METHOD OF ANALYTE MEASUREMENT USI NG | NTEGRATED LANCE AND STRI P BACKGROUND
OF THE | NVENTI ON CROSS- REFERENCE [0001] This application clains priority
to Provisional Application No. 60/459,465 filed March 28, 2003, which is

i ncorporated herein by reference in its entirety. Field of the Invention

[ 0002] The present invention relates, in general, to |ancing elenents for
use in drawing bodily fluids out of a patient and, nore particularly, to an

i nproved | ancing el i i i iy thvqped
relative to each o %@ﬁ@@ﬁ%@@?@ﬁ%i@ﬁ@ﬁ@mm IS
hel d open by the second elenent adeANCHE ANDISTRIR are pulled up the Iancing
el enment by surface tension on the first and second | ancing el enents.

Description of the Related Al [0003] Integrated skin lancing and body fluid

anal ysis sanplers are known in the art. One such systemis described and
illustrated in WO 02/ 49507. BAEKGROENR QIR THEINVENIION bed i n WO 02/ 49507
i ncludes a lancing elenent or |anc I i ached to or integrated
with a test strip adapted to masum of an analyte in bodily
fluid or, alternatively, some characteristic of the bodily fluid. Usable
bodi l'y flui dgogpy incl 'Pﬁi@ap I%ti@%é‘l'ﬁﬁh@pti@fli@(wPFU’vjs'iGHaﬂ\%bli_&dtﬁ'n Nd. 6bd5946SF) -
The lancing elenent is used to make an incision in the skin and the bodily
fluid is drawn upfiledMdreine8,2§02] whichts ingorprateddisrein by irpfetapce froits entizaipl e,
capillary action. Such integrated sanplers nmay be conbined with, for
exanple, an electrochem cal neter and referred to as nonolithic .or in-situ
sanpling devices. [0004] Many | ancing devices have been devised to form

i nci sions and t o Enkinfabe lyemtian f | ui ds to be withdrawn fromthose incisions.
Solid | ancet mogsle UsedThepe@aninventddh feléss ir0fenefil, b Gansliigreldrierdd fopwsdiadi | Y
fluids to escape to the surface of the skin where they can be sanpl ed by
the patient or thdrawisabadily fyidsiquspf p patiens and T@Q#&Pm’éhédghtof@uquvgdrel eased

fromthe incisiong,§HeMefihi flchaie M £dTEMd%18hénts positioned relative to each

other such that an incision formed by the first element is held open by the second

element and bodily fluids are pulled up the lancing element by surface tension on

the first and second lancing elements.

Description of the Related Art
[0003] Integrated skin lancing and body fluid analysis samplers are known in the

art. One such system is described and illustrated in WO 02/49507. The

integrated system described in WO 02/49507 includes a lancing element or lance,
which is attached to or integrated with a test strip adapted to measure the quantity
of an analyte in bodily fluid or, alternatively, some characteristic of the bodiiy
fluid. Usable bodily fluids may include, for example, blood or interstitial fluid
(ISF). The lancing element is used to make an incision in the skin and the bodily
fluid is drawn up the lancing element to the test strip by, for example, capillary
action. Such integrated samplers may be combined with, for example, an
electrochemical meter and referred to as monolithic or in-situ sampling devices.
[0004}] Many lancing devices have been devised to form incisions and to enable

bodily fluids to be withdrawn from those incisions. Solid lancets are used to open



generally larger in dianeter to facilitate the flow of sufficient bodily
fluids from the incision for sanpling purposes. However, such solid needles
generally rely on the size of the incision to ensure that enough bodily
fluids are expressed and are not used to facilitate the flow of fluids to
the testing apparatus. [0005] Holl ow needl es have al so been described for
use in drawing fluids out of the body for testing purposes; such needl es
may have a poi ntaﬁncisiohénﬁieesitiremllo@l b¢cﬁkyiﬂuidmo@swem¢ﬂg sulkfecd ¢fdh@;$kdm I n
such needles, the ingision.is he needl e

to facilitate th&hee Y&P“BB&?W ﬁm ﬁ"sP%}&P 8‘f‘hF§§‘E‘°ﬁ il r%"ﬁﬂsd“‘? & bodi 'y

fluids are drawgndRed NBidEesleBe fofiPtheicision, %ﬁwmlﬂrlaﬁt}iﬂg Elepichisarey action or
by a conbination of “vacuum and capil |l ar}/ actiaon. [0006] O her |ancing
i

devi ces have beegend:eﬂudara@dnmwrrmfn@ agenibe flow of Sﬂffectlertsubodwaﬂmdafrpm curved
piece whi ch '”C'tﬁgfsgﬁé‘}lgﬁw@h@%ﬁg {)‘Br H%We%r“ fh'sHh&’neécﬂé“ e*ﬁérsaﬂ j%ge”ed

tip to the proxi Yy nean for exarrp

tensi on and/ or GaPkilzé of theandision to Sisake dhmﬂ’ogglﬁfb@cm@mlﬁdﬁﬁle e fieastiage ams
because of the ease of manufacture and the ease of integrating theminto,

for exanple, a ftqé§§°dst9rfiifiélltaF5th6ﬂ@&?oﬁf&“f*%l‘@l the Eeé‘t"@ WPefRtEsanci ng and
measur ementq QQS]a. sin V\ﬁ]&kﬁ%s h&v%ﬁﬁ%e&pﬁeslcﬂ Y& SN in g%]u?ds ufbe OF

partially f pi ece es an open nner1 for qul urd, it
i s possible for théBodydfpesesdhg ph@osm smtmeeﬂles niagﬂ;\eveompdnhted urlbavs’lﬁl e,ndftoll ly or

artially blocking.the channel .and prgeven fluids from, flowng to
!to he prOX|yrraI encfa%}‘taf%@’e@ Elmcﬂﬁ‘mp ¥ B g’ﬁd%/ﬁﬁlo'afsdlﬁl‘&i)@“\/ﬁ?fk cgn
flow Problem tqm@&d%ﬁhaadofmggzadluoﬁaamgmtewmoauymmm @geous to

design a |l ancing device where the lancing elenent is lat or partially
curved pi ece i naheisiion@nd thedpelily dhadsrase deaven Unmnpﬁi%?lﬂgr@w@n@mumncbmdes a

separation of oot aighdl 89 g OGIcH P 0aGRE and BT Bedencl no el ement

is in the wound eventi e 1 nci rom cl osi ng on
t he | anci ngfoed@ment ermﬁepanﬁngkih\ylcmha‘valblew ddsoribadnghdréia tb@hnce’zlsaffhnmel I't

o erent i o posi (G SPIETIFSH ik FRISE 83 pHED SRE) el ISing Ci Foip e
sharpened tip to the proximal end of the lance by means of, for example, surface
tension and/or capillary action. Such lacing elements are advantageous because
of the ease of manufacture and the ease of integrating them into, for example, a
test strip, in order to facilitate both lancing and measurement in a single element.
Where the landing element is a flat or partially flat piece which includes an open
channel for guiding fluid, it is possible for the edges of the incision to close on the
channel, fully or partially blocking the channel and preventing bodily fluids from
flowing to the proximal end of the channel or limiting the amount of fluid which

can flow.

Problem to be Solved
[0007] It would, therefore, be advantageous to design a lancing device where the

lancing element is a flat or partially curved piece including an open channel and
the lancing element includes a separation element for holding the incision open
when the lancing element is in the wound and preventing the edges of the incision

from closing on the lancing element and partially or fully blocking the open



| ancing elenent to facilitate insertion of the lance into the skin. It would
further be advantageous to design a | ancing device wherein the | ancing

el enent and the separation elenment are forned froma single netal sheet. It
woul d further be advantageous to design a |ancing device wherein the

| anci ng el ement and the separation elenment are positioned opposite each
other such that fluid is pulled up the lancing elenent and into the open
channel by surf acéianegls ligroulé baadyantageous o degizh adanag dewies whereindhent and

separation el enen Ll -l i L1 f Qﬁr[%éﬂ I t would
further be advantgaegaellc?)ltt}gﬁ%lfgﬁ‘lgiclatlsllk ﬁglg&?&éltn{l:ﬁgg} g\’/‘lﬂg%] tBvt\l/?{%;er eln t gﬁlogﬁdgi ng
el enent and t he slapdngelemeniath daslitateainserfion ofttie lanomintoshawglin, Itsbmed furtherret al

rolled to position the separation el enent opposite.the | anci el enent such
that the proxi nalbeasyagipesonstq éﬁﬁ%ﬁ%laBF‘B&éﬁY‘E%Wheﬁcﬁb{%éﬂ%ﬁ"& ggﬁ‘?"'“té‘l“gﬁ%t

form an open chag%ggmit% g\éﬁi%tda,ré %&Eﬁrfréﬁ?géﬁéﬁ%agﬁﬁiéét. twaam;ffuﬁﬁwee the

| anci ng devi ces Cri ereln usilng, r eéxanple, a netal formng or

st anpi ng process. adshithiidevs @FdSEign d IENG o 9068]n the deicimglelehentanditieg ski n
according to the present jnvention.may .include the ste f broviding an
appropri at e Ia_nce{épﬁﬁ“%ﬁlf”é‘ﬁ?tiaé? Boﬁlté?f{cél qpﬁ%ﬁ?&&?‘h&_ﬁ’& su 'tg"ﬁt fﬁ’ﬁ‘g“‘pﬂ“élggﬂf’ _

i nvention may i nche@fcigleiiMdnd dndintsRitopbR¥hidePoy durfilce iRidAdREFengRE POI Nt ,
a separation el enent having a second end point positioned adjacent the

| anci ng el enent, fuid end detlancingementtandgepargiomdlementpthus fapalitating the fillimgst
| ancin el enent tQ a pr.oxi lel i f ati o | epent,. .t he
: 2R, TSR 8 o B BEREL AR, ATl

connector form ng n-a ne

invention, the steRseif@ie laicihgeRmennaet the Sgpatidnlelersénmgrecfoeied froinda difgle an
incision, inserting the separation elenent to further open the incision,

mai nt ai ni ng the !@ﬁ%‘i"rﬁ@““é‘fléﬂ%"ﬁ‘_ﬂg PRSYOP fRE SRYHAYOR FlgmentLoRIosit thﬁa’lCHg i nci si on
whil e bodily fl uigGgnafiQud @M né BidkiRaiR%E tRALNERE clehnt ARIVGE ShafhBRENES. 1N

a method of |ancing skin in accordance with the present 3 invention, the
steps may furt herel¢mertdomn arhepentchpnrst. Hrveanld firthie be advaniagedus tggndnutacture he

space into the ¢ qﬁ?{gagnlc:1nﬁg$glg% de'g‘crrf’@t':tdr}l%geilq Lsﬂ@,%} g@an?lhie,na eGP fogrin'{]r% (gro the

present invention
stamping process. ,

SUMMARY OF THE INVENTION

[0008] A method of lancing skin according to the present invention may include
the step of providing an appropriate lance. An appropriate lance in accordance
with the present invention may include a lancing element having a first sharpened
end point, a separation element having a second end point positioned adjacent the
lancing element, a connector, connecting a proximal portion of the first lancing
element to a proximal portion of the separation element, the connector forming a
channel. In a method according to the present invention, the steps may include
inserting the lancing element to form an incision, inserting the separation element
to further open the incision, maintaining the lancing elements and the separation
element in the incision while bodily fluids are drawn into a space between the

lancing elements. In a method of lancing skin in accordance with the present



the step of providing an appropriate |ance. An appropriate |lance in
accordance wth the present invention, may include a |ancing el enent having
a first sharpened end point; a separation elenent having a second end point
positioned adjacent the |ancing elenent, a connector, connecting a proxinal
portion of the first lancing elenment to a proximl portion of the

separation elenent, the connector _form.n channel. and ensor. strip
attached to a prdRVSRIOGIP SIeBRIEY ket dnclde siep P drswing thedwdly durdsiiom ¢ o
the present inveqhé%hcﬁMgﬂ{mg{,ﬁg_ el ement may be inserted to forman

I nci sion, the separation element nmay be inserted to further open the

i nci si on and08093 | anciAgethadnafiancangiskin pegoading to e prasent imegntios mrayi intladered i n
the incision whije bod%le(/? fluids are dra in%o a space,bet ween t(pe | anci ng
el ements. A net HBUSEP Of B¢t ’bgglk?qprf’ﬂn%f&l%%a E'élp%og Atf JAnCH MLAGERFIANER et | on
may further inclyjdetehResshieiRvaition! Mol iaciidia aAh Mefkent Kividg Pfist BRnsRage

into the channel. A néthod of |ancing skin in accordance with the present
i nvention may f urcnfi@eint] nepargtion glsmentpaving 3pespndend printpesitioned adjacknt theom

t he channel into,the sensor | [ . J W) in.
according to the lﬁ'?cé%%fs m?%tv%ﬁ{’édggtqrh%%éggetgl tﬁﬁl)ng}qlegé%lf) g%?%“&%&?‘ﬁan%\?ﬁ
appropriat e | ancejeni¢ht ¥R paRimal friien oLthe RefReAdh dRngdt Whé Bonreber B

i nvention may include a | ancing el enent having a first sharpened end  point,

a separation el erfARnchand AgFIOSEEB AR D8 PrxIBeriahRidhe sprreseter. e
| ancing el ement spgh J&i‘:&cﬁn%f&qﬁ@ RRLVERTertibR, th@ﬁﬁbiﬂge el Ra %@?n#ﬂgd
? ap, 8 I s e !fOI rst

separation elenment forns a onnecting a proxi portio
| anci ng el enent tform an prcisionydhie gpataiion elzinentmpay bpmsatedoo fettberapen tiiche

connector formng a .channel, a. sensor, stri ttached to roxi mal, .partion
of the connector 9“‘?’?\“’5 ﬂ’_"2g’ﬁrl%ﬂ?%ﬁsméVlaﬂ’gescgf%b@cﬁ?‘?{ﬂﬁft gutyﬁéepra?:gga&;p if the

i nvention, the gafcisiBy while boaisefluids Stez@rahQitb ABbadeGetvdtd (e haBRgleldensh 2
met hod according to the present invention, the steps may further include

inserting the | adtmegod fhansing in Brascardapsrcyith be praspridpysntignimay fustbgsar at i on
and the separat i o GfiEhe b5 ot UFahe AR TaRlsTot 18 P hAafiie Skt 207 ©
into the gap. | nmaethet dddnang skioimgecoodanhe wph deemresennineenticonmay fuetheet hod nay

include the step of drawing the bodily fluids from the channel! into the sensor

sStrip.

[0010] A method of lancing skin according to the present invention includes the

step of providing an appropriate lance. An appropriate lance in accordance with

the present invention may include a lancing element having a first sharpened end

point, a separation element having a second end point positioned adjacent the

lancing element such that a space between the lancing element and the separation

element forms a gap, connecting a proximal portion of the first lancing element to

a proximal portion of the separation element, the connector forming a channel, a

sensor strip attached to a proximal portion of the connector. In an appropriate

lance according to the present invention, the gap may increase in size proximal to

the second tip. In a method according to the present invention, the steps may

further include inserting the lancing element to form an incision, inserting the

separation element to further open the incision and maintaining the lancing

elements and the separation element in the incision while drawing bodily fluids



further include the step of drawing the bodily fluids fromthe gap into the
channel. 1In a nethod according to the present invention, the nethod may
further include the step of drawing the bodily fluids fromthe channel into
the sensor strip. In a nethod according to the present invention, the

met hod may further include the step of renoving the |lancing el ement from

the incision and. drgw n he bodi fluids. into the gap. |n a t hod
according to theR ﬁ@@ﬁﬂ._h@@ﬁﬁ%%c?;qén%ftﬁ%aresﬂg,mfeﬂpgmél?e ?ﬁ@l"ng&@yt he step
of drawi ng the bagiteyintludedse §t6p BT 8AGIHARe ibeargy f1tR1s fohPIRB @hp idtd i dKBkfepd
according to the present invention, the method may further " include the step

of drawi ng the bbui mgthpd @ceerdinggmtbhpressnsmyention the method may durthesdpdlyde BRI EF
DESCRI PTI ON OF ThKE 0N | i nvention
are set forth w F’ﬁ S@Eﬁﬂ“%@é‘%ﬁ%&%‘%m 1§s %grgetﬁééé 8%@?%?&??%&%%& {ngf LE

under st andi ng of metRdheasrdingoainprestnairivagisn, aie méthod piag Sexthier inyeRithon Wil |
be obtained by reference to the follow ngl detailed . description that sets

forth illustrati¥epehisagvirgihs lancngglementdroan Hejipeision aad drawipgtheibadidnt i on
are utilized, angd,.; i i ich. i is a
per spective vi ewﬂgﬁgglt?gﬁeg%ﬂg% g%éﬁd%%@agggls B%rg%gl hf“gg‘;‘@c‘} E'leﬁg&g?désent

i nvention. [0013mafifgthee itlude the pepairawing the kodilyf fitidefrémphd gapeintoahe a

| anci ng el enent and sivri ccor di ggwbo t he present _inventi ﬁn. [ 0014] Figure
3 is a perspect i FEnYFleln HMELHAHATEPIMNBIB FrNRIFENHIVERELR, HFdRtthetmay fusgisr ch

mul tiple strips jrefjik e 96y 8V dAlisEMme 8bdily Mids 8 the BhaREL inlA@E séRbMaL -
DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS OF THE | NVENTI ON [ 0015]

Figure 1 is a pestgpective view of |ance 15 and sensor strip 100 according
to the present invention. In Figure 1, lance 15 is connected to sensor strip
100. Sensor strip 100 may be, for exanple, a glucose sensor strip which

uses 5 electrochem stry BRIFEBEUSCRIMIONOMTHE RRAWEREGSN a bodily fluid,
such as, for exanple, blood or interstitial fluid. Additionally, sensor

strip 100 may be, for ‘
f0011] While the novel features of the invention are set forth with particularity in

the appended claims, a better understanding of the features and advantages of the
present invention will be obtained by reference to the following detailed |
description that sets forth illustrative embodiments, in which the principles of the
invention are utilized, and the accompanying drawings of which:

[0012] Figure 1 is a perspective view of a lancing element and strip according to
the present invention.

{0013] Figure 2 is a perspective view of the top layer of a lancing element and
strip according to the present invention.

[0014] Figure 3 is a perspective view of another embodiment of the invention in

which multiple strips form an array of sensors for use in a cartridge format.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS OF THE
INVENTION

[0015] Figure 1 is a perspective view of lance 15 and sensor strip 100 according
to the present invention. In Figure 1, lance 15 is connected to sensor strip 100.

Sensor strip 100 may be, for example, a glucose sensor strip which uses



exanpl e, a coagul ati on sensor which neasures a physical characteristic of a
body fluid such as viscosity, capacitance, resistance, and the like. In
Figure 1, lance 15 further includes |ancing elenment 22 and separation

el ement 24. Sensor strip 100 further includes first el ectrode contact 10,
adhesi ve layer 11, conductive substrate 12, vent hole 13, second el ectrode
contact 17, insulating substrate 18, insul atin ation hole

| ayer 20, regqist
23 and wor ki ng eleRaty sty 1o measrethe daeHRRE ?C%%é‘ab?ﬂ)b’n@? n?“cééi‘rsfﬁf

strip 100 may hay ADI6 %} RSt $iuth. CAddtiedallyN§h8s: 3Pl 100 ma3HR! ¥ mat e
| ength of 0.55 ir?%ﬁ@gl.e’%gléf Firgtljre 21s a Ser slgecti ve View g%a%l ance 15 and
the top | ayer of exempler asoagufation Gonsoowhichenéasureh e physical whasanteeinti¢ ofa bady

Figure 2, the top,l.ayer of .sensor strip 100  and |apce.15.is.fornped fr
conductive substr ‘gg‘f%.a_sl"r‘f’c?ﬂ @?ﬁ?(‘iﬁ?%ﬁhrtes’isﬁapffsf’?@p?gflﬁeh I W%Tg'fmce 5"
conducti ve subst rghgeridcthdS!1adSs MeREntTY MdlépaRtbn die@bmUaTepfoesEIRB. | n
Figure 2, lance 15 1 ncludes |ancing el enent , Separation elenent’ 24 and

fill channel 21. fobdiiclBivs festiedetingde comsactd0) adhesivg layee he ponduaiive subsiratest r i p

suitable for use jn the present .inyention o) scripbed wth reference
Co Figures 1 and 12 vonh Boleel S SR PRERRA Pt Y1 By R e 4 Iyl
sensor strip 100 japghydesisirhtisii hatt 28 bidderkispeakacdde3s. AR kaibodiment bf the
el ectrode contact 10 may be screen printed on an, insulati gﬁsubstrate 18,

and a second el ednyentiencsensassirip 100 mpehaieanapprimate Madibof 2 Livpkes@nd an

conprises a porti Loessikaig ate 12 which is contiguous with
reference el ect r(?%gro%singat% ancf\é 515. I nsrt he enbodi nent of the |ancing

el ement and [g@r6jor st rHigure Rlisis pempandive view gilinee: 15 anddh@toptlhgerafisemsbastripn of
first electrode contact 10 .and second el ectrode conptact, 17 are arran such
that an analyte lﬁ’@igh?%ﬁ%m'c WB}‘P"%‘H&?- j‘g ’@&E'etgﬁﬁﬁﬂl&eré’?df'&%%t@p er
(not shown) can Ratakki1shs Rined flofAdond@étihvaGhbitatd)1 5 EMIRE embbdifnehPO. 1N the
illustrated enbodinment, first el ectrode contact 10 and second el ectrode

contact 17 are dHusiriaddn &igurng, eoaguctiedgubsiralg hsiarlidesens blsti3and 18 to
T e T S R e L
attach element 24 and fill channel 21.

[0017] One embodiment of a lancing element and sensor strip suitable for use in
the present invention may be described with reference to Figures 1 and 2. In the
embodiment illustrated in Figures 1 and 2, sensor strip 100 includes first electrode
contact 10, wherein first electrode contact 10 may be screen printed on an
insulating substrate 18, and a second electrode contact 17, wherein second
electrode contact 17 comprises a portion of conductive substrate 12 which is
contiguous with reference electrode 37 and lance 15. In'the embodiment of the
lancing element and sensor strip illustrated in Figures 1 and 2, the orientation of
first electrode contact 10 and second electrode contact 17 are arranged such that
an analyte measurement meter, such as, for example, a glucose meter (not shown)
can establish electrical contact with sensor strip 100. In the illustrated
embodiment, first electrode contact 10 and second electrode contact 17 are

arranged on the same side of insulating substrate 18 to facilitate contact of both

electrodes at the distal end of sensor strip 100.



I nsul ating substrate 18 to conductive substrate 12. Adhesive layer 11 could
be inplenented in a nunber of ways, including using pressure sensitive
material, heat activated material, or UV cured doubl e sided adhesive
material. Conductive substrate 12 nay be, for exanple, a sheet of

el ectrically conductive material such as gold or plated stainless steel
The geonetry of conductive substrate 12 may be, fornmed by, for exanp

st anpi ng pr od®@Blor phSeBsEsEH h@lsln??“f‘f?émé‘?fjo‘b%’i‘%rﬁleSWFlh}Y%H&%%‘H‘Cl‘n F| gur es
1 and 2, lance 15; nl?.g fgﬁmrgéé; %w&ﬂd@&w@@uw.ta&gmalAm;rsfveq;yerq ROuatHeve

substrate 12. Vent e fornmed by, for exanple, punching through
conducti ve substr&hﬁlcﬁﬁntédéntadmiber Bways, uEhnﬂmg)usim:pfcsm:mnBllmaemmhort of

bodily fluid up lance 15 and acr pss rkin l.ect.r 36. Re on, hol e
23 may be for ned?'ﬂﬂrqcﬂﬁat'?qq: ’?ﬁﬁ’l"w B‘P’S%gg@)l%ﬁ‘dﬁ‘g?(&ﬁéw& %F’i @“‘i‘lﬂ%’?r ate
12. [00191 In one ;audadi {PRby 8E, oPExdntPle i shodt of BRcRRAIY EohdeRsd ngtehﬁb’ﬁfbh”ay
be, for exanple, a glucose senS|ng ayer, including an enzyne, a ffer,

and a redox nedi akgold o&mlﬂcthﬁtymksssm@l ﬂ"gl)lelgatyractrx nbmorﬁhm)sumttpikmaydubl y
be deposited on rkln ectrode 36. r n, ana sen | ayer
s Ls6d Lo det ect RS by BRI FoRBERTIESS PTG AGriEn Ly e boRueeht
fluid, at |east auﬂ%htateann@igurgd VERBE lmaasmga)l&yrﬁﬁmﬂaaﬁl@hwan iﬂie%r‘&lq:ah%ﬁ ly
fluid and is used to convert th | ucose concentration into an e ectrically

nmeasur ed par anet ercongiictine S@Sifpteok'}’o gnphale 18 oman be firmed dy. fos sxanpleapinshingn
th I 0020 I
ol e ot o O yblizs S RARRELER b VRAIIRAE S Lok BHaEficte Bhaepdrfifice

d the proxi nal end

reference el ectrodedidy flajdcp lahee 1f atdaicrcsmdiorlnng eldetsodel B, Ruptdiratiop hale 23t t he
di stal end of |acing elene Lance, 15 f or med the rocess of

st anpi ng or photoffé\yctl‘i’ Hﬁnﬁ‘id‘&r&ﬂfﬂﬁf‘mn’r@rﬁ%w weKingRoRQictiyve Y EF“Falﬁce 15
i's also benefga 9?' i N fiR6hé EhBbéifnt $tBe MRBMIAL by bl b s@nsllr?%‘ﬁgé}gmﬁlw

whi ch has a sharp |ancing el enent 22 and separation el enme
subsequent pr ocessxamnple, a ghinese seasing lyen, inglusingemenzyme, a biffersapba wetoxn

Chown i n Figur e 2 meeree oI syingdoyer S ORRNEY BRI BERIFMILO B . o
22 and separ ati ontg efeodkindlelearodo3ki Néheed acinabyte séiﬁmgrldydreé aded e Betect the
le;g;:‘;gode 37.In %pees.egcre]:ba% Ic%?éntr%mr& ofe gl&éoesg 1enn;§. boé}ly lgnldoar%’]ez}sth g pgrlms);[lg end of
glucose sensing layer dissolves in the bodily fluid and is used to convert the
glucose concentration into an electrically measured parameter whichis
proportional to the glucose concentration in the sample.
[0020] In the embodiment illustrated in Figures 1 and 2, lance 15 has a distal and
proximal end and the proximal end is integrated with reference electrode 37 and
the distal end includes sharpened tip 38 at the distal end of lacing element 22.
Lance 15 may be formed by the process of stamping or photo-etching a
conductive metal sheet. Photo-etching lance 15 is also beneficial in facilitating
the manufacture of a lancing element which has a sharp lancing element 22 and
separation element 24. In a subsequent process step, lance 15, lancing element
22, and separation element 24 may be bent to form a “V” or “U” shaped channel
geometry as shown in Figure 2. Fill channel 21 serves as a conduit from lancing

element 22 and separation element 24 to working electrode 36 and reference

electrode 37. In one embodiment of the present invention, the distal end of lacing



7 el enment 22 and separation tip 40 of separation elenment 24 are offset by
about 0.005 inches to 0.020 inches. [0021] The design of lance 15 is
adapted to nore effectively cut skin due to a sharper |eading point of

| anci ng el enent 22. As illustrated in Figure 2, with separation tip 40
offset distally fromsharpened tip 38 of elenment 22, the extrene distal end
of lance 15 conprises only sharpened tip 38 which may be a very sharp point
or edge to facil iclentent 2R@nd séparaiionitipcd Goineparstipmelemant 24 amefifisetdy abntier s t he

skin. In contra i.f lancj I nt 22 and separation el enent 24 were
coi nci dent, the ﬁ%&dpﬂgsﬁ%p@goﬁ?&%nce 15 woul d i ncl ude both sharpened tip
38 and separpggn tip THEQesRliof tntd &5 GORMApRALD Gfbre effectivBR dut bkiadut ifa
enbodi ment illustrated in Figure 2 and requiring nore force to create the

ini tial incision.shaperloadisgpoist oblgacipeslamant g2. A8 illystrated pa Figarod witlp 40 nake

| ance 15 nore manuf act ur | ' ta~d)il. a0
difficulties in t??ﬁ’%‘f%g‘ﬁ%e@%gfﬁ%%%yi fﬁ?’g‘gﬂ%g‘?me& t‘rﬁg‘?ge#f;%%h?ﬂ 2{"5%6%%
separati on el enmenfistal4nt f tandé il § 0oPtisesrontpshaggenedip 38@dtich plap ®e a véResharp
enmbodi rent of the invention jllustrated in Figures 1 and 2 is further

beneficial becalPsthtpr edgrigfecilitaty the qnibighipeisiop s BCIHRSEMent 23 cBSE thaskinol d
open the skin laf Akt el LRV &Sy | | rent
P ustrated in Fiaouish Ifiahdfig bRijen?p2 it icpaihch SleRaFad Wor AL

el ectrode 37 and ledogpbist dfdénceds wodd tmdedelboth tarpneditip 38 andbemirationttyp may

bt ro e”18. "Podbipdind IR SuRGMIRRIRe R e GERR RN fRbBuplARin "
Figure 2, |ance ka4 rdqusrinit@sre fokde t6 RamReIhe 2ditiaMh@EiBh N ThE 6@ ¥NLRSFened tig g
n

transition between the lancing elenent 22 and separation el enent” 24,
fill channel 21 f38abdiseparaion tie4q make lamce b3 mpre manefaetueabie brsaygsitrgdeass

1or X 0 1 ectr 095 e P AR e PR AR P HERVSRRGLS,
i ntroduction of <Landjseparitiomdeméritd inmralignmenicortchetactapith tavhyothidroWhe r at e of
oG oDl o T L IEORE SEEASE P 5k 0 OB e Bl 1V
37 regardl ess OfpetdiSe t@nBiHced fluidigrdss By SelpinfidQpf a0 andBOIAWpEA theSkinn wound,
or even If wound after the initial incision is made. In the embodiment illustrated in Figures

1 and 2, the lance 15 further includes reference electrode 37 and second electrode

contact 17. Alternative embodiments may include forming all of the electrodes

and electrode contacts on insulating substrate 18.

[0022] In the embodiment of the invention illustrated in Figure 2, lance 15

includes fill channel 21, wherein the seamless transition between the lancing

element 22 and separation element 24, and fill channel 21 facilitates the flow of

body fluid from the wound to working electrode 36. Additionally, the seamless

transition between the lancing element 22, separation element 24 and fill channel

21 prevents the introduction of stop junctions which can impede the capillary flow

rate of liquid samples. The unique geometry increases the likelihood that a liquid

sample will sufficiently cover working electrode 36 and reference electrode 37

regardless of the height of the lance 15 above or below the skin wound, or even if

lance 15 lies horizontally offset from the wound. In certain embodiments of the

invention, sample can be applied to the side of lance 15 rather than just the



| ance 15 lies horizontally offset fromthe wound. In certain enbodi nents of
the invention, sanple can be applied to the side of lance 15 rather than
just the 8 proximal end of |ance 15 which provides a user the option of
dosing sanple onto sensor strip 100 after a site has been | anced
separately. [00231 In the enbodi nent of the invention illustrated in Figure

2, the gap 42 between la ng eI e nd separati.on Iement ui des
bodi |y fluids intsoximal F“‘EWJ& | 15t “’IEHR ﬂpﬁ'@ OpHpR P ‘{l‘?%ﬁ‘]g {'?é‘ﬂ;k%g
lancing el ement Zgp Pgtnpsﬁi@%@fhgﬁeﬁis%ﬂtlangéd?épaf‘itél#rd moves distally

towards fill channel 21°facilitates the drawin luid into fill channel
21 and from[0023] ChanrIBItheQdmeﬂlmel’li.’sQfﬁh%mVﬁlpilODllU@Stl'aﬁSi ipdfigue 2n thrergapdt2t owar ds

a distal end of aration ti f par at nt 2 t.h r.f ace
tension between 31‘?8”??8&?’?%“3?8‘? '1# aé@pseﬂ‘g qﬂ’?gn guidesy °d&§§‘“£f§ into

i ncreases, thus l?ﬂﬂéﬂa.‘ﬁnél'ﬂ' FHe Snélte MY $EPaAIIOE BEtWeyn lakmgEMméR 22aRd up into
sensor strip 100. Gap 42 is al so advantageous in that it facilitates the

i ntroduction of sbpatation ¢lemeriP4iastfbrid moveedistalpy tovpardy{ill chagne] 2 hfdcHiatehe 1 ow

of bodily fluids SItIO nein he ways
I n which sensor 5"? %&geég@e%agﬁd% ﬂ&?mggg“ Hﬁegﬂgg})§ ffgfifi Fill
channel 21 may fg00l wsagap mhﬁnf){v@\no\oérdbﬁdistajeﬁd Ufﬁbﬁpaﬁ}ionh@rwaefﬁﬂrﬂmn

wi cking or capillary action. In the enbodinent il |ustrated in 8 res 1 and

2, fill channel elemag4 chie Siréace Jesinm bajwoh the bpdily flnidp gap f’%én Ryl Oéf
vi scous sanpl es éggz‘?ﬁéﬂ!&sﬁf?ﬁﬁsq{odﬁk TRbEls RAERES Kb %@gmﬂ%a uph.tﬁﬁe

conpared wth cl capl chahnel s. For certaine I'ments o
invention, fill cshnmneﬂrileI)O ﬁ!p 43as elsatadvantigehusingbatfiafat dindteciha tintrgiuotion

undergo a hydrophilic. syrface r eat t Q_i.jacr.ease 4 he i.J lary force
within fill chan®&Pe %‘13’ H\*’(S'F “E%lﬁﬁ ng%(%ic%?%ﬁ&a ﬁ’t f& Pﬁ@@ﬂi 'tﬁ%x%epar ation
el enent 24 and | gRitidSeloan® itle 3B gAfP42, e enb@ichsh the Wy ibwhichGEmak sigipat i ng
or undergo hydrophilic surface treatnent to increase the capillary flow

force within gap 189 maxke used rugather Roddy 89S geonetry of fill channel 21
facilitat esljbﬁﬁw cki '}Qllgﬁmﬁn@m @9%@&@& thd f16% B $Blity hﬂﬁsb OfofBhdrfle OF @
channe

vacuum bl ocK. a cl ose eonetry, a capil t can &come

plugged if it is widsngioo nqdllarm@ctéd)msla th@th@ilmnhdlustrattvdmlﬂgumhé ang QN diill
channel 21 has an open geometry which facilitates the wicking of viscous samples
and provides for simpler manufacturing techniques when compared with closed
capillary channels. For certain embodiments of the invention, fill channel 21
may be coated with a surfactant coating or undergo a hydrophilic surface
treatment to increase the capillary force within fill channel 21. For certain
embodiments of the invention separation element 24 and lancing element 22 may
be coated with a surfactant coating or undergo hydrophilic surface treatment to
increase the capillary flow force within gap 42. Additionally, the open geometry
of fill channel 21 facilitates the wicking of sample because it prevents the
formation of a vacuum block. In a closed channel geometry, a capillary inlet can
become plugged if it is positioned too close to the wound or inside the wound
preventing air from facilitating the flow of sample to the capillary. With the open
geometry of fill channel 21, the proximal end of lance 15 can be positioned

arbitrarily close to the source of the blood and allow for sufficient fill of sample.

In this embodiment of the invention, the open geometry of fill channel 21 has the



preventing air fromfacilitating the flow of sanple to the capillary. Wth
the open geonetry of fill channel 21, the proximl end of |ance 15 can be
positioned arbitrarily close to the source of the blood and allow for
sufficient fill of sanmple. |In this enbodinment of the invention, the open
geonetry of fill channel 21 has the 9 capacity to hold a |arger sanple

vol unme than the m ni nu le volu to, cover  reference el ectrode 37 and
wor ki ng el ect rodé:ag%c.'tyflpﬂi‘g@%elﬁrgﬁéfi%nﬁ?y og'llmeft%ﬂ the R SﬁTp{%h‘(?gmB'F fPws
excess sanpl e t o R¢&URTEr@ice eRlc@8d: 37 hnd ﬁbﬂ:ﬁrrgeéleo%dmb.cfrhefagérp%edrﬁei%fam

cleaner wound site. [0025] In the illustrated enbodi nent as shown i'n Figure
2, the geonetry channebPdthasallows exeasysrmpy ihaspuptlatnlapg filshpmg! 2 havhishanpi ng

process which effect]yel .-he surface of conductive substrate 12.
The stanping pr §3§)§slé%n§yayc|%e?d§€f‘§§§ﬁ%&br essure needed to create a recess in

conductive Joi2s]rate IhZhentinshatehembedimededsishewh heFiguat 2nhegdvatangasf
reference electrode 37 and working, el ectrode 3&’5 For .certain applications

of the descri bed refgtedge plsatrode 37mpy be forgied SRRg s stamping Bracess WRIRR di st ance
b ; . ‘ .
etween refer enc%ft?éﬁ%ﬁ? PHiBostLs ﬁ@gurfw &*cBﬁd&h@E %‘{Pmt e32 %chf%@ﬁg%ng

conductive substra I nstead of controlling e i ckne hesi ve
| ayer 11. For ot lpesceapmay pedvidethe pfessure neisled 1o treske airacess in amductivenmaystakeso be

dvant t t enb h f] bst 12 d hesi
foyer 19 to hel p 1dorRAg ceman el 1 dirarke FUVEHL BTar e 509837 pd026] I n
the embodi ment ofysRMNgYlectbié B6.1Fr bértai hicGors/df McdbsErided ihSitoatit pE

substrate 18 consists of material such as polyester or ceram c on which a
conduct i ve mat er ibgladvamtageeupia gontral bedistanes betivepm epferahen gleateode 7tand ough

si |l k- screening, ' - | L1 LV terial
deposited on i ns??ff%g%’%%&g}ggcs?é gféﬁ]%&?h c#r%zﬁ?%ﬁgg Eﬂéﬁ&ﬂgge?lrzo@ggag%ﬁ{ Jﬁa(’@?roq%gand
wor ki ng el ect r odehe thficknksssafladhssing Thpardrl. For othyr dpplicdtooms ef drplessritedr een
printed to forma bounda ct 10 and rkin

r for first electrode cont

el ectrode 36. [ Oé‘ﬁvﬁ“t‘??’g‘hg’éy sp be ad¥antagsans oot W‘&ﬁsé © COMSPFiEYe YRS ﬁ%nt of
the invention ina,dRtEidHabivE 1436£1 Bid hedS démieth PedMdtAYorAEfefRBS SleStrdi37use N
a cartridge format. Such an array may be inserted into a neter (not shown)
havi ng st ri 180261 spensdd theembodiment of sensor strip 100 illustrated in Figure 1, insulating

substrate 18 consists of material such as polyester or ceramic on which a

conductive material can be printed onto insulating substrate 18 through silk-

screening, sputtering, or electro-less deposition. Conductive material deposited

on insulating substrate 18 forms first electrode contact 10 and working electrode

36. Insulating layer 20 may be, for example, screen printed to form a boundary

for first electrode contact 10 and working electrode 36.

[0027] Figure 3 is a perspective view of another embodiment of the invention in

which multiple strips form an array of sensors for use in a cartridge format. Such

an array may be inserted into a meter (not shown) having strips dispensed in a

serial manner, one by one. The format of this embodiment allows a row of strips

to be folded in a manner similar to an accordion wherein several strips similar to

sensor strip 100 in Figure 1 are attached together on an arrangement which

facilitates their use in a cartridge. In Figure 3, conductive sabstrate 12 is stamped

in a progressive manner to form lance 15 such that several of them are chained

10



serial manner, one by one. The format of this enbodinment allows a row of
strips to be folded in a maritner simlar to an accordi on wherein several
strips simlar to sensor strip 100 in Figure 1 are attached together on an
arrangenent which facilitates their use in a cartridge. In Figure 3,
conductive substrate 12 is stanped in a progressive manner to formlance 15

such that several, of..them | ng
process of conductf)g?}ger Hp&Y ‘Fsatrfe‘ﬂl EEH] Fé){ %gr&cg% éﬁ%hd‘}éﬁv Eﬁﬁsﬁétgkgg@nﬁsﬁl
contact hole 33. lid)@ZB,]nekaa ﬁhﬂtdﬂﬂﬁctm ment of the invention, a second

el ectrode | ayer (not adhesi ve | ayer_ and glucose
sensing | aye %ﬂul d berﬂa& Bterdg‘E myentiqm, a seoepd eleotrade layen aet at ed

in Figure 3. CltLam ¢ gas Emﬁdhersﬁ:fc%}ec?% u‘é8§ersggﬁn%ﬁkeraxu) ulfbebhifchel | PS

within the array may using a S|ng area wt con uctlve
substrate 12. Howemndudtxmdlsubsmed 1 Zanillasttaechindiigre 3. actmtdcorreadokd ng

el ectrode 36 for all of p thin the, ar t he, enhodj nent of
this invention, i%§ ?’cﬁﬁfeétrgae? aﬁeﬁ”&“% %"P%ﬂgkmttﬁ"e&?yr E%\F‘}‘WWB@‘@“%‘ t hat
it can move a fr es?xlfglé eh Rviftin aoﬁ&é&v@aﬁjs&menz Neslevar 1ﬂd‘§wM%Bﬁt‘§ct‘s MuRepgeen

2 adjacent strips. e purpose of neck 32 is to facilitate the strip

bendi ng at the Imadﬁﬁoowodﬂngebktr% 36 fvl‘@H@éthefmIJst\M@llstlhqmayo Ibeheexpressed
such that a user can I | ood and n
facilitates bendl‘?{%’oﬂmg& Ogéﬁ’l AREPH %%é? fsélé? Wolf'%mx\gg © §WP g%‘? ?Q/e

substrate 12 all cm@:xebmhbv@ahesrcaﬂpmhtetsﬂp&wsmmcteecwmhs purthédﬂ:ﬂEbtﬁleﬁ!rOde
on an insulating substrate. [0029] In _a nethod of | anci ng% I n accordance with

the present i nverfdiasant sripsan P‘%’P?FFI“&P"‘?@%ﬁéoéﬁ?ﬂﬁwﬁ@rﬁgppwq}%ﬁéb%d in
pgures 1thr olgodadon SPmedlt 92T EUENGr fhe s'nglg BBt that'h hlkegn

sharpened tip 38, a separation el enent 24 separation tip
posi tioned proxi mpbl){bjoedlahqastngds béng degnwhrd zmdeleehﬁbdacdﬁams bafdingat a nvent i on

t he separation tip_40 .be 05| tione bet appr oxi 005 inches
and . 020 inches rﬁ% "rlr&ﬁxﬁ1 g?tﬁ%ﬁlgge uﬁf‘w&% %@:@#‘%ﬂ'%ﬂe‘?ﬂ cali g
pr esent inventi OrboBthHWemﬂkfd wiles ddiﬁngb&atraaemmindmmgam&%ﬂect or
connecting the proximl end of lancing elenment 22 to the proxinml end of

separation elf838nt 24 Wedpeihad ohRneigE Ak agcordangs with she presentinyentiqn, 2 Jance

ext endi ng similar to the embodiments illustrated in Figures 1 through 3 is provided having a
lancing element 22 with a sharpened tip 38, a separation element 24 having a
separation tip 40 is positioned proximal to sharpened tip 38. In one embodiment
of the invention the separation tip 40 may be positioned between approximately
.005 inches and .020 inches proximal to sharpened tip 38. A method according to
the present invention further includes the step of providing a connector
connecting the proximal end of lancing element 22 to the proximal end of
separation element 24 wherein the connector forms a fill channel 21 extending
from the proximal end of lancing element 22 and the proximal end of separation
element 24 to a working electrode 36 of sensor strip 100. The method further
including the steps of inserting the lancing element into skin to form an incision,
inserting the separation element 24 to further open the incision and maintaining
the position of the lancing element 22 and the separation element 24 in the

incision while biood or other bodily fluids are drawn into a gap 42 between the
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fromthe proxinmal end of |ancing elenent 22 and the proxi mal end of

separation element 24 to a'working el ectrode 36 of sensor strip 100. The
met hod further including the steps of inserting the |ancing elenent into
skin to forman incision, inserting the separation elenment 24 to further
open the incision and maintaining the position of the lancing el enent 22

and the separatigifl SEREN HaddlebiBtion AEMSHOM. Wil ReRb@RAURE GRBALIpOYI | Y

fluids are drawn 1Tntd a gap 4 ween the 11 lancing e errent
separ ati on el eneht st2g of ﬂi’awmgatﬂmd)ddﬂnﬂuhielfrocmgq;M%mtrgﬁll cthawel 2p. of draw ng

the bodily fluids fro a 2 into fi nnel 1 A l.ance 15

const ruct ed? b#]accor d'g]l’f‘%ﬁg \’\? f?P%W@tesﬂgg‘écr?f qnﬁ%gﬁﬁjﬂb#are%en BENEBHPR 15, | due to
the seam ess traRakfidiAul e WRBarhas irh:%x@&ﬁﬁdt@ébn&ﬂé‘%&@&:tﬁﬁ%ﬁ'tﬁé Yapildggt i on,
and because the tip itself is a type of capillary e uni que construction

of this design tetticey andirsanss thetp itselfiis a/type of ehpiliany.eThe hmqflc consthetmorel 21

regardl ess of t the ti e.-or, bel ow t und even
if the tip lies qﬁ%‘? ﬁ‘}%ﬂ'{ %ﬂ% I%Pfegéﬁati’f‘ g pﬂlgsﬁﬁteﬁﬁ n'%]fﬁgof:éﬂgl& Shcts as
a conduit for thsmdipditwf tHeltipisbove @9 BdlbwAhs a8 Mouid,[drRveR & thefp ey Ct ed
according to the present invention is nore easily by manufactured than a

closed channel dwmgontaly phfset fromethe vannd; whera isdandeastsrasarapnduit §er, the or

exanpl e, inj eCth%Ia glﬂ ng, enbossing, or chem cal etching, or even sinple
machi ning. Wile th cap| |lary force of an open channel may be weaker than
a conpar abl[eosl]osed A semser strip 160 vemstmeted accamdibget@merpmammvéﬁtfontlhmouse of ,

for exanple, hydro h| lic surfa e treatnents or surfacta coatjn

i ncl udi ng: TweerPa8#y bymanyacie 6’?3‘33?{31:‘?@?"(3%@?9%57“5%3mp8 uch g 8, I%"I'«)b be

Aerosol  OT a prpghiigicafbd %’tfﬁﬁeiﬁ@blétlﬁj‘e@t%n M@ﬁlngp%ﬁésiﬂi’%, oPE¥ndiB41S ey, JBR-5
Vi

15, a product of Jeneil ‘osur f act ant Conmpany Sauk e, Wsconsin; and
Ni apr oof a produatehingyfr gegrmnmem@mmg:owmls'@he qapiliagy, fores off WOFRN chamehs or

Strip 100 const rg) gl BR60Ndh NGokhal i S Mnk{ VR IPy RS, LiTRY OVved

transfer propert?h cause ven €scri erern preven
creation of a vagitithe bkosotk forrexkiple, bjpdroplelic Rdrfatcba:tcammtsobrmuﬂhetam dobtingd from

gF \(;Isgg through tllI:l]C u&xln,lngvgcr]a%nébea p%&du%p gf ﬁnt 2 enucr;??l%ur enl?ouls %d A\é\ryoggl a

OT a product of Cytec Industries, West Paterson, New Jersey; JBR-515, a product
of Jeneil Biosurfactant Company of Saukville, Wisconsin; and Niaproof a product
of Sigma Chemical Co., St. Louis, Mo.

[0032] A sensor strip 100 constructed according to the present invention may
have improved transfer properties because the invention described herein prevents
the creation of a vacuum block in fill channel 21 that would prevent fluid from
moving through the fill channel 21 and onto the measurement pad. With a closed
channel capillary, the inlet must be positioned or designed to ensure that air is not
prevented from freely entering the capillary during transfer into the measurement
area. Thus, in a closed channel system, if the inlet is positioned too close to the
wound or even inside it, flow may be disrupted or stopped. With the open
channel of a sensor strip designed in accordance with the present invention,
however, the inlet to the channel can be positioned arbitrarily close to the source

of the blood.
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channel capillary, the inlet nust be positioned or designed to ensure that
air is not prevented fromfreety entering the capillary during transfer
into the neasurenent area. Thus, in a closed channel system if the inlet
is positioned too close to the wound or even inside it, flow may be

di srupted or stopped. Wth the open channel of a sensor strip designed in

accordance w t he present ipventio .however, the.inlet to,the channel
can be posi H"hﬂ%]d ar bi ‘?‘Pgt?’frl _vg?t(%%eem?%ﬁ?ﬁén Sou degee V(‘)’fd‘tt ceprﬁfe&ﬂl.ve'it?“[ 0033]
Anot her advant agejngfudigSdn’ dpn icRareLio kigha 8G¢h MétiiP hid e REERAR o hoMeIThigep

i ncluding an open channel is that such a strip has the capacity to hold a
|l arger vol ume of valme @f fihigthamike mipimpammreaigd te 8l apd mitiste sraasteminio thee

transfer into the t i pnvention
Lhe o mi mum _vor ESRRINE BRE, QRECbCNfbeRTBNE BRGn: Hvehitfy feThhuh ™ 21| 01
reaches the neaswjlameréquiad té fill apiacce sumh elay th2201umn of fyiet vEiched theici Nng may

produce quantities which are greater than 230nlL. Because of the open
channel formin tmeasupyeentgad jsApRIpximaely438 VB dyingVRRY PEodp¢esent ed

tothe lance wi ! qofantiWfichdre ACALTHARS R SUlabdr kRl Giftn HAMPfor! 1AL N0 2

bul gi ng drop of bF'o0 S property Is use inthat It ¢ S away
excess bl ood fronpredeat slventior, gwaxneps dlood thatne prefamazktovbelfadee WilD&ohkinAaat her

dvant f th hannel design, i d ith th t
nvent on i t hat*GuRHB BPn fTaRcE Shendeh JFEnine R Ohlgtha R PEblobe THE | ance

rather than just gbpdrifistusefuPin thitgt d8Rs Bwhy efvesd Blodd HbRSBE sERARMGhg hhere is
a distinct area where fluid nust be presented to be drawn into the

capillary. Manual cleapsplaneawiovrd.of bl ood mi ght be requi red if the blood comes
Lcom 51 s, 2 M55 AR UR Sl ot LIS BATRRN B 1P
“side’ filling i naeeasmvehtien issteat adropogftfiuidisan hedPphitd tathe side iftedamgent of
ARG FCTNCI I T N T  TRN T E
metal design usedybwhélR i@ FRBIbel pRveRiel @61 bé 8rawhendodsié capillary. Manual

application of blood might be required if the blood comes from a site that has

been lanced separately. Thus, using a sensor strip designed in accordance with

the present invention, provides the option of ‘side’ filling increases the user’s

options.

[0035] In one embodiment of the present invention, the stamped metal of

conductive substrate 12 could also serve as a working or counter electrode. A

unique aspect of the sheet metal design used in the present invention is the fact

that it also allows the assembly to be constructed with first electrical contact 10

and second electrode contact 17 on the same side of the strip. This greatly

simplifies the requirements for mating contacts on a meter because conductive

substrate 12 comprises a solid conductor allowing electrical contact to be

established from both the top and bottom side of conductive substrate 12, wherein

the top side of conductive substrate 12 is on the same side as second electrical

contact 17 and the bottom side of conductive substrate is on the same side as

reference electrode 37.
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that it also allows the assenbly to be constructed with first electrical
contact 10 and second el ectrode contact 17 on the sane side of the strip.
This greatly sinplifies the requirenments for mating contacts on a neter
because conductive substrate 12 conprises a solid conductor allow ng

el ectrical contact to be established fromboth the top and bottom side of

conductive s rate b gr@ ' gﬁ),%.qy | : afe 12 is
on the sane @P?jse] as sé@%%ggg‘{egllgteﬁl a n%@@%?%%ﬁ?ct%han tﬁtﬁpggglﬁg%%#@e of
conducti ve subst rei¢etrode aoangelneens wireredictle wasking aticereferenceadlattodeslare printed dr
[0036] On a conventjopally constructed el ectrochem cal stri usi.ng a facing
el ectrode arrangga“ﬂ’Bh't"Y| fRfers %%rﬁ%‘%e’iﬁ%e‘?%‘?ﬂ}é%‘éﬂé|"é‘t5?_f’sa%%“f§'re§ on
printed or appl '(‘éﬁéoﬁ@s%icﬁﬁ' of MUt NARIng YRS ERE BonthienRIEESHPIR! IFGORFAEL S
nmust be positioned on opposites sides of the strip making the neter

contacts nore comitotrode B waspeinted@s appliescento de irglating syhrsinatee dorsluctiyspl i ed

onto an insulating,substrate,,.,can ti,ve ., substrate 12 woul d. be i nsul ated on
the top side prev%hw%'i%ygg{dﬁeclgﬁﬂgtgﬁrc]) é ‘?%’ﬁ Sfdé pr%veenégg 5%‘F&§ﬁ§??”f‘?"gﬂ?{’€%e
top side. It couly dgbRskedifing tHeQop sidebili culdbegdskibinto es@blseakitAgalf rom t he
top side if there was a partial renoval of insulation from conductive

substrate 12, hoveepaectiopffosm suerisidedf hersi wascrrartial sempeal iof jnsultion dom
manuf acturing of diguditvelsBbstlalO hobreld, Inks wBHEAHS SadHERk Rl 9 N9 _can
e stanping, In p designed rn a

be done as a progressive a stri cordance
w th the present mmufadaring ofithéstripndi vi dual | ances chai ned together in

series, it c be paossible to cqnstruct _an, arr of test sensors. with a
singl e, corm@ﬁ&ﬂef er eﬁ%@al&,lggca'uéeq eFt Mgt W%@%&?(‘S@f aprogmessivedie wi || pe
recogni zed that egihyas et sbif 4sldieesn a&brMcéwhﬁhhé%f&%tmenﬁ&ﬁwuﬁtfuctur ed
illustrated and descri bed herein and that the described enbodi nent of the

invention is not indiidyal lanesschained WZAHIEE N SeRPS. Hecorihbeopasiblatol aopstamebart t he
LS et g B PAELE B SHRM S LSRG R3S L
means for perforashnagt.t hat function.
[0038] It will be recognized that equivalent structures may be substituted for the
structured illustrated and described herein and that the described embodiment of
the invention is not the only structure which may be employed to implement the
claimed invention. In addition, it should be understood that every structure
described above has a function and such structure can be referred to as a2 means
for performing that function.
[0039] While preferred embodiments of the present invention have been shown
and described herein, it will be obvious to those skilled in the art that such
embodiments are provided by way of example only. Numerous variations,
changes, and substitutions will now occur to those skilled in the art without
departing from the invention.
[0040] It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is
intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be

covered thereby.
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[ 0039] While preferred enbodi nents of the present invention have been shown

and described herein, it will be obvious to those skilled in the art that
such enbodi nents are provided by way of exanple only. Numerous variations,
changes, and substitutions will now occur to those skilled in the art

w thout departing fromthe invention. [0040] It should be understood that
various alternatives to _the enbodi nents of the invention described herein
may be enpl oyed iﬁﬁﬁmﬁﬁff%ing the invention. It is intended that the
followi ng clains define the scope of the invention and that nethods and

structures WTh gTH&: sfeetBdeicohfit€ cl al ns and their equival ents be
cover ed t hep er b contact 11 adhesive |ayer 12

Conduct | Ve $tbstratic ra v Se] ﬁ‘IS‘LaﬁLC'd- 2 el ectrode contact 18
i nsul ating 9 1 .30"‘5.%70??%?&? %l ectrode—{20 insul at | ng layer 21 fill
channel 22 llanci dP(¥eabRGIe 23 Registration hgle 24 Separation el ement 31
| ndex hol e 32_Nedibi8anednt act hole 36 Wrkinglel ectrode 38 Sharpened tip
17| 2™ electrode contact
18| insulating substrate
37| reference electrode
20| insulating layer
21| fill channel
22| lancing element
23} Registration hole
24; Separation element
31lindex hole
32|Neck
33|Contact hole
36|Working electrode
38[Sharpened tip
40|Separation tip
42|Gap
100isensor strip




40 Separation tip 421Gap 1001sensorstrip 15 WHAT IS CLAIMED I'S: 1. A | ance,
for lancing skin, conprising: a |ancing el enent having a first sharpened end
poi nt; a separation elenment having a second end point positioned adjacent
said lancing element; a connector, connecting a proximl portion of said

| ancing el ement to a proximal portion of said separation elenment, said
connect or foWWﬁﬁEI%CEﬁgﬂﬁQﬂs wherein: said lancing elenent is adapted for
insertion to forman incision; said separation elenent is adapted for

insertion to further open saj d i nci sion; and said lancing el ement and said
separation ellefddite fordansigski@dcompriti@gnai ntai ned in said incision while

bodi Iy fluids afgn@PdMndnhh&id ShaCRabcweaperdl d el ements. 2. The | ance of
Claim1, which is further adapted such that said bodily fluids are drawn

from said spac@sepﬁ@f@nseéwnhmmw secogd eneomt pAgEOnSE a@ﬂ%ﬁﬂrﬁa}d Igfeing clgmenty

further conprisj Etﬂn&:t&e&%ﬁ’éct:ﬁé 5 bﬂaxﬁ{at ﬁ&h&%ftsad @an%géleﬁﬁﬁt to ngot i pmloﬁ aid
connector. 4. The lance of Claim3 dependent on Claim which is

further adapt edofsaiésenapaien slgiment, 9(96’CF|°PI§P°¥°F firageacbamelawn channel into said
sensor strip. {pedihe lance of any one of Clainms 1 to 5 wherein said
separation elenment is positioned adjacent said |ancing el enent such that a
space between swiddancnscilarepnelsedepind famiasesiindo fosmpaingtsioon el enent forms a gap,

said gap incr eaéallcps%pdrﬂloﬁl ege&}' el 1ﬁé&la§§h Srnse og téﬁﬁgﬁ%{Jéﬂ fid 1ng5101-1r rEtﬁd lance of

any one of d ai apte suc on renoving said
| anci ng el errentsaidrlmrganlﬁnqnhmdwldrsepasaémelbmmtlagﬁ Adppiciie bamaintringdin fad o sai d

gap. -16 incision while bodily fluids are drawn into a space between said elements.

2. The lance of Claim 1, which is further adapted such that said bodily fluids are drawn from

said space into said channel,

3. The lance of Claim | or Claim 2, further comprising a sensor strip attached to a proximal

portion of said connector.

4. The lance of Claim 3 when dependent on Claim 2, which is further adapted such that said

bodily fluids are drawn channel into said sensor strip.
5. The lance of any one of Claims 1 to 5 wherein said separation element is positioned
adjacent said lancing element such that a space between said lancing element and said

separation element forms a gap, said gap increasing in size proximal to said second tip.

6. The lance of any one of Claims | to 5, which is adapted such that, on removing said

lancing element from said incision, said bodily fluids are drawn into said gap.
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