| NTEGRATED LANCE AND STRI P FOR ANALYTE MEASUREMENT BACKGROUND COF THE

| NVENTI ON CROSS- REFERENCE [ 0001] This application clains priority to
Provi si onal Application No. 60/458,242 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 ele ‘EB&L & L]‘%ﬁé]zfmtsﬁﬂ’ fﬁff)ﬂg%\ﬂﬁyﬁxﬁw

relative to each he an ‘incision Torne I'rst e t is
hel d open by the second elenent and bodily fluids are pulled up the |ancing

el ement by surface tension ogA¢REROUND OFITREANVENRIONNG €l ements.
Description of the Related Art [0003] Integrated skin lancing and body fluid

anal ysis sanplers are known in the C@rdss_lgﬁgygﬁg%system i s described and
il lustrated in WD 02/ 49507. The integrate described in WO 02/49507
includes a | aod1yg el enEisk applicatinelaimsyriority iosPravisivahleApplization Not 6Q/4 58,240
with a test strip adapted taq n@ﬁsure t.he quanti&%/ 'OE’ an, anal ig&e i n bodily
fluid or, alternatilgd|March3ge2003, whichds ineprperated herein by geference In fsentirgtyy) o
bodily fluids may include, for exanple, blood or interstitial fluid (ISF)_
The lancing elenment is used to make an incision in the skin and the bodily
fluid is drawn up the lancing elenent to the test strip by, for exanple,

capi |l lary acti on. Figlgof thealnygntioned sanpl ers may be conbined with, for
exanple, an ppgRt r oChemhCabsdi® Rentiifrelafth Sin'gRferhD tPRndTRE eleielitsFoPhisel iR - Si t U
sanpling devices.” [ 0004] Nany | anci ng devi ces have been devised to form
i nci sions and to wing baddyiflujdsiquy pHia patigntyand,morepastisnlachy te amberrovedi si ons.

Solid lancets are 1%3$,ﬂ%EBm‘8$Fﬂclu gitfﬁgtia?}'&?%ohﬂ eieﬂfen&ﬁg?/itibﬂ eﬁa?We?%%hyby

fluids to escape to surface o where t can be sa
t he patient or t heotlie@cduoh that an orcidéem foomedhisuthe firstzlendent is held open by the second

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

L

the first and second lancing elements.

Description of the Related Art
[0803] 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 bodily
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
an incision in the skin to allow bodily fluids to escape to the surface of the skin

where they can be sampled by the patient or the doctor. In order to ensure that



enough fluid is released fromthe incision, such solid | ancing el enents are
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] Fbllom/needles have al so been described for

use 11 drawi ng 11l g5 eR il ikl PO pk il B 400 AT ARSERLCRUEA e o

may have a poi nt ed" 8P at'e openin fon. In

such needl es, the %dﬁ@ta‘ﬂlqu'geﬂnhi%ﬂetepmrfahﬁtatd‘lﬁaefmm&smamibedﬂpﬂuidberdﬁeem e
to faci Iltate the tlow of bodily fluids out, of the incision and the bodlly
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devi ces have been ScCri erein the | ance | at or rtrally curved
pi ece which i ncl udest uasd wyfecilitteathe dlow off flgjds o theteting spgaraim. t he  shar pened
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for exanple, a test sttip, inorder to facilitatée both lancing a
measur ement in a sfanijjtate epeairegthe inci¥ien.cln sugh negésnthedheinion is hiedd open tyt ther
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partial ly bl ocki ngintisnGhafecdoddndlupdseate aiawitufooed inkydlé bﬂhﬁ%yfaVMUnfl bWy Ng to
the proximal end of the channel or limting the amount of fluid which can

flow Problemto LREPBBFYadioneedyp qombipaticd,of vartat yrkcapBlraeRight ageous to
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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 ftuid 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
channel. It would be advantageous to design a lancing device wherein the

separation element is positioned slightly proximal to the sharpened tip of the



channel . It woul d be advantageous to design a |lancing device wherein the
separation elenent is positioned slightly proximal to the sharpened tip of
the 2 lancing elenent to facilitate insertion of the lance into the skin. It
woul d further be advantageous to design a | ancing device wherein the

| anci ng el enent and the separation elenment are fornmed froma single netal
sheet. It would further be advantageous to design a | ancing device wherein
the lancing el emenf;-aBdiddMnt tcRBA AL iRRrtRINSITRRY laA¢LinRPHE bkiaNI0weRATS e each
other such that fluid'is pulled up the |lancing element and into the open
channel by surf acbe advastagaousde e gn aancing ¢avireanerein sha laneing gleaeahanst thand
separation el enent, thus L | 1] Ll h el.. 1t would
further be advant 3%’85% ne e%gg%ﬁﬁgﬂ%aﬁgﬁn%gl@é%éﬂ% e&'rgiv%}‘l{?ﬂgﬁhﬁ& ng

el ement and the sgpangkan t6ldesignk lafcing dsvigedviiereimne 1ahdigg elenehegid wé net al
rolled to position the separation el enment opposite the |ancing _elenment such
that the proxi mal sepatrtign element areqIostioned REPASIE ARFhtatker saginthat flwd is prlladapt
forman open chanfgliundde HOHLA dhHihi33he BferARATH B0 SRR 0 BELE L e

| anci ng devi ces descri erein using, Tor exanpte, a netal formng or
stanpi ng process. fisidvvAiRe IhcingiElehidEMd saNafa6i00 8femént, ans dacilicdng thrdfillifg t he
present invention j|ncludes | ancj el ement  having.,a. fi r]st shar pened end
point, a separati Bﬁthélclé‘?‘?é‘ﬁlc-aiﬁa’\??‘ﬁigp“gth%% a"‘é’ﬁ%ﬂ“ﬁé‘%@‘?f‘%’rﬂd PEIZEeWer ei n t he

second sharpened GREeROLL fankihgRlsShértQRE the &P%i&%mﬁ,emtal?@féﬁx{egtfmﬁbQFsB ed
end point, a connector connecting a proxinm f the first [ancing

-k portion o I _
el ement to a proxéheat ofoetal roHedfo pasitianetpe separasion eldneant apposith theclamgiag t or
formng a channel .. In a further enbodinent.of .the present .j.nvention, the
separation el emenfleMENSHER [qagﬁ'gd”%’f’mé%e’é&]nﬁﬁ[g'ctl%m{“ﬁeeiq"é‘?% P?l%lhglsg%ﬂtﬂqﬁ In a
further enbodi mentiembntfBfin Bh ©pENEhdnAvie Mt Wonld fafhdraRiddghtEedi® i makufieture
separation el enent and the channel _are fornmed froma single sheet of netal.
In a further enbB@ilansie dsvicendessribehereinising fQsxamplepa metad LorRiBg of he

| anci ng el enent

stamping process.

SUMMARY OF THE INVENTION

[0008] A lance according to the present invention in¢ludes a lancing element
having a first sharpened end point, a separation element having a second
sharpened end point wherein the second sharpened end point is positioned
proximal to the first sharpened end point, 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 further embodiment of the present
invention, the separation element is positioned at an angle to the lancing element.
In a further embodiment of the present invention the lancing element, the
separation element and the channel are formed from a single sheet of metal. In a
further embodiment of the present invention, a space between the lancing element
and the separation element forms a gap, the gap increasing in size proximal to the
second sharpened tip. In a further embodiment of the present invention, least a
portion of the channel is treated with a hydrophilic surface coating. In a further

embodiment of the present invention, at least a portion of the lancing element and



and the separation elenment forns a gap, the gap increasing in size proxinal
to the second sharpened tip. In a further enbodi nent of the present
invention, least a portion of the channel is treated with a hydrophilic
surface coating. In a further enbodinment of the present invention, at |east
a portion of the lancing elenent and 3 at | east ‘a portion of the separation
el ement are coated with a hydrophilic surface coating. In a further

enbodi nent of the i: ' . DI fo: '
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i nvention, the senrsatingtihiafuitbercmdiohend ofithegpresentinradtioana ptdxémalaindtod tig
plurality of additional sensor _stri% BRI EF ﬁESC%PTI OF THE DRAW NGS
[0009] Vhile the rbdael sdaiegraiad igto & aseniiih P {ugher esghodimpentiof fhe present
particularity in ; . j r j

features and advar%%gbg‘ggﬂ’g? gg@gop%g%g%&nﬁ?égﬁ%{a ipgi#lgﬁ gﬁfgégeggﬁggg@y of
reference to the fadliitionalngnsbestmipsed description that sets forth
illustrative enbodinments, in which the principles of the invention are
utilized, and the acconpanyi ng drawi ngs of which: [0010] Figure 1 is a

perspective view of a | a”gﬁ?g&:ﬁmmﬁUﬂTH@?R&WG@ t he present

i nvention. [0011] Figure a perspective view o e top layer of a
| anci ng el enent and strip according to the present invention. [0012] Figure

3 is a per Sp_ﬁf@(ﬁds\;]e Vi ewyRile BBADA e AH2 SF KR Mivenfion @ sEﬂi"é?tﬁtﬂ:riﬂ{‘pdrﬂculm'?%h
multiple strips forman array of sensors for use in a cartridge fornmaf.

DETAI LED DESCRI PTItighappendad| diSmRAa barer Bviostandingref’ the feprirey apdedvrishges[qf 0lie3]
Figure 1 is a perspecti.ve view.of | ensor. ri.n_100..accordi ng
to the present in ?f??tdﬂ.senl\{‘ﬁn |’§3F3%{I]’,9§ﬁdé’g’({§{é %?sﬂ)t@%ﬁ%&é‘o&lgﬁaﬁgﬂ%@nsor strip
100. Sensor stri peddtioAyhabests foath iluargive embodiimennsm WO the [FinciplesWitkd
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[0010] Figure 1 is a perspective view of a lancing element and strip according to
the present invention. '
[0011] Figure 2 is a perspective view of the top layer of a lancing element and
strip according to the present invention.
[0012] 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

{0013} 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
electrochemistry to measure the amount of glucose in a bodily fluid, such as, for
example, blood or interstitial fluid. Additionally, sensor strip 100 may be, for
example, a coagulation sensor which measures a physical characteristic of a body
fluid such as viscosity, capacitance, resistance, and the like. In Figure 1, lance 15
further includes lancing element 22 and separation element 24. Sensor strip 100

further includes first electrode contact 10, adhesive layer 11, conductive substrate



exanple, blood or interstitial fluid. Additionally, sensor strip 100 may be,
for exanple, a coagul ation sensor which neasures a physical characteristic
of a body fluid such as viscosity, capacitance, resistance, and the |ike.
In Figure 1, lance 15 further includes |lancing elenent 22 and separation

el ement 24. Sensor strip 100 further includes first el ectrode contact 10,
adhesi ve layer 11, conductive substrate 4 12, vent hole 13, second

el ectrode contact 1%7ven't S1d! 13t {edBnBLIBSEIR @nkbh 17, ﬁﬁuiaah%gsbsda&yﬁt ir]fsgléa ing

regi stration hole 23 and working el ectrode 36. I'n an eRrbodi nent o

i nvention, sensor layer 2 rg¢gictration hede/23 and wprking«lenttode &6 dfim antmbodithenefites and

Uew ol Tance 15 Attt srusg FRpdBOJFunEan tprplh by 8 RaRGRE faebae
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15 is formed fromconductive substrate 12. In the enbodinent illustrated in
Figure 2, cofdédiive sEiste Aiea parspestive disy fdenceddland i topdayer efiessgratrion
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with reference to Figures 1 and_2. In the enbodinment illustrated in Figures
1 and 2, sensor silluspateddn Figrqgieendyctive spbsgraterlgdacludasteat hole 33 apher i n

first electrode cg‘{%sgﬁigﬁgog%_ tiﬁﬁ%@?, ahle HiRduaR 1%552} Qﬁmeﬂttdieﬂge Sfrate

18, and a second e cont act , erein secon ectrode contact 17
conpri ses a porti elemeht 2badl channsliblst rate 12 which is contiguous with

reference el ectrode 37 and lLance 15 n the. enbodi pent of .t he cin
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contact 17 are

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 Figufes 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.

[0016] Sensor strip 100 is manufactured using adhesive layer 11 to attach
insulating substrate 18 to conductive substrate 12. Adhesive layer 11 could be
implemented in a number of ways, including using pressure sensitive material,
heat activated material, or UV cured double sided adhesive material. Conductive
substrate 12 may be, for example, a sheet of electrically conductive material such
as gold or plated stainless steel. The geometry of conductive substrate 12 may be

formed by, for example, stamping process or photo etching. In the embodiment



arranged on the same side of insulating substrate 18 to facilitate contact
of both electrodes at the distal end of sensor strip 100. [0016] Sensor
strip 100 is manufactured using adhesive layer 11 to attach insulating
substrate 18 to conductive substrate 12. Adhesive |layer 11 could be
| npl emented in a nunber of ways, including using pressure sensitive
material, heat activated material, or WV cured doubl e sided adhesive
mat eri al . Conduct iiMatraedhis Figures Néhd@arve 15y eaamifectugedsdi@atint®gral part of
electrically conductive material _sych s .gold or _plated stainless steel.
The geonetry of c6f PV?%“@HB?tIPatL{geniﬁglﬁég’%y _8? Hfrﬁﬁﬂ y?orfeéﬁm@?aﬁ‘ﬁ}_cé}ng
stanpi ng process %oﬂéfpéd?ldﬁémbﬂgstrdt@ 12" RAdI I Rsed o Fcliiat 'ﬁﬂ{ t?:glfsf)&t of
art o

Figures 1 and 2, lance 15 nay be nanufactured as an integral
conduct i ve subst r &bdilyl fluidwpriandeol Seanti3icrasayobking eleoteeddn36. Registestimmpblolke, 23

hi th h dyct i b te 12. Vent hole 13 | d t
Paci 1 tate the o s orgdaifaing Sl ngcshh b Dokt fandurtiE Subiaedong
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process of making conductive substrate 12. [0017] In one enbodi nent of the
i nvention, an anakyampleenglneese|senseng lasgr, ingluding an engsimel @ bulferghndomdoxensi ng
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proportional to the glucose concentratiﬁon |alr11 t he sglrrpl e. [0018<]ax| In the
enbodi ment il ust ghicess doncétitrption intg an glecicallpmeasutes] parameted whichlis and

proxi mal end and the ﬁr ox'tmsHle elr&d Sicscoi Qtn%%at l%q gm' L ef erence el ectrode 37
and the distal eREPPPHOEUSS SRArPenad T p 35 PP st al end of | aci ng

el ement 22. [4mE8Fe 15 bgheletnblodivnend ilhystrkiae iPFRORsS Y i 25 1a1ERi16 a4k distal and

phot o-etching a conductive netal sheet. Photo-etching |ance 15 is al so
beneficial in facPquilﬁ‘l‘lieHQ and the proximal end 1s integrated with reference electrode 37 and
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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
element 22 and separation tip 40 of separation element 24 are offset by about
0.005 inches to 0.020 inches.

[0019] The design of lance 15 is adapted to more effectively cut skin due to a
sharper leading point of lancing element 22, As illustrated in Figure 2, with
separation tip 40 offset distally from sharpened tip 38 of element 22, the extreme
distal end of lance 15 comprises only sharpened tip 38 which may be a very sharp

point or edge to facilitate the initial incision as lancing element 22 enters the skin.



t he manufacture of a |lancing el ement which has a sharp | ancing el enent 22
and separation elenent 24. In a subsequent process step, |ance 15, |ancing
el ement 22, and separation elenment 24 nay be bent to forma "V' or "U
shaped channel geonetry as shown in Figure 2. Fill channel 21 serves as a
conduit fromlancing elenent 22 and separation elenment 24 to working

el ectrode 36 and reference electrode 37. In one enbodi nent of the present
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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 channet
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
proximal end of lance 15 which provides a user the option of dosing sample onto
sensor strip 100 after a site has been lanced separately.

[0021] In the embodiment of the invention illustrated in Figure 2, the gap 42

between lancing element 22 and separation element 24 guides bodily fluids into
fill channel 21. The increasing separation between lancing element 22 and

separation element 24 as fluid moves distally towards fill channel 21 facilitates

the drawing of fluid into fill channel 21 and from fill channel 21 to sensor strip



i ncludes fill channel 21, wherein the seanless transition between the
I'ancing elenent 22 and separation elenent 24; and fill channel 21
facilitates the flow of body fluid fromthe wound to working el ectrode 36.
‘Additionally, the seamless transition between the |ancing el ement 22,
separation elenent 24 and fill channel 21 prevents the introduction of stop
junctions which can inpede the capillary flow rate of liquid sanples. The
uni que geonetry i neoeaseap tdaalrbweltowardsla tiisad end bf gepatationaippdeoMiebdration

sufficiently cover working el ectrode.36 and reference el ectrode 37
regardl ess of the °ifé‘?e§1‘ﬁ?4’3]f’e PUTERCE dgnsion ety eg?‘ﬁﬁ"eﬁﬂ 1?5@‘2%?9@%%?0&
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enbodi ments of th i nvention, sanplé can be applie ance 15
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option of dosing s . nto. sensor sStri 00.af.te Sit s peen | anced
separately. [ 0021]0?[;%‘?3?1@“'@%’6‘6‘8?‘%@ Zh ﬁéjf?%%ﬂ?g ﬁ’ﬁ?]ol“f ?éﬂlﬁgl'?'éﬁ“‘ﬁn Fi gure
2, the gap 42 betygapndAbthd ddebERRY?2, s RARarkRAhe Wa9 intl BieR @énsaﬂsrﬂg' des
bodily fluids into fill channel 21. The increasing separation betwee

| anci ng el enent 240@may bsaped W satherdloditeivides4 as flui d noves distally

t ds fill | 2L.facilitat : ' dupd intae fill ch |
21" and 1 om A2 Channdih SEnpl' ARy Al hdg oF boalyflah B el xaipeie ey o
a distal end of sepatng bompiliapy 4&ticy. Inapeembadimentdllesidd iR Figurésel aid 1,268

tensi on between the bodily fluid in gap 42 and the walls of gap 42
i ncreases, thus bgkanngl 21 dmi@eapgavmegwimiéa‘a Hatesithg wicking of Viscgugsamplasnt o

sensor strip 100. a@?:l'oég}e% gqlrg,hﬁ cﬁﬁiﬁﬁﬁfa@&ﬁﬁé‘%echﬁiq%ﬁhéﬁc&?;ﬁ}é& Wit a%ﬁd;ef ow

i ntroduction of bod s itnto fill channe y facilitating
of bodily fluids cgeHayicbmagls: oFoiheergimembfdimens athetiinestiemfdhdiangel2he ways

I n which sensor strip 100 may.be use Q. gat her bodi | | ui.ds. [0022] Fill
channel 21 may faffrlalyi%fiﬁ’%te‘t1 h%thfq %l\fvaggant)%o [ P%owl?ﬁ%(r)%o' §¥‘I’?§Pﬁ%§< Fe,
wi cki ng or capi | | &gt foGficredse thdeapdldrg doroe within fill shanatlel . iFortegiines 1 and

2, fill channel 21 has an aqpen, geometr which facilitates the w cking of
vi scous sanpl es 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
capacity to hold a larger sample volume than the minimum sample volume to
cover reference electrode 37 and working electrode 36. The open geometry of fili
channel 21 thus allows excess sample to accumulate along fill channel 21 which
helps leave a cleaner wound site.

0023} In the illustrated embodiment as shown in Figure 2, the geometry of

reference electrode 37 may be formed during the stamping process which

effectively embosses the surface of conductive substrate 12. The stamping



and provides for sinpler manufacturing techni ques when conpared with cl osed

capillary channels. For certain enbodi nents 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 enbodinents of the invention separation elenment 24 and | ancing
el ement 22 may be coated with a surfactant coating or undergo hydrophilic

surface treat MeNtprd@ss lf pRVER the Preddizt nkéted tb bRutel0kEs W EdtiduicEasubsirate
Additionally, the open geonetry of fill channel 21 facilitates the w cking

of sanpl e becausd2iwhigh eapdiplp define the distance betwsen eefargaensieairadeld? and a cl osed
channel geonetry, a, capil } N ] L£ 44 1§:.positioned
too close to the W %!)eflr?élésl?%e%ﬁl%&\;\%ﬁ@ﬁ&%{@fggﬁfﬁg}gg@?edﬁbgﬁﬁrﬁtﬁHatyati ng

the flow of sanplwe alleartdoaeti dohadlthe Bistinct betwepe fefegac@estyodef37fandl  channel
21, the proximal end of |ance 15 can be positioned arbitrarily close to the
source of the bl Gouking@lesirpéa3d By emhessing condugtj e substrate, iy instead pfcqntiolling
embodi ment. of 't heyd MYRALSY adhdiReIRRR 190 FEPbikkr Afplithddns il Esctlegnas the
capacity to hold a l'arger sanple volunme than t m ni num sanpl e vol une to
cover reference éhentiomdem3yalkodbeadvintaggoed eatot eniboBahe ddreluopensubstoatet2y of

fill channel 21 thus all oaws, excess ,s |l e to accunul ate_al ong, fil anne
21 whi o' hel ps. PB4 SNETUSHIFT ho(HReI Feine (e BSOSl pisrsnop Heclafe
enbodi nent  ggeHRown i iy HielHiddmentt ¥ sARBPREPY 00fillustiafe iR BER S Sl 37 nMay
be formed during the stanping process which effectively enbosses the

surface of conductbsmteslfrennsigtsef hraterigh sueh apmelyester or garamiesan whighgr ovi de t he
pressure needed to ¢reate a rece ' Lyve. t 12 Leh can
oA bR S B AR R

hel p define the &° We&h teference e

el ectrode 36. Forceedihgi spundilg, optlearsless défuitidas Conbwdivi mvadridl deposited may
be advantageous to control the djstanc bt%iﬁ\éveen referigce el ectrode 37 and
[

wor ki ng el ect r od@n3BsuAAng SR P 1O trodi,cantagt 10 39d wotking legjrode
controlling the sghigkneng 18fer 30 RRFIb&SfIraX Sipl lscrded pridtddab féRkh ibe@didafns of

the descri bed

for first electrode contact 10 and working electrode 36.

[0025] 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 substrate 12 is stamped
in a progressive manner to form lance 15 such that several of them are chained
together in series. The stamping process of conductive substrate 12 forms index
hole 31, neck 32, and contact hole 33.

[0026] In a further embodiment of the invention, a second electrode layer (not
shown) comprising an adhesive layer and glucose sensing layer would be attached
to conductive substrate 12 as illustrated in Figure 3. A contact area for a
reference electrode for all of the strips within the array may be formed using a

single area within conductive substrate 12. However, individual contacts must be

made for working electrode 36 for all of the strips within the array. In the



invention, it may al so be advantageous to not enboss the conductive
substrate 12 and use adhesive layer 11 to help define the geonetry of
reference el ectrode 37. [0024] In the enbodi nent of sensor strip 100
illustrated in Figure 1, insulating substrate 18 consists of material such
as polyester or ceramc on which a conductive material can be printed onto
I nsul ating substrate 18 through silk- screening, sputtering, or electro-I|ess

deposition. Cond ' P EIE&S i 4 g,ljattcl St . or s
first electrode g%ﬁ#ﬁ@?aﬁéfgggh“gr .ﬁ8&§?£8%?§ g% 6.lﬁ%?3ﬂ£%%hggﬁg§%?£bo
may be, for exanphat,itcanrmeeve piresht stlp too estrposaiono INedk B¢ is prorchéd inHetvedenr@ r ode
contact 10 and working el ectrode 36. [00 Figure. 3 is a.perspective view
of anot her enbodiaﬁl@ﬁ?‘%éfﬂﬁsh hFrWERﬂS?B nqcﬁ%f%ﬁc&ﬂt? Fl}’?lsé"'lgg"rng'bg #&h&m an
array of sensors [hohioH$Entdk 32. CRIdridrdSthé SUriPRb be Sufiesse@Rud thada BRY cff
inserted into a neter (not shown) having strips dispensed in a serial

manner, one by orepplyltiecd, thensitip &f benhilewrwird dindwack 32 fagiligates papdingfatst ri ps to

be folded in a mapner,simlar.t n ordion wherein several strips.simlar
to sensor strip g‘ﬁcq %’C%}c’é’ur%on%‘mgPgﬁég'?_toélcﬁ%'gu(ftgﬁéf] P eo}f%{??wa?reh?fﬂgﬁlrent
which facilitat egntab&boheysRleiwitlta Gafkiig Slg@rodebnRindiiBatthg HBRFHGT | ve
substrate 12 is stanped in a progressive manner to formlance 15 such that

several of tif8Hlare cHaiamesihod efgan¢ies in ascerdanceswitiThe psesgpipinventionotlases of
conducti ve substr o) i . 21 hol e 33.
[00261 1 n et urt napartf e B jdinea B FiglRSH donghity SNIAE ViR S
(not shown) conuancigeeament@2heish uehdrpaned tiprid, gkemesion ehmxnnd4 hayiag awoul d be
attached to conductive su%?t rate, 12, as jllustrated, i.n Fi ﬂl}ljre 3. .cont act
area for a ref er'GPREIQN GR4Q sRostignedproxigpal i, sharpened Lip 38, fn Ang ¢pabogdiment my

i Vi Gl cont a0 e o P e g e sy o etyBer proRpRH
. al ¢ | ! / geecft[ode 36 for all of” the
strips within theOQineles 2nd -Q2Rdnches prydmpkiatshapenad tip 38 A mdthnd according thol e
oS USR0S MR i Mok o5 SU11 P
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,
ihseﬂing 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 blood or other bodily fluids are drawn into a gap 42 between the
lancing element 22 and separation element 24. The method further comprising
the step of drawing the bodily fluids from gap 42 into fill channel 21.
[0028] A lance 15 constructed in accordance with the present invention is
beneficial due to the seamless transition between the tip section and the capillary
section, and because the tip itself is a type of capillary. The unique construction
of this design better insures that bodily fluids enter the fill channel 21 regardless
of the height of the tip above or below the skin wound, or even if the tip lies
horizontally offset from the wound, where the lance acts as a conduit for the

bodily fluids.
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adj acent strips. The purpose of neck 32 is to facilitate the strip bending
at the Jlocation of neck 32. In order for the strip to be expressed such
that a user can apply blood, the strip is bent downward and neck 32
facilitates bending at a defined |ocation. Contact hole 33 on conductive
substrate 12 allows electrical contact to be nmade with a working el ectrode
on an insulating substrate. [0027] In a nmethod of |ancing in accordance with
the present tion, o fod ' Is in
Flgures 1t HITSagh 3 1 s SehaRSaip fodbonSiudiy dccbroRng theRR S Bl Rtk
sharpened tip 38,casilybpamaavfastured thapptclesed kbaninpkseasorstpmr Suchorstip mawdei s
positioned proxinmal to sharpeped tip,38. |In one,enbodiment of the invention
t he separation tHaawﬂgﬂﬂvﬁﬁﬁ’§H§???§H%8U%%?R£% mﬁ%ﬁ?% SHgEeIyFemEal i nches
and . 020 inches péeindRdr even SikelopaCKiningd While e 0BiNAY B8R ®Tdh Bfer! Ghanhdl®
present invention tfurther includes the step of providing a connector

connecting the progy heweakes than 2 egrapargble closedehanpel; the tweakpgss gimbd overdmes

xtanding 1 r om 1 E e B kA FufCI YRR uiic PETEs Bedbbenssl ARBEwEdraings ona

of separation eligsRaing2dween-80)Wploldng ofISeaha Chkemiddl ©F., SEDBGK, Mb; iARrdkeP. The
met hod further including the steps of inserting the |ancing el enment into
skin to form an iA&iagraguct of Qyterdndustrase WestPaterpony ey Jé’ﬁﬁ?ﬁtjb}%ﬂ% arprequser

open the incisio Rl | L b1l : - g 2
and the separati gonﬁgﬁ%lpngirﬂ%%él&ﬁ\lg%%%myﬁg?gﬁg%@%\i\hﬁﬁ%&ﬁ%%g&g’?&éﬁﬁgﬁ%&gI y
fluids are drawn ofifigma Ghamici® GoetStdeonis,Mo. | anci ng el enent 22 and

' 24. . Th hod f h | Si h f d |
he bodi 1y (IOBS. 1o GHFRS ALY PRI s EARRRIS 10 e Ry Spt PG

constructed in aqmé%ﬁﬁﬁc&\&rhﬁsféi?‘opélﬁsseﬂécaﬁd&\tﬁ@mb@fﬁidnSdes&ﬂibﬁfHeﬁ:iirﬁﬂ)redéiﬂs to
t he seanl ess transition between the tip section and the capillary section,

and because the tthecreaden of 3 xacuumblaclom filhghanpelA) thatiyeould pepyentdd fremct i on
f this desi b ' [ | iyl | 21
0 | S design %Bﬁégglﬁtﬁh'%lfﬁletfﬁ%haﬂﬂg'ilyanﬁ oHiOQﬁT, %Bﬁ%ﬁgﬁlpﬁa w208l

regardl ess of the the tip above or bel ow wound, oOr even
if the tip |lies dhannelecapidlhtyythsfifketmubtpashienedendtsignbd teeenishre thaairds adtt s as
a conduit for t heprevented 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.

[0031] Another advantage of a strip in accordance with the present invention

including an open channel is that such a strip has the capacity to hold a larger

volume of fluid than the minimum required to fill and initiate transfer into the

measurement pad. One embodiment of the present invention the minimum

volume required to fill the lance such that the column of fluid reaches the

measurement pad is approximately 230 nL. However, lancing may produce

quantities which are greater than 230nL. Because of the open channel form in the

present invention, the excess blood that is presented to the lance will continue to

accumulate along the lance channel, forming a bulging drop of blood. This

11



bodily fluids. 10 [0029] A sensor strip 100 constructed according to the
present invention is nore easily by manufactured than a closed channel
sensor strip. Such a strip nmay be manufactured by, for exanple, injection
nol di ng, enbossing, or chemical etching, or even sinple nmachining. Wile
the capillary force of an open channel nmay be weaker than a conparable

cl osed channel, the weakness can be overcone wth the use of, for exanple,
hydrophilic surfawwetwéanwéﬂtis thot itsﬂnﬂammxce&sé)ﬂdmgﬁomithcbkidj lngyingaveen- 80,
a product of Si gnp ei Og Louis, M.; Aerosol OT a product of
Cytec Industries, %esrtmﬁggt e(l’uél h, New Jersey; JBR 515, a product of Jeneil

Bi osurf act aqooﬁymﬂany Aﬁi‘ot}ﬁau&vankdge,of eigfeﬂ&hmmeml £ MRiceddarcelbifiinet  Of

Si gma Chemi cal ., St. Louis, ) A sensor strip 100 constructed
according to the PEﬁS@éﬂYenlhﬁnéﬁ'thﬁfoﬁndfﬁaﬁf ﬂmﬁlﬁ@nlhﬁ?ﬁpnhﬁitqt aRide of thedawer ti es

b h f
ook in f111 cnasndthgtinst d Bk B B Rkl B £eio\ MEEhRB AR % el e
fill channel 21 ard wirkofltidenns be presemed tolciraWi iftoaheta5iedy. Manae!

capillary, the inlet nust _be é)os,itioned_or .designed to ensure that air is
not prevented flaPRH"F‘P%Pﬁ/bISH mhﬁ@etf?@@&gﬁ thPQ&g?dd‘@meﬁér% Apiss bat hast o t he

measurement are e Oﬁﬁg S '
positioned too chose to thga wlé,un or e enfelhﬁsﬁﬁ&eﬁaéméé 5€v%?r%°3&a§&glﬁgrupt ed
or stopped. Wt htielpresepemvertimnpeivides the optins of ‘side’ iffllinieFicorass thewseegsor dance

with the present invention, however, the inlet to the channel can be
posi tioned arbitPE¥MSy close to the source of the bl ood. [0031] Anot her

advant age offpgs3gtrip moﬁ&%m@ﬁdmﬁ&% et Ve, thedW@ipddPRetal 6¥C! Udi ng an
open channel is that such a strip has the capacity to hold a |arger volune

of fluid than theondugtivesHbsEefail? éaulti@m SPwealﬁa wosking g sopnterelecsiode.nAo t he
e e P offe AUl mlAFAE S TRAR IR VO o

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.

[0034] On a conventionally constructed electrochemical strips using a facing
electrode arrangement where both working and reference electrodes are printed or
applied onto an insulating substrate, the electrical contacts must be positioned on
opposites sides of the strip making the meter contacts more complex. If reference
electrode 37 was printed or applied onto an insulating substrate, conductive
substrate 12 would be insulated on the top side preventing electrical connection to
be established from the top side. It could be possible to establish electrical
connection from the top side if there was a partial removal of insulation from

conductive substrate 12, however, this would add additional complexity to the

manufacturing of the strip.

12



measurenent pad is approximately 230 nL. However, |ancing may produce
quantities which are greater than 230nL. Because of the open channel formin
the present invention, the excess blood that is presented to the lance wll
continue to accunulate along the | ance channel, form ng a bul ging drop of

bl ood. This 11 property is useful in that it clears away excess blood from
the skin, leaving a cleaner |ance wound. [0032] Anot her advantage of the
open channel design in accordance with the present invention is that a drop
of fluid can be applied to the side of the lance rather than just at the
tip of the | §038)] (i.e. Fimlly hetase dhesh aeted fortrineg eani be dondias & ipnegressiveete wher e
fluid nust be presented to be rawndi.nto t he C?"?bl | ar%. Manual. agtgl i cation
of blood night beSREBME B FHP ArUETRIJEACOLIARES MG RS PEFnL vsRtion with oo,

| anced separ at el y jndfsal 14heéd Chathed @6Eeier B fekits, JESIUNBEIpdRAC IOAIRRE aiVl t D
the present invention, provides the option of "side' filling increases the
user's options. pO@RStestiensas witlha dinglen corpmonp rriergnesstns requyuringingonet he

st anped netal of (():I%lc(gucti ve substrate 12 could al so serve as a working or

counter el ectrode® uni que aspect of the sheet netal design used in the

present invepgo3en i s theviflagirecohizbd that aqii et seu@uich thagdeaubitituted fdrehe
constructed with first electrical contact 10 and second el ectrode cont act

17 on the sane si #aucgired Hlstated nd desedbedhezrin ond dnhibe descaibed smbpdigent efrent s
for mating cont acF i nfo Relrolk tH &ﬁcﬁﬂ@%‘?&h‘xﬁ béém;ﬁi]%??cg ﬁ) ééﬁatlérigéﬂ? E)Heses a

solid conductor all'omng electrical” contact to est oth the
top and bottom si diaingdd iavantiost Invaddividrs irshodd b2 unddretoed that every soypctsiede of

conductive substrate 12 is opn the sanme sjde as second electrjcal contact 17
and the bot tom si GEcHPdaRE e LEmERtILPeh REuedie EREbS T s ggieans
reference el ectr oy pdrferntiR®aht afddtian.conventional Iy constructed

el ectrochem cal strips using a facing_ el ectrode arrangenent where both

wor ki ng and (0988} ence Whilepredersed eipbodimepts gfjthgpresent 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. _

[0038] 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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met hods and structures within the scope of these clains and their
equi val ents be covered thereby. 13 ELEMENTS 10 1st el ectrode contact 11
adhesive layer 12 Conductive substrate 13 vent hole 15 Lance 17 2-el ectrode
contact 18 insulating substrate 37 reference electrode 20 insulating

| ayer 21 fill channel 22 lancing elenment 23 Registration hole 24
Separation elenment 31 Index hole 32 Neck 33 Contact hole 36 Wrking

el ectrode 38 Sha ened tip 40 Separationlfip 421Gap 100 sensor strip 1W15
CLAI M5

CLAIMS

1. A lance (15) comprising:

a lancing element (22) having a first sharpened end point (38);

a separation element (24) having a second end point (40) wherein said second end
point (40) is positioned proximal to said first sharpened end point (38),
. a connector connecting a proximal portion of said lancing element (22) to a
| proximal portion of said separation element (24), said connector forming a channel (21),
10 wherein said separation element (24) is shaped to hold open an incision made by the
lance and prevents the edges of the incision from closing on the lancing element and

blocking said channel (21).

2, A lance (15) according to Claim 1, wherein said separation element (24) is

15 positioned at an angle to said lancing element (22).

3. A lance (15) according to Claim 1 or Claim 2, wherein said lancing element (22),

said separation element (24) and said channel (21)are formed from a single sheet of metal.

20 4, A lance (15) according to any one of Claims 1 to 3, wherein a space between said
lancing element (22) and said separation element (24) forms a gap, said gap increasing in

size proximal to said second end point(40).

5. A lance (15) according to any one of Claims 1 to 4, wherein at least a portion of

25 said channel (21) is treated with a hydrophilic surface coating,

6. A lance (15) according to Claim 5, wherein at least a portion of said lancing
element {22) and at least a portion of said separation element (24) are coated with a
hydrophilic surface coating.

30
7. A lance (15) according to any one of Claims 1 to 6, wherein a proximal end of said

channel (21) is integrated into a sensor strip (100).



1. Alance (15) conprising: a lancing elenment (22) having a first sharpened
end point (38); 5 a separation elenent (24) having a second end point (40)
wherein said second end point (40) is positioned proxinmal to said first
shar pened end point (38), a connector connecting a proximl portion of said
| anci ng el enent (22) to a proxinmal portion of said separation el enent (24),
said connector form ng a channel (21), 10 wherein said separation el enent
(24) is shaped to hold open an incision pgde by the |ance and prevents the
edges of the incision fromclosing on the | ancing elenent and bl ocking said
channel (21)g8 2. AARBE gﬁéeﬁ)du‘?é;t%qnﬂhﬁg where$d idRehsor WP (F00) iS BdrheGEPRARATL T ON
element (24) is 15 posifioned at an angle to said IanC|ng el ement (2 f) 3.
A | ance (15) pesional dichihercof talaglurelity of additwingh sensonkispei n sai d | anci ng el ement
(22), said separation elenment (24) and said channel (21)are forned froma
single sheet of netal. 20 4. A lance (15) according to any one of Clains |
to 3, wherein a space between said lancing el ement (22) and said separation
el enent (24) forns a gap, said gap increasing in size proxinmal to said
second end point(40). 5. A lance (15) according to any one of Clainms 1 to 4,
wherein at |east a portion of 25 said channel (21) is treated with a
hydrophilic surface coating. 6. A'lance (15) according to Caimb5, wherein
at least a portion of said lancing elenent (22) and at |east a portion of
said separation elenent (24) are coated with a hydrophilic surface coating.
30 7. A lance (15) according to any one of Clains | to 6, wherein a proxinal
end of said channel (21) is integrated into a sensor strip (100). 16 8. A
| ance (15) according to Claim?7, wherein said sensor strip (100) is
connected at a proxinmal end thereof to a plurality of additional sensor
strips.



