hnidfd, @ﬂﬁ&raég%n@s%h% cSHnY Gl reArpharRhat e
oxi dase, 1 actate oxidase acta e hydr ogenas ruvat e oxi dase, al cohol
oxi dase, intlude bbﬁfcnr@(amatse(e g;,raﬂ::maatemadat’ek@xdsplka&e) 1@00@’@fﬁmteﬁrﬂrtheﬂke

enbodi nents where the anal te of interest se, the me, conponent
of the T oagent sy st b ARt Ioieaigui Bssreh Agfoas I Aneugts of S iedse

oxi dage chon%o%ﬁ’é?n ?WP&/H&%%E@Lmo%t n%ﬁ@%g&{éﬁpgﬁgfaggfa%&?frbﬁagem

systemis a medl at of conponent i s made re medi at or
agents. /Aaboat.étty 10 bgiwdightent nedi at or agents are known in the art and
i nclude: ferricyani de, phenazi ne ethosul phate, phenazi ne nethosul f ate,
pheyl enedi am ne, 1-nethoxy-phenazi ne net hosul fate,

2, 6-di et hyl - 174 baRzRrRERNE, 2, 5-
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 present in 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.
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di chl oro-1, 4- benzoqui none, ferrocene derivatives, osm um bipyridyl
conpl exes, ruthenium 10 conplexes and the like. In those enbodi rrents é@ﬁ]ﬁ&e
glucose is the analyte of interest and either glucose oxidase or gl 1B
dehydrogenase is the enzyne conponent, the nediator of particular interest
Is ferricyanide. Oher reagents that nmay be present in the reaction area
I ncl ude buffering agents, (e.g., citraconate, citrate, phosphat e), "Good"

buf f dth I'k Th | y t i
AR YRR i MERIEE N R AT

conponent sysip Sebt the l’s@tﬁgasn\tdhﬂah 866t sfdteln 50 cdfpi L% aMahalNeld Hifkro BRIDSR

SYSTEM I n "t he sensor system of the present invention, the reference and
wor ki ng 2andel ssosarcigeise 4P, sush ag pensor dyinesil 66 bnd 200 dlaw;sctdwatmvempetmiazbly

i - ef |
C e anem ¢ cononst 1 dod SR eoMERlRic i TCoREl Brl 82 rahR Mt 86 BRERBL T rom
the elsect 5086 ﬁ@tlcﬁegrtdeamktft:hﬁmeﬁiﬁrﬂa\oﬁfg 4 S ﬁ%@@wmrffgma@tan I»ﬁt{&t h(ﬁfsc§ pe

analyte wthin the sanple fromthe output sighal. In Gther words
control neears (petohpdesfon conteelling ﬂmrmcaqsm(amengmaansejfecnaor detice lﬁ,mnt bet ween

the t | ect r.od ' in 25 th t. ' d

ol at | ng ERETUOE AR EE TSP ARG HERS (HES SR UBHERIER SA1 BF T3Pl yt o
present I&vt&qoeénaq&d@@ngsh@at mes‘stttemetatt@igﬁm%ﬁt th@tcmnA%ftm?e ABShE 1 n the
patient's blood is then derived fromtheé concentration level in the fluid

sanpl e, tjregmammesd wihingahtuel umit Swwtwhattcsllpcdtldaabhyd fetommidesithas an out put
sign to a displ a ans. f er abl t he control and dis y nmean

e egtal |SPrHIEDE" f IR e S1aRE 3B Hioloehca SERbl Sonf rocetp: AP B QAR Sndl
illustr atﬁst- ddﬁc&tt&noﬁ levEN@NFRBIkRY dbdited iRfoph8E DIy thdh $An8hiel 48 8n &terFBRNS Of
sécurlng or ding one or nore sensor devices or an array of sensor devices

in a posdlsplaytmamds Qatrsmnlgéﬁrtatm d§plawabtfma@uontt¢tétepamt i Conte indenfasieibutfomnd

Thore | GRBRRSRaaRalow v Uy L BRRaRIesTaa™ SoaLiedr DRt AeHy 0 e

subj ect iy aRhiREmen?EBIRE cHiND) alFam0O conprises a hand-held control unit 52
and a sensor device 10, such as sensor devices 100 and 200 di scussed above,

oper dii vel y  nount e¥knser dtiviedl iepldctbgaliy amhﬂ‘tymbllwmltpl@ﬁo copmelrwiit ¥hit 52
T B e PR G PR e B b oo Al G gtk
control | i @gt $Ho@nBA ki CETEM hnd BARS peHdirSLl 6F c 4l @Mk &8(ndOshown§ within control unit
52. Preferably, device 10 and control unit 52 are physicaily 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 devices employed 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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-generating and transmtting input reference signals to the el ectrochem cal
cell of sensor device 10 and receiving output neasurenent signal Srﬂgﬁ@\ dﬂ§

cell. A software algorithm progranmed within control unit 52 auto
cal cul ates and determ nes the 10 concentration of the target analyte in the
bi ol ogi cal sanpl e upon recei pt of the output signal. The concentration

| evel (anong ot her desired information) Is then transmtted to an external
di spl ay nean di s as |nformat|o]5|tothe user. Control
€

{se[ screeg 12t8

i nt er f ac&2HBIE dh¥anegy oL eb"r“é@?%]étﬁs dtRcied asingdhe subigch sENSOr HEfi%at i on,
such as anal w , ol neans.
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traces (AP I§H )“Wi’ hffvigo fhe prgsent igyentipp.o P E?rf%IBP]?’ sedad; deyiced Odp g

contr el I

rochasi s B ieuBARERERAER, dNEAMELA Dol 0K BRng L BB o
20 can bef aaaiekty Thersensed device 1@l @emﬂwelmga@ki audmﬁteﬁé’celd&mﬂf etenad uyit 52
reusabl e and usable wth an of sensor devices of the subject

i nvent i onhal ¢aRbe magusliy held plg{ﬁ:qqtrto F%bl’ﬂl@”ﬁﬁ%@@“@ﬂ unit R d§ Eﬂoéraé’ﬁ'ﬁ?fi@é and
measur e f and rapid nmanner. Any suitable nunber of sensor
devi cesm%%?llﬁglu&%cgddpgwgrray, may be enployed by the present invention.
The array may be pr’[dmudembasmoassmppnddviaee]armesmséieaed area dbtheifasientsd ski hat is
electrically an‘g ph gall g geabl e wth control unit 52. The nunber of
sensoP devsitibat P%@é QuisERacRslon 19201 es] ardiQr of FIgd-dsinfgniask agent
bei ng de y %5}%% are
it nsertedt\ﬁﬁtegggﬁ}gﬁﬁ&gl @H{J}%ﬁ?ﬂcﬁflg sl%ﬁair}éélegenyaﬁﬁgr {'ahﬁgg srgsﬁés{gggdzew ce
array mayo permgiatesiato thaekin. dhedeptbdeshichnbe hgeing mrtwrrsdeha\msmged aviltidapensihapes,

| engt hs, widths, and.t nfigurations. 30 USE Al so I‘OVI ded by
the subj &8ihg ﬁwmifﬁg@*q%w%&d& ffdotgamfithfgo‘etﬁree &3iE % of by gapr cul rg}‘?ﬁ“%ensor

syst ens t fglhé{,gl 14 1
2 DEC Zoégsoggatrtf?»ghw% r{\?gﬁrg?{/tp%?thglﬁ ﬁﬁ@@gﬁsegﬁga&?g}s’ Iﬁggébbagﬂdet ¢ted u5| ng t he

subj 46t sanborelaivstergths ofihemneer dgtede randithe\xmtamhdcy*o%oﬁ stobardievgk d0pthe,
chol esterol, | actate | cohol nd the like. racti ci ng the subj ect
o hods. el sREt b Eiea By REn byl shaichuted o  oBAREh sind Shating, B

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 concentration 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
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is to provide a sensor device 10 of the present invention. Preferably,
sensor device 10 is 5 particularly configured (i.e., containing the1 05
appropriate reagent) for targeting the analyte(s) of interest. The géﬁng
device 10 is operatively engaged and interfaced with a control unit 52 that
can be manually held and controlled by the user. Control unit 52 is
programmed for testing the targeted anal yte(s). The user positions sensor
devi ce 10 conéspoadiagendetdatturtaveliof titackated anilye ifkhapatitAt' s blobd! Paly of AR

di stal edge of the outer electrode, 102 of Fig. 1 and 202 of Fig. 2, is in
cont act wof thepeealugsimayhe digplayedp displpy @ﬁ@nsiﬂfég@ﬁ’ﬂ &8 the inner electrode or
lancing member is caugth. 4,0y 939&1%%96& Si‘fwﬂlcth*}i[%ho% tﬁallgpﬁc&iﬁﬁég jo which the
| anci ng el ectrode is 1 hserted variation In Pength

bet ween i tetangineht cohcehtiatiOibed seﬁﬂcfﬁdtah@@&: i@ra lbylogro:masa@im@ﬁndma;mhe

associ ated with sensor unit 10 for limting the insertion deﬁ Mor e
parti cll aPRtENt dspaea wgh et awserHieed enlxinsgd skahpierinomemher ofithe pubitcct r ode
A e ot Ehic 6 h2deual SRR EeRfud ol i LSRRlna] BsGPNEREL. Y
sensor system nay reacti on zone S acl ng causli ng

the inner displﬂ?loﬂgleeieeﬁbh@(ﬂlﬁtﬂ@ dp@ﬂeédl 8l 6.3t Peteskie. (WIQSJSTB dtitited “&aﬁblleed
pressure. As such, the distal e of the outer_electrode functions as a

pressure Deiestion wyIngige Hawing %é}’hE chiseghemiral psayhethe disslosarecd twhieleisihgtean t he
patient's. ski U i.e., a 20 sanple) of biological fluid energes
fromor fl n% %rat‘fad%f%?roéﬁet he puncture site and is wcked into the reaction
chanbgy by means of a capillary action. Once in the reaction zone, the
targeted analyte chemically reacts with the selected reagent(s) to form

el ectroactive products or species, which can be neasured directly, or
indirectly thr h the action of a nediator. The resulting products or
species will beeither oxidized or reduced at the surface 25 of the working

el ectrode, generati Asodprevdedby theisghiatt.invdneion ure ldtstfosiignalpracsicipgapor t i onal
to the concentration of the target anal yte in the biological fluid. An
el ectri cawbﬂf'r?bme“’ﬂd@ﬁ'ale kit of thez! Ectclaﬁ%rtt@nﬂnfdb@feﬁtlfzaér ong Wbjsich sanaeraicet he

cont rf “’i‘ ?szmggaltsé‘ﬁ}ci eearrg{l]s}?lae]ee(lr #B?a%?e@d?] Hﬁ}t 0t Jﬁa‘ag%e%kc?&&hf?de The

current ou ner a resu tlng pro ucts or ecCl es I's the
conduct ECh'etlﬁab(I'ﬂJdiﬁdIQJOSab’le 'Serﬁar devidebef B8 kivasrkong odleekity oftthe subjeafitivation.

al gorithm programmed within control unit 52 then automati cal | y _det erm nes
the diffeFiegse Kus mayingdeds anaaray rf sersonderices MaHeap@ng Mymhcss haying Rh§§aw AE

R A Y R G s W i L M

sel ect ed diffateyit sagentd. halspambeenthas old reagknt Ay bepralided within a single array,

20 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 physiologiéal sample.

These instructions may be present on one or more of the packaging, a label insert, or

25  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.

30 The subject invention is shown and described herein in what ts considered to
be the most practical, and preferred embodiments. It is recognized, however, that departures
may be made there frorh, 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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of these values may be di spl ayed by di splay neans or screen 58. A device
such as control unit 52 which automatically cal cul ates and determ Wq]hEtElmE
concentration of a selected analyte in a biological sanple and/or in“the
patient's system such that a user need only insert skin-piercing nmenber of
the subject 10 invention into the patient's skin and then read the final

anal yte concentration result froma display of the device, is further
described in U S. Patent . 6,193,873 entit "Sanple  Detection to
Initiate Timng of ‘ghﬁ%lgé'cl\tlg‘? B@ﬁgﬁi“&v&m‘%W?}“??Wé“@r?s%ﬂpéﬁﬂwsd € SHIRHS s
herein i H/cRK ; ; ; L ahi.ee

i nvention ar eBE% ??ﬁ%é@ﬂ&?&?ﬁ&%ﬁ%ﬁ%?ﬁgwgy Wﬁg})ggﬁsﬁgl{iﬁ%?géﬂﬁgﬁ rilltﬁés of

t he subj esdenidascerbbd primanty indbe atntéxaad theodetecsioh o€ etal gtenmnintetsitiat Huids, mdThe
kits may al so include . ar able or dis able. contro|l unjt that may be used
W T s Ei T TaOHE SReHiRn Sadogie e e flold St REr ki ts.of
t he subj it Kl i : : r devices

W h T ana g R I T o SN i n ™k s rmy
i ncl ude wvamsiituents dissased baein are odraideraitotbeael st veo and netfrégriaie. r eagent s.

Al so, nore than one reagent. may be provided within a single array, 20

wher ei n oH&d Wa‘r‘rﬂ}séh@fcogﬁé”@@ﬂilﬁrm R and iapge rf'él\‘}i"d‘llaf'd’twgftthe disglopedk 1 eagent
For testifbcilisha as haledfhe @&ﬁhyéaaugaecm&o ésmwm%@gﬁev%ﬁ 2Pfarflevi ces are
provided wth other reagents for testing other targeted anal ytes. Finally,
t he kit s ipteafled mdieyinclndédraghinnbe sanpt obthe appendedickams.he subj ect sensors in
the determ nation of an anal yte concentration in a physiol ogical sanple.
These instructions nay be present on one or nore of the packaging, a | abel
insert, or 25 containers present inthe kits, and the like. 30 It is evident
ftomthe above description that the subject inventions are easy to use and
can provide for analyte testing with mnimal or no pain and bl ood. 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 nost practical, and preferred enbodinents. It is recognized, however,
that departures nay be made there from which are within the scope of the

i nvention, and that obvious nodifications will occur to one skilled in the
art upon reading this disclosure. 16

17



1 2 DEC 2005 Although the present invention is useful for many applications,
the sanpling of various biological fluids and the detection of many|} ypes0s
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 net hods di sclosed and the applications,

bi ol ogi cal fl| uVWHAIhIS CEAIMEDUSNt s di scussed herein are considered to be
illustrative and not restrictive. Mdifications that cone within the
meani ng and range of equival ents of the disclosed concepts, such as those

that would readily @CcurACbléH&%cﬁéﬂﬂﬁ 1fBr hd2§ rsﬁhgma:@ioﬁf%iom AL anlint ended
to be included within the scope of the appended clains. 17 1 2 DEC 2005 WHAT

| S CLAI VERehSiring. anmmabfteemtneucldezmeﬁa:lonmeﬂsingf or use in sanpling biological
fluid and rreaftiring an gqq herein, the cell conprising: 5 (a) a first
el ect rdde; and@b) & fedelgHo ‘F é‘B rode positioned concent r| cal ly within and

spaced- apart (M t eeodhiychuBAEEARAIRALAREANY Slifhth Srdirabal. uProm the

configured to pi‘erce a skin surf rochem claiml
wher ei n t fiest Elecstdesdrecionpasink (G distaipmidsesfigured i pmmwsskmsdrfacanfl guration

havi ng an open distal end and a distal edge. 3. The el ectrochem cal cell of
claim2 wherein the continuous wall conprises a cylindrical configuration

and the distal edgesdefi e@lc&lﬂ)%ﬁﬁ’{bﬁ agi hﬂﬂamﬂ’ @Feﬁ%th%%ré'el de

el ectrochem cal cell of claiml ereln the secon ctrode has an

el ongHl edcaopfisegarcattimmuk sallrgnfiglretigt nvitgin oenabistaldndlandiatdistdlledgé.i r st

el ectrode. 5. The el ectrochemcal cell of claim1 further conprising an
insulator 20 positioned within at |east a portion of the space between the

first and second ehect r?ﬂ@élec@och?ﬁ&a?ké?&ﬁ&ﬁm@elﬁ@Je'coﬁtﬁmﬂu@'ufé‘llz wher ei n

the space between the electrodes has a thickness sufficient to exert a
capi | | ary f or ceoroprifes aicgllipdresbeodnfmuratios an@ Sheofistal aigs tafinemeckinfcontaetifg r st
el ectr ode.
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 fdr 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;

18



7. A device for sanpling a biological fluid and nmeasuring a target
constituent within the biological fluid, conprising: an inner electnQdg( 7005
having a proximl end, a distal end and a | ength 30 t herebetween; an outer
el ectrode having a cylindrical configuration conprising a proximal end, an
open distal end and a lunen a coaxially spaced-apart fromthe inner

el ectrode; 18 1 2 DEC 2005 an insulating material coaxially confaorned

bet ween a por 8% Bulging matepiabsqarallysontorped between apertionRf theprxialeads oldes;
and a skjn- i tending fromthe distal end of the inner
eIectrodgEléﬂ%%higgggggﬁ%¥%§ﬁ§§npling biological fluid fromthe skin of a

patient and geldgUsicg Renbegeiermistrothubadiswl ehd of thb énrt eleogodeal fluid, the
system conprising: (a) an electrochenm cal cell conprising a first el ectrode
and a second electrode spaced-apart from each other, wherein the first

el ecty ode is positjoned | cal : | ect rode and the
second el ectrode c%‘rrpri éesggtgﬁﬁ{a%%%rﬁﬁi'{ﬁybéﬁlggfégﬁﬁgﬁ@gﬂ[%k% (gf?acéa?%gts leln
surface; and ﬁl@isu@inF?ﬂmiﬂg@ﬂ coBtifuehtrwielif eie ticRlgicaPfdNihe a3y item cohiphisinge

el ectrochem cal ce conpri si ng: gl) means for sending an el ectrical
reference signal t@®)theat ¢legrocheminat eleconaprisinme firse elecypdrpndre ssrend ri cal

Out Pt o1 Nl Ll O RS TPh EEHRS, whir e Rk cRe BB ShRuRhgE L D

whi ch aut onatT¢a u és an et et m nes e concentration of the

target constigdiRBitritdlly ubihelsegind@lecaiPhd the@Bcdm@Gdddplod@tompises aldpgdlr i cal
output signal. 9. The systemof claim@8 conprising an array o
el ectd ocheni cend qoafigyred fgpierce a skin surface; and

(b) ~ acontrol unit in electrical communication with the electrochemical
cell, comprising:
- () means for sending an electrical reference signal fo 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 Samplc upon receipt of the

electrical output signal.

9. The system of claim 8 comprising an array of electrochemical cells.
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